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Dimensional Analysis, Significant digits, Errors       Assignment – 1   (Boards level)

Type - A Based on Dimensional Formula 
1. Name the physical quantity of the dimension given below:

(i) ML0T-3 (ii) ML-1T-1 (iii) M-1L3T-2 (iv) ML2T-3  (v) ML0T-2 (vi) T-1
2. Write the dimensions of the following:

(i) Gravitational potential                          (ii) Variable force

(iii)       Pressure gradient                                 (iv) Moment of inertia

(v)        Buoyant force                                      (vi) Angular Momentum

(vii)     Work done by torque                           (viii) Moment of momentum

(ix)       Moment of force                                 (x)    Pressure energy

Type - Based on accuracy of relation
 3. Magnitude of force F experienced by a certain object moving with speed v is given by

F = Kv2 where K is a constant. Find the dimensions of K.

 4. Using the principle of homogeneity of dimensions find which of the following is correct. 

(i) T2 = 4π2 r2 (ii) T2 = 
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Where T is the time period, G is Gravitational constant, M is mass and r is radius of orbit.

5. A book with many printing errors contains four different formulae for the displacement y of a particle undergoing a certain periodic motion:

(i) y = a sin 
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Where a = maximum displacement of the particle, v = speed of the particle, T = time-period of motion. Rule out the wrong formulae on dimensional grounds. 

6. By using the method of dimension, check the accuracy of the following formula: T = 
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 , where T is the surface tension, h is the height of the liquid in a capillary

Tube, 
[image: image4.wmf]r

 is the density of the liquid, g is the acceleration due to gravity, θ is the angle of contact, and r is the radius of the capillary tube.

7. The number of particles crossing per unit area perpendicular to x-axis in unit time N is given by 

N = - D 
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, where n1 and n2 are the number of particles per unit volume at x1 and x2 respectively. Deduce the dimensional formula for D.

8. The viscous force ‘F’ acting on a body of radius ‘r’ moving with a velocity ‘v’ in a medium of coefficient of viscosity ‘η’ is given by F = ηπrv. Check the correctness of the formula.

9. If y = a sin (
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kx), where a  is the amplitude, y is the displacement, 
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 is the angular velocity, t is the time and x is the distance, then k has the dimensions of ‘per unit length’. State true or false.

Type - C Based on fact that similar dimensions added or subtracted to similar dimensions give similar dimensions.

10. Force (F) and density (d) are related as F = 
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(i)then the dimensions of α are….., (ii) then the dimensions of β are………

11. If x = a + bt + ct2, where x is in metres and t in second, what is the dimensional formula of c.

12. If m, v and c respectively denote mass, speed and the velocity of light, then in the equation 
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, m0 has the dimensions of……..

13. When white light travels through glass the refractive index
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Velocity

Velocity

and B are constants. Using the principle of homogeneity of dimensions, determine the S.I unit in which A and B must be expressed.

Type - D conversion of one system of units to another
14. How many dynes make a Newton?

15. Find the value of 60 J per min on a system that has 100g, 100 cm and 1 min as the base units.

16. A calorie is a unit of heat energy and it equals about 4.2 J, where 1 J = 1kg m2 s-2. Suppose we employ a system of units in which the unit of mass equals α, kg the unit of length equals β m, the unit of time is γ s. Show that a calorie has a magnitude 4.2 α-1 β-2 y2 in terms of the new units.

Type - E To derive relation between physical quantities
17. If Length, Time and Energy are fundamental units, find the dimension of mass.

18. A large Fluid Star oscillates in shape under the influence of its own gravitational field. Using dimensional analysis, find the expression for period of oscillates (T) in terms of radius of star (R), mean density of fluid (ρ) and universal gravitational constant G.

19. The units of force, energy and velocity are 100 dyne, 400 erg and 10 cm/s respectively. Find the units of length, mass and time.

20. Liquid is flowing steadily through a pipe. Assume that the volume of the liquid flowing out per second depends on (a) the coefficient of viscosity of the liquid (η) (b) the radius of the pipe (r) and (c) the pressure gradient along the pipe (Pressure gradient is drop in pressure per unit length of the pipe, and is equal to P/l, where P is the difference between the ends of the pipe and l is the length of the pipe). The dimensions of viscosity are [ML-1T-1]. Deduce by the method of dimensions the formula for the volume of the liquid flowing out per second.

21. If the velocity of light (c), the constant of gravitation (G) and Planck’s constant (h) be chosen as the fundamental units, find the dimensions of mass, length and time in the new system.

22. The force experienced by a mass moving with a uniform speed v in a circular path of radius r experiences a force which depends on its mass, speed and radius. Prove that the relation is 
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Type – F   Errors and instruments
23. In an experiment, refractive index of glass was observed to be 1.45, 1.56, 1.54, 1.44, 1:54 and 1.53. Calculate (i) Mean value of refractive index; (ii) Mean absolute error; (iii) fractional error; (iv) Percentage error. Express the result in terms of absolute error and percentage error

24. For the estimation of Young’s modulus 
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 for the specimen of a wire, following observations were recorded: L = 2.890, M = 3.00, d = 0.082, g = 9.81, l = 0.087. Calculate the maximum percentage error in the value of Y and mention which physical quantity causes maximum error.

25. If two resistors of resistances R1 = (4 ± 0.5) Ω and R2 = (16 ± 0.5) Ω are connected (i) in series and (ii) in parallel; find the equivalent resistance in each case with limits of percentage error.

26. The relative density of material is found by weighing the body first in air and then in water If the weight in air is (10.0 ± 0.1) N and weight in water is (5.0 ± 0.1) N, what would be the maximum percentage error in relative density?

27. Which of the following is the most precise device for measuring length?

(i)A vernier caliper with 20 divisions on the sliding scale. 

(ii) A screw gauge of pitch 2 mm and 50 divisions on the circular scale.

28. Each side of a cube is measured to be 7.203m. What are the total surface area and the volume of the cube to appropriate significant figures?

29. A physical quantity Q is given by Q = 
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The percentage error in A, B, C, D are 1%, 2%, 4%, 2% respectively. Find the percentage error in Q

30. The measured value of length, breadth and height of a block of wood along with maximum permissible errors are expressed as follows: l = 12.08 ± 0.01cm, b = 10.12 ± 0.01 cm, h = 5.62 ± 0.01 cm. Calculate the percentage error in the volume of the block.

31. The density 
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 of a piece of metal of a mass m and volume V is given by the formula 
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 = 
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If m = 375.32 ± 0.01g, V = 136.41 ± 0.01 cm3 , Find % error in
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 Dimensional Analysis                              Assignment-2                                    

1. The unit of Planck’s constant is the same as that of 

(a) Torque (b) impulse (c) power (d) angular momentum

2. [M1L-2T-2] represents dimensional formula of which of the following physical quantities?

(a) Energy (b) pressure (c) torque (d) pressure gradient

3. The dimensional formula for root mean square velocity is 

(a) [M0LT-1] (b) [M0L0T-2] (c) [M0L0T-1] (d) [MLT-3]

4. Dimensional formula for the angle of contact is  
(a) [M-1L-1T0] (b) [ML1T-1] (c) [M0L0T1] (d) [M0L0T0] 

5. The pair of physical quantities not having the same dimensions is:  (a) Planck’s constant, Angular momentum (b) Pressure, Young’s Modulus(c) Thermal capacity Entropy (d) Frequency, Time period 

6. What is the unit of k in the relation? 
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, Where U represents the potential energy, y 

represents displacement, a amplitude? (a) ms-1 (b) ms (c) Jm (d) Js-1
7. The dimensions of 
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 in the equation P = 
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 where P is pressure, x is distance and t is time are

(a) M2LT-3 (b) LT-3 (c) MT-2 (d) ML3T-1
8.  In the relation P = 
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where P is pressure, Z is distance; k is Boltzmann constant and 
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 is the temperature. The dimensional formula of β will be
 (a) [M0 L2T0] (b) [M1L2T1] (c) [M1L0T-1] (d) M0L2T-1]

9. The equation of a wave is given by y = A sin 
[image: image23.wmf]ú

û

ù

ê

ë

é

-

k

v

x

w

where
[image: image24.wmf]w

 is the angular velocity and ν is the linear velocity. The dimensional formula of k is
(a) [LT] (b) [T] (c) [T-1] (d) [T2]

10. In the relation dy/dt = 2a sin (
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(a) [M0L0T0] (b) [ML0T0] (c) [MLT0] (d) [MLT]

11. Turpentine oil is flowing through a capillary tube of length 
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 and radius r. The pressure difference between the two ends of the tube is p. The viscosity of oil is given by: 
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Here 
[image: image29.wmf]v

is the velocity of oil at a distance x form the axis of the tube. From this relation, the dimensional formula of 
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is
 (a) [ML-1T-1] (b) [MLT-1] (c) [ML2T2] (d) [M0L0T0]
12. The number of particles given by   
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are crossing a unit area perpendicular to x-axis in unit time, where 
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the number of particles per unit volume for the values x1 and x2 of x respectively. Then the dimensional formula of diffusion constant D is 
(a) [M0LT2] (b) [M0L2T-4] (c) [M0LT-3] (d) [M0L2T-1]

13. The time of oscillation t of a small drop of liquid depends on radius r, density ρ and surface tension S. The relation between is given by
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14. An important milestone in the evolution of the universe just after the Big Bang is the Planck time tp, the value of which depends on three fundamental constants-speed c of light in vacuum, gravitational constant G and Planck’s constant h. Then tp 
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15. If K represents kinetic energy, V represents velocity and T represents time, and these are chosen as the fundamental units, then the dimensional formula of surface tension is

(a)[KV-2T-2] (b) [KV-1T-2] (c) [K2V-1T-3(d) [KV-2T-1]

16. A gas bubble from an explosion under water oscillates with a period T proportional to p1 db Ec, where p is the static pressure, d is the density and E is the total energy of explosion. The values of a, b, c, are respectively

(a) 0, 1, 2 (b) 1, 2, 1 (c) 
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17. A highly rigid cubical block A of small mass M and side L is fixed rigidly on to another cubical block of same dimensions and of low modulus of rigidity η such that the lower face of A completely covers the upper face of B. The lower face of B is rigidly held on a horizontal surface. A small force F is applied perpendicular to one of the side faces of A. After the force is withdrawn, block A executes small oscillations, the time period of which is given by  
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C 1 According to principle of homogeneity of dimensions, two physical quantities can be added or subtracted when they have same dimensional formula. Like you can not add force and velocity as they represent two different physical quantities. On the other hand, multiplication and division is possible. As you see in various formulae, by multiplying two or more physical quantities of different dimensions (and nature), we get a new physical quantity. This principle is useful in the examination of validity of various physical relations. In addition, the mathematical functions like sine, log etc., have two properties useful for dimensional analysis. First is that the mathematical functions are dimensionless and secondly, their arguments are also dimensionless.

1 Which of the following is not allowed by principle of homogeneity of dimensions?

(a) Adding speed with speed (b) Multiplying acceleration with time 

(c) Adding work done to torque (d) Subtracting force from velocity

2 There can be two physical quantities having same dimensions but different nature. Keeping into mind, the nature also, which of the following mathematic operation is meaningful?

(a) Adding speed to velocity (b) Adding work to torque

 (c) Adding mass and velocity (d) Adding velocity to velocity.

3 The acceleration of a particle moving along a straight line varies with time is a = 3t + 5, where acceleration is being measured in m/s2 and time in seconds. In the above expression

(a) The constant 5 is dimensionless constant              (b) The constant 3 is dimensionless constant

(c) The constant 3 has dimension m/s2                       (d) The constant 5 has dimension m/s2
C 2 The force ‘F’ acting on a particle varies with time‘t’ according to the relation F = A sin 
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 Here A, 
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and k are either dimensionless or dimensional variable 

1 The dimensional formula for Ak is same as that of:    (a) Angle (b) 
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t (d) All of these

2 The dimensional formula for Kt is:    (a) M-1L-1T3 (b) M0L0T0 (c) M-1L-1T-2 (d) M0L0T1
3 Which of the following mathematical expressions is not meaningful according to principle of homogeneity of dimensions?  (a) 
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Answer Key :- 

1.d 2.d 3.a 4.d 5.d 6.c 7.c 8.a 9.b 10.a 11.a 12.d 13.a 14.d 15.a 16.d 17.d 
C-I  1.d 2.d 3. d   C-II  1.d 2.a 3.d

SIGNIFICANT FIGURES                                                 Assignment-3                                                           1. A current of 2.34 ampere flows in a resistance of 11. 111111Ω. The potential difference across the given resistance with due to regard for significant figures is
(a) 26.000 V (b) 26.00 V (c) 26.0 V (d) 26 V

2. The mass of a box is 2.3 g. two gold pieces, each of mass 0.035g, are placed in it. The total mass of the box and gold pieces is
(a) 2.3 g (b) 2.4 g (c) 2.37 g (d) 2.370 g

3. Which of the following is false regarding significant figures? 

(a) All non-zero digits are significant
 (b) The zeros appearing in the middle of a number are significant while those at the end of a number without a decimal point are ambiguous
(c) The powers of 10 are counted while counting the number of figures
(d) Greater the number of significant figures in a measurement, smaller is the percentage error.

4. Each side of a cube is measured to be 7.203m. What are the total surface area and the volume of the cube to appropriate significant figures?

 5. The order of (2)30 is approximately:  
(a) 105   (b) 1010   (c) 1015 (d) 1020
6. Which is most accurate? 
(a) 3m (b) 3.00m (c) 3.000m (d) 3.0m?

7. The diameter of a sphere is measured with an instrument having least count 0.001cm.The diameter is 1.933 cm. The radius to correct significant figures will be(a) 0.9665cm(b) 0.966cm(c)0.967cm(d)None 
8. 0.99 – 0.989 is:   (a) 0.001 (b) 0.010× 10-1 (c) 0.01 × 10-1 (d) 0.1 × 10-3 
9. The total number of zeros that are significant in the number 0.01020 × 104 is: 

 (a) 2 (b) 3 (c) 4 (d) 8

10. How many significant figures are given in the following quantities?

(a) 343g (b) 2.20 (c) 1.103N (d) 0.4142s (e) 0.0145m (f) 1.0080V (g) 9.1x104km (h) 1.124x10-3V

11. Performs the following operations: 

 (a) 703+7+0.66  (b) 2.21x0.3 (c) 12.4x84 (d) 14.28/0.714 

12. Solve with due regard to significant digits (i) 
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13.5.74gm of a substance occupies a volume of 1.2cm3. Calculate its density with due regard for significant figures.
Answer Key:- 

1.c 2.b 3.c 4.  311.3m2 ,373.713m2   5.b 6.c 7.b 8.c 9.b 10.a-3 b-3 c-4 d-4 e-3 f-5 g-2 h-4 11. a-711  b-0.7  c-1.0 x 103  d-20.0   12.  (i) 0.4 (ii)14    13. 4.8 g/cm3 

ERRORS                                                                     Assignment-4                                                           
1. A resistor of 4k Ω with tolerance 10% is connected in parallel with a resistor of 6k Ω with tolerance 10%. The tolerance of the parallel combination is nearly 

       (a)10% (b) 20% (c) 30% (d) 40%

2. The relative density of the material of a body is the ratio of its weight in air and the loss of its weight in water. By using a spring balance, the weight of the body in air is measured to be 5.00 ± 0.05 N. The weight of the body in water is measured to be 4.00 ± 0.05 N. Then the maximum possible percentage error in relative density is

(a) 11% (b) 10 % (c) 9 % (d) 7 %

3. If the radius of earth shrinks by 1.5% (mass remaining same) then the value of acceleration due to gravity changes by: 
(a) 1 % (b) 2% (c) 3% (d) 4%

4. The effective length of a simple pendulum is the sun of the following three:

Length of string, radius of bob, length of hook In a simple pendulum experiment, the length of the 

String, as measured by a meter scale is 92.0 cm. The radius of the bob combined with the length of the hook, as measured by vernier callipers is 2.15 cm. The effective length of the pendulum is

(a)92.0 cm (b) 94.2 cm (c) 94.15 cm (d) 94 cm

5. The focal length of a mirror is given by 
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 represent object and image distance respectively. The maximum relative error in f is 
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6. The velocity of transverse wave in a string is ν = 
[image: image47.wmf]m
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 where T is the tension in the string and m is mass per unit length. If T = 3.0 kgf, mass of string is 2.5 g and length of string is 1.000 m, then the percentage error in the measurement of velocity is

(a)0.5 (b) 0.7 (c) 2.3 (d) 3.6

7. The least count of a stop watch is 0.2 second. The time of 20 oscillations of a pendulum is measured to be 25 second. The percentage error in the measurement of time will be

(a) 8% (b) 1.8% (c) 0.8% (d) 0.1 %

8. The formula for the period of a simple pendulum is T = 
[image: image48.wmf]g
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. The fractional error in the measurement of the period T is ± x and that in the measurement of l is y.Error calculated in the value of g is not greater then
(a) x + y (b) x - y (c) 2x + y (d) 2x - y

9. A Public Park, in the form of a square, has an area of (100 ± 0.2) m2. The side of park is

(a) 10 ± 0.01) (b) 10 ± 0.1) m (c) (10.0 ± 0.1) m (d) (10.0 ± 0.2) m

10. A crucible weighs 37.34 g when empty and 44.68 g with a substance. After heating the system for some time and then cooling, the weight comes to 43.73 g. The percentage weight loss of the substance to correct number of significant places, is

(a) 12.943 (b) 12.94 (c) 12.9 (d) 13

11. The specific resistance ρ of a circular wire of radius r, resistance R and length 
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 is given by 
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. Given: r = 024 ± 0.02 cm,  R =30 ± 1 Ω and 
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 = 4.80 ± 0.01 cm. The percentage error in ρ is nearly 
(a) 7% (b) 9% (c) 13% (d) 20%

12. A student performs an experiment for determination of g (= 4π2l/T2). L = 1m and he commits an error of Δl. For T, he takes the time of n oscillations with the stop watch of least count ΔT and he commits a human error of 0.1 sec. For which of the following data, the measurement of g will be most accurate?

     Δl                 ΔT               n                  amplitude of oscillation

(a) 5 mm        0.2 sec               10                  5 mm

(b) 5 mm        0.2 sec               20                  5 mm

(c) 5 mm        0.1 sec               20                  1 mm

(d) 1 mm        0.1 sec               50                  1mm

13. The time period of oscillation of a simple pendulum is given by 
[image: image52.wmf]g
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The length of the pendulum is measured as 
[image: image53.wmf]l

 = 10 ± 0.1 cm and the time period as T = 0.5 ± 0.02s. Determine percentage error in the value of g.

14. A physical quantity P is related to four observables A, B, C and D as follows. 
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The percentage error of the measurement in A, B, C and D are 1%, 3% and 2%, 4% respectively. Determine the percentage error & absolute error in the quantity P. Value of P is calculated 3.763. Round off the result in scientific way.

 15. The specific resistance ρ of a circular wire of radius r, resistance R and length 
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 is given by 
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. Given: r = 0.24 ± 0.02 cm,  R =30 ± 1 Ω and 
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 = 4.80 ± 0.01 cm. The percentage error in ρ is nearly 
(a) 7% (b) 9% (c) 13% (d) 20%

16. A student performs an experiment to determine the young’s modulus of wire, exactly 2m long, by Searle’s method. In a particular reading, the student measures the extension in the length of the wire to be 0.8 mm with an uncertainty of ± 0.05 mm at a load of exactly 1.0 kg. The student also measures the diameter of the wire to be 0.4 mm with an uncertainty of ± 0.01 mm. Take g = 9.8m/s2 (exact). The Young’s modulus obtained from the reading is:
(a) (2.0 ± 0.3) 1011 N/m2 (b) (2.0 ± 0.2) × 1011 N/m2 
(c) (2.0 ± 0.1) × 1011 N/m2 (d) (2.0 ± 0.05) × 1011 N/m2 

17. In a Searle’s experiment the diameter of the wire as measured by a screw gauge of least count 0.001 cm is 0.050cm. The length, measured by a scale of least count 0.1 cm, is 110.0 cm. When a weight of 50N is suspended from the wire, the extension is measured to be 0.125cm by a micrometer of least count 0.001cm. Find the maximum error in the measurement of Young’s modulus of the material of the wire from these data. 

Answer Key:

      INSTRUMENTS&ERRORS                                                     Assignment-5                
1. The main scale of a spectrometer is divided into 720 divisions in all. If the vernier scale consists of 30 divisions, the least count of the instrument is 

(Given: 30 vernier divisions coincide with 29 main scale divisions)

(a)0.1o (b) 1” (c) 1’ (d) 0.1”.

2. n divisions of vernier scale of vernier calipers coincide with (n -1) divisions of main scale. What is the least cont of the instrument if the length of one main scale division is 1 mm?

(a) 10n cm (b) n cm (c) 
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3. The pitch of a screw gauge is 0.5 mm. Its head scale (circular scale) contains 50 divisions. The least count of the screw gauge is

(a) 0.001 mm (b) 0.01 mm (c) 0.02 mm (d) 0.025 mm

4. A spherometer has a least count of 0.005 mm and its head scale is divided into 200 equal divisions. The distance between consecutive threads (pitch) on the spherometer screw is

(a) 0.005 mm (b) 1.0 mm (c) 1.0 cm (d) 0.0025 mm

5. A vernier calipers has its main scale of 10 cm equally divided into 200 equal parts. Its vernier scale of 25 divisions coincides with 12 mm on the main scale. The least count of the instrument is

(a) 0.020 cm (b) 0.002 cm (c) 0.010 cm (d) 0.001cm
6. A spherometer has 250 equal divisions marked along the periphery of its disc and one full rotation of the disc advances on the main scale by 0.0.625 cm. The least count of the system is

(a) 2.5 × 10-4 cm (b) 2.5 × 10-3 cm (c) 2.5 × 10-2 cm (d) none of these

7. The circular divisions of screw gauge are 50. It moves 0.5 mm on main scale in one rotation. LSR is 2mm and coinciding circular scale division is25. The diameter of the balls is:
(a)2.25 mm (b) 2.20 mm (c) 1.20 mm (d) 1.25 mm

8. In a Vernier Calipers (VC), N divisions of the main scale coincide with N + m divisions of the vernier scale. What is the value of m for which the instrument has minimum least count?
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 (a) 1 (b) N (c) Infinity (d) N/2

9. Consider the vernier calipers as shown; the instrument has no zero error. What is the length of the rod shown, if 1 msd = 1mm? 
Use 7 msd = 8 vsd 
(a) 4.6mm (b) 4.5mm (c) 4.3 mm (d) none
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10. Consider a screw gauge without any zero error. What will be the final reading corresponding to the final state as shown? It is given that the circular head translates P msd in N rotations. One msd is equal to 1mm.

(a) (P/N) (2 + 45/100) mm       (b) (N/P) (2 + 45/N) mm 

 (c) P (2/N + 45/100) mm         (d) 
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11. A screw gauge has some zero error but its value is unknown. We have two identical rods. When the first rod is inserted in the screw, the state of the instrument is shown by diagram (I). When both the rods are inserted together in series then the state is shown by the diagram (II). What is the zero error of the instrument? 

1 msd = 100csd = 1mm

 (a) – 0.16mm (b) + 0.16 mm (c) + 0.14mm (d) – 0. 14 mm

12. The length of the string of a simple pendulum is measured with a meter scale to be 92.0 cm, the radius of the bob plus the hook is measured with the help of vernier caliper to be 2.17 cm. Mark out the correct statement (s)
(a) Least count of meter scale is 0.1 cm (b) Least count of vernier caliper is 0.01 cm
(c) Effective length of simple pendulum is 94.2 cm  (d) All of the above 

13. Which of the following reading is most accurate? 
(a) 4.00 cm (b) 0.004mm (c) 40.00 cm (d) 4.00 m

14. The least count of a stop watch is 1/5 sec. The time of 20 oscillations of a pendulum is measured to be 25sec. The minimum percentage error in the measurement of time will be
(a) 0.1% (b) 0.8% (c) 1.8% (d) 8%

15. A vernier calipers having 1 main scale division = 0.1cm is designed to have a least count of 0.02cm. If n be the number of divisions on vernier scale and m be the length of vernier scale, then

(a) n = 10, m = 0.5cm (b) n = 9, m = 0.4cm 
(c) n = 10, m = 0.8cm (d) n = 10, m = 0.2 cm

16. The main scale of vernier calipers reads in millimeter and its vernier is divided into 10 divisions which coincide with 9 divisions of the main scale. When the two jaws of the instrument touch each other the seventh division of the vernier scale coincides with a scale division and the zero of the vernier lies to the right of the zero of main scale. Furthermore, when a cylinder is tightly placed along its length between the two jaws, the zero of the vernier scale lies slightly to the left of 3.2cm and the fourth vernier division coincides with a scale division. Calculate the measured length of the cylinder.

 17. The diameter of a sphere is measured with an instrument having least count 0.001cm. The diameter is 1.933 cm. The radius to correct significant figures will be
(a) 0.9665cm (b) 0.966cm (c) 0.967 cm (d) None 
18. What is vernier constant?

(a) It is the value of one main scale division divided by the total number of divisions on the main scale(b) It is the value of one vernier scale division divided the total number of divisions on the vernier scale (c) It is the difference between value of one main scale division and one vernier scale division (d) It is also the least count of the vernier scale

19 The pitch of a screw gauge is 1mm and there are 100 divisions on the circular scale. While measuring the diameter of a wire, the linear scale reads 1mm and 47th division on the circular scale coincides with the reference line. The length of the wire is 5.6 cm. Find the curved surface area (in cm2) of the wire in appropriate number of significant figures. 
20. The edge of a cube is measured using vernier calipers. [9 divisions of main scale is equal to 10 divisions of vernier scale and 1 main scale division is 1mm]. The main scale division reading is 10 and 1 division of vernier scale was found to be coinciding with the main scale. The mass of the cube is 2.736g. Calculate the density ing/cm3 upto correct significant figures. 

21. The pitch of a screw gauge is 0.5 mm and there are 50 divisions on circular scale. When there is nothing between the two ends (studs) of screw gauge, 45th division of circular scale is coinciding with screw gauge, and in this situation zero of main scale is not visible. When a wire is placed between the studs, the linear scale reads 2 divisions and 20th division of circular scale coincides with reference line. For this situation mark the correct statement (s)
(a) Least count of the instrument is 0.01 mm                   (b) Zero correction for the instrument is + 0.45 mm

(c) Thickness of wire is 1.65 mm                                     (d) All of the above
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22. The main scale of vernier calipers reads in millimeter and its vernier is divided into 10 divisions which coincide with 9 divisions of the main scale. When there is nothing between the jaws of the vernier calipers, the 7th division of vernier scale coincides with a division of main scale and in this case zero of vernier scale is lying on right side of the zero of main scale. When a cylinder is tightly placed along its length between the jaws, the zero of the vernier scale is slightly left to be 3.1 cm and 4th VSD coincides with a scale division. The length of the cylinder is
(a) 3.2cm (b) 3.07cm (c) 3.21cm (d) 2.99cm

23. A student constructed vernier calipers as shown. He used two identical inclines and tried to measure the length of line PQ. For this instrument determine the least count.
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Answer Key: 1.c  2.c  3.b  4.b  5.b  6.a  7.d  8.a  9.d  10.d  11.c  12.  13.c  14.b  15.c  16.(3.07cm)  17.b  18.c  19.(2.6cm2 ) 20.  21. d   22.d  23.a 

 Vectors                                                                   Assignment-6   
Conceptual problems on vectors

1 Given an example of a physical quantity which:

(a) Has neither unit nor direction                    (b) Has direction but not a vector 

(c) Can be either a scalar or a vector              (d) is neither a scalar nor a vector

2 What are the properties of two vectors 
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and A2 + B2 = C2
3 Can the resultant be zero in case of: 

(a) Two unequal vectors 

(b) Three coplanar vectors 

(c) Three non-coplanar vectors?

4 Under what condition:

(a) Resultant of two vectors will be zero

 (b) Sum of two vectors is equal to their difference 

(c) The magnitude of sum of two vectors is equal to the magnitude of difference between them

5 State whether the following statements are true or false giving reason in brief:

(a) As addition of vectors is commutative so subtraction must also be

(b) Component of a vector perpendicular to itself is zero

(c) Angle between two vectors can never be greater than 180o
6 A room has dimensions 3 m ×4 × 5m. A fly starting at one corner ends up at the diametrically opposite corner. 

(a) What is the magnitude of its displacement?

(b) Could the length of its path be less than this distance?

(c) Choosing a suitable co-ordinate system. Find the position vector.

(d) If the fly does not fly but walks, what is the length of the shortest path it can take?

7 Is a vector necessarily changed, if it is rotated through an angle?

8 Can you add three unit vectors to get a unit vector? Does your answer change if two unit vectors are along the co-ordinate axes?

9 Can you add two vectors representing physical quantities having different dimensions? Can you 

multiply two vectors representing physical quantities having different dimensions?

10 What is the displacement of the point of a wheel initially in contact with the ground when the wheel rolls forward half a revolution? Take the radius of the wheel as R and x-axis in the forward direction.

11. A particle of mass m moving eastward with speed v collides with another particle of same mass m moving north wards with same speed v. What is momentum and velocity of new particle?

12. Can a vector be zero if any of its components is not zero?

Answer Key:

VECTORS                                                                     Assignment-7   

1 A vector is not changed if

(a) It is rotated through an arbitrary angle                    (b) It is multiplied by an arbitrary scalar

(c) It is cross multiplied by a unit vector                      (d) It is slid parallel to itself

2 Which of the sets given below may represent the magnitudes of three vectors adding to zero?

(a) 2, 4, 8 (b) 4, 8, 16 (c) 1, 2, 1 (d) 0.5, 1, 2

3 The resultant of 
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(a) α < β                                 (b) α < β if A < B

(c) α < β if A > B                   (d) α < β if A = B

4 The component of a vector is

(a) Always less than its magnitude                      (b) always greater than its magnitude

(c) Always equal to its magnitude                       (d) none of these

5. The sum of magnitudes of two forces acting at a point is 16N. If the resultant force is 8N and its direction is perpendicular to smaller force, then the forces are:- 

(a) 6N and 10N (b) 8N and 8N 

(c) 4N and 12N (d) 2N and 14N 

6. If a unit vector is represented by
[image: image71.wmf]k

c

j

i

ˆ

ˆ

8

.

0

ˆ

5

.

0

+

-

 , then the value of ‘c’ is:-

(a)1 
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7. Force 3N, 4N and 12N act at a point in mutually perpendicular directions. The magnitude of the resultant force is: 

(a) 19N (b) 13N (c) 11N (d) 5N 

8. The unit vector parallel to the resultant of the vectors
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9. A physical quantity which has a direction:- 

 (a) Must be a vector                    (b) May be a vector 

(c) Must be a scalar                    (d) none of the above 

10. Following sets of three forces act on a body. Whose resultant cannot be zero? 

(a)10,10,10 (b) 10,10,20 (c)10,20,20 (d)10,20,40

11. How many minimum number of coplanar vectors which represent same physical quantity having different magnitude can be added to give zero resultant?  

(a)2 (b)3 (c)4 (d)5 

12. The resultant of two vectors
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13. fig. shows three vectors 
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 , where R is the midpoint of PQ. Then which of the following relations is correct? 
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14. There are two force vectors, one of 5N and other of 12N at what angle the two vectors be added to get resultant vector of 17N, 7N and 13N respectively. 
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15. A particle has displacement of 12m towards east and 5m towards north then 6m vertically upwards. The sum of these displacements is –

(a)12m (b) 10.04m (c)14.31m (d)none

16.12 coplanar non collinear forces (all of equal magnitude) maintain a body in equilibrium, and then the angle between any two adjacent forces is

 (a)150 (b)300 (c)450 (d) 600 

17. A displacement vector, at an angle of 300 with y-axis has an x-component of 10 units. Then the magnitude of the vector is – (a) 5.0 (b) 10 (c) 11.5 (d) 20

18. I started walking down a road in morning facing the sun. After walking for some-time, I turned to my left, and then I turned to the right once again. In which direction was I going then- (a) East (b) North-west (c) North-east (d) South 

19. Three concurrent forces of the same magnitude are in equilibrium. What is the angle between the forces? Also name the triangle formed by the force as sides- 

(a)600 equilateral triangle                                        (b) 1200equilateral triangle 

(c)1200,300,300 an isosceles triangle                       (d) 1200 an obtuse angled triangle 

20. Any vector in an arbitrary direction can always be replaced by two (or three)- 

(a) Parallel vectors which have the original vector as their resultant.

(b) Mutually perpendicular vectors which have the original vector as their resultant.

(c) Arbitrary vectors which have the original vector as their resultant

(d) It is not possible to resolve a vector. 
21. Three forces P, Q &R are acting at a point in the plane. The angle between P&Q and Q&R are 1500 & 1200 respectively, then for equilibrium, P, Q &R are in the ratio 
(a) 1:2:3 (b) 1: 2:
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(c) 3:2:1 (d)
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22. The two vectors
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                              (b) greater than 900 if C2<A2+B2 
(c) Greater than 900 if C2>A2+B2                    (d) None of these 

23. At what angle must the two forces (x+y) and (x-y) act so that the resultant may
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Answer Key:

1. d 2.c 3.c 4.d 5.a 6.b 7.b 8.a 9.b 10.d 11.b 12.b 13.a 14.a 15.c 16.b 17.d 18.a 19.b 20.a, b,c 21.d 22.b 23.a 

Vectors                                                                          Assignment-8   
1. A vector 
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points vertically downward and
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 points towards north. The vector product
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(a) Along west (b) along east (c) zero (d) vertically downward.

2. If
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3. If the vectors
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 is equal to:

(a) Zero (b) BA2 sin θ cos θ (c) BA2 sin θ (d) BA2 cos θ

4. When can two vectors be divided?

(a) If they represent like physical quantities                      (b) If they represent unlike physical quantities 

(c) If they do not represent physical quantities                  (d) Never.

5. Under a force
[image: image111.wmf])

k

ˆ

 

6

 

 

j

ˆ

 

3

 

-

 

i

ˆ

 

(10

+

Newton a body of mass 5kg moves from position
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6. A particle moves in x-y plane under action of a force 
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such that value of its linear momentum 
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at any time t is px = 2cost and py = 2sin t. What is the angle θ between 
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8. A vector 
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 points vertically upward and 
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 points towards north. The vector product
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9. If
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10. The projection of 
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11. Given that P=Q=R. If
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12. The value of
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13. The projection of a vector,  
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14. Two balls are rolling on a flat smooth table. One ball has velocity components
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while the other has components 2
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 . If both start moving simultaneously from the same point, the angle between their paths is:

(a) 150 (b) 300 (c)450 (d) 600
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16. If 
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17. In a clockwise system:
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18. The linear velocity of a rotating body is given by 
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19. Angle between the vectors
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(a)  is obtuse angle (b) is acute angle (c) is 900 (d) depends on x 

20.  Let 
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21. Let 
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22. Which of the following expressions are meaningful? 
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23. If the vectors from the sides BC, CA and AB respectively of a triangle ABC, then
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24. Following forces start acting on a particle at rest at the origin of the co-ordinate system simultaneously 
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   then the particle will move
(a)In x-y plane (b) in y-z plane (c) In x-z plane (d) along x- axis 

25. The line of action of a force 
[image: image182.wmf]k

j

i

F

ˆ

5

ˆ

ˆ

3

+

+

-

=

r

 N passes through a point (7, 3, and 1). The moment of force 
[image: image183.wmf])

(

F

r

r

r

r

´

=

t

 about the origin is given by 


[image: image184.wmf]k

j

i

d

k

j

i

c

k

j

i

b

k

j

i

a

16

ˆ

38

ˆ

14

)

(

ˆ

16

ˆ

38

ˆ

14

)

(

ˆ

16

ˆ

38

ˆ

14

)

(

ˆ

16

ˆ

38

ˆ

14

)

(

-

-

+

-

-

+

+

+


26. The magnitude of scalar product of two vectors is 8 and of vector product is 
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 . The angle between them is: 
(a)300 (b) 600 (c) 1200 (d) 1500
27. Force acting on a particle is 
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28. Equation of line BA is x+y=1. Find a unit vector along the reflected ray AC. 
[image: image188.wmf]none

d

j

i

c

j

i

b

j

i

a

)

)(

ˆ

ˆ

(

2

)

(

2

)

ˆ

ˆ

(

)

(

2

)

ˆ

ˆ

(

)

(

+

-

+

 

29. The vector 
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30. Forces proportional to AB, BC and 2CA act along the sides of triangle ABC in order. Their resultant represented in magnitude and direction as
(a)CA (b) AC (c) BC (d) CB

I.   Matrix Match – For component of a vector 
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                          Column I                                               Column II 

        (a)       Y-axis                                                              (p) 5 units                          

  (b)      Along another vector 
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 More than one option may be correct 

1 Which of the following is a correct statement?

(a) Two vectors having different magnitudes cannot have their resultant zero.

(b) Two vectors of different magnitudes may have their resultant zero.

(c) Two vectors of different magnitudes have their directions opposite

(d) A vector can be split into more than four components.

1A situation may be described by using different sets of co-ordinate axes having different orientations. Which of the following do not depend on the orientation of the axes?

(a) The value of a scalar (b) component of the vector (c) a vector (d) the magnitude of a vector
2 Let 
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(c) C is always equal to A = B

(d) C is never equal to A + B 
3 Let the angle between two nonzero vectors
[image: image208.wmf]  
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and
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 be 120o and its resultant be
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.

(a) C must be equal to |A - B|

(b) C must be less than |A - B|

(c) C must be greater than |A - B|

(d) C may be equal to |A - B|

4 The x-component of the resultant of several vectors 

(a) is equal to the sum of the x-components of the vectors

(b) May be smaller than the sum of the magnitudes of the vectors 

(c) May be greater than the sum of the magnitudes of the vectors

(d) May be equal to the sum of the magnitudes of the vectors
5 The magnitude of the vector product of two vectors
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 (a) greater than AB (b) equal to AB (c) less than AB (d) equal to zero
6. The direction of 
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is on the plane of paper while 
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comes out of the paper plane normally is:

(a) Along direction indicated by P

(b) Along direction indicated by Q

(c) Going inside the plane of paper

(d) Depends on the orientation of A in the plane of paper.

Answer Key:- 

1. b 2.c 3.a 4.d 5.121J 6.900 7.c 8.b 9.d 10.b 11.a 12.a 13.d 14.a 15.a 16.b17.a 18.a 19.d 20d 21.d 22.a,c 23.b 24.b 25.c 26.b 27.a28.a 29.d 30a 

Matrix Match: - (a) q (b) r (c) s (d) s

More than one option may be correct

1.a,d 2.b 3.c 4.a,b,d 5.b,c,d 6.d 
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MOTION IN ONE DIMENSION                         Assignment-9 (School level)
TYPE A

1. The distance between the two towns M and N is 400 km. Two cars A and B set off simultaneously from the towns M and N towards each other. The car A from M travels at a speed of νA = 60km h-1 and the car B from N at a speed of νB = 40km h-1. Draw position-time graphs for the two cars and use these graphs to determine the point, where they will meet and the time that will elapse before they meet. Also find the results analytically.
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2. A train moves from one station to another in two hours time. Its speed-time graph during the motion is shown 
(i) Determine the maximum acceleration during the journey 
(ii) Also calculate the distance covered during the time interval from 0.75 hour to1 hour.
3.  Velocity-time graph for a vehicle is shown. Draw acceleration-time graph from it.
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4. The velocity of a train increases at a constant rate α from 0 to
[image: image220.wmf]n

and then remains constant for some time interval and then finally decreases to zero at a constant rate β. If the total distance covered by the particle be x, them show that the total time taken will be
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5. Show the position- time graphs of three cars A, B and C. On the basis of the graphs, answer the following questions:

     (i) Which car has the highest speed and which the lowest?

     (ii) Are the three cars ever at the same point on the road?

	[image: image222.png]





      (iii) When A passes C, where is B?

(iv) How far did car A travel between the time it passed cars B and C?

(v) What is the relative velocity of car C with respect to car A?

(vi)What is the relative velocity of car B with respect to car C?

6. The velocity- time graph of an object moving along a straight line is as shown. Find the net distance covered by the object in time interval between
 t = 0 to t =10s. Also find the displacement in time 0 to 10s.

7. As soon as car just starts from rest in a certain direction, a scooter moving with a uniform speed overtakes the car. Their velocity-time graphs are shown. Calculate
 (i) The difference between the distances traveled by the car and the scooter in 15s 
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 (ii) The time when the car will catch up the scooter and 
(iii) The distance of car and scooter from the starting point at that instant                                     

8. Two straight lines drawn on the same displacement-time graph make angles 300 and 600 with time-axis respectively, as shown. Which line represents greater velocity? What is the ratio of the two velocities?
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9. An object is in uniform motion along a straight line. What will be position-time graph for the motion of the object, if (a) x0 = + ve, v = -ve, (b) x0 = - ve, v = + ve and (c) both x0 and ν are negative? The letters x0 and v represent position of the object at time t = 0 and uniform velocity of the object respectively.

TYPE B
10. Two balls of different masses (one lighter and other heavier) are thrown vertically upward with same initial speed. Which one will rise to the greater height?

11. Two balls of different masses (one lighter and other heavier) are thrown vertically upwards with the same speed. Which one will pass through the point of projection in their downward direction with the greater speed?

12. Can a particle in one dimensional motion with zero speed may have non-zero velocity?

13. Can a body have a constant velocity but a varying speed?

14. Can a body have zero velocity and finite acceleration? Give an example, when a body has zero velocity and still has acceleration.

15. If the acceleration of a particle is constant in magnitude but not in direction, what type of path the particle follows?

C TYPE                                                                                                                                                              
16. An open car is moving on a road with a speed of 100kmh-1. A man sitting in the car fires a bullet from the gun in the opposite direction. If the speed of the bullet is 250kmh-1 relative to the car, then find its (bullet’s) speed with respect to an observer on the ground.

17. A man swims in a river with and against water at the rate of 15kmh-1 and 5 kmh-1. Find the man’s speed in still water and the speed of the river.

18. A stone falls from a cliff and travels 24.5 m in the last second before it reaches the ground at the foot of the cliff. Find the height of the cliff.

19. A body covers 12m in 2nd second and 20m in 4th second. How much distance will it cover in 4 seconds after the 5th second?

20. A body traveling along a straight line traversed one-half of the total distance with velocity ν0. The remaining part of the distance was covered with a velocity ν1, for half the time and with velocity ν 2 for the other half of time. Find the mean velocity averaged over the whole time of motion.

D TYPE
21. On a foggy day two drivers spot each other when they are just 80 metres apart. They are traveling at 72kmh-1 and 60 kmh-1, respectively. Both of them applied brakes retarding their cars at the rate of 5ms-2. Determine whether they avert collision or not.

22. A hundred meter sprinter increases her speed from rest uniformly at the rate of 1 ms-2 up to three quarters of the total run and covers the last quarter with uniform speed. How much time does she take to cover the first half and the second half of the run?

23. Two buses A and B are at positions 50 m and 100 m from the origin at time t = 0. They start moving in the same direction simultaneously with uniform velocity of 10 ms-1 and 5 ms-1. Determine the time and position at which A overtakes B.

24. A parachutist bails out from an aero plane and after dropping through a distance of 40m, he opens the parachute and decelerates at 2ms-2. If he reaches the ground with a speed of 2 ms-1, how long is he in the air? At what height did he bail out from the plane?

25. Two balls are thrown simultaneously, A vertically upwards with a speed of 20 ms-1 from the ground and B vertically downwards from a height of 40 m with the same speed and along the same line of motion. At what points do the two balls collide? Take g = 9.8ms-2.

26. A balloon is ascending at the rate of 9.8 ms-1 at a height of 39.2 m above the ground when a food packet is dropped from the balloon. After how much time and with what velocity does it reach the ground? Take g = 9.8 ms-2
E TYPE
27. The displacement of a body is given to be proportional to the cube of time elapsed. What is the nature of the acceleration of the body? 

28. The displacement (in meter) of a particle, moving along X-axis is given by x = 18t + 5 t2. Calculate (i) the instantaneous velocity at t = 2s, (ii) the average velocity between t = 2s and t = 3s and (iii) the instantaneous acceleration.

29. The relation between time t and distance x is t = a x2 + bx Where a and b are constants. Find the instantaneous acceleration.                                                                                         
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                   Answers Key: - Motion-1                                             3.
2 (i) 120 kmh-2 (ii) 8.75 km                                                                                   
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   4. 
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5 (i) C has the highest speed and A has the lowest speed (ii) No (iii) 6km from the origin (iv) 6km (v) 7kmh-1 (vi) -2kmh-1            6.100m, 60m           7 (i) 112.5m (ii) 22.5s (iii) 675m

8 Slope of displacement-time graph = Velocity of the object

As
slope of line OB > slope of line OA 
[image: image228.wmf] 
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The line making angle of 60o with time axis represents grater velocity. Ratio of the two velocities = 
[image: image229.wmf]3

:

1

3

1

3

3

/

1

60

tan

30

tan

=

=

=

=

o

o

B

A

v

v


9 (a) When both u and a are +ve: In such a case, the v – t graph will be as shown in fig (a). At the time corresponding to point A, the velocity becomes zero. It can be seen that before this time, the velocity is negative but its magnitude decreases with time till it becomes zero
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(b) When u is – ve and a is +ve: In this case, graph will be shown in fig (b). At the time corresponding to point A, the velocity becomes zero. It can be seen that before this time the velocity is –ve but its magnitude decreases with time till it becomes zero at A.

(c) When u +ve and a is –ve: In such a case, graph between v and t will be as shown in fig (c). Again at A, velocity is zero. The velocity decreases before the time corresponding to point A.

(d) When both u and a are –ve: In this case, v – t graph will be as shown in fig (d). If we produce graph backwards, it meets the time-axis at point A. Before this time, velocity is +ve and decreases till it becomes zero at point A.

Type B

10. Both the balls will rise to the same heights. It is because, for a body moving with given initial velocity and acceleration, the distance covered by the body does not depend on the mass of the body.

11. In case of motion under gravity, the speed with which a body returns back is always equal to the speed with which it is thrown up. Since expression for final speed does not involve mass, both the balls will acquire the same speed.

12. No. If the speed is zero, the velocity will be necessarily zero.

13. No. a body cannot have a constant velocity while having a varying speed. Whenever the speed. Whenever the speed changes, velocity also changes.

14. at highest point, if projected vertically up

15. Circular

Type C  

16. 150kmh-1                              17. 10 kmh-1, 5kmh-1                                 18. 44.1 m  

19. 136 m                       20. 
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Type D 

21.67.78m .As this distance is less than the initial distance (= 80m) between the two cars, so the collision will be averted.  

22. 4.24s       

23.t = 10s    x1 (10) = x2 (10) = 150m. Thus A overtakes B at a position of 150 m from the origin at time t = 10s.

24. Total time of parachutist in air = 15.86s Height at which parachutist bails out = 235m

25. 15.1m hence the two balls will collide after 1 s at a height of 15.1m from the ground.

26 .As time is never negative, so t = 4s. 29.4ms-1 Negative sign shown that the velocity is directed vertically downwards

Type E.

27. 
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Clearly, the acceleration increases uniformly with time.

28.(i) 38ms-1 (ii) 43ms-1 (iii) 10ms-2    
29. -2av3
MOTION IN ONE DIMENSION       (Free Fall)                        Assignment-11
1. Two bodies of masses m1 and m2 fall from heights h1&h2 respectively. The ratio of their velocities, when they hit the ground, is 
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2. A body is thrown upwards and reaches its maximum height. At that position

(a)Its acceleration zero and its velocity is also zero.

(b)Its velocity is zero and its acceleration is minimum.

(c)Its velocity is zero but its acceleration is maximum

(d)Its velocity is zero and its acceleration is the acceleration due to gravity.

3. A cricket ball and a tennis ball are simultaneously thrown upwards from the ground with equal initial speeds. Ignoring air resistance, which of the following statements is correct?

(a)Both the balls travel the same distance in the same time

(b)Tennis ball rises the highest. 

(c)Tennis ball is in flight the longest.
(d)Tennis ball has a smaller impact speed.

(e)Both the balls have equal potential energy at maximum height.

4. Which of the following four statements is false?

(a)A body can have a constant velocity and still have a varying speed.

(b)A body can have zero velocity and still be accelerated

(c)The direction of the velocity of a body can change when its acceleration is constant in magnitude.

(d)A body can have a constant speed and still have a varying velocity

5 P, Q and R are three balloons ascending with velocities u, 4u and 8u respectively. If stones of the same mass be dropped from each, when they are at the same height, then

(a) Stone from P reaches the ground first        (b) stone from Q reaches the ground first

(c) Stone from R reaches the ground first       (d) All reach at the same time.

6. A ball is projected vertically upwards from the surface of earth with an initial velocity + 49 m s-1. The ball reaches its maximum height in 5.0 s. Neglecting air resistances, what is the total displacement of the ball from the time it is thrown until it returns to the point from which it was thrown?

(a)0 m (b) 9.8 m (c) 49 m (d) 248 m

7. Two balls are projected simultaneously with the same speed from the top of a tower, one vertically upwards and the other vertically downwards. They reach the ground in 9 second and 4 second respectively. The height of the tower is (take g = 10 m s-2)

(a)100 m (b) 120 m (c) 180 m (d) 200 m

8. A lift in which a man is standing is moving upwards with a speed of 10 m s-1. The man drops a coin from a height of 4.9 meter and if g = 9.8 m s-2, then the coin reaches the floor of the lift after a time
(a) 
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9. A body released from the top of a tower falls through half the height of the tower in 2 s. In what time shall the body fall through the height of the tower?  

(a)4 s (b) 3.26 s (c) 3.48 s (d) 2.828 s

10. Water drops fall t regular intervals from a tap which is 5 m above the ground. The third drop is leaving the tap at the instant the first drop touches the ground. How far above the ground is the second drop at that instant 
 (a) 1.25m (b) 4.00m (c) 2.50m (d) 3.75m

11. A body is released from the top of a tower of height h metre. It takes T second to reach the ground. Where is the ball at the time 
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second?
 (a) At
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metre from the ground                              (b) at
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(c) At 
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 metre from the ground                         (d) depends upon the mass and volume of the ball

12. A body is thrown vertically upwards in air. When air resistance is taken into consideration, let the time of ascent be t1 and time of descent be t2. Then
 (a) t1 = t2 (b) t1< t2 (c) t1 > t2 (d) t1 > or =or < t2
13. A ball is dropped from a height of 20 m and rebounds with a velocity which is 
[image: image240.wmf]4
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th of the velocity with which it hits the ground. What is the time interval between the first and second bounces? (g = 10 m s-2)
(a)3 s (b) 4 s (c) 5 s (d) 6 s

14. A stone is thrown vertically upwards from a bridge with a velocity of 4.9 m s-1. It strikes water after 2 second. The height of the bridge is 

(a)4.9 × 2m (b) 4.9 × 3m (c) 4.9 × 4 m (d) 4.9 × 3 × 7 m

15. A pebble dropped from the top of a tower reaches the ground in 8 second. In what time the pebble covers the first quarter of the height of the tower? 

 (a) 2 s (b) 3s (c) 4s (d) 5 s

16. A body released from a great height falls freely towards the earth. Another body is released from the same height exactly one second later. The separation between the two bodies two second after the release of the second body is 

(a) 9.8 m (b) 4.9 m (c) 24.5 m (d) 19.6 m

17 A balloon is going upwards with a velocity 12 m s-1. It releases a packet when it is at a height of 65 m from the ground. How much time the packet will take to reach the ground if g = 10 m s-2?

(a) 5 s (b) 6 s (c) 7 s (d)8 s

18 A stone is released from the top of a tower. It covers 24.5 m distance in the last second of its journey. What is the height of the tower? 

(a) 44.1 m (b) 58.5 m (c) 73.5 m (d) 98 m

19 A stone starts falling freely from rest. What is the ratio of the distance traveled by the stone during fourth and third second?
(a) 
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20 A ball is dropped from a bridge 125 m high. After the ball has been falling for 2 second, another ball is thrown downwards with such a velocity that the two balls strike the surface of water simultaneously. The velocity of the second ball is nearly 
(a) 27 m s-1 (b) 30 m s-1 (c) 40 m s-1 (d) infinite

21 A ball is thrown vertically upward with a velocity ‘u’ (w.rto ground) from the balloon descending with velocity ν. The ball will pass by the balloon after time (a)
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22. A ball is dropped from the top of a building. The ball takes 0.5 s to fall past the 3 m length of a window some distance from the top of the building. If the velocities of the ball at the top and at the bottom of the window are νT and νB respectively, then

(a)νT + νB = 12 m s-1 (b) νT - νB = 4.9 m s-1 (c) νB.νT = 12m s-1 (d)
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23. A ball dropped from the 9 th storey of a multistoried building reaches the ground in 3 second. In the first second of its free fall, it passes through n storey, where n is equal to 
(Take g = 10 m s-2) 

(a) 1 (b) 2 (c) 3 (d) 4

24. A balloon is at a height of 81 m and is ascending upwards with a velocity of 12 m s-1. A body of 2 kg weight is dropped from it. If g = 10 m s-2, the body will reach the surface of the earth in

(a) 1.5 s (b) 4.025 s (c) 5.4s (d) 6.75 s

25. A rocket is fired upward from the earth’s surface such that it creates an acceleration of 19.6 m s-2. If after 5 s, its engine is switched off, the maximum height of the rocked from earth’s surface would be:
(a)980 m (b) 735 m (c) 490 m (d) 245 m

26. A stone thrown vertically upward flies past a window one second after it was thrown upward and after three second on its way downward. The height of the window above the ground is (Take g = 10 m s-2)
(a)20m (b) 15 m (c) 10 m (d) 5 m

27. A stone is dropped from a certain height which can reach the ground in 5 second. If the stone is stopped after 3 second of its fall and then allowed to fall again, then the time taken by the stone to reach the ground for the remaining distance is
 (a) 4 s (b) 3 s (c) 2 s (d) none of these.

28. A balloon is moving upwards with velocity 9.8 m s-1. It releases a stone which comes down to the ground in 11s. The height of the balloon from the ground at the moment when the stone was dropped is

(a)494.9 m (b) 592.9 m (c) 490 m (d) 485. 1m

29. A body of mass 3 kg falls from the multi-storeyed building 100 m high and buries itself 2 m deep in the sand. The time of penetration will be 

(a)0.09 s (b) 0.9 s (c) 9 s (d) 10 s

30. A body thrown up from the ground vertically passes the height of 10.2 m twice in an interval of 10 second. It initial velocity was (Given: g = 10 m s-2)

(a)100m s-1 (b) 98 m s-1 (c) 52 m s-1 (d) 49 m s-1 

31 An iron ball and a wooden ball of the same radius are released from the same height in vacuum. They take the same time to reach the ground. The reason for this is.

(a)Acceleration due to gravity in vacuum is same irrespective of the size and mass of the body.

(b)Acceleration due to gravity in vacuum depends upon the mass of the body

(c)There is no acceleration due to gravity in vacuum.

(d)In vacuum there is a resistance offered to motion which depends upon the mass of the body.

32. A body thrown up vertically reaches maximum height 100 m. Another body with double the mass thrown up with double the initial velocity reaches a maximum height of

(a)25 m (b) 100 m (c) 200 m (d) 400 m

33 If two particles are projected with the same velocity, one vertically upward and the other vertically downward from the top of a tower, then

(a) They hit the ground simultaneously with different velocities

(b) They hit the ground simultaneously with the same velocity

(c) They hit the ground at different instants with different velocities

(d)They hit the ground at different instants with the same velocity.

Subjective questions:

1. An open lift is moving upwards with velocity 10 m/s. It has an upward acceleration of 2 m/s2. A ball is projected upwards with velocity 20 m/s relative to ground. Find

(a) Time when ball again meets the lift (b) Displacement of lift and ball at that instant

(c) Distance traveled by the ball up to that instant. Take g = 10 m/s2
2 An open elevator is ascending with zero acceleration. The speed ν = 10 m/sec. A ball is thrown vertically up by a boy when he is at a height h = 10 m from the ground. The velocity of projection is ν =30 m/sec with respect to elevator. Find

(a) The maximum height attained by the ball (b) The time taken by the ball to meet the elevator again. (c) Time taken by the ball to reach the ground after crossing the elevator.

3 From an elevated point A, a stone is projected vertically upwards. When the stone reaches a distance h below A, its velocity is double of what it was at a height h above A. Show that the greatest height attained by the stone is 
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Answer Key Free fall

1 (b) 2 (d) 3 (a) 4 (a) 5 (a) 6 (a) 7 (c) 8 (b) 9 (d) 10 (a) 11 (c) 12 (b) 13 (a) 14 (a) 15 (c) 16 (c) 17 (a) 18 (a) 19 (a) 20 (a) 21 (d) 22(a) 23 (a) 24 (c) 25 (b) 26 (b) 27 (a) 28 (d) 29 (a) 30 (c) 31 (a) 32 (d) 33 (d)

Kinematics (differentiation, Integration)                        Assignment-12
1. The equation 
[image: image245.wmf]x

= t + 9 gives the variation of displacement with time. Which of the following is correct?

(a)Velocity is proportional to time               (b) Velocity is inversely proportional to time

(c)Acceleration depends upon time              (d) Acceleration is constant.

2. Which one of the following equation represents the motion of a body with finite constant acceleration? In these equations, y denotes the displacement of the body at time t and a, b and c are constants of motion.

 (a) y = at (b) y = at + bt2 (c) y = at + bt2 + ct3 (d) y = 
[image: image246.wmf]t

a
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3.  The acceleration a of a particle starting from rest varies with time t according to the equation: 
a = kt + c, where k and c are constants. At time t, the velocity of the particle is

(a) kt + ct (b) 
[image: image247.wmf] 

 

kt

  

(d)

  

 

2

1

kt

 

2

1

 

(c)

  

kt

 

2

1

2

2

2

ct

ct

ct

+

+

+


4. A particle moves rectilinearly. Its displacement x at time t is given by x2 = at2 + b. Its acceleration at time t is proportional to 
(a) 1/x3 (b) 1/x - 1/x2 (c) - t/x2 (d) none of these

5. For a particle moving in a straight line, the displacement of the particle at time t is given by

S = t3 - 6t2 + 3t + 7.   What is the velocity of the particle when its acceleration is zero?

(a)- 9 ms1 (b) -12 m s-1 (c) 3 m s-1 (d) 42 m s-1
6. The position vector of a particle in SI units is given by:
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The acceleration of the particle is  
(a) 4 m s-2(b) 3 m s-2(c) 2 m s-2 (d) 10 m s-2
7. The displacement x of a particle varies with time according to the relation:
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Then, which of the following is correct?

(a)At t =
[image: image250.wmf]b
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, the displacement of the particle is nearly 
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(b)The velocity and acceleration of the particle at t = 0 are a and - ab respectively

(c)The particle cannot reach a point at distance x’ from its starting position if x’ > a/b

(d)The particle will come back to its starting point as t →∞

8. The motion of a body is given by the equation 
[image: image252.wmf]dt

dv

=6.0 - 3ν, where ν is speed in m s-1 and t is in second. If body was at rest at t = 0, then

(a) The speed varies with the time as ν = 2 (1 - e-3t) m s-1        

(b)The terminal speed is 2.0 m s-1
(c) The magnitude of the initial acceleration is 6.0 m s-2    

(d) The speed is 1 m s-1 when the acceleration is half the initial value.

9. The relation between time t and distance x is t = αx2 + βx

Where α and β are constants. The retardation is  
 (a) 2αν3 (b) 2βν3 (c) 2αβν3 (d) 2 β2 ν3
10. A particle moves in a straight line so that its displacement x metre at time t second is given by:
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 Its acceleration is proportional to


[image: image254.wmf]2

3

2

3

2

3

2

3

x

1

x

t

 

(d)

  

x

t

x

1

 

(c)

  

x

t

 

(b)

   

x

1

   

)

(

-

-

a


11. In the one-dimensional motion of a particle, the relation between position x and time t is given by: x2 + 2 x = t

Choose the correct statement

(a)The retardation of the particle is 
[image: image255.wmf]3

)

1

(

4

1

+

x


(b)The uniform acceleration of the particle is 
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(c)The uniform velocity of the particle is 
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(d)  Particle has a variable acceleration of 4 t + 6.

12. The retardation experienced by a moving motor boat, after its engine is cut-off, is given by:


[image: image258.wmf]dt

dv

=  kν3, where k is a constant. If ν0 is the magnitude of the velocity at cut-off, the magnitude of the velocity at time t after the cut-off is
(a) 
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13. Given: ax2 + bx = t. Here x and t represent displacement and time respectively. The acceleration of the particle at the origin of the co-ordinate axes is  (a) 
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14. A particle moves along the X-axis as
x = u (t - 2) + a (t - 2)2
(a) The initial velocity of the particle is u       (b) The acceleration of the particle is a

(c) The acceleration of the particle is 2a         (d) at t = 2 s particle is at the origin

15. A particle starts from the origin of co-ordinates at time t = 0 and moves in the xy plane with a constant acceleration α in the y-direction. Its equation of motion is y = βx2. Its velocity component in the x-direction is:   
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16. A point moves in a straight line under the retardation av2. If the initial velocity is u, the distance covered in‘t’ seconds is:
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17. Pick the correct statement

(a)Given: 
[image: image263.wmf]x
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where ν is velocity of particle at position x. Acceleration of particle is - 8 m s-2 
(b) A bullet fired into a wooden block loses 
[image: image264.wmf]4
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 th of its velocity after penetrating 15 cm into it. To stop completely, it has to travel further a distance of 45 cm 
(c) If x = at3 - bt2 + ct + d, then the ratio of initial acceleration and initial velocity is -
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. Also, acceleration is zero at t = 
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(d) In uniform motion, the velocity depends upon the time interval under consideration.

18. A particle moves in space along the path z = ax3 + by2 in such a way that 
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where a, b and c are constants. The acceleration of the particle is: 
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19. A particle has an initial velocity u and retardation bν, where ν is its velocity at any time t and b is a constant. Now, pick the correct statement.
(a)The particle will never come to rest. [Infinite time not allowed]

(b)The velocity of the particle will be 
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(c)The particle would cover a total distance 
[image: image270.wmf]b
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(d)The particle is executing uniform circular motion.

Answer Key | 1 (d) 2 (b) 3 (b) 4 (a) 5 (a) 6 (d ) 7(a, b, c) 8 (a, b, c, d) 9 (a) 10 (c) 11 (a) 12 (d) 13 (c) 14 (c,d) 15 (a, b, c) 16 (a, b, c) 17(a),(c) 18 ( )19(a),(c)
Kinematics (RELATIVE MOTION)                                        Assignment-13
1. A train is moving east at a speed of 5 m s-1. A bullet fired westwards with a velocity of 10 m s-1 crosses the train in 8 s. The length of the train is
(a)120 m  (b) 60 m (c) 30 m (d) 15 m

2. Wind is blowing west to east along two parallel tracks. Two trains moving with same speed in opposite directions have the steam track of one double than other. The speed of each train is

(a) Half that of wind (b) equal to that of wind (c) double that of wind (d) three times that of wind

3. A 120 m long train is moving west at a speed of 10 m s-1. A small bird flying east at a speed of 5 m s-1 crosses the train. What is the time taken by the bird to cross the train?  
(a)4 s (b) 8 s (c) 12 s (d) 24 s

4 A train of length 200 m traveling at 30 m s-1 over-takes another train of length 300 m traveling at 20 ms-1. The time taken by the first train to pass the second is 
(a)10 s (b) 30 s (c) 40 s (d) 50 s

5. A boat takes 2 hours to travel 8 km and back in Still Water Lake. With water velocity of 4 km h-1, the time taken for going upstream of 8 km and coming back is 
(a) 160 minute (b) 80 minute (c) 100 minute (d) 120 minute

6. A boy takes 90 second to walk up a stalled escalator. However, if the escalator is moving and the boy stands on the escalator, he is carried up in one minute. How much time the boy would take to walk up the moving escalator?

(a)36 s (b) 40 s (c) 41.25 s (d) 43.75 s

7. A steam boat goes across a lake and comes back (i) on a quiet day when the water is still and (ii) on a rough day when there is a uniform current so as to help the journey onwards and to impede the journey back. If the speed of the launch on both days was same, the time required for complete journey on the rough day, as compared to the quiet day will be 
(a)more (b) 325 m (c) 425 m (d) 450 m

8. On a long horizontal belt, a child runs to and fro with a speed of 9 km/hr (with respect to the belt) between his father and mother located 50 m apart on the moving belt. The belt moves with a speed of 4 km/hr. For an observer on the platform the speed of the child in the direction of motion of the belt is:

(a)9 km/hr (b) 4 km/hr (c) 13 km/hr (d) 5 km/hr

9. A taxi leaves the station X for station Y every 10 minutes. Simultaneously, a taxi also leaves the station Y for station speed and go from X to Y or vice-versa in 2 hours. How many taxies coming from the other side will meet each taxi en route from Y to X? 
(a)24 (b) 23 (c) 12 (d) 11

10. Two cars A and B are traveling in the same direction with velocities νA and νB (νA > νB). When the car A is at a distance S behind the car B, the driver of the car A applies the brakes producing a uniform retardation a. There will be no collision when
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11. A body sliding on a smooth inclined plane requires 4 second to reach the bottom, starting from rest at the top. How much time does it take to cover one-fourth the distance starting from rest at top?

(a) 1 s (b) 2 s (c) 4 s (d) 16 s

12. A particle moves with constant acceleration. If ν1, ν2and ν3 are the average velocities in the three successive intervals t1, t2 and t3 of time, then the correct relation is

(a) 
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13. The driver of a train traveling at 115 km h-1 sees on the same track, 100 m in front of him, a slow train traveling in the same direction at 25 km h-1. The least retardation that must be applied to faster train to avoid a collision is 

(a) 25 m s-2 (b) 50 m s-2 (c) 75 m s-2 (d) 3.125 m s-2
14. The driver of an express train moving with a velocity ν1 finds that a goods train is moving with a velocity ν2 in the same direction on the same track. He applies the brakes and produces a retardation a. The minimum time required to avoid collision is

(a) 
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15. Car A moving with a speed of 36 kmh-1 on a two- lane road. Two cars B and C, each moving with a speed of 54 kmh-1 in opposite directions on the other lane are approaching car A. At a certain instant when the distance AB =distance AC = 1 km, the driver of car B decides to overtake A before C does. What must be the minimum acceleration of car B so as to avoid an accident?

(a)1 ms-2 (b) 2 ms-2 (c) 3 ms-2 (d) 4 ms-2

Answer Key :-  1.a 2. d 3. b 4. d 5. a 6. a 7. a 8. c 9. b 10.11.12.13.14.15.
Kinematics                                

                                    Assignment-14           
This section contains 4 multiple choice questions numbered 1 to 4. Each question has 4 choices (a), (b), (c) and (d), out of which One or more Answers are correct.

1. The equation of motion of a particle is x = t2 – t3. Its speed

(a) Increases all the time            (b) Increases for 0 < t < 
[image: image274.wmf]s
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 (c) Decreases for 
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     (d) Increases for t > 
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2. A car A, 48m ahead of another car B, starts moving from rest, with a constant acceleration 4ms-2 while B is moving in the same direction with a speed of 20 ms-1. The time after which

(a) A overtakes B is 6 s (b) A overtakes B is 4 s (c) B overtakes A is 4 s (d) B overtakes A is 6s.

3. A particle of mass m moves on the x-axis as follows: it starts from rest at t = 0 from the point x = 0, and comes to is rest at t = 1 at the point x = 1. No other information is available about its motion at intermediate times (0 < t < 1). If α denotes the instantaneous acceleration of the particle, then:

(a) α cannot remain positive for all t in the interval 0 ≤ t ≤ 1 
(b) | α| cannot exceed 2 at any point in its path

(c) | α| must be ≥ 4 at some point or points in its path

(d) α must change sign during the motion, but no other assertion can be made with the information given

4. The coordinates of a particle moving in a plane are given by x (t) = a cos (pt) and y (t) = b sin (pt) where a, b (< a) and p are positive constants of appropriate dimensions Then:

(a) The path of the particle is an ellipse 
(b) The velocity and acceleration of the particle are normal to each other at t = π/2p
(c) The acceleration of the particle is always directed towards a focus

(d) The distance traveled by the particle in time interval t = 0 to t = π/2 p is a

5. Consider the motion of the tip of the minute hand of a clock. In one hour

(a) The displacement is zero        (b) the distance covered is zero

(c) The average speed is zero     (d) the average velocity is zero

6. Pick the correct statements:

(a) Average speed of a particle in a given time is never less than the magnitude of the average velocity.

(b) It is possible to have a situation in which 
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(c) The average velocity of a particle is zero in a time interval. It is possible that the instantaneous velocity is never zero in the interval

(d) The average velocity of a particle moving on a straight line is zero in a time interval. It is possible that the instantaneous velocity is never zero in the interval. (Infinite acceleration are not allowed)

7. An object may have

(a) Varying speed without having varying velocity
(b) Varying velocity without having varying speed.

(c) Nonzero acceleration without having varying velocity   

(d) Nonzero acceleration without having varying speed

8. Mark the correct statements for a particle going on a straight line:

(a) If the velocity and acceleration have opposite sign, the object is slowing down

(b) If the position and velocity have opposite sign, the particle is moving towards the origin

(c) If the velocity is zero at an instant, the acceleration should also be zero at that instant

(d) If the velocity is zero for a time interval, the acceleration is zero at any instant within the time interval

9. The velocity of particle is zero at t = 0

(a) The acceleration at t = 0 must be zero      (b) The acceleration at t = 0 may be zero.

(c) If the acceleration is zero from t = 0 to t = 10 s the speed is also zero in this interval

(d) If the speed is zero from t = 0 to t = 10 s the acceleration is also zero in this interval

10. Mark the correct statements:

(a) The magnitude of the instantaneous velocity of a particle is equal to its instantaneous speed

(b) The magnitude of average velocity in an interval is equal to its average speed in that interval

(c) It is possible to have a situation in which the speed of a particle is always zero but the average speed is not zero 
(d) If is possible to have a situation in which the speed of the particle is never zero but the average speed in an interval is zero.

11. Choose the correct statement?

(a) A ball thrown down vertically from the top of a tower with a velocity of 10 m s-1 reaches the ground after 2 second with a velocity of 30 m s-1 ,if g = 10 m s-2
(b) A ball thrown upward from the ground is at a height of 100 m in the upward and downward journeys at times t1 and t2 respectively. If t1t2 = 20, then the value of g is 10 m s-2
(c) A steam boat moves across a lake and comes back on a quiet day when the water is still. The time taken is t1. For the same journey on a rough day when there is a uniform current to help the journey onwards and to impede the journey backwards, the time taken is t2. If the speed of launch on both the days is the same, then t2 > t1.

(d) The average velocity of a body over an interval of time is either greater than or equal to the average speed of the body over the same interval

12. At t = 0, an arrow is fired vertically upwards with a speed of 98 m s-1. A second arrow is fired vertically upwards with the same speed at t = 5 s. Now, which of the followings is correct?

(a)The two arrows will be at the same height above the ground at t = 12.5 s

(b)The two arrows will reach back their starting points at t = 20 s and at t = 25 s.

(c)The ratio of the speeds of the first and the second arrows at t = 20 s will be 2:1

(d)The maximum height attained by each arrow is 980 m

13. Pick the correct statement.

(a)Two stones are dropped from the same point after an interval of 1 second. If g is 10 m s-2, then the separation after 3 second of the release of first ball is 25 m

(b)A ball projected up with velocity ν reaches point P in its path at t1 and t2 second. The height of point P above the ground is gt1 t2/2.

(c)A ball projected up with velocity ν reaches a point P in its path at t1 and t2 second. 
Then ν =
[image: image278.wmf]2
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(d) The acceleration of a body thrown vertically upwards is g at the highest point.

14. Choose the correct statements.

(a)A boy is at a distance x from a bus when the bus begins to move with a uniform acceleration α. The minimum velocity with which the boy should run towards the bus so as to catch it is 
[image: image279.wmf]x
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(b)A girl standing on an escalator takes t1 second to reach the top of a tower when the escalator is moving. When the escalator is standing, she takes t2 second to the reach the top of the tower. If she walks up a moving escalator, then she would reach the top of the tower in t1t2 (t2 + t2) second

(c)When the speed of the car is ν, the minimum distance over which it can be stopped is S. If the speed is n ν, then the minimum distance over which it can be stopped during the same time is n2S.

(d)None of the above

15. Which of the following is correct statement?

(a)A body starts from rest and moving with constant acceleration travels a distance y1 in the 3rd second and y2 in 5th second. The ratio 
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(b)A ball falls from the top of a tower in 8 second. In 4 second, it will cover the first quarter of the distance starting from top

(c)The distance traveled by a freely falling stone released with zero velocity in the last second of its motion to that traveled by it in the last but one second is7:5. The stone strikes the ground with velocity  39.2 m s-1.

(d)None of these.

16. A man in a lift ascending with an upward acceleration a throws a ball vertically upwards with a velocity ν and catches it after t1 second. Afterwards, when the lift is descending with the same acceleration a acting downwards, the man again throws the ball vertically upwards with the same velocity and catches it after t2 second. Which of the following is correct statement?

(a)The velocity of the ball is 
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        (b) The velocity of the ball is 
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(c)The acceleration of the ball is 
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    (d) The acceleration of the ball is 
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17. A train accelerates from rest for time t1 at a constant rate a for distance x. Then it decelerates to rest at constant rate b in time t2 for distance y. Then 
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Answer key:

 1. b 2.a,c 3.a,c 4.a,b,c 5.a,d 6.a,b,c 7.b,d 8.a,b,d 9. b,d 10.a 11.a,c 12.  13. 14.a,c 15. 16. 17. a,b,c 
Kinematics                                                           Assignment-15
Comprehension passages

C1 A particle moves along a straight line such that its velocity depends on time as v = 4t – t2. For first five seconds.

Choose the correct answer: -

1 Average velocity of particle is 
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2 Average speed is (a)2m/s 
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3 Average acceleration is 
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C2.A particle in rectilinear motion is at origin at time t = 0. Velocity (v) of the particle is related to distance traveled (x) by the particle as 
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1 Displacement of the particle in time t is 
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2 Velocity of particle at t = 0 is  (a) 1 m/s (b) 0 m/s (c) 2 m/s (d) 3 m/s

3 Acceleration of particle at t = 0  

 (a) 5 m/s2 (b) 10 m/s2 (c) 15m/s2 (d) None of these

C3 A particle moves along x-axis. Its velocity time graphs are given below.

	[image: image291.png]





Choose the correct answer: -
1 The displacement of the particle in 0 to 3s

(a) Zero (b) 4m (c) 8m (d) 12 m

2 The distance traveled by the particle in 0 to 3s

(a) Zero (b) 4m (c) 8m (d) 12 m

3 The particle changes its direction of acceleration, when

(a) t < 1s (b) 1 = 2s (c) t > 1s (d) t ≤ 1s

C4 A particle is dropped vertically from a height 20 m above the ground, It hits the ground and bounces up vertically to a height 1m. Neglect subsequent motion and air resistance. Take upward direction as positive.

Choose the correct answer: -

1 Velocity versus time graph is

[image: image292.png]
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2 Acceleration versus time graph is
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3 Velocity versus position graph is (taking origin on ground)
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Answer key :- 

CI 1.b 2. d 3. b     CII 1.a 2. c 3. b CIII 1.a 2.c 3. c  CIV 1.a 2.c 3.a 

Kinematics                                                           Assignment-16
            Subjective Problems on differentiation & Integration

1 The velocity ν and displacement x of a particle executing simple harmonic motion are related as
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. At x = 0, ν = ν0. Find the velocity ν when the displacement becomes x.

[Ans : v = 
[image: image299.wmf]2

2

2

x

w

v

o

-

]

2 The charge flown through a circuit in the time interval between t and t + dt is given by 
dq = e-t/T dt.   Where τ is a constant. Find the total charge flown through the circuit between t = 0 to t = τ.    [Ans:
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3 Find the maximum or minimum values of the function y = x +
[image: image301.wmf]x
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for x > 0.   

4The momentum p of a particle changes with time t according to the relation 

[image: image302.wmf]dt

dp

= (10 N) + (2 N/s) t. If the momentum is zero at t = 0, what will the momentum be at t = 10 s? [Ans: 200N/sec]
5The position of a particle is given by the equation x (t) =3t3. Find the instantaneous velocity at instants t = 2s ,4s using the definition of instantaneous velocity. [Ans: 36m/sec,144m/sec]
6A particle is moving along X-axis, its position varying with time as 
x(t) = 2t3-3t2+1.

(a)At what time instants, is its velocity zero.
(b)What is the velocity when it passes through origin? [Ans: 1sec,0m/s)]
7. The velocity of a particle moving in the positive direction of the x-axis varies as v = 
[image: image303.wmf]x
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 , where α is a position constant. Assuming that at t = 0, v = 0. Find: 

(a) The time dependence of the velocity and acceleration
(b) The mean velocity of the particle averaged over the time that the particle takes to cover the first s meters of the path. 
(Ans- (a) v=α2t/2, a= α2 /2 (b)
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8. At moment t = 0 a particle leaves the origin and moves in the positive direction of the x-axis. Its velocity at any time is v = 20 – 10t

Find: (a) the x-coordinates of the particle at the instants 6s, 10s and 20s

(b) The instant at which it is at a distance 10m from the origin

(c) The distance s covered by the particle during the first 4s and 8s
[Ans(a) -60,-300,-1600 (b)0.6s (c)200m)]
9. The acceleration of a particle varies with time as shown 

(a) Find expression for velocity in terms of t and

(b) Calculate the displacement of the particle in the interval from t = 2 sec to t = 4 sec.
 Assume v = 0 at t = 0   

Ans: v (t) = t2 – 2t,
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10. A particle of mass m is projected in a resistive medium whose resistive force is F = kv and initial 
Velocity is vo (a) Find the expression for position and velocity
 (b) Find the time after which velocity become vo/2      

 Ans: 
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11. A stone is thrown up with initial speed v0. There is a resisting acceleration –kv due to air, where v is 
Instantaneous velocity and k is some +ve constant. Find the time taken to reach the highest point and the
maximum height attained by the particle      

Ans 
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12. An object moving with speed v0 is decelerating at a rate given by relation
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, where a is 
Constant and v is instantaneous speed. Calculate time taken and distance traveled before the object is brought
 to rest. Ans 
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13. Two cars A and B, travel in a straight line. The distance of A from the starting point is given as a function of time by xA = αt + βt2, with α = 4m/s and β = 1.20m/s2. 

The distance of B from the starting point is

 xB = γt2 + δt3, with γ = 1.80m/s2. and δ = 0.80 m/s3.

	[image: image311.png]





 (a) Which car is ahead just after they leave the starting point?

(b) At what values of t are the cars at the same point? Ans [(a) Aahead (b) 2s]
14. Two particles A and B start moving simultaneously along the line joining them in the same direction with acceleration of 1m/s2 and 2 m/s2 and speeds 3m/s and 1m/s respectively. Initially A is 10m behind B.

What is the minimum distance between them? Ans 

15. Figure shows the acceleration time graph of a particle moving along a straight line. After what time the particle acquires its initial velocity? 
(Ans- (2+√3)s

16. A bird flies with a speed v = |t – 2|m/s along a straight line, where t is time in seconds. Distance traveled by the bird during first four seconds is equal to:

 (a) 2m (b) 4m (c) 6m (d) 8m    [Ans (b)]

17. At t = 0, an arrow is fired vertically upwards with a speed of 98ms-1. A second arrow is fired vertically upwards with the same speed at t = 5s. Then select wrong alternate:

(a) The two arrows will be at the same height above the ground at t = 12.5 s

(b) The two arrows will reach back their starting points at t = 20s and at t = 25s

(c) The ratio of the speeds of the first and the second arrows at t = 20s will be 2: 1

(d) The maximum height attained by either arrow will be 980m   [Ans-(d)]
18. A car travels in a straight line along a road. Its distance x from a stop sign is given as a function of time t by the equation x = αt2 + βt2, where α = 1.5 m/s2, β = 0.250 m/s3. Calculate the average velocity of the car for the following time intervals:
(a) t = 0 to t = 2s (b) t = 0 to t = 4 s (c) t = 2 to t = 4 s 
(Ans-  (a)4m/s (b)10m/s (c)16m/s )

19. The position of a particle moving along the x-axis depends on the time according to the equation
 x = (3t2-t3) m. At what time the particle reaches its maximum x-position? What total length of path does the particle cover in the first 4s? What is the displacement during the first 4s?   (Ans:24m)
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20. Figure is a graph of the acceleration of a model rail road locomotive moving on x-axis. Sketch the graphs of its velocity as function of time if u = 0 when t = 0.

21. A stone is thrown vertically upward. On its way up it passes point A with speed v and point B, 3 m higher than A, with speed v/2 Calculate: (g = 10m/s2)

(a) The speed v and (b) the maximum height reached by the stone above point B.
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(Ans- (a) v=√80 m/s   (b)1m above point  )   
22. The velocity of a particle verses time is shown in the fig plot a graph showing displacement of the particle with time; also draw a graph showing velocity with displacement. What is the total distance described by the particle in 8 sec and what is the displacement at the end of 8s? (Ans: 16m,0m)
23. A particle of mass m is released from a certain height h with zero initial velocity. It strikes the ground elastically (direction of its velocity is reversed but magnitude remains the same). Plot the graph between its kinetic energy and time till it returns to its initial position   

Kinematics (motion in a plane)                               Assignment-17
1. The distance between two particles P and Q at a given instant is l. vr is the relative velocity of one of them with respect to the other and u and v are components of vr along and perpendicular to PQ. Now,
(a) The shortest distance between them is 
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(b) The shortest distance between them is 
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(c) The time after which the distance between them is minimum is 
[image: image316.wmf]2

r

v

lv


(d) The time after which the distance between them is minimum is 
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2.  Two particles start from rest simultaneously and are equally accelerated in the same direction. Throughout the motion, the relative velocity of one w.r.t. other is:

(a) Zero (b) non zero and directed parallel to acceleration

(c) Non zero and directed opposite to acceleration

(d) Directed perpendicular to the acceleration

3. A helicopter is flying south with a speed of 50 kmh-1. A train is moving with the same speed towards east. The relative velocity of the helicopter as seen by the passenger in the train will be 50
[image: image318.wmf]2

kmh-1 towards.
 (a) North east (b) south east (c)  north west (d) south west

4. Two billiard balls are rolling on a flat table. One has velocity components vx = 1m/s, vy = 
[image: image319.wmf]3

m/s and the other has components vx = 2 m/s and vy = 2 m/s. If both the balls start moving from the same point, the angle between their paths is-
(a) 60o (b) 45o (c) 22.5o (d) 15o
5. A car is going eastwards with a velocity of 8 ms-1. To the passenger in the car, a train appears to be moving north wards with a velocity 15 ms-1. What is the actual velocity of the train?

(a) 7 ms-1 (b) 17 ms-1 (c) 23 ms-1 (d) 23 ms-1
6. A battalion of soldiers is ordered to swim across a river 500 ft wide. At what minimum rate should they swim perpendicular to river flow in order to avoid being washed away by the waterfall 300 ft downstream. The speed of current is 3 m.p.h.
(a) 6 m.p.h. (b) 5 m.p.h. 3 (c) 4 m.p.h. (d) 2 m.p.h. 

7. A man walks in rain with a velocity of 5 kmh-1. The rain drops strike at him at an angle of 450 with the horizontal. The downward velocity of the rain drops will be  
(a) 5 kmh-1 (b) 4 kmh-1 (c) 3 kmh-1 (d) 1 kmh-1
8 .Rain, pouring down at an angle α with the vertical has a speed of 10 ms-1. A girl runs against the rain with a speed of 8 ms-1 and sees that the rain makes an angle β with the vertical, then relation between α and β is:

(a) 
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(c) tan 
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9. Two particles start simultaneously from the same point and move along two straight lines, one with uniform velocity ν and other with a uniform acceleration a. If α is the angle between the lines of motion of two particles then the least value of relative velocity will be at time given by:

(a) 
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10. In the absence of the air flow, the rate of collection of water is R in the rain falling with a velocity u. If the air flows with a velocity v, the rate of collection of water is: 
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11. At the initial moment three points A, B and C are on a horizontal straight line at equal distances from one another. Point A begins to move vertically upwards with constant velocity v and point C vertically downward without any initial velocity at constant acceleration a. assuming the points-begin to move simultaneously, then for all the points to be constantly on one straight line the point B moves with:

 (a) Acceleration 
[image: image325.wmf]2
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a   and initial velocity 
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v both upwards.

 (b) Retardation 
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a and initial velocity 
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(c) Zero acceleration and initial velocity v

 (d) Acceleration 
[image: image329.wmf]2
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a   and initial velocity v both downward.

12.A ship A is moving westwards with a speed of 10km hr-1 and a ship B, 100km south of A is moving northwards with a speed of 10km hr-1. The time after which the distance between them is shortest and the shortest distance between them are 

(a) 5
[image: image330.wmf]2

hr, 50km (b) 5 hr, 50
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 km (c) 0 hr, 100 km (d) 10
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13. Let three vectors
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. The angle between 
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is θ. Select the correct alternative
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14. In 1.0s, a particle goes from point A to point B, moving in a semicircle (see figure). The magnitude of the average velocity is:  (a) 3.14m/s (b) 2.0 m/s (c) 1.0m/s (d) zero

15. A stone is thrown with speed of 20 m/s. Two seconds later an identical stone is thrown vertically downwards with the same speed of 20 m/s. Then:

(a) The relative velocity between the two stones remain constant till one hits the ground

(b) Both will have the same kinetic energy when they hit the ground

(c) The time interval between their hitting the ground is 2 seconds

(d) If the collisions on the ground are perfectly elastic both will rise to the same height above the ground.

16. ‘A’ moves with constant velocity u along then ‘x’ axis. B always has velocity towards A. After how much time will B meet A if B moves with constant speed v. What distance will be traveled by A and B.   

 17. Two ships are 10 km apart on a line running south to north. The one farther north is steaming west at 20 kmh-1. The other is steaming north at 20 km h-1. What is their distance of closest approach? How long do they take to reach it?  

18. A swimmer’s speed in the direction of flow of river is 16 km h-1. Against the direction of flow of river, the swimmer speed is 8 km h-1. Calculate the swimmer’s speed in still water and the velocity of flow of the river.

19. (i) A man can swim with a speed of 4 km h-1 in still water. How long does he take to cross a river 1 km wide if the river flows steadily at 3 km h-1 and he makes his strokes normal to the river current? How far down the river does he go when the reaches the other bank?

(ii) If he keeps himself always at an angle of 1200 with the river flow while swimming.

(a)Find the time he takes to cross the river. (b) At what point on the opposite bank will he arrive.

20. A river is flowing from west to east at a speed of 5 m/min. A man on the south bank of the river, capable of swimming at 10 m/min in still water, wants to swim across the river in shortest distance. In what direction should he swim?

21. An airplane is flying with velocity 50
[image: image355.wmf]2

km/hour in north-east direction. Wind is blowing at 25 km/hr from north to south. What is the resultant displacement of airplane in 2 hours?

22. To a man waling at the rate of 2 km/hour the rain appears to fall vertically, when he increases his speed to 4 km/hour it appears to meet him at an angle of 45o, find the real direction and speed of the rain.

23. To a man waling at 7 km/h due west, the wind appears to blow from the north-west, but when he walks at 3 km/h due west, the wind appears to blow from the north. What is the actual direction of the wind and what its velocity?

24. When a motorist is driving with velocity
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, the wind appears to come from the direction
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. When doubles his velocity the wind appears to come from the direction 
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 Then the true velocity of the wind expressed in the from at a 
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 is__________. 
Answer Key: 
1.a, d 2.a 3.b 4.d 5.b 6b 7.a 8.b 9.b 10.d 11.  12. b 13.a 14.b15.   

16. Ans: distance traveled by
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 17. Ans: 5
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km/h; ¼ h = 15 min 
18.                            19.                         20.                          21.                      22. Ans: 3i-10j
23.                            24. Ans:14i+8j

Kinematics (projectile)                               Assignment-19 

1. A passenger in a train drops a ball from the window of a train running at acceleration ‘a’. A pedestrian, on the ground, by the side of the rails, observes the ball falling along

(a) A parabola with an acceleration ‘g’          
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2. A particle is moving eastward with a velocity of 5 m s-1. In 10 second the velocity changes to 5 m s-1 northwards. The average acceleration in this time is

(a) Zero (b) 
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1

m s-2 towards north-west

 (c) 
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m s-2 towards north-east

 (d) 
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3. The co-ordinates, at any time t, of a moving body are given by x = ct2 and y = bt2. The speed of the body is 
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4. In a projectile motion, the velocity of the projectile is perpendicular to acceleration due to gravity 

(a) For one instant only (b) two times (c) three times (d) four times

5. The length of second hand of a watch is 1 cm. The change in velocity of its tip in 15 second is

(a) Zero (b) 
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6. When air resistance is taken into account while dealing with the motion of the projectile. Of the following properties of the projectile, the one which shows an increase is: 

(a) Range (b) maximum height 

(c) Speed at which it strikes the ground 

(d) The angle at which the projectile strikes the ground 

7. The height y and the distance x along the horizontal plane of a projectile on a certain planet (with no surrounding atmosphere) are given by y = [5t-8t2] meter and x=12t meter where t is the time in second. The velocity, with which the projectile is projected, is: 

(a) 5m/s (b) 12m/s (c) 13m/s (d) not obtainable from the data 

8. A projectile can have the same range R for two angles of   projection. If t1 and t2 are the times of flight in the two cases, then the product of two times of flight is: 

(a) R2/g (b) 2R/g (c) R/2g (d) 4R2/g 

9. A cricket ball is hit at angle 600 with the horizontal with kinetic energy K. What will be the kinetic energy at the highest point of its trajectory?

 (a) Zero (b) K/4 (c) K/2 (d) 3K/4 

10. A particle is projected from the ground. If the equation of the trajectory is

 y=x-
[image: image370.wmf]2
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 , then the time of flight is: 
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11. A particle moves along the +ve branch of the curve y=x2/2 with x governed by x=t2/2 where x and y are measured in maters and t in seconds. At t=2s, the velocity of the particle is: 
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12. The trajectory of a projectile in a vertical plane is y=ax-bx2, where a and b are constant and x and y are respectively the horizontal and vertical distances of the projectile from the point of projection:

(a) The angle of projection is tan-1(a)            (b) the max. Height attained is a2/2b 

(c) The horizontal range is a/b                      (d) none of these 

13. A ball rolls off the top of a stairway with horizontal velocity ν0 m s-1. If the steps are h meter high and w meter wide, the ball will hit the edge of nth step if
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14. Five balls A, B, C, D, and E are projected with the same speed making angles of 10o, 30o, 45o, 60o, 80o respectively, with the horizontal. Which ball will strike the ground at the farthest point?

(a) B (b) A (c) E (d) C (e) D

15. A cannon on a level plane is aimed at an angle β above the horizontal. A shell is fired with a muzzle velocity of 
[image: image374.wmf]  
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units towards a vertical wall a distance d away. Then, the height from the bottom of the wall at which the shell hits the wall is: 
[image: image375.wmf]  

cos

  

2

gd

 

 

 tan 

d

 

(d)

   

cos

gd

 

-

 

 tan 

d

 

(c)

    

cos

gd

  

(b)

  

 tan 

d

 

(a)

 

2

2

2

2

2

2

b

b

b

b

b

b

+


Passage for 16&17 
A particle is projected at an angle θ with the horizontal such that it just able to clear a vertical wall of height h at a distance h from point of projection as shown in fig. 

16. The angle of projection θ is: (a)
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17. The velocity of projection u is: (a)
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Passage for Q 18&19

A particle starts from origin at t=0 with a velocity 5.0
[image: image378.wmf]i
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m/s and moves in x-y plane under the action of a force which produces a constant acceleration of 
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18.y-coordinate of the particle at the instant its x-coordinate is 84m: (a)84m(b)56m(c)48m(d)36m

19. The speed of the particle when it’s y-coordinate is 84m: 

(a) 48m/s (b) 36m/s (c)26m/s (d) 3000

20. Two seconds after projection, a projectile is moving at 300 above the horizontal; after one more second it is moving horizontally. Then: 

(a) angle of projection is 300 (b) velocity of projection is 20√3 m/s (c) velocity at any time will be 40m/s (d) max. Horizontal range attained =60√3 m

21. A ball is released from the window of a train moving along a horizontal straight track with constant velocity. The path as observed: 

(a) From ground, will be parabolic (b) from ground, will be vertical straight line (c) from train, will be parabolic (d) from train, will be vertical straight line

22 Two NCC cadets simultaneously aim their guns at a target put on a tower. The first cadet fired the bullet horizontal. The second cadet, ahead of the first cadet by a distance of 50 m, fired the bullet with a speed of 80 m s-1 at an angle of 
[image: image380.wmf]q

 with the horizontal. Both the bullets hit the target simultaneously. Which of the following is correct?

(a) 
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(d) Data is wrong

23. A particle starts from the origin at t = 0. It moves in a plane with a velocity given by: 
[image: image382.wmf].
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The equation of trajectory of the particle is
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24. A stone is projected from the ground with velocity 50 m s-1 and angle of 30o. It crosses a wall after 3s. How far beyond the wall the stone will strike the ground? (Take g = 10 m s-2)

(a) 80.5 m (b) 85.6 m (c) 86.6 m (d) 75.2 m

25. A ball is projected horizontally with a speed ν from the top of a plane inclined at an angle 45o with the horizontal. How far from the point of projection will the ball strike the plane?
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26 Two balls are thrown simultaneously in the same vertical plane from the same point with different speeds ν1 and ν2 making angle θ1 and θ2 respectively with the horizontal such that ν1 cos θ1= ν2 cos θ2. The path followed by one as seen by the other is

(a) a vertical straight line (b) a horizontal straight line (c) a parabola (d) not visible

27. A projectile is projected at an angle of elevation α. After t second, it appears to have an angle of elevation β as seen from point of projection. Which of the following is correct?

(a) The y co-ordinate of the position of projectile at time t is 
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(b) The x co-ordinate of the position of projectile at time t is ν cosαt, where ν is the velocity of projection.

(c)
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 (d) Velocity of projection is
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28. A particle has a velocity 
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.  Initial rate of change of its speed is

(a) 5 units (b) 
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29. A projectile is thrown with a speed u at an angle θ to the horizontal. The radius of curvature of its trajectory when the velocity vector of the projectile makes an angle ‘α’ with the horizontal is
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30. Two projectiles are projected horizontally in opposite directions with speeds v1 and v2 respectively from a high tower. The distance between them after the time when their velocity vectors are perpendicular to each other, is  
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31. A particle P is sliding down a frictionless hemispherical bowl. It passes the point A at t = 0. At this instant of time, the horizontal component of its velocity is v. A bead Q of the same mass as P is ejected from A at t = 0 along the horizontal string AB, with the speed v. Friction between the bead and the string may be neglected. Let tp and tQ be the respective times taken by P and Q to reach the point B. Then

 (a) tp < tQ (b) tp = tQ (c) tp > tQ (d) 
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  Match the column

32.A particle is projected with a velocity 
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33. A particle is projected vertically up from the ground. (Take air Resistance in account)

Column I




                   Column II

(a) Time taken to reach max height
                   (p) is more than the value if we disregard air resistance

(b) Speed at highest point


                  (q) is less than the value if we disregard air resistance 

(c) Speed when it returns to ground

     (r) is equal to the value if we disregard air resistance

(d) Maximum height achieved

                  (s) Nothing can be said in general 

Section-B                Multiple choice Questions (more than one option may be correct)

34. A particle moves in the x-y plane with a velocity
[image: image399.wmf]  
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(a) The trajectory of the particle is given by the equation y = 
[image: image401.wmf]a
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(b) The trajectory of the particle is given by the equation y = 
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(c) The x coordinate of the particle after time t is at 

 (d) The y coordinate of the particle after time t is 
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35. When two projectiles are fired with complementary angles having times of flight T1,T2 and maximum height H1,H2 respectively, which of the following is/are correct ? 
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36. Referring to question no-35, if T and H are maximum time and maximum height of a projectile path, for a given speed of projection:   
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37. Which of the following remain constant in projectile motion, when a body is projected onto an inclined plane? 

(a) Acceleration (b) Horizontal velocity 
(c) Velocity parallel to the inclined plane (d) Tangential acceleration 

38. Which of the following get affected by horizontal air flow in an oblique projection? 

(a)Time of flight (b) Maximum height (c) Range (d) Velocity at the highest point
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39. A body is thrown to a horizontal distance R. Maintaining its speed of projection constant, which of the following is/are correct? Assume h=height that can be thrown, h’=maximum height corresponding to the projectile motion of range R: 
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40. When the particles 1 and 2 are projected simultaneously, let they collide after a time t. Then
 (a) θ=sin-13/5 and each particle will have same speed just before the collision  
(b) θ=sin-1√3 (c) θ=sin-14/5  
(d) The particles will collide at any point and time depending upon the value of x 

41. In the locus diagrams of two projectiles 1 and 2 as shown in the fig : 
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42. A particle is projected from a trolley car with a velocity v. If the trolley car moves with an acceleration a towards right, which of the following remain unchanged relative to both ground and trolley car?

	[image: image410.jpg]





 (a)Time of flight (b) Horizontal velocity 
(c) Range (d) Maximum range

43. Two projectiles have same range. If their speeds of projection are equal, the ratio of their times of flight can be:  
(a) =1(b)>1(c) <1(d) all of these

44. In horizontal projection, change in speed of projection will affect:
(a) Distance and displacement 
(b) Time of flight and vertical component of velocity just before striking
(c) Speed at any instant and angle of striking
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 (d) Average velocity and average speed 

45. If we take air resistance into account, it takes time t1 and t2 during its ascent and decent respectively. Then:    (a) v1>v2 (b)x1<x2(c)t1>t2(d)t1<t2

46. The ratio of radii of curvature at the point of projection and highest point for maximum horizontal range is (a) 1 (b)2√2 (c)1/2 (d) 1/√2 
47. In projectile, which do not remain constant? 
 (a)Slope of s-t graph (b) slope of 
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(d) Slope of y-x graph 
48. The projection of a particle onto the inclined plane as shown in the fig. Then   

(a)x1>x2 (b)t1/t2=1 (c)v1/v2=1 (d)v3<v4
Where t1 and t2 are the times of motion till the velocity becomes parallel to the inclined plane at B and the time required for the projectile to come from B to C, respectively. 
  Answer key: 1.a 2.b 3.d 4.a 5.b, d 6.d 7.c 8.b 9.b 10a .11b .12.a, c 13.d 14.d 15.c
 16. a 17.d 18.d 19.b 20.b,d 21.a,d 22.d 23.c 24.b 25. 26. a 27.a,b 28.b 29.c 30.c 31.a
 32. (a)-q (b)-r (c)-s (d)-p 

33.(a)-q(b)-r (c)-q (d)-q

34.a,c 35.a,b,c,d  36.c,d  37.a,b 38c,d. 39.b,c 40.c,d 41.d 42.a 43.a,b,c,d
44.a,c,d45. a,b,d46.b 47.a,b,d 48. a,b,c                                                                                    

 Laws of motion                        School level                    Assignment-19 

Type - (A) Based on linear momentum and Newton’s second law of motion 
1. A force of 72 dyne is inclined to the horizontal at an angle of 600. Find the acceleration in a mass of 9 g, which moves in a horizontal direction. Ans 4cms-2
2. A block of metal weighing 2kg is resting on a frictionless plane. It is struck by a jet releasing water at the rate of 1kgs-1 and at a speed of 5 ms-1. Calculate the initial acceleration of the block.

 Ans 2.5 ms-2
 3. A stone of mass 5 kg falls from top of a cliff 50 m high and buries 1 m in sand. Find the average resistance offered by the sand and the time it takes to penetrate.        Ans 2450 N, 0.064 s
4. Force of 
[image: image413.wmf]2N
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 are acting on a body of mass 1000kg at an angle to 60o to each other. Find the acceleration, distance covered and the velocity of the mass after 10s. 

Ans 0.01349 ms-2, 0.1349ms-1, 0.6745m 
5. A balloon has a mass of 5g in air. The air escapes from the balloon at a uniform rate with a velocity of 5mcs-1. If the balloon shrinks completely in 2.5s, find the average force acting on the balloon.  Ans 10dyne 
6. Give the magnitude and direction of the net force acting on (i) a stone of mass 0.1 kg just after it is dropped from the window of a stationary train. (ii) the same stone as above just after it is dropped from the window of a train running at a constant velocity of 36 kmh-1 (iii) the same stone as above just after it is dropped from the window of a train accelerating with 1 ms-2 (iv) the same stone as above lying on the floor of a train which is accelerating with 1ms-2, the stone being at rest relative to the train. Neglect air resistance throughout, and take g = 10 ms-2
Ans (i) 1N.vertically downwards.(ii) 1N.vertically downwards.(iii) 1N.verticallydownwards.(iv)0.1N,along horizontal

7. A truck starts from rest and accelerates uniformly with 2.0 ms-2. At t = 10s, a stone is dropped by a person standing on the top of the truck (6m high from the ground). What are the (i) velocity, and (ii) acceleration of the stone at t = 11 s? Neglect air resistance. Take g = 10 ms-2  

Ans: 22.4m/s, 26.7o with horizontal, 9.8 ms-2
8. A body of mass 0.4 kg moving with a constant speed of 10ms-1 to the north is subjected to a constant force of 8N directed towards the south for 30s. Take the instant the force is applied to be t = 0, the position of the body at that time to be x = 0 and predict its position at t = -5 s, 25s and 100s. 

Ans:-50m,-6km, -50 km 
Type - (B) Examples based on Impulse of a force 

9. A rubber ball of mass 50 g falls from a height of 1 m and rebounds to a height of 0.5m. Find the impulse and the average force between the ball and the ground if the time for which they are in contact was 0.1 s. Ans 3.78 N
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10 A machine gun fires a bullet of mass 40 g with a speed of 1200 ms​1. The person holding the gun can exert a maximum force of 144 N on it. What is the number of bullets that can be fired from the gun per second? Ans 3 bullets/s
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11. Two identical billiard balls strike a rigid wall with the same speed but at different angles, and get reflected without any loss of speed, as shown in Fig. What is (i) the direction of the force of the wall due to each ball? And (ii) the ratio of the magnitudes of the impulses imparted on the two balls by the wall?
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12. The initial speed of a body of mass 2.0kg is 5.0 ms-1 A force acts for 4s in the direction of motion of the body. The force-time graph is shown in fig. calculate the impulse of the force and the final speed of the body.       Ans 9.25 ms-1 

13. Fig below show the position-time graph of a particle of mass 0.04 kg. Suggest a suitable physical context for this motion. What is the time between two consecutive impulses received by the particle? What is the magnitude of each impulse? Ans 8 × 10-4 kg ms-1 

Type- (C) Examples based on Newton’s third law and motion in a lift.

14. An elevator weighs 4000 kg. When the upward tension in the supporting cable is 48000 N, what is the upward acceleration? Starting from rest, how far does it rise in 3s? Ans 9.9m 
15. A man weighs 70 kg. He stands on a weighing machine in a lift, which is moving (i) upwards with a uniform speed of 10 ms-1, (ii) downwards with a uniform acceleration of 5 ms-2, (iii) upwards with a uniform acceleration of 5 ms-2.What would be the readings on the scale in each case? What would be the reading, if the lift mechanism failed and it came down freely under gravity?

 Ans (i)70Kgwt,(ii)34.29Kgwt.,(iii)105.7 kg wt(iv)zero 
16. A block of mass 25kg is raised by a 50 kg man in two 

different ways as shown in fig What is the action on the

 floor by the man in the two cases? If the floor yields to

 a normal force of 700 N, which mode should the man 

adopt to lift the block without the floor yielding? Ans 245 N 

17. Ten one-rupee coins are put on top of each other on a table. Each coin has a mass m kg. Give the magnitude and direction of (i) the force on the 7th coin (counted from the bottom) due to all the coins on its top. (ii) The force on 7th coin by the eighth coin (iii) the reaction of the 6th coin on the 7th coin.
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Ans(i)3mg,(ii)3mg,(iii) 4mg 
18. A monkey of mass 40 kg climbs on a rope which can

 Stand a maximum tension of 600 N [Fig] In which of the 

Following cases will the rope break: the monkey 

(i) Climbs up with an acceleration of 6ms-2 

(ii) Climbs down with an acceleration of 4 ms-2

 (iii) Climbs up with a uniform speed of 5 ms-1 

(iv) Falls down the rope nearly free under gravity? Take g = 10 ms-2. Ignore the mass of the rope.

 Ans (i) 640 N (ii) 240N (iii) 400 N (iv)0

19. A helicopter of mass 1000 kg rises with a vertical acceleration of 15ms-2. The crew and the passengers weigh 300 kg. Give the magnitude direction of (i) force on the floor by the crew and passengers (ii) action of the rotor of the helicopter on the surrounding air (iii) force on the helicopter due to the surrounding air. Take g = 10 ms-2     Ans (i) 7500N, vertically downwards (ii) 32500N vertically downwards (iii) 32500N vertically upwards 

20. A 70 kg man in sea is being lifted by a helicopter with the help of a rope which can bear a maximum tension of 100kg wt. With what maximum acceleration the helicopter should rise so that the rope may not break? Given g = 9.8 ms-2 Ans 1.014 × 104 N

Type- (D) Examples based on conservation of linear momentum 

21. A 30 kg shell is flying at 48 ms-1. When it explodes, its one part of 18 k stops, while the remaining part files on. Find the velocity of the later 

Ans 120 ms-1
22. A hunter has a machine gun that can fire 50g bullets with a velocity of 150 ms-1. A 60 kg tiger springs at him with a velocity of 10 ms-1. How many bullets must the hunter fire into the tiger in order to stop him in track?  Ans 80 
23. A disc of mass 10 g is kept floating horizontally by throwing 10 marbles per second against it from below. If the mass of each marble is 5 g, calculate the velocity with which the marbles are striking the disc. Assume that the marbles strike the disc normally and rebound downward with the same speed. Ans 98 cms-1 
24. A body of mass 1kg initially at rest explodes and breaks into three fragments of masses in the ratio1: 1: 3. The two pieces of equal mass fly off perpendicular to each other with a speed of 30 ms-1 each. What is the velocity of the heavier fragment? Ans 14.14 ms-1
Type-(E) Based on Rocket propulsion 

25. Fuel is consumed at the rate of 100 kg s-1 in a rocket. The exhaust gases are ejected at speed of 4.5 ×104. What is thrust experienced by the rocket? Ans 4.5 × 106 N 
26. The mass of a rocket is 500 kg and relative velocity of gases ejecting out is 250 ms-1 with respect to the rocket. Determine the rate of burning of the fuel in order to give the rocket an initial acceleration of 20 ms-2 in the upward direction.  Ans 59.6 kgs-1
27 A rocket motor consumes 100 kg of fuel per second, exhausting it with a speed of 5 × 103 ms-1 (i) what force is exerted on the rocket? (ii) What will be the velocity of the rocket at the instant its mass is reduced (1/20) th of its initial mass, its initial velocity being zero Neglect gravity. 

  Ans 5×105N, 14.98 ×103 ms-1
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28 A rocket with a lift mass of 3.5 × 104 kg is blasted upwards with an acceleration of 10 ms-2. Calculate the initial thrust of the blast. Ans 7.0 × 105 N

Type - (F) Based on equilibrium of concurrent forces 
29 A mass of 6 kg is suspended by a rope of length 2 m from a ceiling. A force of 50 N is the horizontal direction is applied at the midpoint of the rope as shown in fig. What  is the angle the rope makes with the vertical in equilibrium? Take g = 10 ms-2.Neglect mass of the rope.   Ans 39.8o
30 A train is moving along a horizontal track. A pendulum suspended from the roof makes an angle of 4o with the vertical. Obtain the acceleration of the train. Take g = 10 ms-2 Ans 0.7 ms-2 
31. A uniform rope of length L, resting on a frictionless horizontal surface is pulled at one end by a force F. What is the tension in the rope at a distance l from the end where the force is applied? 

Ans 
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Type - (G) Based on motion of connected bodies

32. A wooden block of mass 2kg rests on a soft horizontal floor. When an iron cylinder of mass 25 kg is placed on top of the block, the floor yields steadily and the block and the cylinder together go down with and acceleration of 0.1 ms-2. What is the action of the block on the floor (a) before and (b) after the yields? Take g = 10 ms-2   

Ans 20N vertically downwards, 267.3 N vertically downwards. 
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33. Two blocks of masses m1 and m2 in contact lie on a horizontal smooth surface, as shown in Fig.

The blocks are pushed by a force F. If the two blocks are always in contact, what is the force at their common interface?  Ans 
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34. Two masses 8kg and 12kg are connected at the two ends of a light inextensible string the goes over a frictionless pulley. Find the acceleration of the masses and the tension in the string when the masses are released.  

	[image: image422.png]





Ans: 2m/s2, 96 N

35 As shown in fig, there blocks connected together lie on a horizontal frictionless table and pulled to

the right with a force F = 50 N. If m1 = 5kg, m2 = 10 kg and m3 = 15 kg, find the tensions T1 and T2.

36. A block of mass 100 kg is set into motion on a frictionless horizontal surface with the help of frictionless pulley and a rope system as shown in Fig (a) what horizontal force should be applied to produce in the block an acceleration of 10cms-2   Ans 5N 
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37. In terms of masses m1, m2 and g, find the acceleration of both the blocks shown in fig. neglect all friction and masses of the pulley. 

Ans:    a1=
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38. Two blocks of masses 50 kg and 30 kg connected by a mass less string pass over a light frictionless pulley and rest on two smooth planes inclined at angles 30o and

 60o respectively with the horizontal. Determine the acceleration of the two blocks and the tension in the string. Take g = 10 ms-2

Ans:    -0.12m/s2, 244 N.

Type - (H) Based on coefficient of friction and angle of friction. 
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39. A mass of 4 kg rests on a horizontal plane. The plane is gradually inclined until at an angle θ = 15o with the horizontal, the mass just begins to slide. What is the coefficient of static friction between the block and the surface?    Ans 0.8164 
40. A block of mass 2 kg is placed on the floor. The coefficient of static friction is 0.4. A force of friction of 2.5 N is applied on the block as shown in fig Calculate the force of friction between the block and the floor.   Ans 2.5 N

41. Determine the maximum acceleration of the train in which a box lying on its floor will remain stationary, given that the coefficient of static friction between the box and the train’s floor is 0.15. 
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Take g = 10 ms-2    Ans 1.5 ms-2 
42. Fig shows a man standing stationary with respect to a horizontal conveyor belt that is Accelerating with 1 ms-2. What is the net force on the man? If the coefficient of friction between the man’s shoes and belt is 0.2, Up to what acceleration of the belt can the man continue to be stationary relative to the belt? Mass of the man = 65 kg.   

Ans 1.96 ms-2
43. A block of mass 15 kg is placed on a long trolley. The coefficient of friction between the block and the trolley is 0.18 the trolley accelerates from rest with 0.5 ms‑2 for 20 s and then moves with uniform velocity. Discuss the motion of the block as viewed by (i) a stationary observer on the ground (ii) and observer moving with the trolley. 

Ans 7.5 N
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44. A bullet of mass 0.01 kg is fired horizontally into a 4 kg wooden block at rest on a horizontal surface. The coefficient of the kinetic friction between the block and the surface is 0.25. The bullet gets embedded in the block and the combination moves 20 m before coming to rest. With what speed did the bullet strike the block?

 Ans 3969.7 ms-1
45. The rear side of a truck is open and a box of 40 kg mass is placed 5 m away from the open end as shown in fig. The coefficient of friction between the box and the surface below it is 0.15. On a straight road, the truck starts from rest and accelerates with 2 ms-2. At what distance from the starting point does the box fall the truck? Ignore the mass of the box. 
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Ans 1.96 ms-2
46. What is the acceleration of the block and the trolley

 System shown in Fig. if the coefficient of kinetic friction between the trolley and the surface is 0.04? What is the tension in the string? Take g = 10 ms-2. Neglect the mass of the string.

Ans 27.12 N

	[image: image432.png]my

M.






47. Two bodies A and B of masses 5 kg and 10 kg in contact with each other rest on a table against a rigid partition. The coefficient of friction between the bodies and the table is 0.15. A force of 200 N is applied horizontally at A. What are (i) the reaction of the partition (ii) the action-reaction forces between A and B? What happens when the partition is removed? Does answers to (ii) change, when the bodies are in motion? Ignore difference between μS and μk. 

Ans (i) 177.95N (towards left) (ii) 192.65N towards left and right (iii) A/R pair 133.5N

Type - (I) Based on motion along Rough inclined plane 

48. A mass of 200 kg is resting on a rough inclined plane of 30o. If the coefficient of friction is 1/
[image: image433.wmf]3

, find the least and the greatest forces acting parallel to the plane to keep the mass in equilibrium.  Ans 1960 N.

49. When an automobile moving with a speed of 36 kmh-1 reaches an upward inclined road of angle 30o, its engine is switched off. If the coefficient of friction involved is 0.1, how much distance will the automobile move before coming to rest? Take g = 10 ms-2    Ans 8. 52m 

50 Two blocks of mass 2 kg and 5 kg are connected by an ideal string passing over a pulley. The block of mass 2 kg is free to slide on a surface inclined at an angle of 30o with the horizontal whereas 5 kg block hangs freely. Find the acceleration of the system and the tension in the string. Given μ = 0.30.   Ans 24.65 N

   Laws of motion        (without friction)                      Assignment-20                                   
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1 Figure shows three blocks in contact and kept on a smooth    horizontal surface. 
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What is ratio of force exerted by block A on B to that of B on C.

2 In the fig. at the free end of the light string, a force F is applied to keep the suspended mass of 18kg at rest. Assuming pulley is light then the force exerted by the ceiling on the system.

3 Three blocks are connected as shown in the figure, on a horizontal frictionless table and pulled to the right with a force at 60N. if M1 = 10kg, M2 = 20kg and M3 = 30 kg then the value of T2.
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4 Four identical 2kg blocks are arranged as shown. All surfaces are rough. A force of 10N is applied to block C parallel to incline as shown. Rank the NORMAL on the BOTTOM surface of each block?

5 Four identical balls of mass m are arranged as shown. The mass of the block in the last diagram is 4m and having acceleration a, the angle of the incline is 
[image: image438.wmf]f

= 30o and all the surfaces are frictionless. Rank the TENSIONS in the labeled ropes? Consider wedge and table to be fixed
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6 Two masses A and B, lie on a frictionless table. They are attached to either end of a light rope which passes around a horizontal movable pulley of negligible mass. Find the acceleration of each mass MA = 1 kg, MB = 2kg, 

MC = 4kg. The pulley P2 is vertical.
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7 Block A of mass m/2 is connected to one end of light rope which passes over a pulley as shown in the fig. Man of mass m climbs the other end of rope with a relative acceleration of g/6 with respect to rope find acceleration of block A and tension in the rope

8 To point the side of a building, painter normally hoists himself up by pulling on the rope A as in figure. The painter and platform together weight 200N. The rope B can withstand 300N. Find

(a) The maximum acceleration of the painter (b) tension in rope A (i) When painter is at rest (ii) When painter moves up with an acceleration 2m/s2
9 Same spring is attached with 2kg, 3 kg and 1 kg blocks in three different cases as shown in figure. If x1, x2 and x3 be the constant extensions in the spring in these three cases then find the ratio of their extensions.
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10 At what value of m1 will 8 kg mass be at rest
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11 What force must man exert on rope to keep platform in equilibrium?
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12 Inclined plane is moved towards right with an acceleration of 5ms-2 as shown in figure. Find force in Newton which block of mass 5kg exerts on the incline plane. (All surfaces are smooth)

13 Find force in Newton which mass A exerts on mass B if B is moving towards right with 3ms-1. Also find mass of A.

 (All surfaces are smooth)
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 14 Force F is applied on upper pulley. If F = 30 t where t is time in second. Find the time when m1 loses contact with floor.

15 In the figure, what should be mass m so that block A slides up with a constant velocity?
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16. In the figure shown, acceleration of 1 is x (upwards). Acceleration of pulley P3 w.r.t. pulley P2 is y (downwards) and acceleration of 4 w.r.t. to pulley P3 is z (upwards). Then match the following:

(a) Absolute acceleration of 2


(p) (y – x) downwards

(b) Absolute acceleration of 3


(q) (z – x – y) upwards

(c) Absolute acceleration of 4


(r) (x + y + z) downwards







            (s) None

17. Velocity of three particles A, B and C varies with time t as, 
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Pseudo forces match the following table:

(a) On A as observed by B


(p) Along positive x – direction

(b) On B as observed by C


(q) Along negative x-direction
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 (c) On A as observed by C


(r) Along positive y-direction

(d) On C as observed by A


(s) Along negative y-direction

                                                                              (t) Zero

18. In the diagram shown in figure, all pulleys are smooth and mass less and strings are light. Match the following:

Table-1




Table-2

(a) 1kg block




(p) will remain stationary

(b) 2 kg block




(q) will move down

(c) 3 kg block




(r) will move up

(d) 4 kg block




(s) 5m/s2






             (t) 10m/s2
Laws of motion                  Friction                        Assignment-22                  
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 1. A block is stationary on an inclined plane. The coefficient of friction between the block and plane is
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:

(a) 
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>tanθ            (b) f= mg sinθ

(c) f=
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mg cos θ   (d) the reaction of ground on the block is mg cos θ.
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 2. A block of mass m is stationary relative to a trolley car which moves with an acceleration a .The frictional force acting on the blocks is:

 (a)
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3. A block of mass m is placed on another block of mass M. Two blocks are sliding on a smooth inclined plane. Then, the frictional force developed between the blocks is: 
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4. A block is placed on a rough horizontal surface .The minimum force required to slide the block is; 

(a) F cos
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5. Two blocks of masses m and M are kept on a rough horizontal surface. The coefficient of friction between M and m is 
[image: image464.wmf]m

1​   and between M and ground is 
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2. If both the blocks are pushed horizontally in same direction with equal speed v0: 

 (a) Block m will not slide relative to M when 
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 (b) No relative sliding occurs between the blocks when 
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2>
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(c) Block m will slide relative to M when 
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1=
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2​  

(d) For all cases the relative sliding occur between the blocks 

6. A block of mass m1 is in equilibrium on an inclined plane. Ignoring the friction at the pulley and mass of the string, the friction on the blocks is :

(a) (m1gsinθ –m2g) up the plane when m2<m1sinθ 

(b)(m2g-m1​gsinθ) down the plane when m2>m1sinθ  
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 (c) Zero, when m2=m1sinθ 

(d) 
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m1g cosθ when m2
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7. A horizontal force F pushes a wedge of mass M on a smooth horizontal surface. A block of mass m is stationary relative to the wedge, then: 

(a) Frictional force is equal to mg between M and m
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 (b) Minimum coefficient of friction between M and m is ( M+m)g/F  

(c) Minimum force required to prevent relative sliding between M and m is (M+m)g/
[image: image478.wmf]m

 (d) The reaction between M and m is mF/M+m

8. A block stays in equilibrium on an inclined plane. It is easiest to push in the direction shown as: 
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 (a) (i) (b) (ii)  (c) (iii)  (d)  (iv) 

9. Two blocks are in equilibrium. Ignoring the mass of the string and friction at the pulley, the magnitude of friction between the block and the ground is: (a)
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 10. A block of mass m is kept on a moving surface. The static friction between the block and surface can be:

 (a)
[image: image482.wmf]F

d

F

c

F

b

mg

=

>

<

£

)

(

)

(

)

(

m


	[image: image483.jpg]—







 11. A block is remains stationary relative to an accelerating sledge .The angle of friction between the block and sledge is
[image: image484.wmf]f

. Then the minimum acceleration A of the sldge to cause relative sliding between the block and sledge is:     
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 12. A block is stationary relative to a moving inclined plane. The frictional force on the block can be:

(a) Zero (b) downward  (c) upward (d) >mg 

	[image: image487.jpg]





 13. A wedge of mass M is pushed with a speed v0 on a rough horizontal plane. The angle of friction between the wedge and horizontal plane is
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. The angle of inclination θ of the pendulum is: 
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 14. A block slides an inclined plane of constant length b of the base. Assuming 

[image: image491.wmf]m

= coefficient of friction between the block and inclined plane , the time of motion of the block is minimum from top to bottom of the inclined plane when θ is equal to :

 (a) 1/2tan-1μ                 (b)tan-1(1/
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)

 (c)1/2 cot-1(-
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)            (d) ½ tan-1(-
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 15. A block of mass m is pressed against a vertical wall with a horizontal force F=mg another force F’=mg/2 is acting vertically upon the block. If the coefficient of friction between the block and wall is ½, the friction between them is:

(a) mg/2 up           (b) mg/2 down

(c) mg up               (d) zero 

16. When a body starts sliding down an inclined plane of angle of inclination 

θ=tan-1
[image: image496.wmf]m

s, assuming 
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s and 
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k as the coefficient of static and kinetic friction between the body and inclined plane, the acceleration of the body is: 
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 (a) Zero                                  (b) g (cosθ+
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 (c) g(sinθ-
[image: image501.wmf]m

kcosθ)                (d) (
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17. Two blocks are moving under the action of external forces F and 2F . The force of friction between the blocks so that move without any relative sliding between them is: 

	[image: image504.jpg]—







 (a) F                         (b)(2/3)F

 (c) 2F                       (d) zero 

18. A horizontal force F acts on the block A. For no relative sliding between the block A and the plank B, the value of F/f, where frictional force between A and B can be:  (a) 
[image: image505.wmf]m

 (b)>1 (c) =1 (d) <1  
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 19. Which of the following is/are dimensionless? 

 (a) 
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Static (b) 
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kinetic (c) 
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rolling    (d) All of these 

20. A force F=3mg acts on a block of mass m at an angle of 300 with horizontal. The friction between the block and ground 
assuming 
[image: image510.wmf]m

= coefficient of friction between the contacting surfaces) is:
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 (a) Zero (b) 2
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mg (c)(3√3 /2)mg (d) none of these 

21. Two blocks A and B move with velocities v and 2v respectively at a given instant. A horizontal force F acts on the block A. The friction:

 (a) On A opposes its motion   (b) On B opposes its motion relative to A  

(c)  On A and B is 
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kmAg       (d) On the blocks is 
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 22. The coefficient of friction between an insect and a hemispherical bowl of radius R is 
[image: image516.wmf]m

. The maximum height that the insect can crawl is: 
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23. A horizontal force F acts on the lower blocks which is connected with another blocks kept on it. The two blocks are connected by a light, smooth inextensible string that passes over a fixed pulley. If the coefficient of friction between all contacting surfaces is 
[image: image518.wmf]m

 , the value of F is:  
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 (a) 
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mg       (b)2
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mg    (c) 3
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mg        (d)4
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mg 

24. A block of mass m is placed on a wedge of mass M. When the wedge is pushed with a velocity v0 on a horizontal surface, the block does not move relative to the wedge. If the coefficient of friction between ground and wedge is 
[image: image524.wmf]m

 , neglecting friction between M and m 
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 (a) θ=tan-1
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    (b) S=v02/2
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g     ;s= total distance covered by M before it stops momentarily. 

(c)N=mg
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 reaction on m  

(d) f=(M+m)
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g ;    f= friction at the bottom of the wedge a

25. A block is in equilibrium. The tension in the string is (
[image: image530.wmf]m

<tanθ): 

(a) mg(sinθ-
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cosθ)               (b) mg (sinθ+
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cosθ )
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 (c) mg sinθ                             (d) zero 

26. Two rough blocks A and B. A placed over B, move with acceleration 
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by the action of horizontal forces 
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 respectively. When no friction exists between the blocks A and B: 

(a)  vA=vB and aA=aB                 (b) aA=aB  
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 (c) both (a) and (b)              (d) 
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 EMBED Equation.3  [image: image538.wmf]
 27. A block B is resting on moving wedge A, The coefficient of friction between A and B is
[image: image539.wmf]m

. The acceleration of the wedge for which B does not experience any friction is/are:  

 (a) g tanθ                  (b)g cotθ 
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 (c) 
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g                     (d)
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g cosθ

28. A force F acts on the block so as to slide it on the rough horizontal floor. It is impossible to push the block if θ is equal to: (
[image: image543.wmf]m

=coefficient of friction between block and horizontal floor)  

(a) tan-1
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       (b) cot-1
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(c) 900            (d) 00   

29. Referring to Q.No.28, the range of frictional force developed is:   

(a)(0, 
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30. A particle is projected with a speed of 10m/s on a rough horizontal surface. If it retards at a rate of 2m/s2, the speed of the particle after 6 seconds is:

  (a)-2m/s (b) 2m/s (c) zero (d) none 

Answer Key -  (1)a,b (2)a,b (3)d (4)c (5)a (6)a,b,c,d (7)a,b,c,d (8)c (9)a,b (10)a,b,d (11)a (12)a,b,c,d (13)a (14)c (15)a (16)d (17)d (18)a,b,c,d (19)a,b (20)a (21)a,b,c (22)c (23)d (24)a,b,c,d (25)a (26)d (27)a,b (28)b,c (29)b (30)c

Work, energy and power          school level                      Assignment-23                  
Type - (A) Based on work done by a constant Force 
1. A cyclist comes to a skidding stop in 10 m. During this process, the force on the cycle due to the road is 200 N and is directly opposed to the motion. (a) How much work does the road do on the cycle? (b) How much work does the cycle do on the road?

Ans - Work done on the cycle by the road is the work done by the stopping (frictional) force on the cycle due to the road. (a) The stopping force and the displacement make an angle of 1800 (π rad) with each other. Thus, work done by the road. Wr = Fd cos θ = 200 × 10 cos π = - 2000 J

It is this negative work that brings the cycle to a halt in accordance with WE theorem.

(b) From Newton’s Third Law an equal and opposite force acts on the road due to the cycle. Its magnitude is 200 N. However, the road undergoes no displacement. Thus, work done by cycle on the road is zero.


The lesson of this example is that though the force on a body A exerted by the body B is always equal and opposite to that on B by A (Newton’s Third Law); the work done on A by B is not necessarily equal and opposite to the work done on B by A.

2. The sign of work done by a force on a body is important to understand. State carefully if the following quantities are positive or negative:

(a)Work done by a man in lifting a bucket out of a well by means of a rope tied to the bucket. (b) work done by gravitational force in the above case, (c) work done by friction on a body sliding down an inclined plane,(d) work done by an applied force on a body moving on a rough velocity, (e) work done by the resistive force of air on a vibrating pendulum in bringing it to rest.

3. A body of mass 2kg initially at rest moves under the action of an applied horizontal force of 7 N on a table with coefficient of kinetic friction = 0.1. Compute the (a)work done by the applied force in 10s (b) work done by friction in 10s, (c) work done by the net force on the body in 10s, (d) change in kinetic energy of the body in 10s.

4. A body constrained to move along the Z-axis of a co-ordinate system is subject to a constant force
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 are unit vectors along the X- Y-, and Z-axis of the system respectively. What is the work done by this force in moving the body a distance of 4m along the Z-axis? Ans - 12 J

5. A uniform chain of length 2 m is kept on a table such that a length of 60 cm hangs-freely from the edge of the table. The total mass of the chain is 4kg. What is the work done in pulling the entire chain on the table? Take g = 10 ms-2 Ans - 3.6 J 

6. A man weighing 50 kg f supports a body of 25 kg f on his head. What is the work done when he moves a distance of 20 m up an incline of 1 in 10? Take g = 9.8 ms-2 Ans - 1470 J

Type - (B) Based on kinetic energy, Work- Energy theorem:

7. It is well known that a raindrop falls under the influence of the downward gravitational force and the opposing resistive force. The latter is known to be proportional to the speed of the drop but is otherwise undetermined. Consider a drop of mass 1.00 g falling from a height 1.00 km. It hits the ground. What is the work done by the unknown resistive force?

 Ans - (a) 1.25 J (b)-8.75 J

8. A block of mass m = 1 kg, moving on a horizontal surface with speed vi = 2 ms-1 enters a rough patch ranging from x = 0.10 m to x = 2.01 m. The retarding force F, on the block in this range is inversely proportional to x over this range, 
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for 0.1 < x < 2.01 m = 0 for x < 0.1 m and x > 2.01 m where k =0.5 J. what is the final kinetic energy and speed vf  of the block as it crosses this patch?

Ans - 
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9. A rain drop of radius 2 mm falls from a height of 500m above the ground. It falls with decreasing acceleration (due to viscous resistance of the air) until at half its original height; it attains its maximum (terminal) speed, and moves with uniform speed thereafter. What is the work done by the gravitational force on the drop in the first and second half of its journey? What is the work done by the resistive force in the entire journey if its speed on reaching the ground is 10ms1?

10. A body of mass 0.5 kg travels in a straight line with velocity v = ax3/2 where a = 5 m-1/2 s-1. what is the work done by the net force during its displacement from x = 0 to x = 2 m?
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11 (i) A particle moves along the X-axis from x = 0 to x = 5 m under the influence of a force given by F = 7 -2x + 3x2. Find the work done in the process. Ans - 135 J 

11.(ii) A body moves from point A to B under the action of a force, varying in magnitude as shown in Fig. Obtain the work done. Force is expressed in Newton and displacement in metre.

Ans - 22.5 J                  
12. An electron and a proton are detected in a cosmic ray experiment, the first with kinetic energy 10 keV, and the second with 100 keV. Which is faster, the electron or the proton? Obtain the ratio of their speeds. (Electron mass = 9.11 × 10-31 kg, proton mass = 1.67 × 10-27 kg, 1eV = 1.60 × 10-19 J). 

Ans - 13.53

13. A bullet weighing 10 g is fired with a velocity of 800 ms-1. After passing through a mud wall 1 m thick, its velocity decreases to 100 ms​1. Find the average resistance offered by the mud wall 

Ans 3150 N

14. A shot traveling at the rate of 100 ms-1 is just able to pierce a plank 4 cm thick. What velocity is required to just pierce a plank 9 cm thick? Ans = 150 ms-1
15. In a ballistics demonstration, a police officer fires a bullet of mass 50.0g with speed 

200 ms​1 on soft plywood of thickness 2.00 cm. the bullet emerges with only 10% of its initial kinetic energy. What is the emergent speed of the bullet? Ans = 63.2 ms-1
16. If the linear momentum of a body increases by 20%, what will be the % increase in the kinetic energy of body? Ans = 44 %

17. If the kinetic energy of a body increases by 300%, by what % will be linear momentum of the body increase? Ans = 100 %

Type-C     Based on P.E, conservation of energy:

18. Calculate the velocity of the bob of a simple pendulum at its mean position if it is able to rise to a vertical height of 10 cm. Take g = 9.8 ms​2                                              Ans = 1.4 ms-1
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19.The bob of a pendulum is released from

 a horizontal position A as shown. If the length 

of the pendulum is 1.5 m, what is the speed with

which the bob arrives at the lowermost point B, 

given that it dissipates 5% of its initial energy 

against air resistance ? Ans = 5.3 ms-1
20.A bolt of mass 0.3 kg falls from the ceiling of an elevator moving down with a uniform the ceiling of an elevator moving down with a uniform speed of 7 ms-1. It hits the floor of the elevator (length of the elevator 3m) and does not rebound. What is the heat produced by the impact? Would your answer by different, if the elevator were stationary? Ans = 8.82 J
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 21. A bullet of mass 0.012 kg and horizontal speed 70 ms-1 strike a block of wood of mass 0.4 kg and instantly comes to rest with respect to the block. The block is suspended from the ceiling by means of thin wires. Calculate the height to which the block rises. Also estimate the amount of heat produced in the block. Ans = 28 .54 J.
22. The potential energy function for a particle executing linear simple harmonic motion is given by  V (x)  = kx2 /2, where k is the force constant of  the oscillator. For k = 0.5 Nm-1, the graph of V (x) versus x is shown in Fig. 6.25. Show that a particle of total energy 1 J moving under this potential must “turn back” when it reaches x = ± 2 m.         

	[image: image554.png]





Ans = x = ± 2m 

23. Two inclined frictionless tracks, one gradual and the other steep meet at A from where two stones are allowed to slide down from rest, one on each track. Will the stones reach the bottom at the same time? Will They reach there with the same speed? Explain. Given
[image: image555.wmf]1
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 = 30o, 
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= 60o and h = 10 m, what are the speeds and times taken by the two stones?    Ans = 14.14 ms-1
Based on P.E of spring 

24. Two springs have force constants k1 and k2 (k1 > k2). On which spring is more work done, if (i) they are stretched by the same force and (ii) they are stretched by same amount? Ans = W1> W2.
25. The potential energy of a spring when stretched through a distance x is 10 J. what is the amount of work done on the same spring to stretch it through an additional distance x? Ans = 30 J

26. To simulate car accidents, auto manufacturers study the collisions of moving cars with mounted springs of different spring constants. Consider a typical simulation with a car of mass 1000 kg moving with a speed 18.0 kmh-1 on a smooth road and colliding with a horizontally mounted spring of spring constant 6.25 × 103 Nm-1. What is the maximum compression of the spring? 

Ans = 2.0 m.
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27. Consider Que-3 taking the coefficient of friction, μ, to be 0.5 and calculate the maximum compression of the spring. Ans - 1.354 m 

28. The spring shown in Fig has a force constant of 24 Nm-1. The mass of the block attached to the spring is 4 kg. Initially the Block is at rest and spring is unstretched. The horizontal surface is frictionless. If a Constant horizontal force of 10 N is applied On the block, then what is the speed of the block when it has been moved through a distance of 0.5 m?         Ans = v = 1ms-1
29. A block of mass 2 Kg initially at rest is dropped from a height of 1m into a vertical spring having force constant 490N/m. calculate the maximum distance through which the spring will be compressed.                Ans: 0.3256m

30. A 1 kg block situated on a rough incline is connected to spring of spring constant 100 N/m as shown in Fig. The block is released from rest with the spring in the unstretched position.
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The block moves 10 cm down the incline before coming to rest. Find the coefficient of friction between the block and the incline. Assume that spring has negligible mass and the pulley is frictionless. Ans - μ = 0.126
31. Estimate the amount of energy released in the following nuclear fusion reaction:

 1H2 + 1H2 → 2He3 + 0n1.Given mass of 1H2 = 2.0141 amu, mass of 2He3 = 3.0160 amu, mass of 0n1 = 1.0087 amu and 1 amu = 1.661 × 10-27 kg. Express your answer in units of MeV. Ans - 3.27 MeV

32. When slow neutrons are incident on a target containing 92U235, a possible fission reaction is 

              92U235 + 0n1 → 56Ba141 + 36Kr92 + 30n1 

Estimate the amount of energy released using the following data:

Given, mass of 92U235 = 235.04 amu, mass of 0n1 = 1.0087 amu, mass of 56Ba141 = 140.91 amu, mass of 36Kr92 = 91.926 amu and energy equivalent to 1 amu = 931 MeV. Ans - 173.725 MeV

Based on power

33. A man weighing 60 kg climbs up a staircase carrying a load of 20 kg on his head. The stair case has 20 steps each of height 0.2 m. If he takes 10s to climb, find his power Ans - 313.6 W

34. A pump on the ground floor of a building can pump up water to fill a tank of volume 30 m3 in 15 min. If tank is 40 m above the ground, and the efficiency of the pump is 30%, how much electric power is consumed by the pump? Ans - 43.6 kW

35.A man cycles up a hill, whose slope is 1 in 20 with a velocity of 6.4kmh-1 along the hill. The weight of the mass and the cycle is 98 kg. What work per minute is he doing? What is his horse power?  Ans - 5122.1 J

Based on elastic collision:

36. A 10 kg ball and 20 kg ball approach each other with velocities 20 ms-1 and 10 ms​-1 respectively. What are their velocities after collision if the collision is perfectly elastic? Ans - 10 ms​1
37. What percentage of kinetic energy of a moving particle is transferred to a stationary particle, when moving particle strikes with a stationary particle of mass (i) 9 times in mass (ii) equal in mass and (iii) 1/19th of its mass? Ans - 36%, 100%, 19 %

38. A trolley of mass 200 kg moves with a uniform speed of 36 km/h on a frictionless track. A child of mass 20 kg runs on the trolley from one end to the other (10 m away) with a speed of 4 ms-1 relative to the trolley in a direction opposite to the trolley’s motion, and jumps out of the trolley. What is the final speed of the trolley? How much has the trolley moved from the time the child begins to run? Ans -   2.5sec, 25.9 m

39. Slowing down of neutrons. In a nuclear reactor a neutron of high speed (typically 107 ms-1) must be slowed to 103 ms​1 so that it can have a high probability of interacting with isotope 
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and causing it to fission. Show that a neutron can lose most of its kinetic energy in an elastic collision with a light nucleus like deuterium or carbon which has a mass of only a few times the neutron mass. The material making up the light nuclei, usually heavy water (D2O) or graphite is called a moderator.

                                                                            OR

A body of mass M at rest is struck by a moving body of mass m. Prove that fraction of the initial K.E. of the mass m transferred to the struck body is 4 m M/(m+M)2 in an elastic collision. 

Ans 90% in case of deuterium, About 28.4 % of the neutron’s energy is transferred to carbon.

Based on Inelastic collision: 

40. A ball is dropped from a height h. It rebounds from the ground a number of times. Given that the coefficient of restitution is e, to what height does it go after the nth rebounding? Ans - 
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41. A sphere of mass m moving with a velocity u hits another stationary sphere of same mass. If e is the coefficient of restitution, what is the ratio of the velocities of two spheres after the collision?

Ans - Hence 
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42. Two particles of masses 0.5 kg and 0.25 kg moving with velocities 4.0 ms-1 and -3.0 ms-1 collide head on in a perfectly inelastic collision. Find (i) the velocity of the composite particle after the collision and (ii) the kinetic energy lost in the collision. Ans - (i) 1.7 ms-1(ii) 4.1 J

43. A ball moving on a horizontal frictionless plane hits an identical ball at rest with a velocity of 0.5 ms​1. If the collision is elastic, calculate the speed imparted to the target ball if the speed of the projectile after the collision is 30 cm s-1. Show that the two balls will move at right angles to each other after the collision. Ans - θ1 =53o
Work, energy and power                                              Assignment-24              
1. A spherical ball of mass 20 kg is stationary at the top of a hill of height 100 m. It rolls down a smooth surface to the ground, then climbs up another hill of height 30 m and finally rolls down to a horizontal base at a height of 20 m, above the ground. The velocity attained by the ball is: 
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 (a) 10 m/s (b) 30 m/s (c) 40 m/s (d) 20 m/s

2. A force F acting on the object varies with distance x as shown here. The force is in N and x in m. The work done by the force in moving the object from x = 0 to x = 6 m is:

(a) 18.0 J (b) 13.5 J (c) 9.0 J (d) 4.5 J

3. A bomb of mass 30 kg at rest explodes into two pieces of masses 18 kg and 12 kg. The velocity of 18 kg mass is 6 ms-1. The kinetic energy of the other mass is:

(a) 324 J (b) 486 J (c) 256 J (d) 524 J

4. The potential energy of a 1 kg particle free to move along the x-axis is given by   
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 .The total mechanical energy of the particle is 2J. Then the maximum speed (in m/s) is:

(a) 2 (b) 3/
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 (c) 
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 (d) 1/
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5. If the potential energy of a gas molecule is U = 
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M and N being positive constants, then the potential energy at equilibrium must be:

(a) Zero (b) M2/4N (c) N 2/4M (d) MN2/4 (e) NM2/4 
6. A particle moves under the effect of a force F = cx from x = 0 to x = x1.The work done in the process is:

(a) 
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7. A force of (
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m. work done by the force is:

(a) Zero (b) 12 J (c) 16 J (d) 25 J

8. A position dependent force F = 7 - 2x + 3x2 Newton acts on a small body of mass 2kg and displaces it from x = 0 to x = 5 m. The work done in joule is:


(a) 70 (b) 270 (c) 35 (d) 135

9. Two masses of 1 g and 9 g are moving with equal kinetic energies. The ratio of the magnitudes of their respective linear momenta is:

(a) 1: 9 (b) 9:1 (c) 1: 3 (d) 3:1

10. An engine pumps up 100 kg of water through a height of 10 m in 5 s. Given that the efficiency of the engine is 60%, what is the power of the engine? (Take g = 10 m s-2) 

(a) 33 kW (b) 3.3 kW (c) 0.33 kW (d) 0.033 kW

11 Work done in time t on a body of mass m which is accelerated from rest to a speed ν in time t1 as a function of time t is given by:
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12 The kinetic energy of a body is increased by 300%. The momentum of the body would increase by:

(a) 50 % (b) 100% (c) 150 % (d) 300%

13 The work done by a particle moving with a velocity of 0.7 c (where c is the velocity of light) in empty space free of electromagnetic field and far away from all matter is:

(a) Positive (b) negative (c) zero (d) infinite

14.A pump motor is used to deliver water at a certain rate from a given pipe. To obtain, twice as much after from the same pipe, in the same time, the power of motor has to be increased to:

(a) 2 times (b) 4 times (c) 8 times (d) 16 times

15. Sand drops vertically at the rate of 2kg/sec on to a conveyor belt moving horizontally with a velocity of 0.2 m/sec. Then the extra force required to keep the belt moving is:

(a) 0.4 N (b) 0.08 N (c) 0.04 N (d) 0.2 N

16. A bullet when fired at a target has its velocity decreased to 50% after penetrating 30 cm into it. Then the additional thickness it will penetrate in cm before coming to rest is:

(a) 10 cm (b) 30 cm (c) 40 cm (d) 60 cm

17. A uniform chain has a mass m and length l. It is held on a frictionless table with one-sixth of its length hanging over the edge. The work done in just pulling the hanging part back on the table is:
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18. A car is moving on a straight horizontal road with a speed ν. If the coefficient of friction between the tyres and the road is μ, the shortest distance in which the car can be stopped is:
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19. A bus can be stopped by applying a retarding force F when it is moving with a speed ν on a level road. The distance covered by it before coming to rest is s. If the load of the bus increases by 50% because of passengers, for the same speed and same retarding force, the distance covered by the bus to come to rest shall be:

(a) 1.5 s (b) 2 s (c) 1 s (d) 2.5 s

20. The potential energy of a certain spring when stretched through a distance s is 10 joule. The amount of work (in joule) that must be done on this spring to stretch it through additional distance s will be:

(a) 30 (b) 40 (c) 10 (d) 20

21. A body is moved along a straight line by a machine delivering a constant power. The distance moved by the body in time t is proportional to:

(a) 
[image: image576.wmf]t

(b) t3/4 (c) t3/2 (d) t2
22. Consider a car moving along a straight horizontal road with a speed of 72 km/hr. If the coefficient of static friction between road and tyres is 0.5, the shortest distance in which the car can be stopped is:

	[image: image577.png]





 (a) 30 m (b) 40 m (c) 72 m (d) 20 m

23. A mass of 0.5 kg moving with a speed of 1.5 m/s on a horizontal smooth surface, collides with a nearly weightless spring of force constant K = 50 N/m. The maximum compression of the spring would be:

(a) 0.15 m (b) 0.12m (c) 1.5 m (d) 0.5m

24. A block of mass m is pulled along a horizontal surface by applying a force at an angle θ with the horizontal. If the block travels with a uniform velocity and has a displacement d and the coefficient of friction is μ, then the work done by the applied force is:
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25. The kinetic energy K of a particle moving along a circle of radius R depends upon the distance s as K = as2.The force acting on the particle is:
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26. If g is acceleration due to gravity on the earth’s surface, the gain in the potential energy of an object of mass m raised from surface of earth to a height equal to radius R of the earth is:
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27. A mass M is lowered with the help of a string by a distance x at a constant acceleration g/2. The work done by the string will be:
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28. The work done in dragging a stone of mass 100 kg up an inclined plane 1 in 100 through a distance of 10 m is:

(a) Zero (b) 980 J (c) 9800 J (d) 98 J

29. A body is dropped from a height h. If it acquires a momentum p, then the mass of the body is:
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30. Two blocks of wood P and Q are connected with each other through a spring and are placed on a frictionless table. If the spring is compressed and released, then KP: KQ will be equal to:

(a) mQ: mP (b) 
[image: image583.wmf]Q
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31. A spring is held compressed so that its stored energy is 2.4 J. Its ends are in contact with masses 1 g and 48 g placed on a frictionless table. When the spring is released, the heavier mass will acquire a speed of:
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32. The power of a heart which pumps 5 × 103 cc of blood per minute at a pressure of 120 mm of mercury  is: (g = 10 m s-2 and density of Hg = 13.6 × 103 kg/m3)

(a) 1.36 W (b) 13.6 W (c) 0.13.6 W (d) 136W

33. A body starts from rest and acquires a velocity V in time T. The work done on the body in time t will be proportional to:
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34. A body starts from rest and acquires a velocity V in time T. The instantaneous power delivered to the body in time t is proportional to:
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35. A block of mass M slides down the surface of a bowl of radius R from its rim to the bottom. What will be the kinetic energy of the block at the bottom?

(a) 2MgR (b) MgR (c) MgR/2 (d) MgR/4

36. A meter scale of mass 100g is pivoted at one end. It is held at 30o with the horizontal. What is the potential energy associated with it?

(a) 0.10 J (b) 0.15 J (c) 0.20 J (d) 0.25 J

37. If the momentum of a certain body be increased by 50%, its KE will increase by:

(a) 25% (b) 50% (c) 100% (d) 125%

38. A car of mass m is driven with acceleration a along a straight level road against a constant external resistive force R. When the velocity of the car is ν, the rate at which the engine of the car is doing work will be:

(a) Rν (b) maν (c) (R + ma) ν (d) (ma -R) ν
39. A body of mass 5 kg falls from a height of 20 m on the ground and it rebounds to a height of 0.2 m. If the loss in potential energy is used up by the body, then what will be the temperature rise? (Specific heat of the material = 0.09 cal gm-1 oC-1)

(a) 5 oC (b) 4 oC (c) 8 oC (d) None of these

40. A car drives along a straight level frictionless road by an engine delivering constant power. Then velocity is directly proportional to:
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41. Two identical 5 kg blocks are moving with same speed of 2 m/s towards each other along a frictionless horizontal surface. The two blocks collide, stick together and come to rest. Consider the two blocks as a system. The work done by external and internal forces are respectively: 

(a) 0, 0 (b) 0, 20 J (c) 0, -20 J (d) 20 J, - 20 J

42. A particle of mass m is moving in a circular path of constant radius r such that its centripetal acceleration ac is varying with time t as ac = k2rt2 where k is a constant. The power delivered to the particle by the forces acting on it, is:

(a) Zero (b) mk2r2t2 (c) mk2r2t (d) mk2rt

43. When a constant force is applied to a body moving with constant acceleration, power does not remain constant. For power to be constant, the force has to vary with speed as follows:
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44. The speed ν reached by a car of mass m, driven with constant power P, is given by:
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45. A particle of mass 1 gm executes an oscillatory motion on the concave surface of a spherical dish of radius 2 m placed on a horizontal plane. If the motion of the particle begins from a point on the dish at a height of 1 cm from the horizontal plane and the coefficient of friction is 0.01, the total distance covered by the particle before it comes to rest, is:

(a) 100.5m (b) 10.05m (c) 1.005 m (d) 0.1005 m

46. A particle of mass m is moving in a horizontal circle of radius r under centripetal force equal to
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, where K is a constant. The total energy of the particle is:
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47. A bullet loses 1/nth of its velocity passing through one plank. How many such planks are required to stop the bullet? 
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48. A body of mass M is dropped from a height h on a sand floor. If the body penetrates x cm into the sand, the average resistance offered by the sand to the body is:
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49. A pump motor is used to deliver water at a certain rate from a given pipe. To obtain ‘n’ times water from the same pipe in the same time, by what amount the power of the motor should be increased?

(a) n2 times (b) n3 times (c) n times (d) n3/2 times
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50. A toy gun uses a spring of force constant K. When charged before being triggered in the upward direction, the spring is compressed by a distance x. If the mass of shot is m, on being triggered it will go up to a height of:
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51. A particle is released from the top of two inclined rough surfaces of height h each. The angles of inclination of the two planes are 30o and 60o respectively. All other factors (e.g., coefficient of friction, mass of block, etc.) are same in both the cases. Let K1 and K2 be the kinetic energies of the particle at the bottom of the plane in the two cases. Then:

(a) K1 = K2 (b) K1 > K2 (c) K1 < K2 (d) data insufficient

52. System shown in figure is released from rest. Pulley and spring are massless and the friction is absent everywhere. The speed of 5kg block when 2kg block leaves the contact with ground is: (take force constant of the spring K = 40 N/m and g = 10 m/s2 
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53. Power supplied to a particle of mass 2 kg varies with time as 
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watt. Here t is in seconds. If velocity of particle at t = 0 is ν = 0, the velocity of particle at time t = 2 s will be:
(a) 1 m/s (b) 4 m/s (c) 2 m/s (d) 2 
[image: image600.wmf]2

 m/s

54. A cannon of mass 2m located at the base of an inclined plane shoots a shell of mass m in horizontal direction with velocity ν0. The angle of inclination of plane is 45o and the coefficient of friction between the cannon and the plane is 0.5. The height to which cannon ascends the plane as a result of recoil is:
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55. Velocity-time graph of a particle moving in a straight line is as shown in figure. Mass of the particle is 2kg. Work done by all the forces acting on the particle in time interval between t = 0 to t = 10 s is:

(a) 300 J (b) - 300 J (c) 400 J (d) - 400 J
Answer Key :- 

1.c 2.b 3.b 4. b 5. b 6. b 7. d 8. d 9. c 10.b 11.d 12. b 13. c 14.c 15.a 16.a 17.a 18.a 19.a 20.a 21.c 22.b 23.a 24.b 25.b 26.a 27. b 28. d 29.a 30.a 31.c 32.a 33.d 34.c 35.b 36.d 37.d 38. c 39. d 40. c 41. c 42.c 43.a 44.c 45.c 46.c 47.a 48.b 49.b 50.c 51.c 52.b 53.c 54.b 55.a 

       Work, Power and Energy                                   Assignment-25
1. A body of mass m accelerates uniformly from rest to a speed v0 in time t0. The work done on the body till any time t is
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2. A man who is running has half the kinetic energy of the boy of half his mass. The man speed up by 1m/s and then has the same kinetic energy as the boy. The original speed of the man was

(a) 
[image: image604.wmf]2

m/s (b) (
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-1) m/s (c) 2m/s (d) (
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 + 1)m/s

3. F = 2x2 – 3x – 2. Choose correct option

(a) x = -1/2 is position of stable equilibrium                (b) x = 2 is position of unstable equilibrium

 (c) x = -1/2 is position of unstable equilibrium           (d) x = 2 is position of neutral of neutral equilibrium

4. A block of mass m is hung vertically from an elastic thread of force constant mg/a. Initially the thread was at its natural length and the block is allowed to fall freely. The kinetic energy of the block when it passes through the equilibrium position will be:

(a) mga (b) mga/2 (c) zero (d) 2mga

5. Assume the aerodynamic drag force on a car is proportional to its speed. If the power output from the engine is doubled, then the maximum speed of the car.

(a) Is unchanged (b) increases by a factor of 
[image: image607.wmf]2

 (c) is also doubled (d) increases by a factor of four

6. A particle is released from rest at origin. It moves under influence of potential field U = x2 – 3x, kinetic energy at x = 2is

(a) 2J (b) 1J (c) 1.5 J (d) 0J

7. A force 
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where k is a positive constant acts on a particle moving in x-y plane starting from the point (3, 5), the particle is taken along a straight line to (5, 7). The work done by the force is:

(a) Zero (b) 35K (c) 20K (d) 15K

8. A light spring of length 20cm and force constant 2kg/cm is placed vertically on a table. A small block of mass 1kg falls on it. The length h from the surface of the table at which the ball will have the maximum velocity is

(a) 20 cm (b) 15cm (c) 10cm (d) 5 cm

9. The work done in joules in increasing the extension of a spring of stiffness 10N/cm from 4 cm to 6cm is:  (a) 2J (b) 1J (c) 1.50J (d)2.5J
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10. In the figure shown all the surfaces are frictionless, and mass of the block, m = 1kg. The block and wedge are held initially at rest. Now wedge is given a horizontal acceleration of 10m/s2 by applying a force on the wedge, so that the block does not slip on the wedge. Then work done by the normal force in ground frame on the block in 
[image: image610.wmf]3

seconds is

(a) 30J (b) 60 J (c) 150 J (d) 100
[image: image611.wmf]3

J

11. When a conservative force does positive work on a body

(a) The potential energy increases (b) the potential energy decreases

 (c) Total energy increases (d) total energy decreases 
	[image: image612.png]





12. A 1.0 kg block collides with a horizontal weightless spring of force constant 2.75Nm-1 as shown in figure. The block compresses the spring 4.0m from the rest position. If the coefficient of kinetic friction between the block and horizontal surface is 0.25, the speed of the block at the instant of collision is

 (a) 0.4 ms-1 (b) 4ms-1 (c) 0.8ms-1 (d) 8ms-1
Question No. 13 to 18. (6 questions)

A block of mass m moving with a velocity v0 on a smooth horizontal surface strikes and compresses a spring of stiffness k till mass comes to rest as shown in the figure. This phenomenon is observed by two observers:

A: standing on the horizontal surface


B: standing on the block
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13. To an observer A, the work done by spring force is

(a) Negative but nothing can be said about its magnitude     (b) - 
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(c) Positive but nothing can be said about its magnitude     (d) + 
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14. To an observer A, the work done by the spring force on the block is

(a) Zero (b) - 
[image: image616.wmf]2
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(d) none of these

15. To an observer A, the net work done on the block is

(a) - 
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 (d) zero

16. According to the observer A

(a) The kinetic energy of the block is converted into the potential energy of the spring

(b) The mechanical energy of the spring-mass system is conserved

(c) The block loses its kinetic energy because of the negative work done by the conservative force of spring (d) All the above

17. To an observer B, when the block is compressing the spring

(a) Velocity of the block is decreasing (b) retardation of the block is increasing(c) kinetic energy of the block is zero (d) all the above

18. According to observer B, the potential energy of the spring increases

(a) due to the positive work done by pseudo force

(b) Due to the positive work done by normal reaction between spring & wall 

(c) due to the decrease in the kinetic energy of the block

(d) All the above

Question No. 19 to 20 (2 questions)

A spring block system is placed on a rough horizontal floor. The block is pulled towards right to give spring an elongation less than 
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but more than 
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19. Which of the following laws/principles of physics can be applied on the spring block system?

(a) Conservation of mechanical energy (b) conservation of momentum (c) Work energy principle (d) none

20. The correct statement is

(a) The block will cross the mean position 

(b) The block comes to rest when the forces acting on it are exactly balanced

 (c) The block will come to rest when the work done by friction becomes equal to the change in energy stored in spring (d) none
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21. The system of the wedge and the block connected by a mass less spring as shown in the figure is released with the spring in its natural length. Friction is absent. Maximum elongation in the spring will be  

(a) 
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22. A particle with constant total energy E moves in one dimension in a region where the potential energy is U (x). The speed of the particle is zero where

(a) U (x) = E (b) U (x) = 0 (c) 
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23. A block of mass m slides shown a plane inclined at an angle θ. Which of the following will NOT increase the energy lost by the block due to friction?

(a) Increasing the angle of inclination (b) Increasing the distance that the block travels (c) Increasing the acceleration due to gravity (d) Increasing the mass of the block

24. The potential energy in joules of a particle of mass 1 kg moving in a plane is given by U = 3x + 4y, the position coordinates of the point being x and y, measured in metres. If the particle is initially at rest at (6, 4) then

(a) its acceleration is of magnitude 5 m/s2 (b) its speed when it crosses the y- axis is 10m/s (c) it crosses the y-axis (x = 0) at y = - 4 (d) it moves in a straight line passing through the origin (0,0)
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25 A box of mass m is released from rest at position 1 on the frictionless curved track shown. It slides a distance d along the track is time t to reach position 2, dropping a vertical distance h. Let v and a be the instantaneous speed and instantaneous acceleration, respectively, of the box at position 2. Which of the following equations is valid for this situation?

(a) h = vt (b) h = (1/2)gt2 (c) d = (1/2)at2 (d) mgh = (1/2) mv2
26. A particle of mass m is at rest in a train moving with constant velocity with respect to ground. Now the particle is accelerated by a constant force F0 acting along the direction of motion of train for time t0. A girl in the train and a boy on the ground measure the work done by this force. Which of the following are INCORRECT?

(a) Both will measure the same work

(b) Boy will measure higher value than the girl

(c) Girl will measure higher value than the boy

(d) Data are insufficient for the measurement of work done by the force F0
Matrix Match:

1. A force F = kx (where k is a positive constant) is acting on a particle. Work done:

Table-1






Table-2

(a) In displacing the body from x = 2 to x = 4

(p) Negative

(b) In displacing the body from x = -4 to x = - 2

(q) Positive

(c) In displacing the body from x = -2 to x = + 2

(r) Zero

2. A block of mass m is stationary with respect to a rough wedge as shown in figure. Starting from rest in time t, (m = 1kg, θ = 30o, a = 2m/s2, t = 4s) work done on block:

Table-1






Table-2

(a) By gravity 






(p) 144J

(b) By normal reaction




           (q) 32 J

(c) By friction






(r) 56J

(d) By all the forces





(s) 48J 

                       






(t) None

3 A body is moved along a straight line by a machine delivering a power proportional to time

 (P 
[image: image628.wmf]µ

 t). Then match the following:

Table-1






Table-2

 (a) Velocity is proportional to



(p) t

(b) Displacement is proportional to



(q) t2
(c) Work done is proportional to



(r) t3
Comprehension

Question [4 – 5]: Velocity versus displacement of a particle moving in a straight line is:
[image: image629.wmf]s
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. Here v is in m/s and s in meter. Mass of the particle is 2kg

4. Work done by all the force on the particle in a time interval from t = 0 to t = 2 s is:

(a) 10J (b) 20 J (c) 30 J (d) 40J

5. Average power is 
[image: image630.wmf]4

3

th the instantaneous power in this case at time t = …….second:

(a) 1.5 (b) 2.0 (c) 2.5 (d) 3.0

6. Acceleration of a particle moving in x-y plane varies with time t as: 
[image: image631.wmf])
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Here 
[image: image632.wmf]a
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 is in m/a2 and t in second. At time t = 0, particle is at rest at origin. Mass of the particle is 1kg. Find the net work done on the particle in first 2s:

(a) 20J (b) 34J (c) 16J (d) 48J

Answer Key :- 

1.a 2.d 3.a,b c 4.b 5.b 6.a 7.c 8.b 9.b 10.c 11.b 12.d 13.b 14.b 15.c 16.d 17.c 18. b 

19.c 20.c 21.b 22.a 23.a 24.a,b,c 25.d 26.a,c 

Matrix Match 

I. a-q b-p c-r             II a-t b-p c-s d-q             III a-p b-q  c-q            4. d 5.a 6.a 

Circular Motion                                                               Assignment-26
1 Two cars A and B are going around concentric circular paths of radii rA and rB. If the two cars complete the circular paths in the same time then the ratio of angular speeds of A and B is:
(a) 1 
[image: image633.wmf]A
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(d) indeterminate

2 In the Q 1, the ratio of linear speed of A to speed of B is:  (a) 1 
[image: image634.wmf]A
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3 Certain neutron stars (extremely dense stars) are believed to be rotating at about 1 rev/s. If such a star has a radius of 20 km, the acceleration of an object on the equator of the star will be:

(a) 20 × 103 m/s2 (b) 120 × 103 m/s2 (c) 8 × 105 m/s2 (d) 4 × 108 m/s2 

4 A motor car is traveling at 60 m/s on a circular road of radius 1200 m. It is increasing its speed at the rate of 4 m/s2. The acceleration of the car is:
(a) 3 m/s2 (b) 4 m/s2 (c) 5 m/s2 (d) 7 m/s2
5 A particle is moving along a circular path of radius 5 m with a uniform speed 5 m s-1. What will be the average acceleration when the particle completes half revolution?
(a) Zero (b) 
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6 A particle is moving along a circular path with uniform speed. Through what angle does its angular velocity change when it completes half of the circular path? 
(a) 0o (b) 45o (c) 180o (d) 360o
7 Two spheres of equal masses are attached to a string of length 2 m as shown in figure. The string and the spheres are then whirled in a horizontal circle about O at a constant rate. What is the value of the ratio: 
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8 A small block slides down from the top of a hemisphere of radius r. It is assumed that there is no friction between the block and the hemisphere. At what height, h will the block lose contact with the surface of sphere?
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Sol The block will lose contact with the surface of hemisphere when the centripetal acceleration becomes equal to the component of acceleration due to gravity along the radius. Suppose it happens at the point S as shown in the adjoining figure. The velocity at the point S is given by:
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9 A stone of mass 1 kg is tied to the end of 1 m long string and is whirled in a vertical circle. The velocity of stone at the bottom of the circle is just sufficient to take it to the top of the circle without slackening the string. What is the tension in the string at the top of the circle? (Take g = 10 m s-2).

(a) Zero (b) 1 N (c) 
[image: image640.wmf]N

10

 (d) 10 N

10 In the Q. 9, what will be the tension in the string when it becomes horizontal?

(a) Zero (b) 1 N (c) 10 N (d) 30 N

11 A particle of mass m is describing a circular path of radius r with uniform speed. If L is the angular momentum of the particle about the axis of the circle, the kinetic energy of the particle is given by:

(a) L2/mr2 (b) L2/2mr2 (c) 2L2/mr2 (d) mr2L

12 A bucket tied at the end of a 1.6 m long string is whirled in a vertical circle with constant speed. What should be the minimum speed so that the water from the bucket does not spill when the bucket is at the highest position? (g = 10 m s-2)

(a) 4 m s-1 (b) 6.25 m s-1 (c) 16 m s-1 (d) None of these

13 A motor cyclist moving with a velocity of 72 km per hour on a flat road takes a turn on the road at a point where the radius of curvature of the road is 20 meter. The acceleration due to gravity is 10 m/sec2. In order to avoid skidding, he must not bend with respect to the vertical by an angle greater than: 

(a) θ = tan-16  (b) θ = tan-12 (c) θ = tan-1(25.92) (d) θ = tan-14

14 The string of pendulum of length l is displaced through 90o from the vertical and released. Then the minimum strength of the string in order to withstand the tension as the pendulum passes through the mean position is:

(a) mg (b) 3mg (c) 5 mg (d) 6 mg

15 A car is moving in a circular horizontal track of radius 10 m with a constant speed of 10 m/sec. A plumb bob is suspended from the roof of the car by a light rigid rod of length 1.00 m. The angle made by the rod with the track is:

(a) zero (b) 30o (c) 45o (d) 60o
16 A simple pendulum consists of a light string from which a spherical bob of mass M is suspended. The distance between the point of suspension and centre of the bob is l. The bob is given a tangential velocity ν at the equilibrium position (i.e., at the lowest point). What can be maximum value of velocity ν, so that the pendulum oscillates without the string becoming slack? 
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17 In the Q.16 if ν = 
[image: image642.wmf]l
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, the angle described by the string going from one extreme position to the other will be:

(a) 
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18 In the Q.16 if
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, what will be the velocity of the bob at the top of the vertical circle?
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19 In the Q.16, if
[image: image646.wmf]l
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, the kinetic energy of the bob at the top of circle will be:

(a) zero (b) Mgl (c) 2 Mgl (d) none of these

20 In the Q.16, the string will become slack and the bob will leave the circular path, when ν is equal to:

(a) 
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21 In the Q. 16,
[image: image648.wmf]l
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, the kinetic energy of the bob, when the string becomes horizontal, will be:

(a) Zero (b) 
[image: image649.wmf]2
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 (c) 3 
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 (d) none of these

22 A toy-cart is tied to the end of an unstretched string of length a. When revolved, the toy-cart moves in a horizontal circle of radius 2a with a time period T. Now the toy-cart is speeded up until it moves in a horizontal circle of radius 3a with a period T’. If Hooke’s law holds, then: 

(a) T = T’ (b) T’ = 
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23 A car takes a circular turn with a uniform speed
[image: image652.wmf]v

. If the reaction at inner and outer wheels be denoted by R1 and R2, then:
(a) R1 = R2 (b) R1 < R2 (c) R1 > R2 (d) R1>< R2
Sol 
If r is the radius of circular path, then for the equilibrium of the car, we get


W = mg = R1 + R2
…… (1) 
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 24 A simple pendulum is vibrating with angular amplitude of 90o as shown in the adjoining figure. For what value of α, is the acceleration directed?

(i) Vertically upwards     (ii) horizontally   (iii) vertically downwards
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 Sol
Force acting on the bob at c is as follows:        

 (a) Mg → Weight of the bob
(b) T → Tension in the string

For the resultant of these two forces to be along the horizontal,


T cos α = Mg

….. (1)

When the bob moves from B to C,

Decrease in potential energy = Mg × OD
Increase in kinetic energy = 
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 EMBED Equation.3  [image: image659.wmf]2
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 = Mg (OD)   or ν2 = 2g (OD)   But
OD = OC cos α = r cos α, ν2 = 2gr cos α

On account of circular motion at C, 

T - Mg cos α =
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T - Mg cos α = 2 Mg cos α


or T = 3 Mg cos α

……….. (2)

From eq. (1) and eq. (2),    3 Mg cos2 α = Mg    or 
cos2 α = 
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When α = 90o, acceleration will be directed vertically downward (= g).

25 A gramophone record is revolving with an angular velocity ω. A coin is placed at a distance R from the centre of the record. The static coefficient of friction is μ. The coin will revolve with the record if:

(a) 
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26 A person with a mass of M kg stands in contact against the wall of cylindrical drum of radius r rotating with an angular velocity ω. If the coefficient of friction between the wall and the clothing is μ, the minimum rotational speed of the cylinder which enables the person to remain stuck to the wall when the floor is suddenly removed is:

(a) 
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27 A wet, open umbrella is held vertical and is twirled about the handle at a uniform rate of 21 revolutions in 44 second. If the rim of the umbrella is a circle of 1 metre in diameter and the height of the rim above the floor is 4.9 metre, then the angular speed of the umbrella is:

(a) 3 radian/sec (b) 1.5 radian/sec (c) 1 radian/sec (d) 
[image: image666.wmf]5
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 28 In the Q 27, the tangential speed of the water drop on leaving the rim of the umbrella is:

(a) 3 m/s (b) 1.5 m/s (c) 1 m/s (d) 
[image: image667.wmf]5
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29 In the Q. 27, the locus of the drops is a circle of radius:

 (a) 3 m (b) 1.5 m (c) 1m (d) 
[image: image668.wmf]5
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30 A heavy small-sized sphere is suspended by a string of length l. The sphere rotates uniformly in a horizontal circle with the string making an angle θ with the vertical. Then the time period of this conical pendulum is:
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31 A tube of length L is filled completely with an incompressible liquid of mass M ad closed at both the ends. The tube is then rotated in a horizontal plane about one of its ends with a uniform angular velocity ω. The force exerted by the liquid at the other end is:
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32 A stone tied to a string of length L is whirled in a vertical circle with the other end of the string at the centre. At a certain instant of time, the stone is at its lowest position and has a speed u. The magnitude of the change in its velocity as it reaches a position where the string is horizontal is:

(a) 
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33 A body of mass M kg is on the top point of a smooth hemisphere of radius 5 m. It is released to slide down the surface of the hemisphere. It leaves the surface when its velocity is 5 m/s. At this instant the angle made by the radius vector of the body with the vertical is: (Acceleration due to gravity = 10 m s-2)

(a) 30o (b) 45o (c) 60o (d) 90o
34 A motor cyclist is trying to jump across a path as shown by driving horizontally off a cliff A at a speed of 5 m s-1. Ignore air resistance and take g = 10 m s-2. The speed with which he touches the peak B is:

(a) 2.0 m s-1 (b) 12 m s-1 (c) 25 m s-1 (d) 20 m s-1 (e) 15 m s-1
35 A particle is moving in a circle of radius R in such a way that at any instant the total acceleration makes an angle of 45o with radius. Initial speed of particle is ν0. The time taken to complete the first revolution is:
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Sol
Total acceleration makes an angle of 450 with radius, i.e., tangential acceleration = radial acceleration
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36 A particle of mass m attached to a string of length l is describing circular motion on a smooth plane inclined at an angle α with the horizontal. For the particle to reach the highest point, its velocity at the lowest point should exceed:

(a) 
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37 A bucket full of water is revolved in vertical circle of 2 m. What should be the maximum time-period of revolution so that water does not fall off the bucket?

(a) 1 sec (b) 2 sec (c) 3 sec (d) 4 sec

38 A body of mass m is tied to one end of a spring and whirled round in a horizontal plane with a constant angular velocity. The elongation in the spring is 5 cm. The original length of the spring is:

(a) 16 cm (b) 15 cm (c) 14 cm (d) 13 cm

39 The over bridge of a canal is in the form of a circular arc of radius R. What is the greatest speed at which a motorcyclist can cross the bridge without leaving the ground?

(a) 
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40 A weightless thread can support tension up to 30 N. A stone of mass 0.5 kg is tied to it and revolved in a circular path of radius 2 m in a vertical plane. If g = 10 m s-2, then the maximum angular velocity of the stone will be:

(a) 5 rad/s (b) 
[image: image677.wmf] 
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41 A frictionless track ABCDE ends in a circular loop of radius R. A body slides down the track from point A which is at a height h = 5 cm. Maximum value of R for the body to successfully complete the loop is:

(a) 5 cm (b) 
[image: image678.wmf]cm
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42 A curved section of a road is banked for a speed ν. If there is no friction between road and tyres of the car, then:

(a) Car is more likely to slip at speeds higher than ν than speeds lower than ν

(b) Car cannot remain in static equilibrium on the curved section

(c) Car will not slip when moving with speed ν
(d) none of the above

43 Let ar and at represent radial and tangential acceleration. The motion of a particle may be circular if:

(a) ar = 0, at = 0 (b) ar = 0, at ≠ 0 (c) ar ≠ 0, at = 0 (d) none of these

44 Which of the following statements about the centripetal and centrifugal forces is correct?

(a) Centripetal force balances the centrifugal force

(b) Both centripetal force and centrifugal force act on the same body

(c) Centripetal force is directed opposite to the centrifugal force

(d) Centripetal force is experienced by the observer at the centre of the circular path described by the body.

45 A particle moving along a circular path due to a centripetal force having constant magnitude is an example of motion with:

(a) Constant speed and velocity

(b) Variable speed and velocity 

(c) Variable speed and constant velocity

(d) Constant speed and variable velocity

46 For a particle moving along a circular path with a constant speed, the acceleration is constant in:

(a) magnitude (b) direction (c) both magnitude and direction (d) neither magnitude nor direction

47 A turn of radius 20 m is banked for the vehicles going at a speed of 10 m/s. If the coefficient of friction between the road and tyre is 0.4, what are the possible speeds of a vehicle so that it neither slips down nor skids up. Take g = 10 m/s2
Sol
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As

g sin θ > μg cos θ

or 
mg sin θ > μmg cos θ,
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The vehicle will slip down if it is just standing on the road. So a minimum speed is required to stop it from slipping down. The force diagram is as shown in figure.


Resolving the forces in horizontal and vertical directions and writing the equations of motion we have,
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Here
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Solving these two equations after substituting the proper values we have,
ν = 4.1 m/s



Now, as the speed of vehicle is increased force of friction first decreases then starts acting downwards. In critical case the force diagram will be as shown in figure.


Resolving the forces in horizontal and vertical directions and writing equations of motion we have,
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Solving these two equations after substituting the proper vales we have,
ν = 15 m/s

Thus, the speed of the vehicle should lie between 4.1 m/s and 15 m/s.
Ans.
48 A particle of mass m is suspended from a ceiling through a string of length L. The particle moves in a horizontal circle of radius r. Find (a) the speed of the particle and (b) the tension in the string. Such a system is called a conical pendulum.

Sol
The situation is shown in figure. The angle θ made by the string with the vertical is given by  
sin θ = r/L
….. (i)

The forces on the particle are (a) the tension T along the string and (b) the weight mg vertically downward.


The particle is moving in a circle with a constant speed ν. Thus, the radial acceleration towards the centre has magnitude ν2/r. Resolving the forces along the radial direction and applying Newton’s second law,
T sin θ = m (ν2/r)

…… (ii)

As there is no acceleration in vertical direction, we have from Newton’s first law,
T cos θ = mg 
…. (iii)

Dividing (ii) by (iii),
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49 One end of a mass less spring of spring constant 100 N/m and natural length 0.5 m is fixed and the other end is connected to a particle of mass 0.5 kg lying on a frictionless horizontal table. The spring remains horizontal. If the mass is made to rotate at an angular velocity of 2 rad/s, find the elongation of the spring.

Sol
The particle is moving in a horizontal circle, so it is accelerated towards the centre with magnitude ν2/r. The horizontal force on the particle is due to the spring and equals kl where l is the elongation and k is the spring constant. Thus,
kl = mν2/ r = mω2 r = m ω2 (l0 + l).

Here ω is the angular velocity l0 is the natural length (0.5 m) and l0 + l is the total length of the spring which is also the radius of the circle along which the particle moves.
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50 A cylindrical bucket filled with water is whirled, around in a vertical circle of radius r. What can be the minimum speed at the top of the path if water does not fall out from the bucket? If it continues with this speed, what normal contact forces the bucket exerts on water at the lowest point of the path?

Sol: Consider water as the system. At the top of the circle its acceleration towards the centre is vertically downward with magnitude ν2/r. The forces on water are (figure) (a) weight Mg downward and (b) normal force by the bucket, also downward.

     So, from Newton’s second law
Mg + N = Mν2/ r.

For water not to fall out from the bucket, N ≥ 0
Hence, Mν2/ r ≥ Mg or, ν2 ≥ rg

The minimum speed at the top must be
[image: image688.wmf]rg

 

If the bucket continues on the circle with this minimum speed 
[image: image689.wmf]rg

, the forces at the bottom of the path are (a) weight Mg downward and (b) normal contact force N’ by the bucket upward. 

The acceleration is towards the centre which is vertically upward, so

N’ - Mg = Mν2/ r
or
N’ = M (g + ν2/ r) = 2 Mg

51 Figure shows a rod of length 20 cm pivoted near on end and which is made to rotate in a horizontal plane with a constant angular speed. A ball of mass m is suspended by a string also of length 20 cm from the other end of the rod. If the angle θ made by the string with the vertical is 30o, find the angular speed of the rotation. Take g = 10 m/s2. 

 Sol Let the angular speed be ω. As is clear from the figure, the ball moves in a horizontal circle of radius
 L +  L sin θ where L = 20 cm. Its acceleration is, therefore, ω2 (L + L sin θ) towards the centre. The forces on the bob are (figure) (a) the tension T along the string and (b) the weight mg

Resolving the forces along the radius and applying Newton’s second law,

T sin θ = m ω2 L (1 + sin θ).

….. i)

Applying Newton’s first law in the vertical direction,
T cos θ = mg

….. (ii)
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52 A rod of length L is pivoted at one end and is rotated with a uniform angular velocity in a horizontal plane. Let T1 and T2 be the tensions at the points L/4 and 3L/4 away from the pivoted ends.

(a) T1 > T2 (b) T2 > T1 (c) T1 = T2 (d) The relation between T1 and T2 depends on whether the rod rotates clockwise or anticlockwise.

53 A circular road of radius r is banked for a speed ν = 40 km/hr. A car of mass m attempts to go on the circular road. The friction coefficient between the tyre and the road is negligible.

(a) The car cannot make a turn without skidding

(b) If the car turns at a speed less than 40 km/hr, it will slip down

(c) If the car turns at the correct speed of 40 km/hr, the force by the road on the car is equal to 
[image: image691.wmf]r
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(d) If the car turns at the correct speed of 40 km/hr, the force by the road on the car is greater than mg as well as greater than 
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Answers Key: -

1 (a) 2 (b) 3 (c) 4 (c) 5 (d) 6 (d) 7 (b) 8 (b) 9 (a) 10 (d) 11 (b) 12 (a) 13 (b) 14 (b) 15 (c) 16 (b) 17 (d) 18 (d) 19 (d) 20 (d) 21 (c) 22 (c) 23 (b) 24 (a) 25 (d) 26 (a) 27 (a) 28 (b) 29 (d) 30 (c) 31 (a) 32 (d) 33 (c) 34 (c) 35 (b) 36 (d) 37 (a) 38 (b) 39 (d) 40 (a) 41 (d) 42 (c) 43 (c) 44 (c) 45 (d) 46 (a) 

Collision, Law of conservation of momentum,                     Assignment-27
1 A spacecraft of mass M move with velocity V in free space at first, then it explodes breaking into two pieces. If after explosion a piece of mass m comes to rest, the other piece of spacecraft will have a velocity: 
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2 A cannon ball is fired with a velocity 200 m/s at an angle of 60o with the horizontal. At the highest point of its flight it explodes into 3 equal fragments, one going vertically upwards with velocity 100 m/s. the second one falling vertically downwards with a velocity 100 m/s. The third fragment will be moving with a velocity:

(a) 100 m/s in the horizontal direction (b) 300 m/s in the horizontal direction

(c) 300 m/s in a direction making an angle of 60o with the horizontal

(d) 200 m/s in a direction making an angle of 60o with the horizontal

3 A 5 kg shell kept at rest suddenly splits up into three parts. If two parts of mass 2kg each are found flying due north and east with a velocity of 5 m/s each, what is the velocity of the third part after explosion?
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4 A shell is fired from cannon with velocity ν m/s at an angle θ with the horizontal direction. At the highest point in its path it explodes into two pieces of equal mass. One of the pieces retraces its path to the cannon and the speed in m/s of the other piece immediately is:
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5A mss m moving horizontally with velocity ν0 strikes a pendulum of mass m. If the two masses stick together after the collision, then the maximum height reached by the pendulum is:
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6 A pendulum consists of a wooden bob of mass m and of length l. A bullet of mass m1 is fired towards the pendulum speed ν1. The bullet emerges out of the bob with a speed ν1/3 and the bob just completes motion along a vertical circle. Then ν1 is:
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7 A bag P (mass M) hangs by a long thread and a bullet (mass m) comes horizontally with velocity ν and gets caught in the bag. Then for the combined (bag + bullet) system:
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8 A radioactive nucleus initially at rest decays by emitting an electron and neutron at right angles to one another. The momentum of the electron is 3.2 × 10-23 kg -m/sec and that of the neutron is 64× 10-23 kg -m/sec. The direction of the recoiling nucleus with that electron motion is:
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9 A bullet of mass m moving with velocity ν strikes a suspended wooden block of mass M. If the block rises to a height h, the initial velocity of the bullet will be:
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10 A bullet of mass 0.01 kg and traveling at a speed of 500 m/sec strikes a block of 2 kg which is suspended by a string of length 5 m. The centre of gravity of the block is found to rise a vertical distance of 0.1 m. What is the speed of the bullet after it emerges from the block?

(a) 200 m/s (b) 220 m/s (c) 204 m/s (d) 284 m/s

11 A body x with a momentum p collides with another identical stationary body y one dimensionally. During the collision y gives an impulse J to body x. Then coefficient of restitution is: 
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12 A ball collides elastically with another ball of the same mass. The collision is oblique and initially one of the balls was at rest. After the collision, the two balls move with same speeds. What will be the angle between the velocities of the balls after the collision?

(a) 30o (b) 45o (c) 60o (d) 90o
13 A ball of mass m1 makes a head on elastic collision with a ball of mass m2 which is initially at rest. The transfer of kinetic energy to the second ball is maximum when:

(a) m1 >> m2 (b) m1 = m2 (c) m1 << m2 (d) m1 ≤ m2 

14 In the Q.14 the velocity of the second ball is maximum when:

(a) m1 >> m2 (b) m1 = m2 (c) m1 << m2 (d) m1 ≤ m2 

15 A ball is let fall from a height h0. There are n collisions with the earth. If the velocity of rebound after n collision is νn and the ball rises to a height hn, then coefficient of restitution e is given by: 
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16 A body is allowed to fall on the ground from a height h1. If it is to rebound to a height h2 then the coefficient of restitution is: 
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17 If two balls each of mass 0.06 kg moving in opposite directions with speed 4 m/s collides and rebound with the same speed, then the impulse imparted to each ball due to other is:

(a) 0.48 kg m/s (b) 0.24 kg m/s (c) 0.81 kg m/s (d) zero

18 An object initially at rest explodes into 3 fragments A, B and C. The momentum of A is 
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, where  p is a + ve number. The momentum of C will be:

(a) (1 + 
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) p in a direction making angle 120o with that of A

(b) (1 +
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3

) p in a direction making angle 150o with that of B

 (c) 2p in a direction making angle 150o with that of A 

(d) 2p in a direction making angle 150o with that of B
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 19 A plastic ball is dropped from a height of 1 m and rebounds several times from the floor. If 1.03 sec elapse from the moment it is dropped to the second impact with the floor, what is the coefficient of restitution? (a) 0.03 (b) 0.64 (c) 0.02 (d) 0.05

20 A 20 g bullet pierces through a plate of mass M1 = 1kg and then comes to rest inside a second plate of mass M2 = 2.98 kg as shown in the figure. It is found that the two plates, initially at rest, now move with equal velocities. Find the percentage loss in the initial velocity of the bullet when it is between M1 and M2. Neglect any loss of material of the plates due to the action of bullet:

 (a) 50% (b) 25 % (c) 100 % (d) 75 %
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 21 A wooden block of mass 10 gm is dropped from the top of a tower 100 m high. Simultaneously, a bullet of mass 10 gm is fired from the foot of the tower vertically upwards with a velocity of 100 m/sec. If the bullet gets embedded in it, how high will it rise above the tower before it starts falling? (Consider g, 10 m/sec2)

(a) 80 m (b) 85 m (c) 75 m (d) 10 m
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 22 Particles P and Q of masses 20 gm and 40 gm respectively are projected from the  positions A and B on the ground. The initial velocities of P and Q make angles of 45o and 135o respectively with the horizontal as shown in the figure. Each particle has an initial speed of 49 m/sec. The separation AB is 245 m. Both particles travel in the same vertical plane and undergo a collision. After the collision P retraces its path. The position of Q when it hits the ground is:


[image: image711.wmf]     

2

245

 

(d)

  

2

245

 

(c)

  

3

245

 

(b)

  

245

)

(

m

m

a


23 If two masses m1 and m2 collide, the ratio of change in their respective velocities is proportional to:
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24 A bullet of mass m moving with velocity ν strikes a block of mass M at rest and gets embedded into it. The kinetic energy of the composite block will be:
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25 A particle projected at an angle 45o with the horizontal has the range 16 m. It explodes into two equal parts at the highest point of projection, out of which one falls vertically downwards at the point of explosion. Then the other will fall at what distance from the starting point?

(a) 8 m (b) 16 m (c) 24 m (d) 32 m

26 Two masses mA and mB move with velocities νA and νB in opposite directions collide elastically. After that the masses mA and mB move with velocities νB and νA respectively. The ratio mA/mB is:
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27 Two smooth objects with a coefficient of restitution e, collide directly and bounce as shown: Newton’s law of restitution gives:

(a) e × 4u = ν2 + ν1 (b) e × 2u = ν1 - ν2  (c) e × 2u = ν2 - ν1 (d) it cannot be applied as the masses are not known.
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28 The identical balls A and B are released from the positions shown in figure. They collide elastically on horizontal portion MN. The ratio of the heights attained by A and B after collision will be: (neglect friction) 
(a) 1 : 4 (b) 2 : 1 (c) 4 : 13 (d) 2 : 5

29 Consider the following statements A and B. Identify the correct choice in the given answers:

A In a one dimensional perfectly elastic collision between two moving bodies of equal masses, the bodies merely exchange their velocities after collision

B If a lighter body a test suffers perfectly elastic collision with a very heavy body moving with a certain velocity, then after collision both travel with same velocity.
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 (a) A and B are correct (b) both A and B are wrong (c) A is correct, B is wrong (d) A is wrong, B is correct 

30Two putty balls of equal mass moving with equal velocity in mutually perpendicular directions, stick together after collision. If the balls were initially moving with a velocity of 
[image: image718.wmf]2

45

ms-1 each, the velocity of their combined mass after collision is: 
(a) 22.5 
[image: image719.wmf]2

 m s-1 (b) 90 m s-1 (c) 45 m s-1 (d) 5 m s-1
31 A uniform sphere is placed on a smooth horizontal surface and a horizontal force F is applied on it at a distance h above the surface. The acceleration of the centre

(a) is maximum when h = 0 
(b) is maximum when h = R
(c) is maximum when h = 2R 

(d) is independent of h

32 A ball kept in a closed box moves in the box making collisions with the walls. The box is kept on a smooth surface. The velocity of the centre of mass

(a) Of the box remains constant (b) of the box plus the ball system remains constant
 (c) Of the ball remains constant (d) of the ball relative to the box remains constant.

33 In an elastic collision

(a) The initial kinetic energy is equal to the final kinetic energy (b) The final kinetic energy is less than the initial kinetic energy (c) The kinetic energy remains constant (d) The kinetic energy fist increases then decreases.

34 In an inelastic collision

(a) The initial kinetic energy is equal to the final kinetic energy 

(b) The final kinetic energy is less than the initial kinetic energy

(c) The kinetic energy remains the constant

(d) The kinetic energy first increases then decrease. 

                     Collision, Law of conservation of momentum, 

Answers Key: 1 (a) 2(b) 3 (c) 4 (a) 5 (a) 6 (b) 7(d) 8 (c) 9 (b) 10(b) 11 (a) 12 (b) 13 (b) 14 (a) 15 (a) 16 (b) 17 (a) 18 (d) 19 (b) 20 (b) 21 (c) 22 (c) 23 (a, b) 24 (a) 25 (b) 26 (a, d) 27 (c)28 (c) 29 (c) 30(c) 31 (b) 32 (b) 33 (a) 34 (b)

Centre of Mass                                                    Assignment-28
Type-(A) Based on calculation of centre of mass

 1 Four identical spheres each of radius 10 cm and mass 1 kg are placed on a horizontal surface touching one another so that their centres are located at the corners of square of side 20 cm. What is the distance of their centre of mass from centre of either sphere?

(a) 5cm (b) 10 cm (c) 20 cm (d) None of these

2 Three particles of masses 1 kg, 2 kg and 3 kg are situated at the corners of an equilateral triangle of side b. The coordinates of the centre of mass are:
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3 A circular ring of mass 6 kg and radius a is placed such that its centre lies at the origin. Two particles of masses 2 kg each are placed at the intersecting points of the circle with + ve x-axis and +ve y-axis. Then the angle made by the position vector of centre of mass of entire system with x-axis is:    (a) 45o (b) 60o (c) tan-1 (4/5) (d) 30o
4 If the linear density of the rod of length L varies as λ = A + Bx, then its centre of mass is given by:
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5 Mass is distributed uniformly over a thin triangular plate and positions of two vertices are given by (1; 3) and (2, 4). What is the position of 3rd vertex if centre of mass of the plate lies at the origin?     (a) (1, - 2) (b) (-2, 4) (c) (-3, 1) (d) (1, 2)

6 A uniform metal disc of radius R is taken and out of it a disc of diameter R is cut off from the end. The centre of mass of the remaining part will be:
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 7 A uniform circular disc of radius a is taken. A circular portion of radius b has been removed from it as shown in the figure. If the centre of hole is at a distance c from the centre of the disc, the distance x2 of the centre of mass of the remaining part from the initial centre of mass O is given by:   
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8 The distance of the centre of mass of the T-shaped plate from O is:      (a) 7 m (b) 2.7 m (c) 4 m (d)1 m

9 Masses of 2kg each are placed at the corners B and A of a rectangular plate ABCD as shown in the figure. A mass of 8 kg has to be placed on the plate so that the centre of mass of the system should be at the centre O. Then the mass should be placed at:      
	[image: image727.png]





 (a) 1 m from O on OE (b) 2 m from O on OF (c) 2 m from O on OG (d) 2 m from O on OH

10 A carpenter has constructed a toy as shown in the adjoining figure. If the density of the material of the sphere is 12 times that of cone, the position of the centre of mass of the toy is given by:  

 (a) at a distance of 2R from O (b) at a distance of 3R from O (c) at a distance of 4R from O (d) at a distance of 5 R from O
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11. Two blocks of masses 5 kg and 2 kg are placed on a frictionless surface and connected by a spring. An external kick gives a velocity of 14 m/sec to the heavier block in the direction of lighter one. The velocity gained by the centre of mass is:

(a) 14 m s-1 m/s (b) 7m s-1 (c) 12 m s-1 (d) 10 m s-1
12. In the Q11 velocities of two blocks in the centre of mass frame just after the kick are respectively given by:

(a) 4 m/s, 10 m/s (b) 10 m/s, 4 m/s (c) 4 m/s, - 10 m/s (d) 10 m/s, - 10 m/s

13. A 500 kg boat is 9 m long and is floating without motion on still water. A man of mass 100 kg is at one end and if he runs to the other end of the boat and stops, the displacement of the boat is:

(a) 1.5 m in the direction of displacement of the man 
(b) 0.75 m in the direction opposite to the displacement of the boat is

(c) 1.5 m in the direction opposite to the displacement of the man 
(d) 0.75 m in the direction opposite to the displacement of the man

14. A dog weighing 5 kg is standing on a flat boat so that it is 10 m from the shore. The dog walks 4 m on the boat towards the shore and then halts. The boat weighs 20 kg and one can assume that there is no friction between it and the water. How far is the dog from the shore at the end of this time?     (a) 3.2 m (b) 0.8 m (c) 10 m (d) 6.8 m

15. A man of mass m climbs a rope of length L suspended below a balloon of mass M. The balloon is stationary with respect to ground. If the man begins to climb up the rope at a speed νrel (relative to rope) in what direction and with what speed (relative to ground) will the balloon move?
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16. In the Q 15, how much has the balloon descended when the man reached the balloon by climbing the rope?     
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17. In the Q15, what is the state of motion when the man stops climbing?
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18. Two particles P and Q initially at rest are 1 m apart. P has a mass of 0.1 kg and Q has a mass of 0.3 kg. P and Q attract each other with a constant force of 10-2 N. No external forces act on the system. At what distance from P’s original position do the particles collide?     (a) 0.25 m (b) 0.75 m (c) 0.5 m (d) 0.8m

	[image: image732.png]





19. In the Q18, the time taken by the particles for collision is:

(a) 1 sec (b) 3 sec (c) 
[image: image733.wmf]sec
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20. A block Q of mass M is placed on a horizontal frictionless surface AB and a body P of mass m is released on its frictionless slope. As P slides by a length L on this slope of inclination θ, the block Q would slide by a distance:   
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21. A shell is fired from a gun with a muzzle velocity u m/sec at an angle θ with the horizontal. At the top of the trajectory the shell explodes into two fragments P and Q of equal mass. If the speed of the fragment P immediately after explosion becomes zero, where does the centre of mass of the fragments hit the ground?
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22. In the Q. 21, where do the fragments P and Q hit the ground from the point of projection?    (a) R, R
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23. A cracker is thrown into air with a velocity of 10 m/s at an angle of 45o with the vertical. When it is at a height of (1/2) m from the ground, it explodes into a number of pieces which follow different parabolic paths. What is the velocity of centre of mass, when it is at a height of 1 m from the ground? (g = 10 m s-2)             
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24. In the Q.23 what is the time taken by the CM to hit the ground?

(a) 2 s (b) 
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25. In the Q 23, what is the minimum velocity of centre of mass in its path?

(a) 10 m s-1 (b) 5 m s-1 (c) 5
[image: image739.wmf]2

 m s-1 (d) 10
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26. Three particles of masses 1 kg, 2 kg and 3 kg are subjected to forces 
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N respectively. The magnitude of the acceleration of the CM of the system is:    
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27. If momenta of two particles of a system are given by 
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, then the angle made by the direction of motion of the system with x-axis is:

(a) cos-1 (1) (b) cos-1 
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 (c) 45o (d) cos-1 
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28. A system consists of two identical particles. One particle is at rest and the other particle has an acceleration a. The centre of mass of the system has an acceleration of:
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 (a) 2a (b) a (c) 
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29. If the system is released, then the acceleration of the centre of mass of the system is:  
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30. Two blocks of equal masses are tied with a light string which passes over a mass less pulley as shown in figure. The magnitude of acceleration of centre of mass of both the blocks is: (neglect friction everywhere)
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31. A rope thrown over a pulley has a ladder with a man of mass m on one of its ends and a counterbalancing mass M on its other end. The man climbs with a velocity νr relative to the ladder. Ignoring the masses of pulley and the rope as well as the friction on the pulley axis, the velocity of the centre of mass of this system is:
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32. Two particles of equal masses have velocities
[image: image753.wmf]i

v

ˆ

2

1

=

r

ms and 
[image: image754.wmf]The

 

m/s.

 

ˆ

2

2

j

=

n

r
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m/s2 while the acceleration of the other particle is zero. The centre of mass of the two particles moves in a:  

(a) circle (b) parabola (c) straight line (d) ellipse

33. A man of mass 80 kg is riding on a small cart of mass 40 kg which is rolling along a level floor at a speed of 2 m/s. He is running on the cart so that his velocity relative to the cart is 3 m/s in the direction opposite to the motion of cart. What is the speed of the centre of mass of the system?   (a) 1.5 m/s (b) 1 m/s (c) 3 c/s (d) Zero

Answers Key: - 

1 (d) 2 (c) 3 (a) 4 (b) 5 (c) 6 (d) 7 (b) 8 (b) 9 (a) 10 (c) 11 (d) 12 (c)1 3 (c) 14 (d)1 5 (c)1 6 (d)1 7 (c)1 8 (c)1 9 (c) 20 (d) 21 (b) 22 (b) 23 (a) 24 (b) 25 (c) 26 (b) 27 (d) 28 (c) 29 (a) 30 (a) 31 (b) 32 (c) 33 (d) 
MOMENT OF INERTIA                                       Assignment-29

1. A uniform cylinder has a radius R and length L. If the moment of inertia of this cylinder about an axis passing through its centre and normal to its circular face is equal to the moment of inertia of the same cylinder about an axis passing through its centre and normal to its length; then:
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2. Four spheres of diameter 2a and mass M are placed with their centers on the four corners of a square of side b. Then the moment of inertia of the system about an axis along one of the sides of the square is:
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3. Three point masses, each of mass m, are placed at the corners of an equilateral triangle of side l. Then the moment of inertia of this system about an axis along one side of the triangle is:
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4. The diameter of a flywheel increases by 1%. What will be percentage increase in moment of inertia about axis of symmetry?(a) 2% (b) 4 % (c) 1 % (d) 0.5 %

5. Two circular discs A and B are of equal masses and thicknesses but made of metal with densities dA and dB (dA > dB). If their moments of inertia about an axis passing through their centres and perpendicular to circular faces by IA and IB, then:
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 (a) IA = IB (b) IA > IB (c) IA< IB (d) IA ≥ IB
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6. Four masses are fixed on a mass less rod as shown in the figure. The moment of inertia about the axis PQ is about: (a) 2 kg- m2 (b) 1.04 kg-m2 (c) 0.5 kg- m2 (d) 0.3 kg - m2
7. In a rectangle ABCD (BC = 2AB), the moment of inertial along which axis will be minimum? (a) BC (b) BD (c) HF (d) EG
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8. Three thin rods each of length L and mass M are placed along X, Y and Z-axes in such a way that one end of each of the rods is at the origin. The moment of inertia of this system about Z-axis is:
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9. A circular disc A of radius r is made from an iron plate of thickness t and another circular disc B of radius 4r and thickness t/4. The relation between moments of inertia IA and IB is:

(a) IA > IB (b) IA = IB (c) IA< IB (d) depends on the actual values of t and r

10. Two uniform thin identical rods AB and CD each of mass M and length L are joined so as to form a cross as shown. The moment of inertia of the cross about a bisector line EF is: 
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11.A body of mass M and radius R is rolling horizontally without slipping with speed ν. It then rolls up a hill to a maximum height h. If h = 5ν2/6g, what is the M.I. of the body?
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12. Figure shows a uniform solid block of mass M and edge lengths a, b and c. Its M.I. about an axis through one edge and perpendicular (as shown) to the large face of the block is
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13. A man weighing 80 kg is standing on a trolley weighing 320 kg. The trolley is resting on frictionless horizontal rails. If the man starts waking on the trolley alogn the rails at speed 1 m/s, then after 4 sec, his displacement, relative to ground will be:(a) 4.5 m (b) 5 m (c) 8.0 m (d) 3.2 m
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14. Two spheres each of mass M and radius R/2 are connected with a mass less rod of length 2 R as shown in the figure. The moment of inertia of the system about an axis passing through the centre of one of the spheres and perpendicular to the rod is: 
  (a) 
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15. If the angular momentum of a rotating body about a fixed axis is increased by 10%, its KE will be increased by:
(a) 10 % (b) 20 % (c) 21 % (d) 5 %    
16. The radius of gyration of a uniform rod of length L about an axis passing through its centre of mass is: (a) 
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17. ABC is a right-angled triangular plate of uniform thickness. The sides are such that AB > BC as shown in figure. I1, I2, I3 are moments of inertia about AB, BC and AC respectively. Then which of the following relations is correct?(a) I1= I2= I3 (b) I2 > I1 > I3 (c) I3 < I2 < I1 (d) I3 > I1 > I2
18. Four holes of radius R are cut from a thin square plate of side 4 R and mass M. The moment of inertia of the remaining portion about z-axis is:
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19. A wire of mass m and length l is bent in the form of a quarter circle. The moment of inertia of this wire about an axis passing through the centre of the quarter circle and perpendicular to the plane of the quarter circle is approximately:
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20. Two rods OA and OB of equal length and mass are lying on xy plane as shown in figure. Let Ix, Iy and Iz be the moments of inertia of both the rods about x, y and z-axis respectively. Then:

(a) Ix = Iy > Iz (b) Ix = Iy < Iz (c) Ix > Iy > Iz (d) Iz > Iy > Ix
  21. The moment of inertia of a uniform rod of length 2l and mass m about   an axis xx’ passing through its centre and inclined at an angle α is:

     (a) 
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Answers Key: -1. (b) 2.(b) 3. (c) 4 (a) 5 (c) 6 (b) 7 (d) 8 (a) 9 (c) 10 (a) 11 (b) 12 (a) 13 (d) 14 (a) 15 (c) 16 (a) 17 (b) 18 (c) 19 (d) 20 (b) 21 (a)

Rotational Dynamics                                Assignment-30
1 A uniform disc of mass M and radius R is mounted on an axle supported in frictionless bearings. A light cord is wrapped around the rim of the disc and a steady downward pull T is exerted on the cord. The angular acceleration of the disc is: (a) 
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2 In the Q.1, the tangential acceleration of a point on the rim is:
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3 If we hang a body of mass m from the cord in the Q.1, the tangential acceleration of the disc is:
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4 The tension in the cord in question 3 is: 
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5 The moment of inertia of a body about a given axis is 1.2 kg × m2. Initially, the body is at rest. In order to produce a rotational KE of 1500 joule, an angular acceleration of 25 rad/sec2 must be applied about that axis for duration of: (a) 4 s (b) 2 s (c) 8 s (d) 10 s

6 A wheel of moment of inertia 5 × 10-3 kg-m2 is making 20 rev/sec. The torque required to stop it in 10 sec is: (a) 2π × 10-2 N-m (b) 2π × 102 N-m (c) 4π × 10-2 N-m (d) 4π × 102 N-m

7 A spherical ball rolls on a table without slipping. Then the fraction of its total energy associated with rotation is: (a) 2/5 (b) 2/7 (c) 3/5 (d) 3/7

8 A constant torque acting on a uniform circular wheel changes its angular momentum from A0 to 4A0 in 4 seconds. The magnitude of this torque is:

(a) 3A0/4 (b) A0 (c) 4 A0 (d) 12A0
9 A flywheel at rest is to reach an angular velocity of 36 rad/sec in 6 sec, with a constant angular acceleration. The total angle turned through, during this interval is:

(a) 216 rad(b) 144 rad (c) 108 rad (d) 72 rad

10 A particle of mass m = 5 units is moving with a uniform speed ν = 
[image: image787.wmf]2

3

 m in the XOY plane along the line Y = X + 4. The magnitude of the angular momentum about origin is:

(a) Zero (b) 60 unit (c) 7.5 unit (d) 
[image: image788.wmf]2

40

unit

11 A particle performs uniforms uniform circular motion with an angular momentum L. If the frequency of particle’s motion is doubled and its kinetic energy halved, the angular momentum becomes:

(a) 2L (b) 4 L (c) L/2 (d) L/4

12 Two bodies with moment of inertia I1 and I2 (I1 > I2) have equal angular momentum. If the KE of rotation is E1 and E2, then:

(a) E1 > E2 (b) E1 < E2 (c) E1 = E2 (d) none of these

13 A particle of mass m is projected with a velocity ν making an angle of 45o with the horizontal. The magnitude of angular momentum of the projectile about an axis of projection when the particle is at maximum height h is:

(a) Zero (b) 
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14 A ballet dancer, dancing on a smooth floor is spinning about a vertical axis with her arms folded with an angular velocity of 20 rad/sec. When she stretches her arms fully, the spinning speed decreases to 10 rad/sec. If I is the initial moment of inertia of the dancer, the new moment of inertia is:

(a) 2I (b) 3I (c) I/2 (d) I/3

15 If there is a change of angular momentum from 1 J-s to 4J-s in 4 sec, then the torque is:
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16 A body rolls without slipping. The radius of gyration of the body about an axis passing through its centre of mass is k. If radius of the body be R, then what is the ratio of its rotational kinetic energy to translational kinetic energy?

 (a) (k2 + R2) (b) (k2/R2) (c) [k2/ (k2 + R2)] (d) R2/(k2 + R2)]
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17 The moment of inertia of a solid flywheel about its axis is 0.1 kg-m2. A tangential force of 2 kg wt. is applied round the circumference of the flywheel with the help of a string and mass arrangement as shown in the figure. If the radius of the wheel is 0.1 m, find the acceleration of the mass:

(a) 163.3 rad/sec2 (b) 16.3 rad/sec2 (c) 81.66 rad/sec2 (d) 8.16 rad/sec2
18 A thin rod of length L and mass M is held vertically with one end on the floor and is allowed to fall. Find the velocity of the other end when it hits the floor, assuming that the end on the floor does not slip:
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19 A rigid body is made of three identical thin rods, each of length L fastened together in the form of letter H. The body is free to rotate about a horizontal axis that runs along the length of one of the legs of the H. The body is allowed to fall from rest from a position in which the plane of H is horizontal. What is the angular speed of the body when the plane of H is vertical?
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20 A tube of length L is filled completely with an incompressible liquid of mass M and closed at both ends. The tube is then rotated in a horizontal plane about one of its ends with a uniform angular velocity ω. The force exerted by the liquid at the other end is:
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 (a) M ω2L (b) 
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21 A triangular plate of uniform thickness and density is made to rotate about an axis perpendicular to the plane of the paper and (a) passing through A, (b) passing through B, by the application of some force F at C (mid-point of AB) as shown in the figure. In which case angular acceleration is more?

	[image: image797.png]





 (a) In case (a) (b) In case (b) (c) Both (a) and (b) (d) None of these

22 A uniform rod of mass M and length L is pivoted at one end such that it can rotate in a vertical plane. There is negligible friction at the pivot. The free end of the rod is held vertically above the pivot and then released. The angular acceleration of the rod when it makes an angle θ with the vertical is:
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23 Suppose a body of mass M and radius R is allowed to roll on an inclined plane without slipping from its topmost point A. The velocity acquired by the body, as it reaches the bottom of the inclined plane, is given by:
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24 In the Q. 23 acceleration of the body down the plane is given by: 
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25 In the Q. 23, time taken by the rolling body to reach the bottom of the inclined plane is:
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26 An inclined plane makes an angle of 30o with the horizontal. A ring rolling down this inclined plane from rest without slipping has a linear acceleration equal to:

(a) 2g/3 (b) g/2 (c) g/3 (d) g/4

27 A solid sphere of mass 2 kg rolls on a smooth horizontal surface at 10 m/s. It then rolls up a smooth inclined plane of inclination 30o with the horizontal. The height attained by the sphere before it stope, is:

(a) 1.7 m (b) 4.5 m (c) 5.4 m (d) 7.1 m

28 A small sphere of radius R rolls without slipping inside large hemispherical bowl of radius R. The sphere starts from rest at the top point of the hemisphere. What fraction of the total energy is translational when the small sphere is at the bottom of the hemisphere?
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29 What should be the minimum coefficient of static friction between the plane and the cylinder, for the cylinder not to slip on an inclined plane?
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30 A cord is wound round the circumference of a wheel of radius R. The axis of the wheel is horizontal and moment of inertia about it is I. A weight mg is attached to the end of the cord and falls from rest. After falling through distance h, the angular velocity of the wheel will be:
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31 A uniform cube of side a and mass m rests on a rough horizontal table. A horizontal force F is applied normal to one of the faces at a point that is directly above the centre of face, at a height 
[image: image806.wmf]4

3

a

 above the base. The minimum value of F for which the cube begins to tilt about the edge is (assume that the cube does not slide):
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32 A smooth uniform rod of length L and mass M has two identical beads of negligible size, each of mass m, which can slide freely along the rod. Initially, the two beads are at the centre of the rod and the system is rotating with angular velocity ω0 about an axis perpendicular to rod and passing through the midpoint of rod. There are no external forces. When the beads reach the ends of the rod the angular velocity of the system is:
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33 The moment of inertia of a uniform rod of mass M and length L about an axis through centre and perpendicular to length L is given by ML2/12. Now consider one such rod pivoted at its centre free to rotate in a vertical plane. The rod is at rest in the vertical position. A bullet of mass M moving horizontally at a speed ν strikes and gets embedded in one end of the rod. The angular velocity ω of the rod after collision will be:
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34 If the earth were to suddenly contract to 1/nth of its present radius without any change in its mass, the duration of the new day will be nearly:

(a) 24/n hours (b) 24n hours (c) 24/n2 hours (d) 24n2hours

35 If vector 
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be the torque of this force about the origin, then:
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36 A thick walled hollow sphere has outer radius R. It rolls down an inclined plane without slipping and its speed at the bottom is ν. If the inclined plane is frictionless and the sphere slides down without rolling, its speed at the bottom will be 5ν/4. What is the radius of gyration of the sphere?
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37 A thin uniform circular disc of mass M and radius R is rotating in a horizontal plane about an axis passing through its centre and perpendicular to the plane with angular velocity ω. Another disc of same mass but half the radius is gently placed over it coaxially. The angular speed of the composite disc will be: 
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38 Average torque on a projectile of mass m, initial speed u and angle of projection θ between initial and final positions P and Q as shown in figure, about the point of projection is:
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39 A solid sphere and a hollow sphere of equal mass and radius are placed over a rough horizontal surface after rotating it about its mass centre with same angular velocity ω0. Once the pure rolling starts 

(a) ν1 = ν2 (b) ν1 > ν2 (c) ν1 < ν2 (d) data is sufficient

40 A particle is made to move in circular path with decreasing speed. Which of the following is correct?

(a) Angular momentum is constant (b) Only the direction 
[image: image817.wmf]L
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 is constant (c) Acceleration is always directed towards the centre (d) Particle moves in spiral path
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41 A T-shaped object with dimensions shown in the figure, is lying on a smooth floor. A force 
[image: image819.wmf]F
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is applied at the point P parallel to AB, such that the object has only the translational motion without rotation. Find the location of P with respect to C: 
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42 A solid sphere is rolling on a frictionless surface, shown in figure with a translational velocity ν m/s. If it is to climb the inclined surface then ν should be:
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43 A solid sphere of mass M, radius R and having moment of inertia about an axis passing through the centre of mass as I, is recast into a disc of thickness t, whose moment of inertia about an axis passing through its edge and perpendicular to its plane remains I. Then, radius of the disc will be:
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44 A uniform rod of length l and mass m is free to rotate in a vertical plane about A. The rod initially in horizontal position is released. The initial angular acceleration of the rod is (moment of inertia of the rod about A is ml2/3):
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45 A force of 
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acts on O, the origin of the coordinate system. The torque about the point (1, -1) is:
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46 If a street light of mass M is suspended from the end of a uniform rod of length L in different possible patterns as shown in figure, then:

                          [image: image829.png]



(a) Pattern A is more sturdy (b) pattern B is more sturdy (c) pattern C is more sturdy (d) all will have same sturdiness

Answers Key : 1 (c) 2(c) 3 (c) 4 (b) 5 (b) 6 (a) 7 (b) 8 (a) 9 (c) 10 (b) 11 (d) 12 (b) 13 (b) 14 (a) 15 (a) 16 (b) 17 (b) 18 (b) 19 (c) 20 (b) 21 (b) 22 (c) 23 (c) 24 (d) 25 (a) 26 (d) 27 (d) 28 (c) 29 (a) 30 (b) 31 (b) 32 (b) 33 (c) 34 (c) 35 (a) 36 (c) 37 (b) 38 (a) 39 (c) 40 (b) 41 (a) 42 (a) 43 (a) 44 (b) 45 (d) 46 (a
Centre of Mass, Impulse, Momentum                   Assignment-31
Match the Column & Assertion-Reason type Questions

1 If net force on a system of particles is zero, then match the following:

Table-1






           Table-2

(a) Acceleration of centre of mass



(p) Constant

(b) Momentum of centre of mass



(q) Zero

(c) Velocity of centre of mass




(r) May be zero

 (d) Velocity of an individual particle of the system

(s) May be constant

	[image: image830.png]All-smooth






2 In the arrangement shown in figure match the following:

Table-1






Table-2

 (a) Velocity of centre of mass



   (p) 2 SI unit

(b) Velocity of combined mass when compression in
 the spring is maximum                                                   (q) 1 SI unit

(c) Maximum compression in the spring

 (r) 4 SI unit

(d) Maximum potential energy stored in the spring
 (0.5 SI unit

3 A particle of mass m, kinetic energy K and momentum P collides head on elastically with another particle of mass 2m at rest. Match the following (after collision):

 Table-1






Table-2

(a) Momentum of first particle 



(p) 3/4 P

(b) Momentum of second particle 


(q) – K/9

(c) Kinetic energy of first particle 


(r) –P/3

(d) Kinetic energy of second particle 


(s) 8K/9

       






(t) None

4 Match the following:

 Table-1






Table-2

	[image: image831.png]3kg






 (a) P is increased by 200%, corresponding change in K
(p) 800%

(b)K is increased by 300%, corresponding change in P
(q) 200%

 (c) P is increased by 1%, corresponding change in K

(r) 0.5%

(d) K is increased by 1%, corresponding change in P
           (s) 2%









          (t) None

5 Four point mass are placed at four corners of a square of side 4m as shown. Match the following table:

Table-1






Table-2

(a) x –co-ordinate of centre of mass of 4kg and 2kg

     (p) (7/2)m

(b) x-co-ordinate of centre of mass of 4kg, 2k and 3kg
                 (q) 4/3m

(c) y-co-ordinate of centre of mass of 1 kg, 4 kg and 3kg
     (r) 3m

(d) y-co-ordinate of centre of mass of 1 kg and 3kg

     (s) (20/9)m
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6 In a two block system shown in figure match the following

Table-1






Table-2

(a) Velocity of centre of mass
      (p) Keep on changing all the time

(b) Momentum of centre of mass    (q) first decreases then become zero

(c) Momentum of 1kg block
      (r) Zero

(d) Kinetic energy of 2kg block
      (s) constant

	[image: image833.png]





7 Two balls of mass m and 2m each have momentum 2P and P in the direction shown in figure. During collision they exert an impulse of magnitude P on each other. Match the following:

Table-1






Table-2

(a) After collision momentum of m



(p) 2P

(b) After collision momentum of 2m



(q) P

(c) Coefficient of restitution between them


(r) 1

(d) Coefficient of restitution between them


(s) None

8 A particle of mass 1kg is projected upwards with velocity 60m/s. Another particle of mass 2kg is just dropped from a certain height. After 2s, match the following: [Take g = 10ms2]
Table-1






Table-2

(a) Acceleration of COM




(p) Zero

(b) Velocity of COM





(q) 10 SI unit

(c) Displacement of COM




(r) 20 SI unit









           (s) None

9 In the diagram shown in figure mass of both the balls is same. Match the following table:

Table-1



Table-2

	[image: image834.png]collision







 (a) For v’ = v


(p) e = 0

 (b) For v’ = 
[image: image835.wmf]2
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(q) e = 1

(c) For v’ = 
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(r) e = 
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(s) Data is insufficient

10 A particle of mass 1kg has velocity 
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and another particle of mass 2kg has velocity
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. Match the following:

Table-1






Table-2

(a) Net force on centre of mass at 2s



(p) 
[image: image840.wmf]unit
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(b) Velocity of centre of mass at 2s



(q) 
[image: image841.wmf]68

 


(c) Displacement of centre of mass in 2s


(r) 
[image: image842.wmf]unit
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            (s) None

11 Assertion: If in a collision, the first body gets embedded into the second body and the two move together with same velocity, then there is no loss of kinetic energy.

Reason: In a perfectly inelastic collision, momentum is not conserved; only the kinetic energy is conserved.

(a) A (b) B (c) C (d) D (e) E

12 Assertion: The centre mass of an electron and proton, when released moves faster towards proton.

Reason: Proton is heavier than electron.

(a) A (b) B (c) C (d) D (e) E

Comprehensions Type Questions

Concept [1 – 4]: If net force on a system in a particular direction is zero (say in horizontal direction) we can apply:
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. Here R stands for the masses which are moving towards right and L for the masses towards left. X is displacement, v is velocity and a  the acceleration (all with respect to ground).
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Question: A small block of mass m = 1 kg is placed over a wedge of mass M = 4 kg as shown in figure. Mass m is released from rest. All surfaces are smooth. Origin O is as shown.

1 Final velocity of the wedge is…m/s:

 (a) 
[image: image845.wmf]3
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2 The block will strike the x-axis at x = ….m:

(a) 6 (b) 10 (c) 4 (d) 5

3 Normal reaction between the two blocks at an instant when absolute acceleration of m is 5
[image: image846.wmf]3

m/s2 at 60o with horizontal is….N. Normal reaction at this instant is making 30o with horizontal:

(a) 6 (b) 10 (c) 4 (d) 5

4 At the same instant reaction on the wedge from the ground is……N
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 (a) 42.5 (b) 40 (c) 43.46 (d) none of these

Concept [5 – 6]: When two bodies collide normally they exert equal and opposite impulses on each other. Impulse = change in linear momentum. Coefficient of restitution between two bodies is given by:
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Question: Two bodies collide as shown in fig. During collision they exert impulse of magnitude J on each other.

5 If the collision is elastic, the value of J is…N-s

(a) 10/3 (b) 5/4 (c) 8/3 (d) 3/2

6 For what values of J (in N-s) the 2kg block will change its direction of velocity:

(a) J < 12 (b) J > 12 (c) J < 10 (d) J > 10
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Concept: In an oblique collision component parallel to common tangent remains unchanged while along common normal direction, relative velocity of separation becomes e times the relative velocity of approach.

7 A ball collides at B with velocity 10 m/s at 30o with vertical. There is a flag at A and a wall at C. Collision of ball with ground is perfectly inelastic (e = 0) and that with wall is elastic (e = 1). 
Given AB = BC = 10m. The ball will collide with the flag after time t =…….s

(a) 4 (b) 5 (c) 6 (d) ball will not collide with the flag

	[image: image850.png]O Just dropped







Concept [8 – 10]: If two bodies are under gravity and no other force (other than gravity) is acting on them, then their centre of mass follows the same path whether they collide or not.

Question: Two identical masses are as shown in figure. One is thrown upwards with velocity 20m/s and another is just dropped simultaneously.

8 The masses collide in air stick together. After how much time the combined mass will fall to the ground (calculate the time from the starting when the motion was started):

(a) (1 + 
[image: image851.wmf]2

) s (b) 2
[image: image852.wmf]2

s (c) (2 + 
[image: image853.wmf]2

)s (d) none of these

9 In the above problem, to what maximum height (from ground) will the combined mass rise:

(a) 25m (b) 18m (c) 15m (d) 20m

10 If collision between them is elastic, find the time interval between their striking with ground: thrust 

(a) Zero (b) 2s (c) 1s (d) 3s

Concept [11 – 13]: When the mass of a system is variable, a thrust force has to be applied on it in addition to all other forces acting on it. This thrust force is given: 
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is the relative velocity with which the mass dm either enters or leaves the system.

Question: A car has total mass 50kg. Gases are ejected from this backwards with relative velocity 20m/s. The rate of ejection of gas is 2kg/s.

Coefficient of friction between the car and road is μ = 0.1.

11 Car will start moving after time t = … seconds:

(a) 4 (b) 10 (c) 5 (d) 8

12 Maximum speed of car will be v = … m/s: (Take In 
[image: image856.wmf]3

4

= 0.28)

(a) 0.6 (b) 0.8 (c) 1.0 (d) 1.2

13 Car will stop after time (from starting) t = …. Seconds:

(a) 12.2 (b) 6.4 (c) 10.6 (d) 5.8

Question [14 – 15]: Acceleration of two identical particles moving in a straight line is as shown in figure.

14 The corresponding a-t graph of their centre of mass will be:

15 If initial velocity of both the particles was zero. Then velocity of their centre of mass after 10s will be:

(a) 40 m/s (b) 60m/s (c) 75m/s (d) 120m/s

Question [16 – 18] one particle of mass 1kg is moving along positive x-axis with velocity 3 m/s. Another particle of mass 2kg is moving along y-axis with 6m/s. At time t = 0, 1 kg mass is at (3m, 0) and 2 kg at (0, 9m). x-y plane is the horizontal plane. (Surface is smooth for question 16 and rough for question 17 and 18)

16 The centre of mass of the two particles is moving in a straight line:

(a) y = x + 2 (b) y = 4x + 2 (c) y = 2x – 4 (d) y = 2x + 4

17 If both the particles have the same value of coefficient of friction μ = 0.2. The centre of mass will stop at time t = s:

(a) 1.5 (b) 4.5 (c) 3.0 (d) 2.0
18 Co-ordinates of centre of mass where it will stop finally are:

(a) (2.0m, 14.25m) (b) (2.25m, 10m) (c) (3.75m, 9m) (d) (1.75m, 12m)

19 Displacement-time graph of a particle moving in a straight line is as shown in figure. Mass of the particle is 2kg. The total impulse imparted to the particle in a time interval from t = 0 to t = 6s in N-s will be:

(a) 30 (b) 15 (c) – 30 (d) – 15

Question [20 – 22] A block of mass 1kg is moving towards a movable wedge of mass 2kg as shown in figure. All surfaces are smooth. When the block leaves the wedge from top, its velocity is making an angle θ = 30o with horizontal:

20 The value of v0 in m/s is:

(a) 4 (b) 7 (c) 10 (d) 9

21 To what maximum height will be block rise:

(a) 1.9m (b) 2.7 (c) 1.6m (d) 1.45m

22 In the whole process let J be the magnitude of net impulse given to the block by the wedge, JH its horizontal component and Jv its vertical component. Then:
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Concept: Velocity of centre of mass of a body can be found by differentiating its position vector with respect to time.

23 The lower end of a 4m long uniform rod AB is pulled with constant speed v = 4m/s. The speed of centre of mass of the rod at θ = 60o will be:

(a) 
[image: image858.wmf]3
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m/s (b) 2
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m/s (c) 4m/s (d) 4
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Question [24 – 25]: Two blocks (from very far apart) are approaching towards each other with velocities as shown in figure. The coefficient of friction for the blocks is μ = 0.2

24 Linear momentum of the system is:

(a) Conserved all the time (b) never conserved (d) is conserved only upto 5s (d) none of the above

25 How much distance will centre of mass travel before coming permanently to rest?
(a) 25m (b) 37.5m (c) 42.5m (d) 50m

Question [26 – 28]: A 1 kg block is given a velocity of 15 m/s towards right over a very long rough plank of mass 2kg as shown in figure.

26 The correct graph showing linear momentum of 1 kg (i.e. P1) and of 2kg (i.e., P2) versus time is:

27 If coefficient of friction between the two blocks is equal to 0.4, then magnitude of initial slope of P1 versus t and P2 versus t (in SI unit will be):

(a) 4 and 2 (b) 2 and 4 (c) 4 and 4 (d) 2 and 2

28 Momentum of both the blocks are equal at time t = …seconds:

(a) 1.75 (b) 1.875 (c) 2.5 (d) 1.25

Question [29-30]: A ball of mass 3kg is thrown upwards with velocity 20m/s. After 1s it explodes in 2 pieces one of mass 1kg and other of 2kg. After explosion both the pieces maintain their vertical velocities but on ground they fall 90m apart.

29 Speed of both the pieces just after explosion are: (both in m/s) 

(a) 
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30 Energy produced (in joule) during explosion is:

(a)150 (b) 200 (c) 300 (d) 450

Passage [31- 34]

The centre of mass (COM) is a point where the total mass of the system can be assumed to be concentrated. If no external force acts on the system then the centre of mass moving with constant velocity will continue to move with the same velocity even if different parts of the system begin to move with different velocities. Let us consider a particular case in which a man of mass 80kg is riding on a trolley of mass 40kg which is rolling on a level surface at a speed of 2m/s. He jumps off the trolley in the direction opposite to the motion of the trolley in the direction opposite to the ground. Answer the following questions:
31 Velocity of COM just after the man jumps is:

(a) 4m/s (b) 2m/s (c) 3m/s (d) 5m/s

32 The speed of the trolley when the man jumps off the trolley is:

(a) 2 (b) 4 (c) 8 (d) 16

33 Let v1 = velocity of COM just before man jumps, v2 = velocity of COM just after man jumps off, then:

(a) v1 > v2 (b) v1 = v2 (c) v1 < v2 (d) none of these

34The change in KE of the system when the man jumps off the trolley is:

(a) 1080J (b) 980 J (c) 1180 (d) 1280 J

Passage [35-39]

· A wrecking ball attached to the end of a long essentially massless chain is released from rest, from a height H = 5 m off the ground, as shown in figure. At the lowest point of its swing, it collides with a piece of modern sculpture. Since, the sculpture is made of wet clay, it sticks to the wrecking ball.

· The wrecking ball has mass 200 kg. The sculpture has mass 100kg

· “Mechanical energy” is the sum of potential and kinetic energy

35 As the ball swings down from its starting point, its acceleration along the direction of motion:

(a) Stays constant at about  10m/s

(b) Stays constant at some other value (c) Increase (d) decreases

36 Neglect air resistance. As the ball swings down from its starting point, but before it collides with the sculpture, the balls:

(a) Momentum and mechanical energy stay the same

(b) Momentum stays the same, but mechanical energy changes

(c) Momentum Changes, but mechanical energy stays the same

(d) Momentum and mechanical energy change

37 During the collision between the ball and the sculpture, the mechanical energy of the whole system:

(a) Increase (b) stays the same (c) decreases (d) we cannot determine the answer from the given information

38 Immediately before colliding with the sculpture, the ball’s speed was 10m/s. Immediately after the collision, the ball’s speed is most nearly;

(a) 3m/s (b) 5m/s (c) 7m/s (d) 8,/s

39 The ball weighs W = 2000N. Immediately before the ball collided with the sculpture, the tension in the chain was:

(a) zero (b) less than 2000N (c) 2000N (d) greater than 2000N

Answers Key: -
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 Match the Column & Assertion-Reason Type Questions

1 Four rods of equal length l and mass m each form a square as shown in figure. Moment of inertia about three axes 1, 2 and 3 are say I1, I2 and I3. Then, match the following:

Table 1






Table-2

(a) I1







(p) 
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(q) 
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  (c) I3







(r) 
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             (s) None

 2 A ring of mass m and radius R is placed on a rough inclined plane so that it rolls without slipping. Match the following table:

Table -1






Table-2

(a) Linear acceleration of centre of mass

(p) is directly proportional to m

(b) Angular acceleration



(q) is inversely proportional to m

(c) Rotational kinetic energy at any instant

(r) is directly proportional to R2
(d) Translational kinetic energy at any instant 

 (s) is inversely proportional to R









(t) None

3 A particle of mass 1kg is projected with velocity 
[image: image868.wmf]2

20

m/s at 45o with ground. When, the particle is at highest point: (g = 10m/s2)

Table -1 







Table-2

(a) Net torque on the particle about point of projection

           (p) 200 SI unit

(b) Angular momentum of the particle about point of projection 
(q) 400 SI unit

(c) Angular velocity of the particle about point of projection
            (r) 1.0 SI unit










            (s) None
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 4 A disc rolls on ground without slipping. Velocity of centre of mass is v. There is a point P on circumference of disc at angle θ. suppose vp is the speed of this point. Then, match the following table:

Table -1




   Table – 2

(a) If θ = 60o



(p) 
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(b) If θ = 90o



(q) vp = v
(c) If θ = 120o



(r) vp = 2v
(d) If θ = 180o



(s) 
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5 Match the following:

Table – 1






    Table-2

(a) In pure rolling work done by friction


(p) is always zero

(b) In forward slipping work done by friction


(q) may be zero

(c) In backwards slipping work done by friction

(r) is negative










(s) is positive










(t) May be negative









            (u) May be positive
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 6 A disc with linear velocity v and angular velocity ω is placed on rough ground. Suppose a and α be the magnitudes of linear and angular acceleration due to friction. Then:

Table-1




Table-2

(a) When v = Rω


(p) a = R α (a ≠ 0)

(b) When v = 
[image: image873.wmf]2

w

R




(q) a > R α

(c) When v = 2Rω


(r) a < R α







(s) None

7 If net force on a rigid body is zero. Then, match the following table:

Table-1








Table-2

(a) Linear velocity of COM





(p) is zero

(b) Angular velocity of rigid body




(q) is constant

(c) Angular momentum about an axis passing through COM

(r) may be varying

(d) Angular momentum about axis not passing through COM

8 If radius of earth is reduced to half without changing its mass

Table-1






Table-2

(a) Angular momentum of earth


(p) will become two times

(b) Time period of rotation of earth


(q) will become four times
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 (c) Rotational kinetic energy of earth


(r) will remain constant









(s) None

9 A semi-circular ring has mass m and radius R as shown in figure. Let I1, I2, I3 and I4 be the moments of inertias of the four axes as shown. Axis 1 passes through centre and is perpendicular to plane of ring. Then, match the following:

Table -1




 Table-2

(a) I1




(p) 
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 (b) I2




(q) 
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(c) I3




(r) mR2
(d) I4




(s) Data is insufficient 

10 A solid sphere is rotating about an axis as shown in figure. An insect follows the dotted path on the circumference of sphere as shown. Match the following:

Table 1






Table-2

(a) Moment of inertia




(p) will remain constant

(b) Angular velocity




(q) will first increase then decrease

(c) Angular momentum 




(r) will first decrease then increase

(d) Rotational kinetic energy



(s) will continuously decrease









(t) Will continuously increase

 







(u) Data is insufficient

	[image: image878.png]





Comprehensions Type Questions

Question [1-2]: A rod of length 2m is kept vertical inside a smooth spherical shell of radius 2m. The rod starts slipping inside the shell. Mass of the rod is 4kg.

1 Angular speed of the rod (in rad/s) in the position when it becomes horizontal is:

(a) 4.6 (b) 6.8 (c) 3.2 (d) 7.2
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 2 Velocity of centre of the rod (in m/s) at this instant is approximately:

(a) 5.5 (b) 6.2 (c) 4.7 (d) 10.2

Question [3-4]: A solid sphere is kept over a smooth surface as shown is figure. It is hit by a cue at height h above the centre C.

3 In case 1, h = 
[image: image880.wmf]4

R

and in case 2, h = 
[image: image881.wmf]2

R

. Suppose in case 1 the sphere acquires a total kinetic energy K1 and in case 2 total kinetic energy is K2. Then,

(a) K1 = K2 (b) K1 > K2 (c) K1 < K2 (d) data is insufficient

Note: That in both the cases sphere is hit by the same impulse.

4 If the surface is rough, then after hitting the sphere, in which case the force of friction is in forward direction.

(a) In case 1 (b) in case 2 (c) in both the cases (d) in none of the cases

Concept: In rotational motion if angular acceleration (or retardation) is constant we can apply equations of motion ω = ωo ± αt etc. Here α = τ/1.
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5 A solid sphere of mass 5 kg and radius 1m after rotation with angular speed ω0 = 40 rad/s is placed between two smooth walls on a rough ground. Distance between the walls is slightly greater than the diameter of the sphere. Coefficient of friction between the sphere and the ground is μ = 0.1. Sphere will stop rotating after time t =…….s:

(a) 8 (b) 12 (c) 20 (d) 16

Question [6 – 7] A solid sphere is rolling without slipping on          
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6.Linear velocity of first sphere after it again starts rolling without slipping
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7 What is the net angular impulse imparted to second sphere by the external forces?
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 Concept: If a solid body rolls without slipping on a stationary base, v = R ω and its total kinetic energy is the sum of its rotational and translational kinetic energy.

8 A ring of mass m is rolling without slipping with linear velocity v as shown is figure. A rod of identical mass is fixed along one of its diameter. The total kinetic energy of the system is:
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Question [9 – 10]: A small sphere of mass 1kg is rolling without slipping with linear speed
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. It leaves the inclined plane at point C.

9 Find its linear speed at point C.
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10 Find ratio of rotational and translational kinetic energy of the sphere when it strikes the ground after leaving from point C.
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Question [11 – 12] A solid sphere has linear velocity v0 = 4m/s and angular velocity ω0 = 9 rad/s as shown. Ground on which it is moving, is smooth. It collides elastically with a rough wall of coefficient of friction μ. Radius of the sphere is 1m and mass is 2kg.

11 If the sphere after colliding with the wall rolls without slipping in opposite direction, then coefficient of friction μ is:
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 12 What is net linear impulse imparted by the wall on the sphere during impact.
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Question [13-14] A rod AB of length 2m and mass 2 kg is lying on smooth horizontal x-y plane with its centre at origin O as shown figure. An impulse J of magnitude 10N-s is applied perpendicular to AB at A.

13 The distance of point P from centre of the rod which is at rest just after the impact is:
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14 Co-ordinates of point A of the rod after time t = 
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 Question [15 – 16]: Length AB in the figure shown is  5m. The body is released from A. Friction is sufficient for pure rolling to take place.

15 The maximum time which anybody (which can roll) can take to reach the bottom is:
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 (a) 8s (b) 6s (c) 2s (d) 4s

16 In the above case suppose we have four bodies ring, disc, solid sphere and hollow sphere. The angle θ is now gradually increased. Which body will start slipping very first? All the bodies have same mass and coefficient of friction is also same?

(a) Ring (b) Disc (c) Solid sphere (d) Hollow sphere

Question [17-18]: An L shaped frame is free to rotate in a vertical plane about a horizontal axis passing through a smooth hinge O. Each side of the frame has a length L and mass m. Frame is let to fall with one side horizontal and the other vertical

17 Angular acceleration of the frame just after it is allowed to fall is:
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18 With what speed the end A will strike the ground?
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Question [19-20] Moment of inertia of a straight wire about an axis perpendicular to the wire and passing through one of its end is I.

19 This wire is now framed into a circle (a ring) of single turn. The moment of inertia of this ring about an axis passing through centre and perpendicular to its plane would be:


[image: image903.wmf] 

3

4

)

(

3

)

(

4

3

 

(b)

 

3

 

(a)

2

2

2

2

I

d

I

c

I

I

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

p

p

p

p


20 Now the same wire is bent into a ring of two turns, then the moment of inertia of inertia would be:
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Concept: Angular momentum is given by: 
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 21 A cube of mass m and side a is moving along a plane with constant speed v0 as shown in figure. The magnitude of angular momentum of the cube about z-axis would be:
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Question [22-23] In the given figure F = 10N, R = 1 m, mass of the body is 2kg and moment of inertia perpendicular to plane of body is 4kg- m2. O is the centre of mass of the body
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 22 If the ground is smooth what is total kinetic energy of the body after 2s.

(a) 25J (b) 50J (c) 75J (d) 100J

23 If ground is sufficient rough, what is kinetic energy of the body now in the given time interval.

(a) 10.33J (b) 25.67J (c) 16.67J (d) none of these

Question [24 -25]: A rod of mass m and length l in placed on a smooth table. An another particle of same mass m strikes the rod with velocity v0 in a direction perpendicular to the rod at distance 
x (< l/2) from its centre. Particle sticks to the rod. Let ω be the angular speed of system after collision, then:

24 As x is increased from 0 to l/2, the angular speed ω;

(a) will continuously increase (b) will continuously decrease 

(c) will first increase and then decrease (d) will first decrease and then increase

25 Find maximum possible value of impulse (by varying x) that can be imparted to the particle during collision. Particle still sticks to the rod.
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Questions [26-27] A disc of mass m and radius R is placed over a plank of same mass m. There is sufficient friction between disc and plank to prevent slipping. A force F is applied at the centre of the disc.

26 Acceleration of the plank is:
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27 Force of friction between the disc and the plank is: 
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 Question [28-29] Two rods 1 and 2 are released from rest as shown in figure. Given; l1 = 4l, m, = 2m, l2 = 2l and m2 = m. There is no friction between the two rods. If α be the angular acceleration of rod 1 just after the rods are released. Then:

28 What is the normal reaction between the two rods at this instant?
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29 What is the horizontal force on rod 1by hinge A at this instant?
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30 What is initial angular acceleration of rod 2 in terms of the given parameters in the question?
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Answer Key :-
Matrix Match –

1. a-q  b-s  c-q    2. a-t  b-s  c-p  d-p  3. a-q  b-q  c-s   4. a-q  b-p  c-s  d-r  

5. a-q,t,u  b-q,t,u  c-q,t,u   6. a-s  b-r  c-r  7.a-q  b-r  c-r  d-r  8. a-r  b-s  c-q 

9.a-r  b-p  c-p  d-q  10. a-q  b-r  c-p  d-r  

Comprehension Type Question 

1.c 2.a 3.c 4.b 5.d 6.b 7.a 8.d 9.a 10.c 11.d 12.b 13.b 14.a 15.c 16.a 17.b 18.d 19.b 20.c 21.d 22.b 23.c 24.c 25.a 26.c 27.b 28.c 29.a 30.d 

Gravitation                                                       Subjective Assignment-34
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1. Three equal masses of m kg each are fixed at the vertices of an equilateral triangle ABC.

(a) What is the force acting on a mass 2m placed at the centroid G of the triangle?

(b) What is the force if the mass at the vertex A is doubled? Take AG = BG = CG = 1m   Ans = 0, 2 Gm2j                                                                                                

2. Spheres of same material and same mass are touching each other. Show that gravitational force between them is directly proportional to r4.

3. A rocket is fired from the earth towards the sun. At what point on its path is the gravitational force on the rocket zero? Mass of sun = 2 × 1030 kg, mass of the earth = 6 × 1024 kg. Neglect the effect of other planets etc. Orbital radius = 1.5 × 1011 m. 

Ans = 2.59 × 108 m

4. Answer the following:

(a) Among the known types of forces in nature, the gravitational force is the weakest. Why then does it play a dominant role for motion of bodies on the terrestrial, astronomical and cosmological scale?

(b) Do the forces of friction and other contact forces arise due to gravitational attraction? If not, what is the origin of these forces?

(c) You can shield a charge from electrical forces by putting it inside a hollow conductor. Can you shield a body from the gravitational influence of nearby matter by putting it inside a hollow sphere or by some other means?

(d) An astronaut inside a small space ship orbiting around the earth cannot detect gravity. If the space station orbiting around the Earth has a large size, can you hope to detect gravity?

(e)  If you compare the gravitational force on the Earth due to the Sun to that due to the moon, you would find that the Sun’s pull is greater than the moon’s pull. However, the tidal effect of the moon’s pull is grater than the tidal effect of Sun. Why?

5. What will be the acceleration due to gravity on surface of a planet whose mass is twice mass of earth and radius is thrice the radius of earth?

6. A body weighs 90 kg ƒ on the surface of the earth. How will it weigh on the surface of Mars whose mass is 1/9 and the radius ½ of that of the earth? Ans = 40 kg f.

7. If the radius of the earth shrinks by 2.0%, mass remaining constant, then how would the value of acceleration due to gravity change? Ans = 4%

8. A man can jump 1.5m high on the earth. Calculate the approximate height he might be able to jump on a planet whose density is one-quarter that of the earth and whose radius is one-third of the earth’s radius. Ans = 18 m

9. Find the percentage decrease in the weight of a body when taken to a height of 32 km above the surface of the earth. Radius of the earth is 6400 km. Ans = 1%

10. How much below the surface of the earth does the acceleration due to gravity become 1% of its value at the earth’s surface? Radius of the earth = 6400 km Ans = 6336 km

11. Imagine a tunnel dug along a diameter of the earth. Show that a particle dropped from one end of the tunnel executes simple harmonic motion. What is the time period of this motion? Assume the earth to be a sphere of uniform mass density (equal to its known average density = 5520 kg m-3.) 

G = 6.67 × 1011 Nm2 kg-2. Neglect all damping forces. Ans = 5059.77 s

12. Draw graphs showing the variation of acceleration due to gravity with (i) height above the earth’s surface and (ii) depth below the earth’s surface (d) explain how is the acceleration due to gravity affected at latitude due to the rotational motion of the earth?
13. A star 2.5 times the mass of the sun and collapsed to a size of 12 km rotates with a speed of 1.5 rev/s. Will an object placed on its equator remain stuck to its surface due to gravity? Mass of the sun = 2 × 1030kg          Ans = 1.065 × 106 ms-2
14. If the earth were a perfect sphere of radius 6.37 × 106 m, rotating about its axis with a period of 1 day (=8.64 × 104 s), how much would the acceleration due to gravity (g) differ from the poles to the equator? Ans = 3.4 cms-2
15. If the earth stops rotating about its axis, then what will be the change in the value of g at a place in the equatorial plane? Radius of the earth = 6400km. Ans = 3.4 cms-2
16. How many times faster than its present speed the earth should rotate so that the apparent weight of an object at equator becomes zero? Given radius of the earth = 6.37 × 106 m. What would be the duration of the day in that case? Ans = 17 times faster, 1.412 h.

17. If change in value of g at depth 10 km is 5% what is change in value of g at height 10 km?.

18. If change in value of g at depth 3200 km is 5% what is change in value of g at height 10 km?

19. Choose the correct alternative:

(i)Acceleration due to gravity increases/decreases with increasing altitude.

(ii)Acceleration due to gravity increases/decreases with increasing depth (assume the Earth to be a sphere of uniform density)

(iii) The effect of rotation on the effective value of acceleration due to gravity is greatest at the equator/poles

(iv)Acceleration due to gravity is independent of mass of the Earth/mass of the body/

(v)The formula GMm (1/r2 - 1/r1) is more/less accurate than the formula mg. (r2 - r1) for the difference of potential energy between two point   r2 and r1 distance away from the centre of the earth

201. Two heavy spheres each of mass 100 kg and radius 0.1 m are placed 1.0 m apart on a horizontal table. What is the gravitational field and potential at the mid point of the line joining the centers of the spheres? Take G = 6.67 × 10-11 Nm2 kg-2. ns = - 2.668 × 10-8 J kg-1
21. Three mass points each of mass m are placed at the vertices of an equilateral triangle of side l. What is the gravitational field and potential due to three masses at the centroid of the triangle? Ans = V = - 3 
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22. Find the potential energy of a system of four particles placed at the vertices of a square of side l. Also obtain the potential at the centre of the square. Ans = 
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23. A non-homogeneous sphere of radius R has the following density variation:
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= 
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0 for r ≤ R/3,             
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= 
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0 /2 for R/3 < r ≤ 3 R/4,              
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= 
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0 /8 for 3R/4 < r ≤R.

What is the gravitational field due to the sphere at r = R/4, R/2, 5R/6 and 2R?

Ans = (i) 0.33 π GR
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0 (ii) 0.43 π GR
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0 (iii) 0.48 π GR
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0 ,(iv) 0.1 π GR
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24. The gravitation intensity at the centre C of the drumhead defined by a hemispherical shell has the direction indicated by the arrow (a) a (ii) b (iii) c (iv) zero

25. Does the escape speed of a body from the Earth depend on (a) the mass of the body, (b) the location from where it is projected, (c) the direction of projection? 

(d) The height of the location from where the body is launched? Explain your answer

26. A rocket is fired vertically with a speed of 5 kms-1 from the earth’s surface. How far from the earth does the rocket go before returning to the earth? Mass of earth = 6.0 × 1024 kg, mean radius of the earth = 6.4 × 106 m, G = 6.67 × 10-11 Nm2 kg-2. Ans = 1.6 × 106 m
27. A rocket is fired vertically from the surface of Mars with a speed of 2km/s. If 20% of its initial energy is lost due to Martian atmospheric resistance, how far will the rocket go from the surface of Mars before returning to it? Mass of Mars = 6.4 × 1023kg, radius of Mars = 339 km, G = 6.67 × 10-11 Nm2 kg-2. Ans = 1655 km

28. Two stars each of 1 solar mass (=2 × 1030 kg) are approaching each other for a head-on collision. When they are at a distance 109 km, their speeds are negligible. What is the speed with which they collide? The radius of each star is 104km. assume the stars to remain undistorted until they collide. Use the known value of G. Ans = 2.6 × 106 ms-1
29. Jupiter has a mass 318 times that of the earth and its radius is 11.2 times the earth’s radius. Estimate the escape velocity of a body from Jupiter’s surface, given that the escape velocity from the earth’s surface is 11.2 km s-1 Ans = 59.7 kms-1
30. The escape velocity of a projectile on the earth’s surface is 11.2 km s-1. A body is projected out with thrice this speed. What is the speed of the body far away from the earth? Ignore the presence of the sun and other planets. Ans = 31.68 kms-1
31. Show that the moon would depart for ever if its speed were increased by 42% 
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32. Two uniform solid spheres of equal radii R, but mass M and 4 M have a centre to centre separation 6 R, as shown in Fig. The two spheres are held fixed. A projectile of mass m is projected from the surface of the sphere of mass M directly towards the centre of the second sphere. Obtain an expression for the minimum speed v of the projectile so that it reaches the surface of the second sphere Ans = 
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33.A body is to be projected vertically upwards from earth’s surface to reach a height of 9R, where R is the radius of earth. What is the velocity required to do so? Given g = 10 ms-2 and radius of earth = 6.4 × 106 m Ans = 1.073 × 104 ms-1
34. The planet Mars has two moons, Phobos and Delmos (i) Phobos has a period 7 hours, 39 minutes and an orbital radius of 9.4 × 103 km. Calculate the mass of Mars. (ii) Assume that Earth and Mars move in circular orbits around the Sun, with the Martian orbit being 1.52 times the orbital radius of the Earth. What is the length of the Martian year in days?  

Ans = 6.48 × 1023 kg (ii) 684 days.

35. Suppose there existed a planet that went around the sun twice as fast as the earth. What would be its orbital size as compared to that of the earth? Ans = 0.63 AU

36.A comet orbits the sun in a highly elliptical obit. Does the comet have a constant (a) linear speed, (b) angular speed, (a) angular momentum, (d) kinetic energy, (e) potential energy, (f) total energy throughout its orbit? Neglect any mass loss of the come when it comes very close to the sun.

37. A remote sensing satellite of the earth revolves in a circular orbit at a height of 250 km above the earth’s surface. What is the (i) orbital speed and (ii) period of revolution of the satellite? Radius of the earth, R = 6.38 × 106 m, and acceleration due to gravity on the surface of the earth, g = 9.8 ms-2      Ans = 7.76 kms-1
38. In a two-stage launch of a satellite, the first stage brings the satellite to a height of 150 km and the second stage gives it the necessary critical speed to put it in a circular orbit around the Earth. Which stage requires more expenditure of fuel? (Neglect damping due to air resistance, especially in the first stage) Mass of the Earth = 6.0 × 1024 kg, radius = 6400 km, G = 6.67 ×10-11 Nm2kg-2. Ans:
[image: image933.wmf]1

64

3

2

1

<

=

W

W


As W2 > W1, so the second stage requires more expenditure of fuel.

39. A 400 kg satellite is in a circular orbit of radius 2RE about the earth. How much energy is required to transfer it to circular orbit of radius 4RE? What are the changes in the kinetic and potential energies? Ans = 3.13 × 109J, 6.26 × 109J

40. A satellite orbits the earth at a height of 400 km above the surface. How much energy must be expended to rocket the satellite out of the earth’s gravitational influence? Mass of the satellite = 200 kg, mass of the earth = 6.0× 1024kg, radius of the earth = 6.4 × 106 m, g = 6.67 10-11 Nm2 kg-2.     Ans = 5.89 × 109 J

41. Choose the correct alternatives:

(i) If the gravitational potential energy of two mass points infinite distance away is taken to be zero, the gravitational potential energy of a galaxy is (positive/negative/zero)

(ii) The universe on the large scale is shaped by (gravitational/electromagnetic forces), on the atomic scale by (gravitational/electromagnetic) forces, on the nuclear scale by gravitational/electromagnetic/strong nuclear) forces

(iii) If the zero of potential energy is at infinity, the total energy of an orbiting satellite is negative of its kinetic/potential energy

(iv)The energy required to rocket an orbiting satellite out Earth’s gravitational influence is more/less than the energy required to project a stationary object at the same height (as the satellite) out of the Earth’s influence

 42. A person sitting in a satellite feels weightlessness but a person standing on moon has weight though moon is also a satellite of the earth. Give reason

Gravitation                                                      Assignment-35

1. If mass M is split into two parts m and (M-m) which are then separated by a distance, the ratio of m/M that maximizes the gravitational force between the two parts is: (a) 1 : 2 (b) 1: 1 (c) 2: 1 (d) 1: 4

2 Three particles, each of mass m, are situated at the vertices of an equilateral triangle of side ‘a’. The only forces acting on the particles are their mutual gravitational forces. It is desired that each particle moves in a circle while maintaining their original separation ‘a’. The initial velocity that should be given to each particle and time period of circular motion are respectively:
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3 A spherical hollow is made in a lead sphere of radius R such that its surface touches the outside surface of the lead sphere and passes through the centre. The mass of the lead sphere before hollowing 

was M. The force of attraction that this sphere would exert on a particle of mass m which lies at a distance d from the centre of the lead sphere on the straight line joining the centers of the sphere and the hollow is:


[image: image935.wmf]2

2

2

2

2

2

8d

GMm

 

(d)

   

2

1

8

1

1

d

GMm

 

(c)

 

2

1

8

1

1

d

GMm

 

(b)

  

d

GMm

 

(a)

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

÷

ø

ö

ç

è

æ

+

+

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

÷

ø

ö

ç

è

æ

-

-

d

R

d

R


4 The maximum vertical distance through which a fully dressed astronaut can jump on the earth is 0.5m. If mean density of the moon is two thirds that of the earth and radius is one quarter that of the earth, the maximum vertical distance through which he can jump on the moon and the ratio of time of duration of the jump on the moon to that on the earth are:

 (a) 3 m, 6:1 (b) 6m, 3: 1 (c) 3 m, 1: 6 (d) 6m, 1: 6

5 A body weighs 90 kg on the surface of the earth. If the mass of mars is 
[image: image936.wmf]9
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th that of the earth and radius is half that of the earth, the weight of the body on mass in kg-wt is: (a) 20 (b) 40 (c) 60 (d) 90

6 The height at which the acceleration due to gravity decreases by 36% of its value on the surface of the earth is: (assume radius of the earth is R) 
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7 If a body weighing 40 kg is taken inside the earth to a depth to
[image: image938.wmf]4
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th radius of the earth, the weight of the body at that point is: 

(a) 40 kg-wt (b) 10 kg-wt (c) 30 kg-wt (d) zero

8 If a man at the equator would weigh (3/5) th of his weigh, the angular speed of the earth is:
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9 The period of revolution of planet A around the sun is 8 times that of B. The distance of A from the sun is how many times greater than that of B from the sun? 

(a) 2 (b) 3 (c) 4 (d) 5

10 The orbital velocity of an artificial satellite in a circular orbit just above the center’s surface is ν. For a satellite orbiting at an altitude of half of the earth’s radius, the orbital velocity is: 
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11 Suppose the gravitational force varies inversely as the nth power of the distance. Then, the time period of a planet in circular orbit of radius R around the sun will be proportional to:

 (a) Rn (b) R(n + 1)/2 (c) R(n - 1)/2 (d) R-n
12 Given that mass of the earth is M and its radius is R. A body is dropped from a height equal to the radius of the earth above the surface of earth. When it reaches the ground its velocity will be:
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13 The energy required to be spent by a satellite of mass m and speed ν and orbital radius R in completing a circular orbit once round the earth of mass M is:  
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14 Two bodies with masses M1 and M2 are initially at rest and a distance R apart. They then move directly towards one another under the influence of their mutual gravitational attraction. What is the ratio of the distances traveled by M1 to the distance traveled by M2? 
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15 If g is acceleration due to gravity on the earth’s surface, the gain in the potential energy of an object of mass m raised from the surface of earth to a height equal to the radius R of the earth is:
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16 If the change in the value of g at a height h above the surface of the earth is the same as at a depth x below it when both x an dh are much smaller than the radius of the earth, then: 

(a) x = h (b) x = 2h
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17 A satellite which is geostationary in a particular orbit is taken to another orbit, the distance of which is twice that of earlier orbit. The time period of the satellite in the second orbit is:

(a) 24 hrs (b) 48 hrs
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18 A satellite is launched into a circular orbit of radius R around the earth. A second satellite is launched into an orbit of radius 1.01R. The time period of the second satellite is larger than that of the first one by approximately:

(a) 0.5 % (b) 1.5 % (c) 1% (d) 3.0%

19 A tunnel is dug along a diameter of the earth of mass Me and radius Rr. The force on a particle of mass m placed in the tunnel at a distance r from the centre is: 
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20 A satellite of mass m revolves around the earth of radius R at a height x from its surface. If g is the acceleration due to gravity on the surface of the earth, the orbital speed of the satellite is 
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21 The escape velocity of a body from the earth is u. What is the escape velocity from a planet whose mass and radius are twice those of the earth?

 (a) 2u (b) u (c) 4 u (d) 16 u

22 A body is suspended on a spring balance in a ship sailing along the equator with a speed V. If ω is the angular speed of the earth and W0 is the scale reading when the ship is at rest, the scale reading when the ship is sailing will be very close to: 
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23 If three particles each of mass M are placed at the corners of an equilateral triangle of side a, the potential energy of the system and the work done if the side of the triangle is changed from a to 2a, are:
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24 The masses and radii of the earth and moon are M1 R1 and M2, R2 respectively. Their centres are at distance d apart. The minimum speed with which a particle of mass m should be projected from a point midway the two centres so as to escape to infinity is: 
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25 A projectile is fired vertically upwards from the surface of the earth with a velocity kνe, where νe is the escape velocity and k < 1. If R is the radius of the earth, the maximum height to which it will rise measured from the centre of earth will be: (neglect air resistance) 
[image: image952.wmf] 

k

1

R

 

(d)

 

)

k

 

-

 

(1

 

R

 

(c)

 

k

-

1

R

 

(b)

 

R

k

-

1

 

(a)

2

2

2

2

+


26 If a particle is fired vertically upwards from the surface of earth and reaches a height of 6400 km, the initial velocity of the particle is: (assume R = 6400 km and g = 10 m s-2) 

(a) 4 km/sec (b) 2 km/sec (c) 8 km/sec (d) 16 km/sec

27 Imagine a light planet revolving around a very massive star in a circular orbit of radius r with a period of revolution T. If the gravitational force of attraction between the planet and the star is proportional to r-5/2, then the square of the time period will be proportional to: 

(a) r3 (b) r2 (c) r2.5 (d) r3.5
28 If the earth be one half its present distance from the sun, number of days in the year will be nearly:

(a) 129 (b) 30 (c) 200 (d) 60

29 If an artificial satellite is moving in a circular orbit around the earth with a speed equal to half the magnitude of the escape velocity from the earth, the height of the satellite above the surface of the earth is:

(a) 2R 
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30 In the Q 29 if satellite is stopped suddenly in its orbit and allowed to fall freely on the earth, the speed with which it hits the surface of the earth is: (assume g = 9.8 m/sec2 and R = 6400 km)

(a) 4 km/sec (b) 8 km/sec (c) 2 km/sec (d) 6 km/sec 

31 If the earth stops rotating about its axis, the value of g at the equator will increase by …. Where R is the radius of he earth and ω is the angular velocity of rotation of the earth:

 (a) ωR (b) ω2R (c) R2 ω (d) ω2/R

32 A mass m is placed in the cavity inside a hollow sphere of mass M as shown in the figure. What is the gravitational force on the mass m?
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33 A spherical shell is cut into two pieces along a chord as shown in the figure. P is a point on the plane of the chord. The gravitational field at P due to the upper part is I1 and that due to the lower part is I2. What is the relation between them?

 (a) I1 > I2 (b) I1 < I2 (c) I1 = I2 (d) No definite relation
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34 Two concentric shells of masses M1 and M2 are having radii r1 and r2. Which of the following is the correct expression for the gravitational field on a mass m?
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35 An infinite number of point masses each equal to m are placed at x = 1, x = 2, x = 4, x = 8….. What is the total gravitational potential at x = 0?

 (a) -Gm (b) - 2Gm (c) -4 Gm (d) -8 Gm

36 A thin rod of length L is bent to form a semicircle. The mass of rod is M. What will be the gravitational potential at the centre of the circle? 
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37 A thin wire of length L and mass M is bent to form a semicircle. What is the gravitational field at the centre?

(a) πGM/L2 along the line joining the ends         (b) πGM/L2 perpendicular to the above line

(c) 2 πGM/L2 along the line joining the ends      (d) 2 πGM/L2 perpendicular to the above line

38 If M = mass of the earth, R = radius of the earth, then what is the gravitational potential at a distance r = R/2 from its centre? 
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39 In the Q 38, what is the gravitational potential at the centre on a mass m having radius r?
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40 If V is the gravitational potential on the surface of the earth, then what is its value at the centre of the earth?

(a) 2V (b) 3 V (d) 
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41 Two concentric shells have masses M and m and their radii are R and r respectively, where

 R > r. What is the gravitational potential at their common centre? 
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42 In the Q 41, if x be the distance from the common centre, then what is the gravitational potential at a point for which r < x < R?
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43 In the Q 41, what is the gravitational intensity at a point for which x < r?
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44 A solid sphere of uniform density and mass M has radius 4 metre. Its centre is at the origin of the coordinate system. Two spheres of radii 1 m are taken out so that their centres are at P (0, - 2, 0) and Q (0, 2, 0) respectively. This leaves two spherical cavities. What is the gravitational field at the origin of the coordinate axes?
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45 In the Q 44, what is the gravitational field at the centre of the cavities? 
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46 In the Q 44, what is the gravitational potential at any point on the circle x2 + z2 = 6?
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47 A thin rod of length L is bent to form a circle. Its mass is M. What force will act on the mass m placed at the centre of the circle?
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48 In the Q 47, what will be the gravitational potential at its centre?  
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49 Three particles each of mass M are placed at the three corners of an equilateral triangle of side l. What is the force due to this system of particles on another particle of mass m placed at the midpoint of any side?
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50 In the Q 49, what is the gravitational potential energy of the mass m?
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51 In the Q 49, what is the gravitational field strength at the location of m?
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52 Three identical bodies of equal mass M each are moving along a circle of radius R under the action of their mutual gravitational attraction. The speed of each body is: 
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53 The largest and the shortest distances of the earth from the sun are r1 and r2. Its distance from the sun when it is at the perpendicular to the major axis of the orbit drawn from the sun, is:


[image: image977.wmf]3

r

 

(d)

 

2r

 

(c)

 

r

 

(b)

 

4

r

 

(a)

2

1

2

1

2

1

2

1

2

1

2

1

r

r

r

r

r

r

r

r

+

+

+

+


54 Two satellites S1 and S2 are revolving round a planet in coplanar and concentric circular orbits of radii R1 and R2 in the same direction respectively. Their respective periods of revolution are 1hr and 8 hr. The radius of the orbit of satellite S1 is equal to 104 km. Their relative speed when they are closest, in km/hr, is:


(a) π/2 × 104 (b) π × 104 (c) 2π × 104 (d) 4π × 104
55 The length of a second’s pendulum on the earth when g is 9.8 m/s2 is 1m. The length of a seconds pendulum on a planet where g = 4.9 m/s2 will be: 

(a) 1 m (b) 2 m (c) 0.5 m (d) 0.25 m

56 Two planets are at mean distances d1 and d2 from the sun and their periods are T1 and T2 respectively. Then:
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57 If νo be the orbital velocity of a satellite in a circular orbit close to earth’s surface and νe is the escape velocity from the earth, then relation between the two is: 
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58 A spherical hole is made in a solid sphere of radius R. The mass of the sphere before hollowing was M. The gravitational field at the centre of the hole due to the remaining mass is: 
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59 By what percentage the energy of a satellite has to be increased to shift it from an orbit of radius r to 3/2 r?

(a) 66.7% (b) 33.3 % (c) 75 % (d) 20.3 %

60 The particle of mass 10 gm is kept on the surface of a uniform sphere of mass 100 kg and radius 10 cm. Find the work to the particle far away from the sphere:

 (you may take G = 6.67 × 10-11 Nm2/kg2).

(a) 6.67 × 10-9 J (b) 6.67 × 10-10 J (c) 13.34 × 10-10 J (d) 3.33 × 10-10 J

61 The point of suspension of a simple pendulum, with normal time period T1, is moving vertically upwards according to equation: y = kt2, where k = 1 m/s2. If new time period is T2, then the ratio 
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(a) 2/3 (b) 5/6 (c) 6/5 (d) 3/2

62 For a satellite moving in an orbit around the earth, the ratio of kinetic energy to potential energy is:
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63 The condition for a uniform spherical mass m of radius r to be a black hole is: (G = gravitational constant and g = acceleration due to gravity) 
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64 3 particles each of mass m are kept at vertices of an equilateral triangle of side L. The gravitational field at the centre due to these particle is: 

(a) zero (b) 3GM/L2 (c) 9 GM/L2 (d) 12 GM/
[image: image984.wmf]3


65 A system of binary stars of masses mA and mB are moving in circular orbits of radii of radii rA and rB respectively. If TA and TB are the time periods of masses mA and mB respectively, then:
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66 A simple pendulum has a time period T1 when on earth’s surface and T2 when taken to a height 2R above the earth’s surface where R is the radius of earth. The value of (T1/T2) is: 
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67 The earth is assumed to be a sphere of radius R. A platform is arranged at a height R from the surface of the earth. The escape velocity of a body from this platform is fν, where ν is its escape velocity from the surface of the earth. The value of f is: 
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68 If the ratio of radius of Mars and Earth around sun is 1.526 then time period of Mars is:

(a) 45 year (b) 1.89 year (c) 32 year (d) 48 year

69 The time period of an artificial satellite in a circular orbit is independent of:

(a) The mass of the satellite (b) radius of the orbit (c) mass of the earth and radius of earth

(d) none of the above. 
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Gravitation                                                             Assignment-36

Match the Column & Assertion-Reason Type Questions

1 On the surface of earth acceleration due to gravity is g and gravitational potential is V. Match following:

Table –I






Table – II

(a) At height h = R, value of g



(p) decreases by a factor 1/4

(b) At depth h = R/2.value of g



(q) decreases by a factor 1/2

(c) At height h = R, value of V



(r) increases by a factor 11/8

(d) At depth h=R/2, value of V



(s) increases by a factor 2 









(t) None

2. Density of a planet is two times the density of earth. Radius of this planet is half. Match, the followings. (AS compared to earth)

Table -1






 Table-II

(a) Acceleration due to gravity on this planet’s surface 
 (p) Half

(b) Gravitational potential on the surface


 (q) same

(c) Gravitational potential at centre



 (r) Two times

(d) Gravitational field strength at centre 


 (s) Four times

3. In elliptical orbit of a planet, as the planet moves from apogee position to perigee position, match the following table: -

Table – 1






Table-II

(a) Speed of planet





(p) remains same

(b) Distance of planet from centre of sun


(q) decreases

(c) Potential energy





(r) increase

(d) Angular momentum about centre of sun


(s) can not say

4. Let V and E denote the gravitational potential and gravitational field at a point. Then, match the following:

Table -1




Table –II

(a) E = 0, V = 0



(p) At centre of spherical shell

(b) E ≠ 0, V = 0


            (q) At centre of solid sphere

(c) V ≠ 0, E = 0



(r) At centre of two circular ring

	[image: image988.png]*B
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 (d) V ≠ 0, E ≠ 0



(s) At centre of two point masses of equal
                                                                          magnitude  

       





(t) None

5. Two concentric spherical shells are as shown in figure. Match the following:

Table -1




Table-II

(a) Potential at A


            (p) greater than B

(b) Gravitational field at A

            (q) less than B

(c) As one moves from C to D
            (r) potential remains 
                                                                          constant         
(d) As one moves from D to A
            (s) gravitational field decrease





                         (t) None

6. Match the following: 

Table 1







Table –II

(a) Kinetic energy of a particle in gravitational                 (p) work done by gravitational force field is increasing 
                                              should be positive

(b) Potential energy of a particle in gravitational              (q) work done by external force field is increasing                                                                   should be non zero. 

(c) Mechanical energy of a particle in gravitational          (r) work done by gravitational force field is increasing                                                          should be negative  








       (s) Can not say anything

7. Match the following:

Table-1







Table –II

(a) Time period of an earth satellite in circular orbit
 (p) Independent of mass of satellite                                                         

(b) Orbital velocity of satellite


(q) Independent of radius of orbit

(c) Mechanical energy of satellite


(r) Independent of mass of earth







           (s) None

8. Match the following (for a satellite in circular orbit)

Table-1







Table-II

(a) Kinetic energy 






(p) 
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(b) Potential energy






(q) 
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(c) Total energy






(r) 
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(d) Orbital velocity






(s) 
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9. Match the following:

Table-1







Table-II

(a) Newton’s law Gravitation


(p) Law of conservation of angular momentum 

(b) Kepler’s second law


(q) T2 
[image: image993.wmf]µ

 r3/2
(c) Kepler’s first law



(r) Inverse square law

(d) Kepler’s third law



(s) Orbit of planet is elliptical

10. Match the following:

Table – 1




Table – II

(a) Kepler’s first law



(p) T2 
[image: image994.wmf]µ

 r3
(b) Kepler’s second



(q) areal velocity is constant

(c) Kepler’s third law



(r) orbit of planer is elliptical

11. A particle is projected from the surface of earth with speed v. suppose it travels a distance x when its speed becomes v to 
[image: image995.wmf]2

v

and y when speed changes from 
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to 0. Similarly, the corresponding times are supposed t1 and t2. Then:

Table -1






Table –II

(a) 
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(p) = 1

(b) 
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            (q) > 1









(r) < 1

                                                                                                (s)Data insufficient 

12. If earth decreases its rotational speed. Match the following:

Table-1







Table-II

(a) Value of g at pole 






(p) will remain same

(b) Value of g at equator 





(q) will increase

(c) Distance of geostationary satellite




(r) will decrease

(d) Energy of  geostationary satellite




(s) can not say

13. Assertion: If a particle is projected from ground with some velocity (not very large) at an angle with horizontal, path of the particle is assumed parabolic, although it is not exactly parabolic

	[image: image999.png]&
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Reason: Magnitude of acceleration due to gravity at all places is assumed to be constant, although it is not so.

14. Assertion: From a solid sphere of radius R, a hole of radius 
[image: image1000.wmf]2
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is cut as shown in figure. To find the magnitude of gravitational potential and gravitational field strength at O, we can directly subtract potential due to hole (before removing) from potential due to whole sphere (before removing). The same can be done to find field strength at O, although potential is a scalar quantity and field strength is a vector quantity.

Reason: In gravity, it is done like this. It makes no difference, whether the strength is added/subtracted by vector method or by scalar method

15. Assertion: for a system of masses, at some finite distance gravitational field can be zero but gravitational potential can not be zero.

Reason: Gravitational field is a vector quantity, while potential a scalar one.

16. Assertion If ice on the pole melts, length of the day will shorten

Reason: Ice will flow towards equator and will result in the decrease in moment of inertia of earth resulting in decrease in frequency of rotation of earth 

17. Assertion: An astronaut in a satellite feels weightlessness

Reason: As observed by another astronaut’s in the same satellite, force of gravity and centrifugal force balance each other

18. Assertion: Most of the planets do not have proper atmosphere

Reason: Escape velocity of gas molecules is inversely proportional to 
[image: image1001.wmf]T


19. Assertion: Due to spin-motion of the earth about its own axis of rotation, the value of acceleration due to gravity is maximum at poles and minimum at equatorial point

Reason: If earth stops revolving about sun, the value of g will become same at the poles and the equatorial point 

20. Assertion: The angular speed of the planet is smallest in its elliptical path when it is farthest from the sun.

Reason: In rotational motion of the planes around the sun, the law of conservation of angular momentum is obeyed.

21. Assertion Generally the path of a projectile from the earth is parabolic but it is elliptical for projectiles going to a very large height.

Reason: The path of a projectile is independent of the gravitational force of earth

(a) A (b) B (c) C (d) D (e) E

22. Assertion: Orbit of a planet around the sun is in a plane 

	[image: image1002.png]





Reason: Angular momentum of a planet revolving around the sun is conserved

23. Assertion: A planet may orbit around a star either in orbit P or orbit Q. The speed of planet at O is same for both orbits

Reason: Planets orbit around a star with uniform velocity 

24. Assertion: At height h from ground and at depth h below ground, where h is approximately equal to 0.62 R, the value of g acceleration due to gravity is same

Reason: Value of g decrease both sides, in going up and down

25. Assertion: If radius of earth (assuming to be perfect sphere) is decrease keeping its mass constant, effective value of g will increase at poles while may increase or decrease at equator

Reason: Value of g on the surface of earth is given by g = 
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26. Assertion: Radius of circular orbit of a satellite is made two times, then its areal velocity will also become two times.

Reason: Areal velocity is given as 
[image: image1004.wmf]m
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27. Assertion: When radius of orbit of a satellite is made 4 times, its time period becomes 8 times.

Reason: Greater the height above the surface of earth, greater is the time period of revolution

28. Assertion: Earth has an atmosphere but the moon does not.

Reason: Moon is small in comparison to earth

Comprehensions Type Question: -

Concept: - The mechanical energy of a closed system is always negative. The modulus of this is called its binding energy.

29. Binding energy of a particle on the surface of earth is E. Kinetic energy greater than E is given to this particle. Then total energy of particle will become.

(a) Zero (b) infinite (c) > 0 (d) < 0

	[image: image1005.png]Mass = M
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Statement: (i) Potential energy of a particle of mass m at a point where potential is V is given by U = mV. (ii) Under conservative forces, mechanical energy remains constant.

30. A particle of mass m is moved from A to B as shown in figure. Then potential energy of the particle:

(a) Will continuously increase

(b) Will continuously decrease

(c) Will first decrease and then remains constant

(d) Will first decrease and then remains constant

Concept [31-32]: When a particle is projected from the surface of earth, its mechanical energy and angular momentum about centre of earth at all time is constant.

31.A particle of mass m is projected from the surface of earth with velocity v0 at angle θ with horizontal. Suppose h be the maximum height of particle from surface of earth and v its speed at that point then v is:

(a) v0 cos θ (b) > v0 cos θ (c) < v0 cos θ (d) zero

32. Maximum height h of the particle is:
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(d) Can be greater than or less than 
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Concept: Gravitational force between two masses and electrostatic force between two charges both obey inverse square law. Gravitational force does not depend on the medium between two masses but the electrostatic force does depend 

	[image: image1008.png]





33. Gravitational force between two charged bodies is F1 and electrostatic force between them is F2. They are at distance r from each other. Now the air between them is sucked out and distance is increased to 2r. Then the new force F1’ and F2’ are such that:
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Concept: - Gravitational potential inside a spherical shell it varies as 
[image: image1010.wmf]r
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 (with negative sign). Here r is the distance from centre.

34. Two concentric spherical shells are as shown in figure. The V-r graph will be as:
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Statement: (i) Gravitational field at distance x from the centre on the axis of a ring is given as:  
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(ii) Gravitational field at distance x (≥ R) from centre of a solid sphere is given as, 
[image: image1015.wmf]2

x

Gm

 

 

E

=


Here m is the mass of solid sphere.

35. One ring of radius R and mass m and one solid sphere of same mass m and same radius R are placed with their centres on positive x-axis O is the origin. We are moving from some finite distance on negative x-axis towards positive x-axis. Plane of the ring is perpendicular to x-axis. How will the net Gravitational field vary with distance moved on x-axis. We move only up to surface of solid sphere.
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Statement: Change is potential energy when a mass m is taken to a height h from the surface of earth is given by: 
[image: image1018.wmf]h/R

 

 

1

mgh

 

 

+

=

D

U


Question [36-37] If a smooth tunnel is dug across a diameter of earth and a particle is released from the surface of earth, the particle oscillates simple harmonically along it
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36. Time period of the particle is not equal to:
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37. Maximum speed of the particle is:
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38. A mass is taken from surface to a height h. The change in potential energy in this process is equal to the change in potential energy if it is now taken from that point to infinity. What is the value of h?

(a) h = R (b) h = 2R (c) h = 
[image: image1022.wmf]2
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Statement: If a particle is dropped from a height ‘h’, it collides to the surface of earth with a velocity
[image: image1023.wmf]gh
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. This is when gravity is assumed to be uniform.

Question [39-41]: A solid sphere of mass M and radius R is surrounded by a spherical shell of same mass M and radius 2R as shown. A small particle of mass m is released from rest from a height h (<<R) above the shell. There is a hole in the shell.

39. In what time will it enter the hole at A?
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40.What time will it take to move from A to B?
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(d) None of these

41. With what approximate speed will it collide at B?
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Question [42-43]: A planet is revolving round the sun in elliptical orbit. Velocity at perigee position (nearest) is v1 and at apogee position (farthest) is v2. Both these velocities are perpendicular to the line joining centre of sun and planet. r1 is the minimum distance and r2 the maximum distance.

42. When the planet is at perigee position, it wants to revolve in a circular orbit by itself. For this value of G:

(a) Should increase (b) should decrease (c) will not depend on the value of G (d) data is insufficient

43. At apogee position suppose speed of planet is slightly decreased from v2, then what will happen to minimum distance r1 and maximum distance r2 in the subsequent motion.

(a) r1 and r2 both will decrease (b) r1and r2 both will increase (c) r2 will remain as it is while r1 will increase (d) r2 will remain as it is while r1 will decrease

Concept: Kepler’s second law of planetary motion that areal velocity of planet remains constant comes from law of conservation of angular momentum. According to this law, 
[image: image1029.wmf]m
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Here L is the angular momentum of the planet about centre of sun and m the mass of planet.

44. A particle of mass m is moving along the line y = b with constant acceleration a. The areal velocity of the position vector of the particle at time t is (u = 0).
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Concept: When a particle is projected upwards from the surface of earth, mechanical energy of particle remains constant.

45. A particles of mass m is projected upwards with velocity 
[image: image1031.wmf]2
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(ve = escape velocity). At highest point the potential energy of the particle is: 
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Statement: Orbital speed of a satellite in circular orbit is given by v0 = 
[image: image1033.wmf]r

GM

, here r = radius of circular path.

46. Two particles each of mass m are revolving in circular orbits of radius r = 5R in opposite directions. They collide perfectly in elastically and fall to the ground. The speed of combined mass on striking the ground will be: (a) 
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47. If variation in the value of g with height is taken into consideration, the particle will strike the surface with a velocity: (a) = 
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 (d) will depend on the mass of particle

Statement: Inside a solid sphere, gravitational field at distance r is given by 
[image: image1039.wmf]r
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i.e., 

E – r graph is a straight line passing through origin.

48. If radius of a solid sphere is decreased to half keeping density of sphere unchanged, the slope of E-r graph will:

(a) Remain unchanged (b) become two times (c) become four times (d) remain 
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Statement: Gravitational potential at any point inside a spherical shell is uniform and is given by
 -
[image: image1041.wmf]R
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, where M is the mass of shell and R its radius. At centre of a solid sphere, potential is -
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49. There is a concentric hole of radius R in a solid sphere of radius 2R. Mass of the remaining portion is M. What is the gravitational potential at centre?
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Concept: If a particle is projected from the surface of earth its total energy and angular momentum about the centre of earth remains constant.

50. A particle is projected from the surface of earth with velocity equal to its escape velocity at 45o with horizontal. What is the angle of its velocity with horizontal at height h = R. (Here horizontal at some point means a line parallel to tangent on earth just below that point)   (a) 30o (b) 60o (c) 
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Answer key:  Match the column & Assertion-Reason Type Questions 

1. a-p b-q c-s d-t  2. a-q b-p c-p d-q  3. a-r b-q c-q d-p  4. a-t b-t c-p,q,r,s d-t  

5. a-q b-t c-r d-s    6. a-s b-r c-q  7. a-p b-p c-s  8. a-s b-r c-p d-q  9. a-r b-p c-s d-q 

10. a-r b-q c-p 11. a-s b-r  12. a-r b-p c-s d-q 13. a 14. c 15.a,b 16.e 17.a,b 18.c 19.b 20.a 21.c 22.b 23.e 24.b 25.b 26.d 27.b 28.b 

Comprehension Type Question :-

29.c 30.d 31.c 32.b 33.a,d 34.c 35.c 36.d 37.b 38.a 39.a 40.c 41.d 42.a 43.d 44.b 45.c 46.a 47.c 48.a 49.d 50.b 
Solids                                                                                                        Assignment-37

1. A structural steel rod has a radius of 10 mm and a length of 1m. A 100 kN force F stretches it along its length. Calculate (a) the stress, (b) elongation, and (c) strain on the rod. Given that the Young’s modulus, Y, of the structural steel is 2.0 × 1011Nm-2 Ans = 0.16%

	[image: image1045.png]





2. Two strips of metal are riveted together at their ends by four rivets, each of diameter 6.0 mm. What is the maximum tension that can be exerted by the riveted strip if the shearing stress on the rivet is to carry one quarter of the load? Ans = 260kN

3. The breaking stress for a metal is 7.8× 109Nm-2. Calculate the maximum length of the wire made of this metal which may be suspended without breaking. The density of the metal = 7.8 × 103kg m-3. Take g = 10 N kg-1 

Ans = 105m

4. Two wires of diameter 0.25 cm, one made of steel and other made of brass are loaded as shown in Fig. The unloaded length of steel wire is 1.5 m and that of brass wire is 1.0m. Young’s modulus of steel is 2.0 × 1011 Pa and that of brass is 0.91 × 1011 Pa. Compute the elongations of steel and brass wire.

	[image: image1046.png]U







 (1 Pa = Nm-2) Ans = 1.5 × 10-4 m

5.A rod of length 1.05 m having negligible mass is supported at its ends by two wires of steel (wire A) and aluminium (wire B) of equal lengths as shown in Fig. The cross-sectional areas of wires A and B are 1.0 mm2 and 2.0 mm2 respectively. At what point along the rod should a mass m be suspended in order to produce (a) equal stresses and (b) equal strains in both steel and aluminium wires?

	[image: image1047.png][






Ans =0.43 m 

6. A mild steel wire of length 1.0 m and cross-sectional area 

0.50 × 10-2 Cm2 is stretched, well within its elastic limit, horizontally between two pillars. A mass of 100g is suspended from the mid-point of wire. Calculate the depression at the mid-point. Ans = 1.07 cm 

7. A composite wire of uniform diameter 3.0 mm consisting of a copper wire of length 2.2m and a steel wire of length 1.6 m stretches under a load by 0.7 mm. calculate the load, given that the Young’s modulus for copper is 1.1× 1011 Pa and for steel is 2.0 × 1011 Pa Ans = 176.8 N

8. A steel wire of uniform cross-section of 1 mm2 is heated to 70oC and stretched by tying its two ends rigidly. Calculate the change in the tension of the wire when the temperature falls from 70oC to 35oC. Coefficient of linear expansion of steel is 1.1 × 10-5 oC-1 and the Young’s modulus is 2.0 × 1011 Nm-2. Ans = 77.0N
9. Read each of the statements below carefully and state, with reasons, if it is true or false. 

(a)The modulus of elasticity of rubber is greater than that of steel (b) the stretching of a coil is determined by its shear modulus. (c) When a material is under tensile stress, the restoring forces are caused by interatomic attraction while under compress ional stress, the restoring forces are due to inter-atomic repulsion.

	[image: image1048.png]





10. The stress-strain graph for a metal wire is shown in Fig. Up to the point E, the wire returns to its original state O along the curve EPO when it is gradually unloaded. Point B corresponds to the fracture of the wire.

(a) Up to which point on the curve is Hooke’s law obeyed? This point is sometimes called “Proportionality limit”.

(b) Which point on the curve corresponds to elastic limit and yield point of the wire?

(c) Indicate the elastic and plastic regions of the stress-strain graph.

(d) Describe what happens when the wire is loaded up to a stress corresponding to the point A on the graph, and then unloaded gradually. In particular, explain the dotted curve.
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(e) What is peculiar about the portion of the stress-strain graph from C to B? Up to what stress can the wire be subjected causing fracture? 

11.The stress-strain graphs for materials A and B are shown in Fig

The graphs are drawn to the same scale.

(a)Which of the material has greater Young’s modulus?

(b)Which material is more ductile?

(c)Which is more brittle?(d)Which of the two is stronger material?

12. The pressure of a medium is changed from 1.01 × 105 Pa to 1.165 × 105 Pa and change is volume is 10%, keeping temperature constant. Find the bulk modulus of the medium.

 Ans = 1.55 × 105 Pa

13. The average depth of Indian ocean is about 3000 m. Calculate the fractional compression ∆V/V, of water at the bottom of the ocean, given  that the bulk modulus of water is 2.2 × 109 Nm-2 Ans 1.36%

14. What is the density of ocean water at a depth, where the pressure is 80.0 atm, given that its density at the surface is 1.03 × 103 kgm-3? Compressibility of water = 45.8 × 10-11 Pa-1.
 Given 1 atm = 1.013 × 105 Pa. Ans = 1.034 × 103 kgm-3
15. Calculate the pressure required to stop the increase in volume of a copper block when it is heated from 50o to 70oC. Coefficient of linear expansion of copper = 8.0 × 10-6 oC-1 and bulk modulus of elasticity = 3.6 × 1011 Nm-2. Ans = 1.728 × 108 Nm-2
16. The shear modulus of a material is always considerably smaller than the Young modulus for it. What does it signify? 
[image: image1050.wmf]h

of a material is smaller than its Y

17. A square lead slab of side 50 cm and thickness 10 cm is subjected to a shearing force (on its narrow face) of magnitude 9.0 × 104 N. The lower edge is riveted to the floor. How much is the upper edge displaced, if the shear modulus of lead is 5.6 × 109 Pa? Ans = 0.16 mm

18. The edge of an aluminum cube is 10 cm long. One face of the cube is firmly fixed to a vertical wall. A mass of 100 kg is then attached to the opposite face of the cube. The shear modulus of aluminum is 25 G Pa. What is the vertical deflection of this face? (1 Pa = 1 Nm-2). Ans = 4 × 10-7 m

19. Two parallel and opposite forces, each 4000 N, are applied tangentially to the upper and lower faces of a cubical metal block 25 cm on a side. Find the angle of shear and the displacement of the upper surface relative to the lower surface. The shear modulus for the metal is 8 × 10-10 Nm-2. Ans = 8.0 × 10-7m

20. Calculate the increase in energy of a brass bar of length 0.2m and cross-sectional area 1 cm-2 when compressed with a load of 5 kg weight along its length. Young’s modulus of brass = 1.0 × 10-11 Nm-2 and g = 9.8 ms-2. Ans = 2.4 × 10-5 J

21. When the load on a wire is increased from 3kg wt to 5 kg wt, the elongation increases from 0.61 mm to 1.02 mm. How much work is done during the extension of the wire? 
Ans = 16.023 × 10-3 J

22. A 40 kg boy whose leg bones are 4 cm2 in area and 50 cm long falls through a height of 50 cm without breaking his leg bones. If the bones can stand a stress of 0.9 × 10-8Nm-2, calculate the Young’s modulus for the material of the bone. Take g = 10 ms-2 Ans = 2.025 × 10-9 Nm-2. 

23. A material has Poisson’s ratio 0.5. If a uniform rod of it suffers a longitudinal strain of 2 × 10-3, calculate the percentage change in its volume. Ans = 0.24 %

 24 .Two wires of different materials are suspended from a rigid support. They have the same length and diameter and diameter and carry the same load at their free ends. (a) Will the stress and strain in each wire be the same? (b) Will the extension in both wires be the same?
FOR YOUR KNOWLEDGE

· For all substances, the theoretical value of 
[image: image1051.wmf]s

lies between - 1 and + 0.5. In actual practice, the value of 
[image: image1052.wmf]s

lies between 0 and 0.5 for most of the substances.

· Relations between Y,K, 
[image: image1053.wmf]h

and 
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Elasticity (solids)                                            Assignment-38 

1 A cable that can support a load W is cut into equal parts. The maximum load that can be supported by either part is:  (a) 
[image: image1056.wmf]2
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2 The following four wires are made of same material. Which of these will have the largest extension, when the same tension is applied?

(a) Length 50 cm and diameter 0.5 mm (b) Length 100 cm and diameter 2 mm (c) Length 200 cm and diameter 2 mm (d) Length 300 cm and diameter 3mm

3 Wires A and B are made from the same material. A has twice the diameter and three times the length of B. If the elastic limits are not reached, when each is stretched by the same tension, the ratio of energy stored in A to that in B is: (a) 2: 3 (b) 3: 4 (c) 3: 2 (d) 6: 1 (e) 12: 1

4 The Young’s modulus of a perfectly rigid body is:

(a) is zero (b) is unity (c) is infinity (d) may have any finite non-zero value

5 The shear modulus of a liquid is:

(a) zero (b) unity (c) infinity (d) may have any finite non-zero value

6 The breaking stress for a wire of radius r of given material is F N/m2. The breaking stress for the wire of same material of radius 2r is: (a) F/4 (b) F/2 (c) F (d) 2F

7 The increase in length of a wire on stretching is 0.025%. If its Poisson ratio is 0.4, then the percentage increase in diameter is: (a) 0.01 (b) 0.02 (c) 0.03 (d) 0.04

8 The breaking stress of a material is 106 N/m2. If the density of the material is 3 × 103kg/m3, what should be the length of the material so that it breaks by its own weight? (g = 10m/s2
(a) 0.33 m (b) 3.33m (c) 33.3 m (d) None of these

9 If a wire is stretched by hanging a weight from its end, the elastic potential energy per unit volume in terms of the longitudinal strain σ and modulus of elasticity Y is:

(a) Y σ2/2 (b) Y σ/2 (c) 2Y σ2/2 (d) Y2 σ/2

10 When an elastic material with Young’s modulus Y is subjected to a stretching stress S, the elastic energy stored per unit volume of the material is: 
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11 The substance which shows practically no elastic after effect is:

(a) Copper (b) silver (c) quartz (d) rubber

12 A wire of radius r stretched without tension along a straight line is lightly fixed at A and B. What is the tension in the wire when it is pulled into the shape ACB? Assume Young’s modulus of the material of the wire to be Y and d <l:
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13 Two rods of different materials having the same area of cross-section A, are placed between two massive walls as shown in figure. The first rod has a length l1, coefficient of linear expansion α1 and Young’s modulus Y1. The corresponding quantities for the second rod are l2, α2 and Y2. The temperature of both end is now raised by T degrees. The force with which the rods act on each other at higher temp. is given by:
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14 Two rods of equal cross-sections, one of copper and other of steel are joined to form a composite rod of length 2 m. At 20oC the length of the copper rod is 0.5m. When the temperature is raised to 120oC, the length of the composite rod increase to 2.002m. If the composite rod is fixed between two rigid walls and is thus not allowed to expand, it is found that the length of the two component rods also does not change with the increase in temperature. Calculate the coefficient of linear expansion of steel. Given theYCu = 1.3 ×1013 N/m2 and αCu = 1.6× 10-5/oC:  (a) 0.8 × 10-6/oC (b)  0.8 × 10-5/oC (c) 6 × 10-5/oC (d) 0.16 × 10-5/oC

15 A highly rigid cubical block A of small mass M and side L is fixed rigidly into another cubical block B of same dimensions and of low modulus of rigidity η, such that the lower face of A completely covers the upper face of B. The lower face of B is rigidly held on a horizontal surface. A small force F is applied perpendicular to one of the side faces of A. After the force is withdrawn, block A executes small oscillations of time period:
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16 The potential energy U between two atoms in a diatomic molecule as a function of the distance x between atoms has been shown in the adjoining figure. The atoms are:
(a) attracted when x lies between A and B and are repelled when x lies between B and C

 (b) Attracted when x lies between B and C and are repelled when x lies between A and B
(c) Attracted when they reach B (d) repelled when they reach B

17 The adjoining diagram represents the applied force per unit area (F) with the strain (X) produced in a thin wire of uniform cross-section in the curve shown. The region in which wire behaves like a viscous liquid is

 (a) ab (b) bc (c) cd (d) Oa
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18 When a spring is stretched by a distance x, it exerts a force, given by F = (-5x – 16x3) N. The work done, when the spring is stretched from 0.1 m to 0.2 is:

 (a) 8.7 × 10-2 J (b) 12.2 × 10-2 J (c) 8.7 × 10-1 J (d) 12.2 × 10-1 J

19 A block of weight W produces an extension of 9cm when it is hung by an elastic spring of length 60 cm and is in equilibrium. The spring is cut into two parts, one of length 40cm and the other of length 20cm. The same load W hangs in equilibrium supported by both parts as shown in Fig. 8.8. The extension in cm now is:

(a) 9 (b) 6 (c) 3 (d) 2
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20 A cube at temperature 0oC is compressed equally from all sides by an external pressure P. By what amount should its temperature be raised to bring it back to the size it had before the external pressure was applied? The bulk modulus of the material of the cube is K and the coefficient of linear expansion is α:


(a) P/K α (b) P/3Kα (c) 3πα/K (d) 3K/P

21 One end of a uniform bar of weight W1 is suspended from the roof and a weight W2 is suspended from the other end. The area of cross-section is A. What is the stress at the mid point of the rod?
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22 The load versus elongation graphs for four wires A, B, C and D of the same material are shown in the figure. The thinnest wire is represented by the line:

(a) OD (b) OC (c) OB (d) OA

23 If the ratio of lengths, radii and Young’s modulus of steel and brass wires in the figure are a, b and c respectively, then the corresponding ratio of increase in their lengths would be: 
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24 A steel wire is suspended vertically from a rigid support. When loaded with a weight in air, it extends by la and when weight is immersed completely in water the extension is reduced to lw. Then the relative density of the material of weight”(a) la/lw (b) la/(la- lw) (c) lw/ (la – lw) (d) lw/la
25 For a constant hydraulic stress on an object, the fractional change in the object’s volume (ΔV/V) and its bulk modulus (B) are related as: 
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26 A wire elongates by l mm when a load W is hanged from it. If the wire goes over a pulley and two weights W each are hung at the two ends, the elongation of the wire will be (in mm):  ) l/2 (b)l (c)2l (d) zero

27 If a spring of spring constant k is stretched by a length x under tension T, the energy stored is:
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Answers Key: -

1 (c) 2 (a) 3 (b) 4 (c) 5 (a) 6 (c) 7 (a) 8 (c) 9 (a) 10 (c) 11 (c) 12 (b) 13 (b) 14 (b) 15 (d) 16 (b) 17 (b) 18 (ac) 19 (d) 20 (b) 21 (c) 22 (d) 23 (b) 24 (b) 25 (b) 26 (b) 27 (c) 

LIQUIDS                                                                                        Assignment-39

1. Atmospheric pressure is nearly 100kPa. How large the force does the air in a room exert on the inside of a window pan that is 40 cm × 80cm?  Ans = 32kN

2. A cylindrical vessel containing liquid is closed by a smooth piston of mass m. The area of cross-section of the piston is A. If the atmospheric pressure is A. If the atmospheric pressure is P0, find the pressure of the liquid just below the piston. Ans = P0 + mg/ A
3. A hydraulic automobile lift is designed to lift cars with a maximum mass of 3000 kg. The area of cross-section of the piston carrying the load is 425 cm2. What maximum pressure would the smaller piston have to bear? Ans = 6.92 × 105 Nm-2.

4. In a car lift compressed air exerts a force F1 on a small piston having a radius of 5 cm. This pressure is transmitted to a second piston of radius 15 cm. If the mass of the car to be lifted is 1350 kg, what is F1? What is the pressure necessary to accomplish this task? Take g = 9.81 ms-2.  
 Ans = 1.9 × 105 Pa

5. Two syringes of different cross-sections (without needles) filled with water are connected with a tightly fitted rubber tube filled with water. Diameters of the smaller piston and larger piston are 1.0 cm and 3.0 cm respectively. (a) Find the force exerted on the larger piston when a force of 10N is applied to the smaller piston. (b) If the smaller piston is pushed in through 6.0 cm, how much does the larger piston move out?  Ans = (a) 90 N (b) 0.67 cm

6. What will be the length of mercury column in a barometer tube, when the atmospheric pressure is 75 cm of mercury and the tube is inclined at an angle of 60o with the horizontal direction? 
Ans = 86.6cm
7. Torricelli’s barometer used mercury. Pascal duplicated it using French wine of density 
984 kg m-3. Determine the height of the wine column for normal atmospheric pressure.

 Ans = 10.5 m

8. A rectangular tank is 10 m long, 10m broad and 3 m high. It is filled to the rim with water of density 103 kg m-3. Calculate the thrust at the bottom and walls of the tank due to hydrostatic pressure. Tame g = 9.8 ms-2. Ans = 2.793 × 106 N

9. A tank with a square base of area 1.0 m2 is divided by a vertical partition in the middle. The bottom of the partition has a small hinged door of area 20 cm2. The tank is filled with water in one compartment, and an acid (of relative density 1.7) in the other, both to a height of 4.0 m. compute the force necessary to keep the door closed. Ans = 54.88 N
10. A U-tube contains water and methylated spirit separated by mercury. The mercury columns in the two arms are in level with 10.0 cm of water in one arm and 12.5 cm of spirit in the other. What 
is the specific gravity of spirit? Ans = 0.8

11. In above example, example, if 15.0 cm of water and spirit each are further poured into the respective arms of the tube, what is the difference in the levels of mercury in the two arms? 
Specific gravity of mercury = 13.6    Ans = 0.221 cm 

12. At a depth 1000 m in an ocean (a) what is the absolute pressure? (b) What is the gauge pressure? (c) Find the force acting on the window of area 20 cm × 20 cm of a submarine at this depth, the interior of which is maintained at sea-level atmospheric pressure. (The density of sea water is 1.03 × 103 kg m-3, g = 10 ms-2) Ans = 4.12 × 105 N
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13. What is the absolute and gauge pressure of the gas above the liquid surface in the tank, shown in Fig? Density of oil = 820 kg m-3, density of mercury = 13.6 × 103 kg m-3. Given 1 atmospheric pressure = 1.01 × 105 Pa    . Ans =3.81 × 105 Pa
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14.A manometer reads the pressure of a gas in an enclosure as shown Fig. When some of the gas is removed by a pump, the manometer reads as in Fig. the liquid used in the manometers is mercury and the atmospheric pressure is 76 cm of mercury.

(i)Give the absolute and gauge pressure of the gas in the enclosure for cases (a) and (b) in units of cm of mercury. (ii) How would the levels change in case (b) if 13.6 cm of water (immiscible with mercury) are poured into the right limb of the manometer? 

(Ignore the small change in volume of the gas)      
  Ans = (i) -18 cm of Hg. (ii) h1 = 1 cm

15. A vertical U-tube of uniform inner cross-section contains mercury in both of its arms. A glycerine (density 1.3gcm-3) column of length 10 cm is introduced into one of the arms. Oil of density 0.8 g cm-3 is poured in the other arm until the upper surfaces of the oil and glycerine are in the same horizontal level. Find the length of the oil column.  Ans = 9.6 cm

16. The tip of the iceberg. The density of ice is 917 kg m-3. What fraction of ice lies below water? The density of sea water is 1024 kg m-3. What fraction of the ice berg do we see assuming that it has the same density as ordinary ice (917 kg m-3)?    Ans = [ρ’ (sea water) = 1024 kg m-3]

17. A piece of pure gold (ρ = 19.3 g cm-3) is suspected to be hollow from inside. It weighs 38.250 g in air and 33.865 g in water. Calculate the volume of the hollow portion in gold, if any.

 Ans = 2.403 cm3.

18. A solid body floating in water has 1/6th of the volume above surface. What fraction of its volume will project upward if it floats in a liquid of specific gravity 1.2? Ans = 11/36
19. A spring balance reads 10 kg when a bucket of water is suspended from if. What is the reading on the spring balance when

(i) An ice cube of mass 1.5 kg is put into the bucket (ii) an iron piece of mass 7.8 kg suspended by another spring is immersed with half its volume inside the water in the bucket?

 Ans = (i) 11.5 kg f (ii) 10.5 kg f

20. A cube of wood floating in water supports a 200 g mass at the centre of its top face. When the mass is removed, the mass rises by 2 cm. determine the volume of cube. Ans 1000 cm3.
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21. A jeweler claims that he sells ornaments made of pure gold that has the relative density of 19.3 He sells a necklace weighing 25.250 g f to a person. The clever customer weighs the necklace when immersed in pure water and finds that it weighs 23.075 g f in water. Is the ornament made of pure gold?    Ans = 11.61

22. A tank contains water and mercury as shown in Fig.

 An iron cube of edge 6 cm is in equilibrium as shown. What

is the fraction of cube inside the mercury? Given density of iron

 = 7.7 × 103 kgm-3 and density of mercury = 13.6 × 103 kgm-3.   Ans =0.533
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23. A square metal plate of 10 cm side moves parallel to another plate with a velocity of 10cms-1, both plates immersed in water. If the viscous force is 200 dyne and viscosity of water is 0.01 poise, what is their distance apart? Ans = 0.05 cm

24. A metal plate of area 0.10 m2 is connected to a 0.01 kg mass via a string that passes over an ideal pulley (considered massless and frictionless), as shown in Fig. A liquid with a film thickness of 0.3 mm is placed between the plate and the table. When released the plate moves to the right with a constant speed of 0.085 ms-1. Find the coefficient of viscosity of the liquid. Ans = 3.45 × 10-3 Pa

25. A capillary tube 1 mm in diameter and 20 cm in length is fitted horizontally to a vessel kept full of alcohol. The depth of the centre of capillary tube below the surface of alcohol is 30 cm. If the viscosity and density of alcohol are 0.012 cgs unit and 0.8 g cm-3 respectively, find the amount of the alcohol that will flow out in 5minutes. Given that g = 980 cms-2 Ans = 38.4g

26. Glycerine flows steadily through a horizontal tube of length 1.5 m and radius 1.0 cm. If the amount of glycerine collected per second at one end is 4.0 × 10-3 kg/s, what is the pressure difference between the two ends of the tube? Density of glycerine = 1.3 × 103 kg m-3 and viscosity of glycerine = 0.83 Nsm-2 Ans = 9.8 × 102 Pa

27. Two tubes A and B of lengths 100 cm and 50 cm have radii 0.1 mm and 0.2 mm respectively. If a liquid passing through  the two tubes is entering A at a pressure of 80 cm of mercury and leaving B at a pressure of 76 cm of mercury, determine the pressure at the junction of A and B.

 Ans = 76.12 cm of Hg

28. Two capillary tubes AB and BC are joined end to end at B, AB is 16 cm long and of diameter 4 mm whereas BC is 4 cm long and of diameter 2 mm. The composite tube is held horizontally with A connected to a vessel of water giving a constant head of 3 cm and C is open to the air. Calculate the pressure difference between B and C. Ans = 2.4 cm

29. Three capillary tubes of the same radius r but of lengths l1, l2 and l3 are fitted horizontally to the bottom of a tall vessel containing a liquid at constant head and flowing through these tubes. Calculate the length of a single outflow tube of the same radius r which can replace the three capillaries. 
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30. In Milliken’s oil drop experiment, what is the terminal speed of a drop of radius 2.0 × 10-5 m and density 1.2 × 103 kg m-3? Take the viscosity of air at the temperature of the experiment to be 1.8 × 10-5 Nsm-2. How much is the viscous force on the drop at that speed? Neglect buoyancy of the drop due to air. Ans = 3.9 × 10-10N
31. Eight rain drops of radius 1 mm each falling down with terminal velocity of 5 cms-1 coalesce to form a bigger drop. Find the terminal velocity of the bigger drop. 
Ans = 20 cms-1
32. A sphere is dropped under gravity through a fluid of viscosity η. Taking the average acceleration as half of the initial acceleration; show that the time taken to attain the terminal velocity is independent of the fluid density. Ans = [image: image1077.wmf]h
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33. (a) What is the largest average velocity of blood flow in an artery of radius 2 ×10-3 m if the flow must remain laminar? (b) What is the corresponding flow rate? Take viscosity of blood to be 2.084 × 10-3 Pa s and density of blood = 1.06 × 103 kg m​3.  Ans = 1.23 ×10-5 m3 s-1
34. The flow rate of water from a tap of diameter 1.25 cm is 0.48 L/min. The coefficient of viscosity of water is 10-3 Pa s. After some time the flow rate is increased to 3 L/min. Characteristic the flow for both the flow rates. Ans = 5096. 

 Ans: Re > 3000, so the flow will be turbulent

36. In a test experiment on a model aero plane in a wind tunnel, the flow speeds on the upper and lower surfaces of the wing are 70 ms-1 and 63 ms-1 respectively. What is the lift of the wing if its area is 2.5 m2? Density of air = 1.3 kg m-3 Ans = 1512.9 N
 37. A plane is in level flight at constant speed and each of its two wings has an area of 25 m2. If the speed of the air is 180 km/h over the lower wring and 234 km/h over the upper wing surface, determine the plane’s mass. Take air density to be 1 kg m-3 and g = 9.81 ms-2 

Ans = 4396 kg

38. A fully loaded Boeing aircraft 747 has a mass of 3.3 × 105 kg. Its total wing area is 500m2. It is in level flight with a speed of 960 km/h. (a) Estimate the pressure difference between the lower and upper surfaces of the wings. (b)Estimate the fractional increase in the speed of the air on the upper surface of the wing relative to the lower surface. The density of air is ρ = 1.2 kg m-3 kg and g = 9.81ms-2.Ans = 8%

39.At what velocity does water emerges from an orifice in a tank in which gauge pressure is 3 × 105 Nm-2 before the flow starts? Density of water = 1000kgm-3 Ans = 24.495 ms-1
40. A drum of 30 cm radius has a capacity of 220 dm3 of water. It contains 198 dm3 of water and is placed on a solid block of exactly the same size as of drum. If a small hole is made at lower end of drum perpendicular to its length, find the horizontal range of water on the ground the beginning. Given g = 980 cms-2 Ans = 147.6cm

41. Blood velocity: The flow of blood in a large artery of an anesthetized dog is diverted through a Venturimeter. The wider part of the meter has a cross-sectional equal to that of the artery, 
A = 8 mm2. The narrower part has an area a = 4 mm2. The pressure drop in the artery is 24 Pa. What is the speed of the blood in the artery? Ans = 0.125 ms-1
42. How does Bernoulli’s principle help in explaining vascular flutter and heart attack?

43. Why are the roofs of some houses blown off during a wind storm?
44. A U-shaped wire is dipped in a soap solution, and removed. The thin soap film formed between the wire and a light slider supports a weight of 1.5 × 10-2 N (which includes the small weight of the slider). The length of the slider is 30 cm. What is the surface tension of the film? Ans = 2.5 × 10-2 Nm-1
45. A liquid drop of diameter D breaks up into 27 tiny drops. Find the resulting change in energy. Take surface tension of the liquid as σ. Ans = 2πD2σ

46. A glass plate of length 10 cm, breadth 4 cm and thickness 0.4 cm, weighs 20 g in air. It is held vertically with long side horizontal and half the plate immersed in water. Will be its apparent weight?      Ans = 13.4857 g f.

47. If a number of little droplets of water of surface tension σ, all of the same radius r combine to form a single drop of radius R and the energy released is converted into kinetic energy, find the velocity acquired by the bigger drop. 

 Ans = 
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48. If a number of little droplets of water, each of radius r, coalesce to form a single drop of radius R, show that the rise in temperature will be given by 
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 where σ is the surface tension of water and J is the mechanical equivalent of heat.
49. What is the excess pressure inside a bubble of soap solution of radius 5.00 mm? Given that the surface tension of soap solution at the temperature (20oC) is 2.50 × 10-2 Nm-1. If an air bubble of the same dimension were formed at a depth of 40.0 cm inside a container containing the soap solution (of relative density 1.20), what would be the pressure inside the bubble?
(1 atm = 1.01 × 105 Pa) Ans = 105714 Pa

50. Two soap bubbles have radii in the ratio 2: 3. Compare the excess of pressure inside these bubbles. Also compare the works done in blowing these bubbles. Ans = 4:9

51. The lower end of a capillary tube of diameter 2.00 mm is dipped 8.00 cm below the surface of water in a beaker. What is the pressure required in the tube in order to blow a hemispherical bubble at its end in water? The surface tension of water at the temperature of the experiment is 7.30 × 10-2 Nm-2. 1 atmospheric pressure = 1.01× 105 Pa, density of water = 1000 kgm-3, g = 9.80 ms-2. Also calculate the excess pressure. Ans =1.02 × 105 Pa

52. Mercury has an angle of contact equal to 140o with soda lime glass. A narrow tube of radius 1.00 mm made of thin glass is dipped in a trough containing mercury. By what amount does the mercury dip down in the tube relative to the liquid surface outside? Surface tension of mercury at the temperature of the experiment is 0.465 Nm-1. Density of mercury = 13.6 × 103 kgm-3  

Ans = -5.34 × 10-3 m = 5.34 mm

 53. Water rises in a capillary tube to a height of 2.0 cm. In another capillary whose radius is one-third of it, how much the water will rise? If the first capillary is inclined at an angle of 60o with the vertical, then what will be the position of water in the tube? Ans = 6.0 cm

54. A glass U-tube is such that the diameter of one limb is 3.0 mm and that of the other is 6.00mm. The tube is inverted vertically with the open ends below the surface of water in a beaker. What is the difference between the heights to which water rises in the two limbs? Surface tension of water is 0.07 Nm-1. Assume that the angle of contact between water and glass is 0o. Ans = 4.76 mm

55. Explain why

(i)A balloon filled with helium does not rise in air indefinitely but halts after a certain height (Neglect winds). (ii) The force required by a man to raise his limbs immersed in water is smaller than the force for the same movement in air. (iii) The blood pressure in humans is greater at the feet than at the brain. (iv) Atmospheric pressure at a height of about 6 km decreases to nearly half its value at the sea level, though the height of the atmosphere is more than 100 km. (v) Hydrostatic pressure is a scalar quantity even though pressure is force divided by area, and force is a vector.

56. Explain why

(i)The angle of contact of mercury with glass is obtuse, while that of water with glass is acute. (ii) Where on a clean glass surface tends to spread out while mercury on the same surface tends to form drops. (Put differently, water wets the glass while mercury does not). (iii) Surface tension of a liquid is independent of the area of the surface. (iv) Detergents should have small angles of contact. (v) A drop of liquid under no external forces is always spherical in shape.

57. Fill in the blanks using the word(s) from the list appended with each statement.

(i)Surface tension of liquids generally …….. With temperature (increases/decreases) (ii) Viscosity of gases …...with temperature, whereas viscosity of liquids ….with temperature (increases/decreases). (iii) For solids with elastic modulus of rigidity, the shearing force is proportional to ….While for fluids it is proportional to … (shear strain/rate of shear strain). (iv) For a fluid in steady flow, the increase in flow speed at a constriction follows from…, while the decrease of pressure there follows from… (Conservation of mass/Bernoulli’s principle). (v) For the model of a plane in a wind tunnel, turbulence occurs at a … speed than the critical speed for turbulence for an actual plane (greater/smaller)

58. Explain why

(i)To keep a piece of paper horizontal, you should blow over, not under, it. (ii) When we try to close a water tap with our fingers, fast jets of water gush through the openings between our fingers. (iii) The size of the needle of a syringe controls flow rate better than the thumb pressure exerted by a doctor while administering an injection. (iv) A fluid flowing out of a small hole in a vessel results in a backward thrust on the vessel. (v) A spinning cricket ball in air does not follow a parabolic trajectory.

59. Two vessels have the same base area but different shapes. The first vessel takes twice the volume of water that the second vessel requires to fill up to a particular common height. (i) Is the force exerted by the water on the base of the vessel the same in the two cases? (ii) If so, why do the vessels filled with water to that same height give different readings on a weighing scale?

60. A piece of ice with a stone frozen in it floats on water taken in a beaker. Will the level of water increase or decrease or remain the same when ice melts completely?

61. An ice block with a cork piece embedded inside floats in water. What will happen to the level of water when ice melts? 
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62. A boat floating in a water tank is carrying a number of large stones. If the stones are unloaded into water, what will happen to the water level?

63. A beaker containing water is placed on a spring balance. A stone of weight W is hung and lowered into the water without touching the sides and bottom of the beaker. Explain how the reading will change.

64. In deriving Bernoulli’s equation, we equated the work done on the fluid in the tube to its change in the potential and kinetic energy. (a) How does the pressure change as the fluid moves along the tube if dissipative forces are present? (b) Do the dissipative forces become more important as the fluid velocity increases? Discuss qualitatively.

65. Fig (a) shows a thin liquid film supporting a small weight = 4.5 × 10-2 N. What is the weight supported by a film of the same liquid at the same temperature in Fig (b) and (c)? Explain your answer physically.
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66. A tank filled with fresh water has hole in its bottom and water is flowing out of it. If the size of the hole is increased what will be the change in:

(a) Volume of water flowing out per second? (2) Velocity of the out coming water? (c) If in the above tank, the fresh water is replaced by sea water, will the velocity of out coming water change?

LIQUIDS                                                                                   Assignment-40

1. The height to which a cylindrical vessel be filled with a homogeneous liquid, to make the average force with which the liquid presses the side of the vessel equal to the force exerted by the liquid on the bottom of the vessel, is equal to: 

(a) Half of the radius of the vessel (b) radius of the vessel 

(c) one-fourth of the radius of the vessel (d) three-fourth of the radius of the vessel

2 A block of steel of size 5 cm × 5 cm × 5 cm is weighed in water. If the relative density of steel is 7, its apparent weight is:

(a) 6 × 5 × 5 × 5 gf (b) 4× 4 × 4 × 7 gf (c) 5 × 5× 5× 7 gf (d) 4 × 4 × 4 × 6 gf

3 A body floats with one-third of its volume outside water and ¾ of its volume outside another liquid. The density of another liquid is:

(a) 
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4 A raft of wood (density 600 kg/m3) of mass 120 kg floats in water. How much weight can be put on the raft to make it just sink? (a) 120 kg (b) 200 kg (c) 40 kg (d) 80 kg

5 A silver ingot weighing 2.1 kg is held by a string so as to be completely immersed in a liquid of relative density 0.8. The relative density of silver is 10.5. The tension in the string in kg-wt is: (a) 1.6 (b) 1.94 (c) 3.1 (d) 5.25

6 A sphere of solid material of relative density 9 has a concentric spherical cavity and sinks in water. If the radius of the sphere be R, then the radius of the cavity (r) will be related to R as:

(a) 
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7 The time period of a simple pendulum is T. The relative density of the bob is 
[image: image1084.wmf]s

. The bob is put in water and allowed to oscillate. Assuming there is no friction due to viscosity, etc., what will be the time period of the pendulum? 
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8 In making an alloy, a substance of specific gravity s1 and mass m1 is mixed with another substance of specific gravity s2 and mass m2; then the specific gravity of the alloy is:

(a) 
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9 A block weighs 15 N in air and 12 N when immersed in water. The specific gravity of the block is:  (a) 0.8 (b) 0.25 (c) 5/4 (d) 5

10 Two substances of densities 
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2 are mixed in equal volume and the relative density of mixture is 4. When they are mixed in equal masses, the relative density of the mixture is 3. The values of 
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1 and 
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11 A spherical ball of radius r and relative density 0.5 is floating in equilibrium in water with half of it immersed in water. The work done in pushing the ball down so that whole of it is just immersed in water is: (where 
[image: image1100.wmf]r

 is the density of water) 
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12 A sample of metal weighs 210 gm in air, 180 gm in water and 120 gm in an unknown liquid. Then:

(a) The density of metal is 3 gm/cm3        
((b) the density of the metal is 7 gm/cm3 

(c) The density of metal is 4 times the density of unknown liquid 
(d) The metal will float on water

13 In rising from the bottom of a lake to the top, the temperature of an air bubble remains unchanged but its diameter gets doubled. If h is the barometric height (expressed in metres of mercury of relative density
[image: image1102.wmf]r

) at the surface of the lake, the depth of the lake is:

(a) 8
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14 A wooden ball of density D is immersed in water of density d to a depth h below the surface of water and then released. Up to what height will the ball jump out of water?
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15 An open vessel containing water is given a constant acceleration a in the horizontal direction. Then the free surface of water gets sloped with the horizontal at an angle θ given by:
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16 A cylinder is filled with a liquid of density d upto a height h. If the beaker is at rest, then the mean pressure on the wall is:

(a) Zero (b) hdg (c) 
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17 If in the Q 16 the cylinder is placed in a lift which is moving upwards with an acceleration a, then the pressure on the bottom is:

(a) hdg (b) 
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18 A concrete sphere of radius R has a cavity of radius r which is packed with sawdust. The specific gravities of concrete and sawdust are respectively 2.4 and 0.3 for this sphere to flow with its entire volume submerged under water. Ratio of mass of concrete to mass of sawdust will be: (a) 8 (b) 4 (c) 3 (d) zero

19Two identical cylindrical vessels with their bases at same level, each contains a liquid of density d. The height of the liquid in one vessel is h1 and that in the other vessel is h2. The area of either base is A. The work done by gravity in equalizing the levels when the two vessels are connected is:

(a) (h1 - h2)gd (b) (h1 - h2)gAd (c) 
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20 A U-tube is partially filled with water. Oil which does not mix with water is next poured into one side, until water rises by 25 cm on the other side. If the density of oil is 0.8, the oil level will stand higher than the water level by:

(a) 6.25 cm (b) 12.50 cm (c) 31.37 cm (d) 62.50 cm

21 A boat having a length of 3 metre and breadth 2 metre is floating on a lake. The boat sinks by one cm when a man gets on it. The mass of the man is:

(a) 60 kg (b) 62 kg (c) 12 kg (d) 128 kg
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22 A piece of wax weighs x gm in air. A piece of metal is found to weigh y gm in water. It is tied to the wax and both together weigh z gm in water. Then the specific gravity of wax is: (z < y)

 (a) 
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23 A tube of length h (which is wide enough so that surface tension effects can be neglected) filled with air and closed at one end is lowered in a tank of mercury to a depth h as shown, so that mercury rises a distance x into the tube. If the mercury barometer also reads h, then: 

(a) h (h - x) = h2 (b) (2h -x) (h - x) = h2 (c) (2h - x) (h +x) = h2 (d) (2h) (h - x) = h2
24 A barometer reads 0.76 m. Its Torricelli an space is 0.09 m long. The volume of air measured at atmospheric pressure to be introduced into space to cause the mercury to drop to 0.57 m is: (the cross-section of the barometer tube is 10-4 sq. m) 

(a) 1.7 × 10-6 cum (b) 0.7 × 10-6 cum (c) 7 × 10-6 cum (d) 7cum
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25 A U-tube in which the cross-sectional area of the limb on the left is one quarter, the limb on the right contains mercury (density 13.6 gm/cm3). The level of mercury in the narrow limb is at a distance of 36 cm from the upper end of the tube. What will be the rise in the level of mercury in the right limb if the left limb is filled to the top with water? 

(a) 1.2 cm (b) 2.35 cm (c) 0.56 cm (d) 0.8 cm

26 A metal block having an internal cavity weighs 110 gm in air and 80 gm in water. If the density of metal is 5.5 gm/cc, then the volume of cavity is:

(a) 30 cc (b) 20 cc (c) 10 cc (d) 5 cc

27 Pressure at the bottom of tank of water is 3P, where P is atmospheric pressure. If the water is drawn out till the level of water is lowered by one fifth, then the pressure at the bottom of the tank is:

(a) 2 P (b) 13 P/5 (c) 8 P/5 (d) 4 P/5

28The height of mercury column in a simple barometer is h. As the tube is inclined to the vertical at an angle α, the length of mercury column along the length of the tube is l; then:
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29 The ratio of the diameters of certain air bubble at the bottom and at the surface is 1: 2. What is the depth of the lake? (1 atmosphere = 10 m depth of water) 

(a) 80 m (b) 60 m (c) 35 m (d) 70 m

30 A cubical box of wood of side 30 cm weighing 21.6 kg floats on water with two faces horizontal. The depth of immersion of box is: 

(a) 30 cm (b) 12 cm (c) 6 cm (d) 24 cm

31 A stream-lined body falls through air from a height h on the surface of a liquid. Let d and D denote the densities of the materials of the body and the liquid respectively. If D > d, then the time after which the body will be instantaneously at rest is: 
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32 A U-tube containing a liquid is accelerated horizontally with a constant acceleration a. If the separation between the two vertical limbs is 
[image: image1118.wmf]l

, then the difference in the heights of the liquid in the two arms is:

 (a) Zero (b) 
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33 A block of volume V and of density σb is placed in liquid of density σ1 (σl > σb), then block is moved upward due to buoyant force upto a height h. The increase in potential energy is:

(a) σbVgh (b) (σb + σ1) Vgh (c) (σb - σl) Vgh (d) none of these 

34 The mass of a balloon with its contents is 1.5 kg. It is descending with an acceleration equal to half that of acceleration due to gravity. If it is to go up with the same acceleration keeping the volume same, its mass should be decreased by: 

(a) 1.2 kg (b) 1 kg (c) 0.75 kg (d) 0.5 kg

35 A cubical block of wood of edge a and ρ floats in water of density 2ρ. The lower surface of the cube just touches the free end of a mass less spring of force constant K fixed at the bottom of the vessel. The weight W put over the block so that it is completely immersed in water without wetting the weight is:
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36 When at rest, a liquid stands at the same level in the tubes shown in figure. But as indicted a height difference h occurs when the system s given an acceleration a towards the right. Here h is equal to: 
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37 Some liquid is filled in a cylindrical vessel of radius R. Let F1 be the force applied by the liquid on the bottom of the cylinder. Now the same liquid is poured into a vessel of uniform square cross-section of side R. Let F2 be the force applied by the liquid on the bottom of this new vessel; then: 

(a) F1 = πF2 (b) F1 = F2/ π (c) F1 = √ π F2 (d) F1 = F2
38 Mercury is poured in a U-tube. Temperature of one side is 50oC and the level of mercury on this side is h1. Temperature of the other side is 100oC and the level of mercury on this side is h2. Then: (a) h1 = h2 (b) h2 < h1 (c) h2 > h1 (d) h2 = 2h1
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39 A ball floats on the surface of water in a container exposed to the atmosphere. Volume V1 of its volume is inside the water. If the container is now covered and the air pumped out, let V2 be the volume now immersed in water. Then:

(a) V1 = V2 (b) V1 > V2 (c) V2 > V1 (d) V2 = 0

40 A bird of mass 1.23 kg is able to hover by imparting a downward velocity 10 m/s uniformly to air of density ρ kg/m3 over an effective area 0.1 m2. If the acceleration due to gravity is 10 m/s2, then the magnitude of ρ in kg/m3 is:

(a) 0.0123 (b) 0.123 (c) 1.23 (d) 1.32
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41 A cube of mass m and density D is suspended from the point P by a spring of stiffness K. The system is kept inside a beaker filled with a liquid of density d. The elongation in the spring, assuming D >d, is:

 (a) 
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42 A hemispherical portion of radius R is removed from the bottom of a cylinder of radius R. The volume of the remaining cylinder is V and its mass is M. It is suspended by a string in a liquid of density ρ where it stays vertical. The upper surface of the cylinder is at a depth h below the liquid surface. The force on the bottom of the cylinder by the liquid is:

(a) Mg (b) Mg - V ρg (c) Mg + πR2h ρg (d) ρg (V +πR2h)

43 A candle of diameter d is floating on a liquid in a cylindrical container of diameter D (D>>d) as shown in fig. It is burning at the rate of 2 cm/hour, and then the top of the candle will;

(a) Remain at the same height (b) fall at the rate of 1 cm /hour 

(c) fall at the rate of 2 cm/hour (d) go up at the rate of 1 cm/hour
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44 A liquid X of density 3.36 gm/cm3 is poured in a U-tube, which contains Hg. Another liquid Y is poured in left arm with height 8 cm. Upper levels of X and Y are same. What is density of Y? (a) 0.8 gm/cc (b) 1.2 gm/cc (c) 1.4 gm/cc (d) 1.6 gm/cc

45 By sucking through a straw, a student can reduce the pressure in his lungs to 750 mm of Hg (density = 13.6 gm/cm3). Using the straw, he can drink water from a glass upto a maximum depth of:

(a) 10 cm (b) 75 cm (c) 13.6 cm (d) 1.36 cm

Fluid Mechanics Assignment
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LIQUIDS                                                                                    Assignment-41

1 A number of water droplets each of radius r coalesce to form a drop of radius R. Assuming
 that whole of the energy liberated due to coalescence goes into heating the drop, the rise in the temperature dθ is:
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2 If the work done in blowing a soap bubble of volume V is W, then the work done in blowing a 
soap bubble of volume 2V will be:

(a) W (b) 2W (c) 
[image: image1130.wmf]2

W (d) W (4)1/3
3 The force required to drag a circular flat plate of radius 5 cm on the surface of water is (ST of 
water is 75 dyne/cm) 

(a) 30 dyne (b) 60 dyne (c) 750 dyne (d) 750π dyne

4 A wire of mass 1 gm is kept horizontally on the surface of water. The minimum length of wire 
that does not break the surface film is: (given surface tension of water is 70 dyne/cm)

(a) 3 cm (b) 4 cm (c) 7 cm (d) 14 cm

5 Pressure inside two soap bubbles is 1.01 and 1.02 atmospheres. Ratio between their volume is: 
(a) 102:101 (b) (102)3: (101)3 (c) 8:1 (d) 2: 1

6 A liquid rises in a capillary tube when the angle of contact is: 
(a) an acute one (b) an obtuse one (c) π/2 radian (d) π radian

7 If FC and FA denote cohesive and adhesive forces on a liquid molecule near the surface of a solid, then the surface of liquid is concave, when:
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8 A capillary tube is held vertically in water. The internal radius of the tube is (1/28) cm. Assume surface tension to be 70 dynes/cm. Angle of contact is zero. Then the rise in the capillary tube is:

(a) 4 cm (b) 2 cm (c) 14 cm (d) 28 cm

9 In the Q 8 if the tube inclined with the vertical at an angle of 60o, then water wets the walls of the capillary up to length of: 
(a) 4cm (b) 2 cm (c) 8cm (d) 28 cm

10 If the excess pressure inside a soap bubble is balanced by an oil column of height 2 mm, then the surface tension of soap solution will be: (r = 1 cm and density d = 0.8 gm/cc) 
(a) 3.9 N/m (b) 3.9 × 10-1 N/m (c) 3.9 × 10-3 N/m (d) 3.9 dyne/m

11 Two soap bubbles, each with radius r, coalesce in vacuum under isothermal conditions to form a bigger bubble of radius R. Then R is equal to:

(a) 2-1/2r (b) 21/3r (c) 21/2r (d) 2r

12 A soap bubble of radius r1 is placed on another soap bubble of radius r2 (r1 < r2). The radius R of the soapy film separating the two bubbles is:
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13 The lower end of a capillary tube of radius r is placed vertically in water. Then with the rise of water in the capillary, heat evolved is:
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14 Two glass plates are separated by water. If surface tension of water is 75 dynes per cm and area of each plate wetted by water is 8 cm2 and the distance between the plates is 0.12 mm, then the force applied to separate the two plates is:

(a) 102dynes (b) 104 dynes (c) 105dynes (d) 106 dynes

15 Liquid rises to a height of 2cm in a capillary tube. The angle of contact between the solid and the liquid is zero. The tube is depressed more now so that the top of the capillary is only 1 cm above the liquid. Then the apparent angle of contact between the solid and the liquid is:

(a) 0o (b) 30o (c) 60o (d) 90o
16 A water drop is divided into 8 equal droplets. The pressure difference between the inner and outer side of the big drop will be: 
 (a)Same as for smaller droplet (b) 
[image: image1134.wmf]2
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of that for smaller droplet 

(c) 
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of that for smaller droplet (d) twice that for smaller droplet

17 An air bubble of radius r in water is at a depth h below the water surface at some instant.
 If P is atmospheric pressure, d and T are density and surface tension of water respectively, the pressure inside the bubble will be: 
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 EMBED Equation.3 [image: image1137.wmf]
18 In a surface tension experiment with capillary tube water rises upto 0.1 m. If the same experiment is repeated in an artificial satellite, which is revolving around the earth; water will rise in the capillary tube

 upto a height of:

 (a) 0.1 m (b) 0.2 m (c) 0.98 m (d) full length of tube

19 A U-tube is such that the diameter of one limb is 0.4 mm and that of other is d mm. If the surface tension of water contained in the tube is 0.07 N/m and the difference in the levels of liquid in the limbs is 3.6 cm, then the value of d is:

(a) 1.6 × 10-3m (b) 0.4 × 10-3m (c) 8 × 10-3m (d) 4 × 10-3m

20 Two soap bubbles are blown. In the first bubble excess pressure is 4 times of 2nd soap bubble. The ratio of radii of first to second soap bubble is:

(a) 1: 4 (b) 1: 2 (c) 2: 1 (d) 4 : 1

21 A spherical soap bubble of radius 1 cm is formed inside another of radius 3 cm. The radius of a single soap bubble which maintains the same pressure difference as inside the smaller and outside the larger soap bubble is:

(a) 0.75 cm (b) 0.75 m (b) 7.5 cm (d) 7.5 m

22 The material of wire has specific gravity 8. If it is not wetted by water, what is the maximum diameter of the wire that will float on the surface of water? (T = 70 dyne/cm)

(a) 0.75 mm (b) 1.5 mm (c) 1.5 cm (d) None of these

23 A ring is cut from a platinum tube 8.5 cm internal and 8.7 cm external diameter. It is supported horizontally from a pan of a balance so that it comes in contact with the water in a glass vessel. What is the surface tension of water if an extra 3.97 gm weight is required to pull it away from water? (g = 980 cm/sec2) (a) 72.13 dyne/cm (b) 72.13 N/m (c) 7.213 dyne/m (d) None of these

24 There is a horizontal film of soap solution. On it a thread is placed in the form of a loop. The film is pierced inside the loop and thread becomes a circular loop of radius R. If the surface tension of the solution be T, then what will be the tension in the thread?

(a) πR2/T (b) πR2T (c) 2 πRT (d) RT
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25 Water rises to a height of 10 cm in a capillary tube and mercury falls to a depth of 3.42 cm in the same capillary tube. If the density of mercury is 13.6 kg/m3 and angle of contact is 135o, the ratio of surface tension for water and mercury is: (angle of contact for water and glass is 8o)

 (a) 1: 0.5 (b) 1: 3 (c) 1: 6.5 (d) 1.5 : 1

26 Liquid reaches an equilibrium as shown in a capillary tube of internal radius r. If the surface tension of the liquid is T, the angle of contact θ and density of liquid ρ, then the pressure difference between P and Q is:
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27 The work done to get n smaller equal size spherical drops from a bigger size spherical drop of water is proportional to:
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28 There is small hole in a hollow sphere. The water enters in it when it is taken to a depth of 40 cm under water. The surface tension of water is 0.07 N/m. The diameter of hole is:

(a) 7 mm (b) 0.07 mm (b) 0.0007 mm (d) 0.7 m

29 A soap bubble is formed from 5 × 10-3 gm of soap solution. When filled with hydrogen of density 0.00009 gm/cm3, it floats in air of density 0.00129 gm/cm3. If surface tension of soap solution is 30 dyne/cm, then the excess pressure in dynes per cm2 is:

(a) 60 (b) 120 (c) 30 (d) 240

30 A drop of water of volume V is pressed between the two glass plates so as to spread to an area A. If T is the surface tension, the normal force required to separate the glass plates is:
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31 A large number of liquid drops each of radius r coalesce to form a single drop of radius R. The energy released in the process is converted into the kinetic energy of the big drop so formed. The speed of the big drop is: (given surface tension of liquid is T, density of liquid is ρ)
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32 A spherical bubble of air has a radius of 1mm at the bottom of a tank full of water. As the bubble rises it goes on becoming bigger and bigger. On reaching the surface the radius becomes 2mm. The depth of the tank is:

(a) 72.39 m (b) 76.63 m (c) 100m (d) 142.80 m

33 In a vessel equal masses of alcohol (sp. Gravity 0.8) and water are mixed together. A capillary tube of radius 1mm is dipped vertically in it. If the mixture rises to a height 5 cm in the capillary tube, the surface tension of the mixture is: 
(a) 217.9 dyne/cm (b) 234.18 dyne/cm (c) 107.9 dyne/cm (d) 10.70 dyne/cm

34 A glass capillary tube of inner diameter 0.28 mm is lowered vertically into water in a vessel. The pressure to be applied on the water in the capillary tube so that water level in the tube is same as the in the vessel in N/m2 is: (surface tension of water = 0.07 N/m and atmospheric pressure 
= 105 N/m2) 

(a) 103 (b) 99 × 103 (c) 100 × 103 (d) 101 × 103 

35 The work done in increasing the size of a rectangular soap film with dimensions 8 cm × 3.75 cm to 10 cm × 6 cm is 2 × 10-4 J. The surface tension of the film in N/m is: 

(a) 1.65 × 10-2 (b) 3.3 × 10-2 (c) 6.6 × 10-2 (d) 8.25 × 10-2 

36. If h is the height of capillary rise and r be the radius of capillary tube, then which of the following relation will be correct? 
(a) hr = constant (b) 
[image: image1143.wmf]2
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37 If the radius of a soap bubble is four times that of another, then the ratio of their pressures will be: 

(a) 1: 4 (b) 4 : 1 (c) 16 : 1 (d) 1: 16

38 In a capillary tube experiment, a vertical 30 cm long capillary tube is dipped in water. The water rises upto a height of 10 cm due to capillary action. If this experiment is conducted in a freely falling elevator, the length of the water column becomes:

(a) 10 cm (b) 20 cm (c) 30 cm (d) zero

39 Water rises in a capillary tube to a height h. choose the false statement regarding a capillary rise from the following:
 (a) On the surface of Jupiter, height will be less then h.

(b) In a lift, moving up with constant acceleration, height is less than h. 

(c) On the surface of the moon, the height is more than h.

(d) In a lift moving down with constant acceleration, height is less than h.

(e) At the poles, height is less than that at equator.

Answers Key: - 

1 (c) 2 (d) 3 (d) 4 (c) 5 (c) 6 (a) 7 (c) 8 (a) 9 (c) 10 (b) 11 (c) 12 (d) 13 (b) 14 (c) 15 (c) 16 (b) 17 (b) 18 (d) 19 (c) 20 (a) 21 (a) 22 (b) 23 (a) 24 (d) 25 (c) 26 (a) 27 (c) 28 (a) 29 (b) 30 (b) 31 (d) 32 (a) 33 (a)34 (d) 35 (b) 36 (a) 37 (b) 38 (c) 39 (d))

Fluid Mechanics                                                                  Assignment-42
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1 As shown in the following figure, water squirts horizontally out of two small holes in the side of the cylinder and the two streams strike the ground at the same point. If the hole Q is at a height h above the ground and the level of water stands at height H above the ground, then the height of P above ground level is:

(a) 2 h (b) H/h (c) H - h (d) H/2

2 Vessel of area of cross-section A has liquid to a height H. There is a hole at the bottom of vessel having area of cross-section a. The time taken to decrease the level from H1 to H2 will be: 

(a) 
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3 A cylinder containing water stands on a table of height H. A small hole is punched in the side of cylinder at its base. The stream of water strikes the ground at a horizontal distance R from the table. Then the depth of water in the cylinder is:

(a) H (b) R (c) 
[image: image1147.wmf](RH)

 (d) R2/4H

4 If A denotes the area of free surface of a liquid and h the depth of an orifice of area of cross-section a, below the liquid surface, then the velocity ν of flow through the orifice is given by:

(a) 
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5 16 cm3 of water flows per second through a capillary tube of radius a cm and of length l cm when connected to a pressure head of h cm of water. If a tube of the same length and radius (a/2) cm is connected to the same pressure head the quantity of water flowing through the tube per second will be:

(a) 16 cm3 (b) 4 cm3 (c) 1 cm3 (d) 8 cm3
6 We have two (narrow) capillary tubes T1 and T2. Their lengths are l1 and l2 and radii of cross-section are r1 and r2 respectively. The rate of flow of water under a pressure difference P through tube T1 is 8 cm3/sec. If l1 2l2 and r1 = r2, what will be the rate of flow when the two tubes are connected in series and pressure difference across the combination is same as before (= P)? 

(a) 4 cm3/sec (b) (16/3) cm3/sec (c) (8/17) cm3/sec (d) none of these

7 In the Q. 6 if l1 = l2 and r1 = 2r2, what will be the rate of flow when the two tubes are connected in series and pressure difference across the combination is same as before?

(a) 4 cm3/sec (b) (16/3) cm3/sec (c) (8/17) cm3/sec (d) none of these

8 A volume V of a viscous liquid flows per unit time due to a pressure head ∆P along a pipe of diameter d and length l. Instead of this pipe, a set of four pipes each of diameter d/2 and length 2l are connected to the same pressure head ∆P. Now the volume of liquid flowing per unit time is:

(a) V/16 (b) V/8 (c) V/4 (d) V

9 A lead sphere of mass m falls in a viscous liquid with a terminal velocity ν0. Another lead sphere of mass 8 m will fall through the same liquid with a terminal velocity:
(a) ν0 (b) 4 ν0 (c) 8 ν0 (d) 64 ν0
10 Two equal drops are falling through air with a steady velocity of 5 cm/sec. If the drops coalesce, the new terminal velocity will be:

(a) 5 × 2 cm/sec (b) 5 × 
[image: image1149.wmf]2

cm/sec (c) 5 × (4)1/3 cm/sec (d)
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5

cm/sec

11 A flat plate of area 10 cm2 is separated from a large plate by a layer of glycerine 1mm thick. If the coefficient of viscosity of glycerine is 20 poise, the force required to keep the plate moving with a velocity of 1 cm/sec is:

(a) 80 dynes (b) 200 dynes (c) 800 dynes (d) 2000 dynes

12 We have two narrow capillary tubes T1 and T2. Their lengths are l1, l2 and radii of cross-sections are r1, r​2 respectively. The rate flow of water through T1 is 8 cm3 s-1, when the pressure difference across its ends is P. What will be the rate of flow of water through T2, under the same pressure difference, given that l1 = l2 and r1 = 2r2?

(a) 8 cm3 s-1 (b) 4 cm3 s-1 (c) 2 cm3 s-1 (d) 0.5 cm3 s-1
13 In the Q 12 the rate of flow of water through T1 is 8 cm3 s-1 when the pressure difference across its ends is P. What will be the rate of flow of water through T2, under the same pressure difference, given that 2l1 = l2 and r1 = r2?

(a) 8 cm3 s-1 (b) 4 cm3 s-1 (c) 2 cm3 s-1 (d) 1 cm3 s-1
14 In the Q 12 given that l1 = l2 and r1 = r2, the rate of flow of water through either tube under a pressure difference P is 8 cm3 s-1. If the two tubes are connected in series and same pressure is maintained across the combination, the rate of flow of water will be:

(a) 8 cm3 s-1 (b) 2 cm3 s-1 (c) 1 cm3 s-1 (d) None of these

15 In the Q12 the rate of flow of water under pressure P through tube T1 is 8 cm3 s-1. If l1 = 2l2 and r1 = r2, what will be the net rate of flow when both the tubes are connected in parallel to each other under the same pressure difference?

(a) 24 cm3 s-1 (b) 20 cm3 s-1 (c) 16 cm3 s-1 (d) 12 cm3 s-1+

16 In the Q 12 the rate of flow of water under pressure P through tube T1 is 8 cm3 s-1. If l1 = l2 and r1 2r2, what will be the net rate of flow when both the tubes are connected in parallel to each other under the same pressure difference?

(a) 24 cm3 s-1 (b) 20 cm3 s-1 (c) 16 cm3 s-1 (d) None of these

17 Air is streaming past a horizontal airplane wing such that its speed is 120 metre per sec over the upper surface and 90 metre per sec at the lower surface. If the density of air is 1.3 kg per metre3 and the wing is 10 metre long and has an average width of 2 meter, then the difference of the pressure on the two sides of the wing is:

(a) 4095.0 pascal (b) 409.50 pascal (c) 40.950 pascal (d) 4.0950 pascal
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18 Water is flowing through two horizontal pipes of different diameters which are connected together. The diameters of the two pipes are 3 cm and 6 cm respectively. If the speed of water in narrower pipe is 4 m/sec and the pressure is 2.0 × 104 pascal, then the speed of water in the wider pipe is:

 (a) 4 m/sec (b) 2 m/sec (c) 1 m/sec (d) 16 m/sec

19 A cylinder containing water upto a   height of 25 cm has a hole of cross-section 
[image: image1152.wmf]4
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 cm2 in its bottom. It is counterpoised in a balance. What is the initial change in the balancing weight when water begins to flow out?

(a) Increase of 12.5 gm-wt (b) Increase of 6.25 gm-wt 

(c) Decrease of 12.5 gm-wt (d) Decrease of 6.25 gm-wt
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20 An incompressible liquid flows through a horizontal tube as shown in the following figure. Then the velocity ν of the fluid is:

(a) 3.0 m/s (b) 1.5 m/s (c) 1.0 m/s (d) 2.25 m/s

21 A liquid is kept in a cylindrical vessel which is being rotated about a vertical axis through the centre of its circular base. If the radius of the vessel is r and angular velocity of rotation is ω, then the difference in the heights of its liquid at the centre of the vessel and the edge is: 

(a) 
[image: image1154.wmf]2

2

2

2

2

 

(d)

 

2gr

 

(c)

  

2

 

(b)

 

2

gr

g

r

g

r

w

w

w

w


 22 Water from a tap (at the end of a horizontal pipe) emerges vertically downwards with an initial speed of 1.0 m s-1. The cross-sectional area of the tap is 10-4 m2. Assume that the pressure is constant throughout the stream of water and the flow is steady, the cross-sectional area of the strem 0.15 m below the tap is:

(a) 5.0 × 10-4 m2 (b) 1.0 × 10-5 m2 (c) 5.0 × 10-5 m2 (d) 2.0 × 10-5 m2 

23 In the Q 21 the shape of the surface of the liquid is: 

(a) a parabola (b) a hemisphere (c) section of an ellipse (d) hyperbola

24 An air bubble of 1 cm radius is rising at a steady rate of 2.00 mm/sec through a liquid of density 1.5 gm per cm3. Neglect density of air. If g is 1000 cm/sec2 then the coefficient of viscosity of the liquid is:

(a) 0.166 × 103 poise (b) 166 × 103 poise (c) 1.66 × 103 poise (d) 16.6 × 103 poise

25 A cylindrical vessel of 92 cm height is kept filled upto the brim. It has four holes 1, 2, 3, 4 which are respectively at heights of 20 cm, 30 cm, 46 cm and 80 cm from the horizontal floor. The water falling at the maximum horizontal distance from the vessel comes from:

(a) hole no. 4 (b) hole no. 3 (c) hole no. 2 (d) hole no. 1
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26 Tanks A and B open at the top contain two different liquids upto a certain height in them. A hole is made in the wall of each tank at a depth h from the surface of the liquid. The area of the hole in A is twice that of in B. If the liquid mass flux through each hole is equal, then the ratio of densities of the liquids respectively is:

(a) 2/1 (b) 3/2 (c) 2/3 (d) 1/2
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27 The opening near the bottom of the vessel shown in figure has an area A. A disk is held against the opening to keep the liquid from running out. Let F1 be the net force on the disk applied by liquid and air in this case. Now the disc is moved away from the opening a short distance. The liquid comes out and strikes the disk in elastically. Let F2 be the force exerted by the liquid in this condition. Then F1/F2 is:

(a) 
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 (b) 1 (c) 
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28 A small hole is made at the bottom of a symmetrical jar as shown in figure. A liquid is filled into the jar upto a certain height. The rate of descension of liquid is independent of the level of the liquid in the jar. Then the surface of the jar is a surface of revolution of the curve:

 (a) y = kx4 (b) y = kx2 (c) y = kx3 (d) y = kx5
29 There are two identical small holes of area of cross-section a on the opposite sides of a tank containing a liquid of density ρ. The difference in height between the holes is h. The tank is resting on a smooth horizontal surface. Horizontal force which has to be applied on the tank to keep it in equilibrium is:
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 30 Equal volumes of two immiscible liquids of densities ρ and 1ρ are filled in a vessel as shown in figure. Two small holes are punched at depth h/2 and 3h/2 from the surface of lighter liquid. If ν1and ν2 are the velocities of the efflux at these two holes, then ν1/ ν2 is: (a) 
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31 A gas flows with a velocity ν along a pipe of cross-sectional area S and bent with an angle of 90o at a point A. What force does the gas exert on the pipe at A if its density is ρ?
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32 A light cylindrical vessel is kept on a horizontal surface. Its base area is A. a hole of cross-sectional area a is made just at its bottom side. The minimum coefficient of friction necessary for sliding of the vessel due to the impact force of the emerging liquid is (a << A): 
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 (a) Varying (b) a/A (c) 2a/A (d) none of these

33 In the figure shown, a liquid is flowing through a tube at the rate of 0.1 m3/sec. The tube is branched into two semicircular tubes of cross-sectional area A/3 and 2A/3. The velocity of liquid at Q is (The cross-section of the main tube = A = 10-2 m2 and νp = 20 m/sec):

(a) 5 m/sec (b) 30 m/sec (c) 35 m/sec (d) none of these
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34 From a water reservoir, water is coming out through a vertical conical tube with upper end of radius R and lower end of radius r. The length of the tube is l as shown in the figure. The velocity of water coming through the upper end of the tube: (ignore the height of water column in the reservoir)
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35 A cylindrical, tank is filled with water to a level of 3 m. A hole is opened at a height of 52.5 cm from bottom. The ratio of the area of the hole to that of cross-sectional area of the cylinder is 0.1. Find the square of the velocity with which water is coming out: (g = 10 m/sec2)

(a) 50 m2/sec2 (b) 40 m2/sec2 (c) 51.5 m2/sec2 (d) 50.5 m2/sec2
36 Two capillaries of length L and 2L and of radii R and 2R are connected in series. The net rate of flow of fluid through them will be: (given rate of the flow through single capillary X = πPR4/8ηL)

(a) 8/9X (b) 9/8X (c) 5/7 X (d) 7/5 X

37 If the terminal speed of a sphere of gold (density = 19.5 kg/m3) is 0.2 m/s in a viscous liquid (density 1.5 kg/m3) find the terminal speed of a sphere of silver (density 10.5 kg/m3) sof the same size in the same liquid:

(a) 0.2 m/s (b) 0.4 m/s (c) 0.133 m/s (d) 0.1 m/s

38 A body of density D1 and mass M is moving downwards in glycerine of density D2. What is the viscous force acting on it?
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39 Water flows steadily through a horizontal pipe of variable cross-section. If the pressure of water is P at a point where flow speed is 
[image: image1169.wmf]n

, the pressure at another point where the flow speed is 2
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, is: (Take density of water as ρ) 

(a) 
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Fluid Mechanics (II) Assignment (Objective) numerical bank in physics   Assignment Answer key: - 1 (c) 2 (a) 3 (d) 4 (b) 5 (c) 6 (b) 7 (c) 8 (b) 9 (b) 10 (c) 11 (d) 12 (d) 13 (b) 14 (d) 15 (a) 16 (d) 17 (a) 18 (c) 19 (c) 20 (c) 21 (b) 22 (c) 23 (a) 24 (c) 25 (b) 26 (d) 27 (a) 28 (a) 29 (c) 30 (d) 31 (b) 32 (c) 33 (d) 34 (a) 35 (a) 36 (a) 37 (d) 38 (a) 39 (a)
Heat & Thermometry             school level                     Assignment-43
1. A faulty thermometer has its fixed points marked as 5o and 95o. Temperature of a body as measured by the faulty thermometer is 59o. Find the correct temperature of body on Celsius scale. Ans = 60oC

2. Two ideal gas thermometers A and B use oxygen and hydrogen respectively. The following observations are made:

	    Temperature 
	     Pressure

Thermometer A
	      Pressure

Thermometer B

	Triple-point of water

Normal melting Pt of sulphur
	1.250 × 105 Pa

1.797 × 105 Pa
	0.200 × 105 Pa

0.87 × 105 Pa


(a) What is the absolute temperature of normal melting point of sulphur as read by thermometers  

 A and B?

(b) What do you think is the reason for slightly different answers from A and B?

    Ans = (i) 392.46 K (ii) 391.75 K
3. Railway lines are laid with gaps to allow for expansion. If the gap between steel rails 66 m long be 3.63 cm at 10oC, then at what temperature will the lines just touch? Coefficient of linear expansion of steel = 11 × 10-6 oC-1. Ans = 60oC

4. A large steel wheel is to be fitted onto a shaft of the same material. At 27oC, the outer diameter of the shaft is 8.70 cm and the diameter of the central hole in the wheel is 8.69 cm. The shaft is cooled using ‘dry ice’ (solid carbon dioxide). At what temperature of the shaft does the wheel slip on the shaft? Assume coefficient of linear expansion of the steel to be constant over the required temperature range.  αsteel = 1.20 × 10-5 K-1.  Ans = - 68.8oC.

5. A steel tape 1m long is correctly calibrated for a temperature of 27.00 C. The length of the steel rod measured by this tape is found toe be 63.0cm on a hot day when temperature I 45.0o C. What is the length of the same steel rod when the temperature is 27.0o C. coefficient of linear expansion of steel is 1.20×10-5 0C-1?   Ans: length of the steel rod on the hot day is 63.0136cm, as steel rod is calibrated for a temperature of 270C, so the length of steel rod at 270C =63cm.

6. A brass rod of length 50 cm and diameter 3.0 mm is joined to a steel rod of the same length and diameter. What is the change in length of the combined rod at 250oC, if the original lengths are at 40.0oC? Is there a ‘thermal stress’ developed at the junction? The ends of the rod are free to expand. Coefficient of linear expansion of brass = 2.0 × 10-5 oC-1 and that of steel = 1.2 × 10-5 oC-1.  

Ans = 0.34 cm,  no; as rods are expanded freely.

7. A clock with an iron pendulum keeps correct time at 20oC. How much will it lose or gain if temperature changes to 40oC? Coefficient of cubical expansion of iron = 36 × 10-6 oC-1. 
Ans = time lost in 24 hours=10.368 s

8. A metal ball 0.1 m in radius is heated from 273 to 348 K. Calculate the increase in surface area of the ball. Given coefficient of superficial expansion = 0.000034 K-1. Ans = 3.206 × 10-4 m2
9. If the volume of a block of metal changes by 0.12%, when it is heated through 20oC, what is the coefficient of linear expansion of metal? Ans = 2.0 × 10-5 oC-1
10. The coefficient of volume expansion of glycerine is 49 × 10-5 oC-1. What is the fractional change in its density for a 30oC rise in temperature? Ans =0.0147

11. A geyser heats water flowing at the rate of 3.0 liters per minute from 27oC to 77oC. If the geyser operates on a gas burner, what is the rate of consumption of the fuel if its heat of combustion is

4.0 × 104J/g? Ans = 15.75 g min-1
12. A sphere of aluminium of 0.047 kg is placed for sufficient time in a vessel containing boiling water, so that the sphere is at 100oC. It is then immediately transferred to 0.14 kg copper calorimeter containing 0.25 kg of water at 200C. The temperature of water rises and attains a steady state at 23oC. Calculate the specific heat capacity of aluminium. Ans = 0.911 kJ kg-1 K-1
13. In an experiment on the specific heat of a metal, a 0.20 kg block of the metal at 150oC is dropped in a copper calorimeter (of water equivalent 0.025 kg) containing 150 cm3 of water at 27oC. The final temperature is 40oC. Compute the specific heat of the metal. Ans = 0.1 cal g-1 oC-1
14. When 0.15 kg of ice of 0oC mixed with 0.30 kg of water at 50oC in a container, the resulting temperature is 6.7oC. Calculate the heat of fusion of ice. (cwater = 4186 Jkg-1 K-1) 

Ans = Lf = 3.34 × 105 J Kg-1
15. Calculate the heat required to convert 3 kg of ice at -12oC kept in a calorimeter to steam at 100oC at atmospheric pressure. Given: specific heat capacity of ice = 2100 J kg K-1, specific heat capacity of water = 4186 J kg K-1, latent heat of fusion of ice = 3.35 × 105 J kg K-1 and latent heat of steam = 2.256 × 106 J kg K-1. Ans = 9.1 × 106 J 
16. A ‘thermocole’ cubical icebox of side 30 cm has a thickness of 5.0 cm. If 4.0 kg of ice are put in the box, estimate the amount of ice remaining after 6h. The outside temperature is 45oC and coefficient of thermal conductivity of thermocole = 0.01 js-1 m-1 oC-1. Given heat of fusion of water = 335 × 103 J kg K-1      Ans = 3.687 kg

17. A brass boiler has a base area of 0.15 m2 and thickness. 1.0 cm. It boils water at the rate of 6.0 kg min-1, when placed on a gas stove. Estimate the temperature of the part of the flame in contact with the boiler. Thermal conductivity of brass = 109 Js-1 m-1 oC-1 and heat of vaporization of water = 2256 Jg-1.   Ans = 238oC. 

18. A layer of ice 2 cm thick is formed on a pond. The temperature of air is - 20oC. Calculate how long it will take for the thickness of ice to increase by 1 mm. Density of ice = 1g cm-3. Latent heat of ice = 80 cal g-1. Conductivity of ice = 0.008 cal s-1 cm-1 oC-1.    Ans: t=102.5s.
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19. Two metal cubes A and B of same size are arranged as shown Fig. The extreme ends of the combination are maintained at the indicated temperatures. The arrangement is thermally insulated. The co-efficient of thermal conductivity of A and B are 300W/moC and 200 W/m oC, respectively. After steady state is reached, what will be the temperature T of the interface? 

Ans: T = 60oC       
20. An electric heater is used in a room of total wall area 137 m2 to maintain a temperature of +20oC inside it, when the outside temperature is -10oC. The walls have three different layers materials. The innermost layer is of wood of thickness 2.5 cm, the middle layer is of brick of thickness 25.0 cm. Find the power of the electric heater. Assume that there is no heat loss through the floor and the ceiling. The thermal conductivities of wood, cement and brick are 0.125, 1.5 and 1.0 watt/m/oC respectively.         Ans = 9000 W
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21. An iron bar (L1 = 0.1 m, A1 = 0.02 m2, K1 = 79 W m-1 K-1) and a brass bar (L2 = 0.1 m, A2 = 0.02 m2, K2 = 109 W m-1 K-1) are soldered end to end as shown in Fig. The free ends of the iron bar and brass bar are maintained at 373 K and 273 K respectively. Obtain expressions for and hence compute (i) the temperature of the junction of the two bars, (ii) the equivalent thermal conductivity of the compound bar(iii)  the heat current through the compound bar.

Ans = (i) 315 K (ii) 91.6 m-1 K-1 (iii) 916.1 W

22. A body cools from 80oC to 50oC in 5 minutes. Calculate the time it takes to cool from 60oC to 30oC. The temperature of the surrounding is 20oC. Ans = 9 min

23. A body cools in 7 minutes from 60oC to 40oC. What will be its temperature after the next 7 minutes? The temperature of the surroundings is 10oC. Assume that Newton’s law of cooling holds well throughout the process. Ans = 28oC 

24. A thin brass rectangular sheet of sides 15cm and 12cm is heated in a furnace to 600o C and taken out. How much electric power is need to maintain this sheet at this temperature, given its emissivity is 0.0250? Neglect hat loss due to convection. (Stefan- Boltzmann constant, =5.67 ×10-8 Wm-2K-4 )

Ans: 296W.
25. A spherical body with radius 12cm radiates 450W power at 500K. If the radius were halved and the temperature doubled, what would the power radiated?                 Ans: 1800W.

26. An indirectly heated filament is radiating maximum energy of wavelength 2.16× 10-5 cm. find the net amount of heat energy lost per second per unit area, the temperature of the surrounding air is 130 C. Given b=0.288cm, =5.77 ×10-5 erg s-1 cm-2 K-4.             Ans: 1.824 ×1012 ergs-1cm-2.

27. Two large holes are cut in a metal sheet. If the sheet is heated, how will the diameters of the holes change? Ans = When a body is heated, the distance between any of its two points increases. Hence the diameters AB and CD of the two holes will increase.
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28. Answer the following questions based on the P-T phase diagram of carbon dioxide as shown in Fig 

(i)At what temperature and pressure can the solid, liquid and vapor phases of CO2 co-exist in equilibrium? 

(ii) What is the effect of decrease of decrease of pressure on the fusion and boiling point of CO2? (iii) What are the critical temperature and pressure for CO2?

(iv) Is CO2 solid, liquid or gas at (a) - 70oC under 1 atm.

(b) -60oC under 10 atm., (c) 15oC under 56 atm? 
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29. The P-V diagram, for a cyclic process is a 

Triangle ABC drawn in order. The coordinates of A, B,C are (4,1), (2,4) and (2,1). The coordinates are in the order P, V. Pressure is in Nm-2 and volume is in litre. Calculate the work done during the process from A to B, B to C and C to A. Also calculate the work done in the complete cycle. 
Ans = (i) 9 × 10-3J (ii) 6 × 10-3J (iii)o (iv) 3 × 10-3J

30. In changing the state of a gas adiabatically from an equilibrium state A to another equilibrium state B, an amount of work equal to 22.3 J is done on the system. If the gas is taken from state A to B via a process in which the net heat absorbed by the system is 9.35 cal, how much is the net work done by the system in the latter case? Ans = 16.9J

31. An electric heater supplies heat to a system at a rate of 100 W. If system performs work at a rate of 76 joules per second, at what rate is the internal energy increasing?  25 W

32. The volume of steam produced by 1 g of water at 100oC is 1650 cm3. Calculate the change in internal energy during the change of state. Given J = 4.2 × 107 erg cal-1, g = 981 cm s-2. Latent heat of steam = 540 cal g-1. Ans = 2.1 × 10-10 erg

33. A metal of mass 1 kg at constant atmospheric pressure and at initial temperature 20oC is given a heat of 20000 J. Find (i) change in temperature, (ii) work done and (iii) change in internal energy.

Ans = (i) 50oC (ii) 0.05 J (iii) 19999.95 J

34. Calculate the difference between the two principal specific heats of 1 g of helium gas at S. T. P. Given atomic weight of helium = 4 and J = 4.186 J cal-1. Ans = 0.496 cal g-1 K-1
35. An ideal gas has a specific heat at a constant pressure, Cp = (5/2) R. The gas is kept in a closed vessel of volume 0.0083 m3 at a temperature of 300 K and a pressure of 1.6 × 106 Nm-2. An amount of 2.49 × 104 J of heat energy is supplied to the gas. Calculate the final temperature and pressure of the gas. Ans = 3.6 × 10-6 Nm-2
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36. If, at 50o C and 75 cm of mercury pressure, a definite mass of a gas is compressed (i) slowly, (ii) suddenly, then what will be the final pressure and temperature of the gas in each case if the final volume is one-fourth of the initial volume? (γ = 1.5).
 Ans = (i) 50oC (ii) 600 cm of Hg.

37. Two different adiabatic parts for the same gas intersect two isothermals at T1 and T2 as shown in P -V diagram, Fig How does the ratio (Va/Vd) compared with the ratio (Vb / Vc)?

38. Three moles of an ideal gas kept at a constant temperature of 300 K are compressed from a volume of 4 litres to 1 litre. Calculate the work done in the process. Given R = 8.31 J mol-1 K-1.

Ans = 1.037 × 104J

39. A cylinder containing one gram molecule of the gas was compressed adiabatically until its temperature rose from 27oC to 97oC. Calculate the work done and heat produced in the gas. 

Given γ = 1.5.  Ans = 276.67 cal

40. A sample of gas (γ = 1.5) is compressed adiabatically from a volume of 1600 cm3 to 400 cm3. If the initial pressure is 150 kPa, what is the final pressure and how much work is done on the gas in the process?   Ans = 1200 kPa, -480 J

41. The efficiency of a Carnot cycle is 1/6. If on reducing the temperature of the sink by 65oC, the efficiency becomes 1/3, find the initial and final temperatures between which the cycle is working.  Ans = T1 = 390 K = 117oC, T2 = 325 K = 52oC

42. An ideal engine operates by taking in steam from a boiler at a temperature of 327oC. The engine is rejecting heat to the sink at a temperature of 27oC. The engine runs at 500 rpm and the heat taken is 600 kcal in each revolution. Calculate (i) the Carnot efficiency of the engine (ii) the work done in each cycle (iii) the heat rejected in each revolution and (iv) the power output of this engine. 
Ans = 1.05 × 104 kW.

43. Five moles of an ideal gas are taken in a Carnot engine working between 100oC and 30oC. The useful work done in one cycle is 420 joule. Calculate the ratio of the volume of the gas at the end and beginning of the isothermal expansion. R = 8.4 J mole-1 k-1.Ans = 1.153

44. A Carnot cycle is performed by air initially at 327oC. Each stage represents a compression or expansion in the ratio 1: 6. Calculate (i) the lowest temperature and (ii) efficiency of the cycle. Given γ = 1.4.  Ans = (i) 293 K or 20oC (ii) 51.2%
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45. (i) Calculate the least amount of work that must be done to freeze one gram of water at 0oC by mans of a refrigeration machine. The temperature of the surrounding is 27oC. (ii) How much heat is passed on to the surroundings in the process?
 Ans = (i) 7.91 cal (ii) 87.91 cal

46. How much energy in watt hour may be required to convert 2kg of water into ice at 0oC, assuming that the refrigerator is ideal? Given temperature of freezer is - 15oC, room temperature is 25oC and initial temperature of water is 25oC. Ans = 36.96 Wh

47. A Carnot engine having a perfect gas as the working substance is driven backward and is used for freezing water already at 0oC. If the engine is driven by a 500 W electric motor having an efficiency of 60%, how long will it take to freeze 15kg of water. Take 150C and 0oC as the working temperatures of the engine and assume these are no heat losses in the refrigerating system. Latent heat of ice = 333 × 103Jkg-1.    Ans = 914.8 s.

48. A narrow uniform glass tube 80 cm long and open a both ends is half immersed in mercury. 
Then the top of the tube is closed and it is taken out of mercury. A column of mercury 22 cm long then remains in the tube. What is the atmospheric pressure? Ans = 70.9 cm

49. A gas at 27oC in a cylinder has a volume of 4 liters and pressure 100 Nm-2 (i) Gas is first compressed at constant temperature so that the pressure is 150 Nm-2. Calculate the change in
 Volume (ii) It is then heated at constant volume so that temperature becomes 127oC. Calculate the new pressure.  Ans = 1.333 litre (ii) 200 Nm-2
50. Estimate the total number of molecules inclusive of oxygen, nitrogen, water vapour and other constituents in a room of capacity 25.0 m3 at a temperature of 27oC and 1 atmospheric pressure. 
 Ans = 6.117 × 1026
51. A vessel contains two non-reacting gases: neon (monatomic) and oxygen (diatomic). The ratio of their partial pressure is 3:2. Estimate the ratio of (i) number of molecules and (ii) mass density of neon and oxygen in the vessel. Atomic number of Ne = 20.2, molecular mass O2 = 32.0. 
Ans = 0.947

52. A closed container of volume 0.02 m3 contains a mixture of neon and argon gases at 27oC temperature and 1.0 × 105 Nm-2 pressure. If the gram-molecular weight of neon and argon are 20 and 40 respectively, find the masses of the individual gases in the container, assuming them to be ideal. (R = 8.314 J mol-1 K-1). Total mass of the mixture = 28 g.   Ans = 23.93 g

53. (a) Calculate (i) the root mean square speed and (ii) the mean kinetic energy of one gram molecule of hydrogen at S.T.P. Given that the density of hydrogen at S.T.P. is 0.09 kg m-3 and R = 8.31 J mole-1 K-1.

(b) Given that the mass of a molecule of hydrogen is 3.34 × 10-27 kg, calculate Avogadro number.

(c) Calculate Boltzmann’s constant

Ans = 1837.5 ms-1 (ii) 3.4 × 103 m3 (b) 6.03 × 1023 (c) 1.38 × 10-23 JK-1
54. A flask contains argon and chlorine in the ratio of 2:1 by mass. The temperature of the mixture is 27oC. Obtain the ratio of (i) average kinetic energy per molecule, and (ii) root mean square speed (vrms) of the molecules of the two gases. Atomic mass of argon = 39.9 u; Molecular mass of chlorine = 70.9 u  Ans =(i)1:1 (ii)  1.333

55. Two perfect gases at absolute temperatures T1 and t2 are mixed. There is no loss of energy. Find the temperature of the mixture if the masses of the molecules are m1 and m2 and the number of molecules in the gases are n1 and n2 respectively. Ans : 
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56. The r.m.s. velocity of hydrogen at S.T.P. is u ms-1. If the gas is heated at constant pressure till its volume is three fold, what will be its final temperature and the r.m.s. velocity? 

Ans =819K, 
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57. At what temperature is the r.m.s. velocity of hydrogen molecule equal to that of an oxygen molecule at 47oC? Ans = 20 K

58. How many degrees of freedom are associated with 2 gm of helium at N.T.P? Calculate the amount of heat energy required to raise the temperature of this amount from 27oC to 127oC. Given Boltzmann’s constant = 1.38 × 10-16 erg molecule-1 K-1 and Avogadro’s number = 6.02 × 1023.

 Ans = 623.1 J

59. What amount of heat must be supplied to 2.0 × 10-2 kg of nitrogen at room temperature to raise its temperature by 45oC at constant pressure? Given molecular weight on N2 is 28 and R = 8.3 J mol-1 K-1 and Cv (diatomic gases) = 
[image: image1180.wmf]2
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R. Ans = 933.75 J

60. A cylinder of fixed capacity 44.8 liters contains helium gas at standard pressure and temperature. What is the amount of heat needed to raise the temperature of the gas by 15.0oC? R = 8.31 J mol-1 K-1.  Ans = 373.95 J

61. One mole of monatomic gas is mixed with three moles of diatomic gas. What is the molecular specific heat of the mixture at constant volume? Take R = 8.31 J mol-1 k-1.

 Ans = 18.7 J mole-1 K-1
62. One mole of ideal monatomic gas (γ = 5/3) is mixed with one mole of diatomic gas (γ = 7/5). What is γ for the mixture? Here γ denotes the ratio of specific heat at constant pressure to that at constant volume.   Ans = 1.5

63. A gaseous mixture enclosed in a vessel contains 1 gram mole of a gas A (with γ = 5/3) and another gas B (with γ = 7/5) at a temperature T. the gases A and B do not react with each other and assumed to be ideal. Find the number of gram moles of B if γ for the gaseous mixture is 19/13. 

Ans: n = 2.

64. Estimate the mean free path and collision frequency of a nitrogen molecule in a cylinder containing nitrogen at 2.0 atm and temperature 17oC. Take the radius of a nitrogen molecule to be roughly 1.0.Å compare the collision time successive collisions (Molecular mass of N2 =28.0u) 

Ans = 1.1×10-7m, 4.6×109 Hz. Time taken for collision=4×10-13s, time between two successive collisions=2×10-10sec.

Heat& thermodynamics                                                         Assignment-44
1 CP > CV, as in the case of CP:

(a) More heat is required to increase the internal energy (b) Heat is required to do work against external pressure also (c) More heat is required to do external work

(d) More heat is required to do external work as well as for increase in internal energy

2 When heat is added to a system, which of the following is not possible?

(a) Internal energy of the system increase (b) Work is done by the system (c) Neither internal energy increases nor work is done by the system (d) Internal energy increases and also work is done by the system

3 A reversible engine converts one-sixth of the heat input into work. When the temperature of the sink is reduced by 62oC, the efficiency of the engine is doubled. The temperatures of the source and sink are:
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 (a) 99oC, 37oC (b) 80oC, 37oC (c) 95oC, 37oC (d) 90oC, 37oC

4 A sample of an ideal gas is taken through a cycle as shown in fig. It absorbs 50 J of energy during the process AB, no heat during BC, rejects 70 J during CA. 40 J of work is done on the gas during BC. Internal energy of gas at A is 1500 J, the internal energy at C would be: 

 (a) 1590 J (b) 1620 J (c) 1540 J (d) 1570 J

5 70 calories of heat are required to raise the temperature of 2 moles of an ideal gas at constant pressure from 30oC. The amount of heat required to raise the temperature of the same gas through same range (30oC to 35oC) at constant volume is: 
(a) 30 cal (b) 50 cal (c) 70 cal (d) 90 cal

6 Four moles of hydrogen, two moles of helium and one mole of water vapor form an ideal gas mixture. What is the molar specific heat at constant pressure of mixture? 
(a) 
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7 Two samples A and B having same composition and initially at the same temperature and pressure are compressed from a volume V to 
[image: image1183.wmf]2
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, the sample A isothermally and the sample B adiabatically. The final pressure of:
 (a) A is greater than B (b) A is lesser than B (c) A is equal to that of B (d) A is twice that of B

8 Two identical containers A and B with frictionless pistons contain the same ideal gas at the same temperature and the same volume V. The mass of gas in A is mA and that in B is mV. The gas in each cylinder is now allowed to expand isothermally to the same final volume 2V. The changes in pressure in A and B are found to be ΔP and 1.5 ΔP respectively. Then: 
(a) 4mA = 9mB (b) 2mA = 3mB (c) 3mA = 2mB (d) 9mA = 4mB
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9 1 mole of a gas having 
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[image: image1186.wmf]3

4

=

g

. What will be the γ for the mixture?

 (a) 
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10 The PV diagram of a certain process (Carnot cycle) is as shown in the fig. The process is represented as:
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11 n moles of an ideal gas undergo a process A → B as shown in the fig. Maximum temperature of the gas during is:

 (a) 
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12 A gas undergoes a process in which its pressure P and volume V are related as VPn = constant. The bulk modulus of the gas in this process is:
 (a) nP (b) P1/n (c) 
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13 The relation between internal energy U, pressure P and volume V of a gas in an adiabatic process is: U = a + b PV where a and b are constants. What is the value of the ratio of the specific heats?

(a) 
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14 The diagram shows four thermodynamic cycles, in which 2-3 and 4-1 are adiabatic process. In all the cycles the point 1, 2, 3, 4 are at the same temperature T1, T2, T3, T4 respectively.
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Which cycle has the maximum efficiency?
 (a) I (b) II (c) III (d) IV

15 In the previous question, which cycle has the minimum efficiency?
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 (a) I (b) II (c) III (d) IV

16 Fig shows a parabolic graph between temperature T and 
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(V for volume) for a mixture of a gas undergoing an adiabatic process. What is the ratio of vrms and speed of sound in the mixture? 
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17 Internal energy of n1 moles of hydrogen at temperature T is equal to the internal energy of n2 moles 
of helium at temperature 2T. Then the ratio
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18 If 2 moles of an ideal monatomic gas at temperature T0 is mixed with 4 moles of another ideal monatomic gas at temperature 2T0, then the temperature of the mixture is:
(a) 
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19 Three samples of the same gas A, B and C 
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have initially equal volume. Now the volume of each sample is doubled. The process is adiabatic for A isobaric for B and isothermal for C. If the final pressure is equal for all three samples, the ratio of their initial pressure is: 

(a) 2
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20 P-V diagram of a diatomic gas is a straight line passing through origin. The molar heat capacity of the gas in the process will be: (a) 4R (b) 2.5 R (c) 3R (d) 
[image: image1207.wmf]R

3

4


21 Pressure versus temperature graphs of an ideal gas are as shown below. Choose the wrong statement:
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(a) Density of gas increasing in graph (i) (b) density of gas is decreasing in graph (ii)

(c) Density of gas is constant in graph (iii)(d) none of these
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22 Pressure versus temperature graph of an ideal gas of equal number of moles of different volumes are plotted as shown in fig. Choose the correct alternative: 
(a) V1 = V2, V3 = V4 and V2 > V3 
(b) V1 = V2, V3 = V4 and V2 < V3 
(c) V1 = V2 = V3 = V4
(d) V4 > V3 > V2 >V1
23 A gas is expanded to double its volume by two different processes. One is isobaric and the 
Other is isothermal. Let W1 and W2 be the respective work done, then:

(a) W2 = W1ln (b) 
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(d) data is insufficient

24 Heat is supplied to a diatomic gas at constant pressure. The relation ΔQ: ΔU: ΔW is:

 (a) 5: 3: 2 (b) 5: 2: 3 (c) 7: 5: 2 (d) 7: 2: 5

25 Temperature of 1 mole of an ideal gas is increased form 300 K to 310 K under isochoric process. Heat supplied to the gas in this process is Q = 25 R where R = universal gas constant. What amount of work has to done by the gas if temperature of the gas decreases from 310 K to 
300 K adiabatically:
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 (a) 10 R (b) 50 R (c) 25 R (d) 
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 26 A thermodynamic system undergoes cyclic process ABCDA as shown in Fig. The work done by the system is:

 (a) P0V0 (b) 2P0V0 (c) 
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 More than choice question 
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1 A thermally insulated chamber of volume 2V0 is divided by a frictionless piston of area S into two equal parts A and B. Part A has an ideal gas at pressure P0 and temperature T0 and in part B is vacuum. A mass less spring of force constant k is connected with piston and the wall of the container as show. Initially spring is unstretched. Gas in chamber A is allowed to expand. Let in equilibrium spring is compressed by x0. Then:

 (a) Final pressure of the gas is 
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(b) Work done by the gas is 
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 (c) Change in internal energy of the gas is 
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(d) Temperature of the gas is decreased 

2 In the arrangement shown in fig. Gas is thermally insulated> An ideal gas is filled in the cylinder having pressure P0 (> atmospheric pressure Pa). Spring of force constant k is initially unstretched piston rises up a distance x0, then:

(a) Final pressure of the gas is Pa + 
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 (b) Work done by the gas is
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 (c) Decreases in internal energy of the gas is 
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3 P- V diagram of a cyclic process ABCA is as shown in fig. Choose the correct statement (s):

(a) ΔQA →B = negative 
(b) ΔUB →C = Positive
(c) ΔUC →A = negative 
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(d) ΔWCAB = negative

4 A gas undergoes the change in its state from position A to position B via three different paths as shown in fig.

 (a) Change in internal energy in all the three paths is equal
 (b) In all the three paths heat is absorbed by the gas 
(c) Heat absorbed/released by the gas is maximum in path 1 
(d) Temperature of the gas first increases and then decreases continuously in path 1
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5 During the process A-B of an ideal gas:

(a) Work done on the gas is zero
 (b) Density of the gas is constant 
(c) slops of line AB from the T-axis is inversely proportional to the number of moles of the gas 
(d) Slope of line AB from the T-axis is directly proportional to the number of moles of the gas
6 One mole of an ideal monatomic gas is taken from A to C along the path ABC. The temperature of the gas at A is T0. For the process ABC

(a) Work done by the gas is RT0 
(b) Change in internal energy of the gas is 
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(c) Heat absorbed by the gas is 
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 (d) Heat absorbed by the gas is 
[image: image1228.wmf]2
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 7 n moles of a monatomic as undergoes a cyclic process ABCDA as shown in fig. Process AB is isobaric, BC is adiabatic, CD is isochoric and DA is isothermal. The maximum and minimum temperature in the cycle is 4T0 and T0 respectively. Then:

(a) TB > TC > TD 
(b) Heat is released by the gas in the process 
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(c) Heat is supplied to the gas in the process AB

(d) Total heat supplied to the gas is 2nRT0 in (2)

8 For a gas is CP is the specific heat at constant pressure CV is the specific heat at constant volume, R is the Universal Gas constant and f be the degrees of freedom then:
 (a) 
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Comprehension- I
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An experiment was performed using a piston-cylinder arrangement and different types of ideal gas. A plot of work done (W) versus heat supplied (Q) is plotted. It is known that one of he straight line in the 

fig. represents isothermal process and the other two represent isobaric process for two different gases. Further, it is given that the initial states of the two gases subjected to isobaric process are same.

1 The straight line representing isothermal process is:

(a) 1 (b) 2 (c) 3 (d) Information is not sufficient

2 If it is known that one gas is argon and the other is nitrogen ten plots corresponding to these gases are:

(a) 2 → Ar, 3 → N2 (b) 2 → N2, 3 → Ar (c) 1 → Ar, 2 → N2 (d) 2 → Ar, 1 → N2
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3 Which process will have greater slope than that of plot 3:

 (a) Adiabatic (b) Isobaric (c) Isochoric (d) Isothermal

Comprehension - II

Consider the PT cycle shown in the fig. The pressure varies two times within the cycle. The heat received by the gas in the process 1-2 is equal to the heat received in the process 3-4. The process is done on one mole of monoatomic gas.1 Heat released in the process 2-3 is:

(a) 0.5 RT0 (b) RT0 (c) 1.5 RT0 (d) 2.5 RT0
2 PV diagram for process is:
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3 In the previous question, if the maximum pressure is P then what is the pressure at the intersection point? 
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 Comprehension-III

An ideal gas expands from initial volume V0 = 1 m3 and pressure P0  = Nm-2 to final volume 3m2 along two difference path ABC and AC as shown in fig. Further, it is given that heat added to the gas along the path ABC is 6J

1 Work done by the path ABC is:
(a) 1 J (b) 2 J (c) 3 J (d) None of these

2 Work done by the gas along the path AC is:
(a) 1 J (b) 2 J (c) 3 J (d) None of these

3 Heat transfer in the process along path AC is
(a) 2 J (b) 3 J (c) 4 J (d) 5 J

4 Corresponding P-T diagram is:

 [image: image1237.png]) None of theso.




Comprehension-IV
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 0.01 moles of an ideal diatomic gas is enclosed in an adiabatic cylinder of cross-sectional area A = 10-4 m2. In the arrangement shown, a block of mass M = 0.8kg is placed on a horizontal suspended from a spring of stiffness constant k = 16 N/m. Initially, the spring is relaxed and the volume of the gas is V = 1.4 × 10-4 m3. Take atmospheric pressure p0 = 105 Nm-2, g = 10 ms-2
1 Find the initial pressure of the gas

(a) 4 × 105 N/m2 (b) 2 × 105 N/m2 (c) 2× 109 N/m2 (d) none of these

2 If block m is gently pushed down and released it oscillates harmonically, find its angular frequency of oscillation

(a) 12 rad/s (b) 8 rad/s (c) 6 rad/s (d) none of these

3When the gas in the cylinder is heated up the piston starts moving up nad the spring gets compressed so that the block M is just lifted up. Determine the heat supplied
(a)  75 J (b) 12 J (c) 63 J (d) None of these
These questions contains entries under Column-I and Column-II. Match the entries of column. An entry from Column-I may match to many entries of Column-II and vice-versa.
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Answer Key – 

1.b 2. c 3. a 4. a5. b 6. d 7.b 8. c 9. c 10. c 11. b 12. c 13. b 14. d 15. c 16. b 17. c 18. a 19. b 20. c 21. c 22. a 23. a 24. c 25. c 26. d 

More Than one choice question –

1. a,b,c,d 2.a,c 3. a,b,d 4. a,b,c 5. a,b,d 6. a 7. a,b,c 8. a,b 

CI 1.c 2. d 3. a 

CII 1.b 2. d 3. c 

CIII 1. c 2. b 3. d 4. b 

CIV 

Matrix   I . (i)- b (ii)-c (iii) -a (iv)-d                     II. (i)-d (ii) –c (iii)-b (iv) –a 

    Thermal expansion & heat transfer                     Assignment-45
1 A metal ball immersed in alcohol weighs w1 at 0oC and w2 at 500C. The coefficient of cubical expansion of the metal is less than that of alcohol. Assuming that density of metal is large as compared to that of alcohol, it can be shown that  (a) w1 > w2 (b) w1 = w2 (c) w1 < w2 (d) w = w1/2

2 If 1 g of steam is mixed with 1 g of ice, the resultant temperature of the mixture is:

(a) 270oC (b) 230oC (c) 100oC (d) 50oC

3 A block of ice at- 10oC is slowly heated and converted to steam at 100oC. Which of the following curves represents the phenomenon qualitatively?
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4 Which of the following cylindrical rods will conduct most heat, when their ends are maintained at the same steady temperature?

(a) length 100 cm, radius 1 cm (b) length 100cm, radius 2 cm 
(c) length 200 cm, radius 2cm (d) length 200 cm, radius 1 cm

5 Heat is flowing through the cylindrical rods of the same material. The diameters of the rods are in the ratio 1: 2 and their lengths are in the ratio 2:1. If the temperature difference between their ends is the same, then the ratio of the amount of heat conducted through them per unit time will be
 (a) 1:1 (b) 2:1 (c) 1:4 (d) 1:8

6 An ideal material for making cooking vessels must be having

(a) Small conductivity and large heat capacity 
(b) Large heat capacity and large conductivity 
(c) Small heat capacity and large conductivity 
(d) Small heat capacity and small conductivity

7 An ideal black body is:

(a) a lump of charcoal heated to a high temperature (b) a metal coated with a black dye (c) a glass surface coated with coal tar (d) a hollow enclosure blackened from inside and having a small hole

8 The temperature of a furnace is 2324oC and the intensity is maximum in its radiation spectrum nearly at 12000Å. If the intensity in the spectrum of star is maximum nearly at 4800Å, then the surface temperature of the star is (a) 4800K (b) 7200K (c) 6500K (d) 5900K

9 The temperature of a piece of metal is raised from 27oC to 51.2oC. The rate at which the metal radiates energy increases nearly (a) 1.36times (b) 4 times (c) 8 times (d) 16 times

10 If the temperature of the sun were to increase from T to 2T and its radius from R to 2R, then the ratio of the radiant energy received on earth to what it was previously, will be:

(a) 4 (b) 16 (c) 32 (d) 64

11 The earth receives at its surface radiation from the sun at the rate of 1400W m-2. The distance of the centre of the sun from the surface of the earth is 1.5 ×1011 m and the radius of the sun is
 7.0× 108 m. treating sun as a black body, it follows from the above data that its surface temperature is

(a) 5801 K (b) 106K (c) 50.1 K (d) 5801oC

12 A beaker full of hot water is kept in a room. If it cools from 80oC to 75oC in t1 minutes, from 75oC to 70oC in t2 minutes and from 70oC to 65oC in t3 minutes, then

(a) t1 = t2 = t3 (b) t1 < t2 = t3 (c) t1 < t2 < t3 (d) t1 > t2 t3
13 A wall has two layers A and B, each made of a different material. Both the layers have the same thickness. The thermal conductivity of the material of A is twice that of B. Under thermal equilibrium, the temperature difference across the wall is 36oC. The temperature difference across the layer A is
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 (a) 6oC (b) 12 oC (c) 18 oC (d) 24 oC

14 Two identical square rods of metal are welded end to end and 20 cal of heat flows through it in 4 minutes. If the rods are welded one above the other (as shown in the figures), the same amount of heat will flow through the rods in

(a) 1min (b) 2min (c) 4 min (d) 16 min

15 One end of a copper rod of length 1.0 m and area of cross-section 10-3 m2 is immersed in boiling water and the other in ice. If the coefficient of thermal conductivity of copper is 92 cal m-1 s-1 oC-1 and latent heat of ice is 8 × 104 cal kg-1, then the amount of ice which will melt in one minute is 

	[image: image1244.png]





 (a) 9.2 × 103kg (b) 8 × 103kg (c) 6.9 × 103kg (d) 5.4 × 103kg

16 The temperature of the two outer surfaces of a composite slab, consisting of two materials having coefficients of thermal conductivity K and 2K and thickness x and 4x, respectively are T2 and T1 (T2 > T1). The rate of heat transfer through the slab in a steady state is 
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 where f equals to;
 (a) 1 (b) ½ (c) 2/3 (d) 1/3
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17 A cylinder of radius R made of a material of thermal conductivity K1 is surrounded by a cylindrical shell of inner radius R and outer radius 2R made of a material of thermal conductivity K2. The two ends of the combined system are maintained at two different temperatures. There is no loss of heat across the cylindrical surface and the system is in steady state. The effective thermal conductivity of the system is

(a) K1 + K2                               (b) (K1 + 3K2 )/4 
(c) K1 K2 / (K1 + K2)            (d) (3 K1 + K2)/4

18 The figure shows a system of two concentric spheres of radii r1 and r2 and kept at temperatures T1 and T2 respectively. The radial rate of flow of heat in a substance between the two concentric spheres is proportional to 

(a) r2 - r1) / r1r2 (b) loge (r2/r1) 
(c) r1r2/ (r2 - r1) (d) (r2 - r1)

19 A polished metal plate with a rough black spot on it is heated to about 1400 K and quickly taken in a dark room. Which one of the following statements will be true?
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 (a) The spot will appear brighter than the plate
 (b) The spot will appear darker than the plate 
(c) The spot and plate will appear equally bright
 (d) The spot and plate will not be visible in the dark room.

20. The plots of intensity versus wavelength for three black bodies at temperature T1, T2 and T3 respectively are as shown. Their températures are such that

(a) T1 > T2 >T3 
(b) T1 > T3​ > T2 
(c) T2 > T3 > T1

 (d) T3 > T2 > T1
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21 At a specific temperature, the energy densities for a black body for three different wavelengths are 10, 19 and 7 units. For these wavelengths, if the absorptive powers are 0.8, 0.3 and 0.9, then the emissive powers of this body for these wavelengths are in the ratio
 (a) 10: 19: 7 (b) 8: 3: 9 (c) 8 : 5.7 : 6.3 (d) 8 : 95 : 4.3

22 A block of steel heated to 100oC is left in a room to cool. Which of the curves shown in the figure represents the correct behavior?

(a) A (b) B (c) C (d) None

23.A sphere , a cube and a thin circular plate, all made of the same material and having the same mass ,are initially heated to a temperature of 30000C which of these cool fastest 
(a) sphere (b) cube (c) plate (d) none of these.
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24 Two similar rods are joined as shown in figure. Then temperature of junction is (assume no heat loss through lateral surface of rod and temperatures at the ends area shown in steady state) 

(a) 50oC (b) 38.8oC (c) 66.6oC (d) 33.3oC

25 Ice starts freezing in a lake with water at 0oC when the atmospheric temperature is -10oC. If the time taken for 1 cm of ice to be formed is 12 minutes the time taken for the thickness of the ice to change from 1 cm to 2 cm will be; (a) 12 minutes (b) less than 12 minutes (c) more than 12 minutes (d) data insufficient

26 A body cools from 50oC to 40oC in 5 minutes. The surrounding temperature is 20oC. In what further time (in minutes) will it cool to 30oC: 
(a) 5 (b) 15/2 (c) 25/3 (d) 10
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27 4 gm of ice at 0oC are added to 5 gm of water at 15oC. The temperature of the resulting mixture equals:

(a) 7.5oC (b) 0 oC (c) 5 oC (d) 10 oC

28 Three rods of same dimensions have thermal conductivities 3K, 2K and K. They are arranged as shown, with their ends at 100 oC, 50 oC and 0 oC. The temperature of their junction is:

(a) 75 oC (b) 
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29 Equal masses of three liquids A, B and C have temperatures 10oC, 25 oC and 40 oC respectively. If A  and B are mixed, the mixture has a temperature of 15 oC. If Band C is mixed, the mixture has a temperature of 30 oC. If A and C are mixed, the mixture has a temperature of: 
(a) 16 oC (b) 20 oC (c) 25 oC (d) 29 oC

30 A twin ace wall is made up of three different layer of material as shown in the figure. The middle layer is perfect conductor. If T1 > T3, the temperature of middle layer can definitely by lowered down:

(a) By increasing the wall thickness of II and III only

(b) By increasing the wall thickness of II only

(c) By increasing the wall thickness on I only

(d) By increasing the thermal conductivity of layer I

31 Radiant energy from the sun is incident normally onto the surface of the earth at a rate of 20 K cal/m2 min. Then the radiant energy incident normally on the earth, if the sun had a temperature twice of the present one:

(a) 40 k cal/m2 min (b) 80k cal/m2 min (c) 160 k cal/m2 min (d) 320 k cal/m2 min
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32 In the figure ABC is a conducting rod whose lateral surfaces are insulated. The length of the section AB is one half of that of BC, and the respective thermal conductivities of the two sections are as given in the figure. If the ends A and C are maintained at 0 oC and 70 oC respectively, the temperature of junction B in the steady state is:

(a) 30 oC (b) 40 oC (c) 50 oC (d) 60 oC

33 The ratio of the emissive power to the absorptive power of all substances for a particular wavelength is the same at any temperature. The ratio is know as:

(a) The emissive power of a perfectly black body (b) the emissive power of any type of body (c) the Stefan’s constant (d) none 
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34 There are four black bodies of colour Blue, Red Green, Yellow having temperature T1, T2, T3 and T4 respectively then:

(a) T1 > T2 > T3 > T4 (b) T1 T3 > T4 >T2 
(c) T1 < T3 T4 < T2 (d) T1 > T2 > T3 > T4
35 The spectrum of a black body at two temperatures 27oC and 327oC is shown in the figure. Let A1 and A2 be the areas under the two curves respectively. The value of 
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is:
(a) 1:16 (b) 4 : 1 (c) 2 : 1 (d) 16 : 1 

36 A wall has two layers A and B each made of different materials. The layer A is 10 cm thick and B is 20 cm thick. The thermal conductivity of A is thrice that of B. Under thermal equilibrium temperature difference across the wall is 35oC. The difference of temperature across the layer A is:

(a) 30oC (b) 14oC (c) 8.75oC 9d) 5oC

37 A substance of mass M kg requires an input power P watt to remain in the molten state at its melting point. When the power source is turned off, the sample completely solidifies in time t second. The latent heat of fusion of the substance is: 
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38 Two solid spheres of radii R1 and R2 are made of the same material and have similar surfaces. These are raised to the same temperature and then allowed to cool under identical conditions. The ratio of their initial rates of loss of heat is: 
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39 A body of mass 25 kg is dragged on a rough horizontal floor for one hour with a speed of 2 kh-1. The coefficient of friction for the surfaces in contact is 0.5 and half the heat produced is absorbed by the body. If specific heat of body is 0.1 cal/g-1 (oC)-1 and g = 9.8 ms-2, then the rise in temperature of body is:

(a) 39 K (b) 59.5 K (c) 84.5K (d) 11.6 K

40 equal temperature differences exist between the ends of two metallic rods 1 and 2 of equal lengths. Their thermal conductivities are K1 and K2 and area of cross-section are A1 and A2, respectively. The condition of equal rates of heat transfer is:
 (a) K1 A2 = K2 A1 (b) K1 A1 = K2 A2 (c) K1 
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41 Two rods of copper and brass (KC > KB) of same length and area of cross-section are joined as shown. Find A is kept at 100oC and B at 0oC. The temperature at the junction:

(a) will be more than 50oC (b) will be less than 50oC (c) will be 50oC (d) may be more or less than 50oC depending upon the size of rods.

42 Water is being boiled in a flat bottomed kettle placed on a stove. The area of the bottome is 300 cm2 and the thickness is 2 mm. If the amount of steam produced is 1 g min-1, then the difference of the temperature between the inner and the outer surface of the bottom is (thermal conductivity of the material of the kettle = 0.5 ca. cm-1, latent heat of the steam is equal to 540 cal g-1)

(a) 12oC (b) 1.2oC (c) 0.12oC (d) 0.012oC 

43 Consider two rods of same length and different specific heats (S1, S2), thermal conductivities (K1, K2) and areas of cross section (A1, A2) and both having temperatures T1, T2 at their ends. If their ratio of loss of heat due to conduction is equal, then:

(a) K1A1 = K2A2 (b) 
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Section-B Multiple choice Question (More than one is correct)
1 Rate of cooling of body by radiation depends on 

(a) Area of body (b) Mass of body (c) specific heat of body (d) temperature of body and surrounding

2 Which of the following have no units and dimension?

(a) Emissive power (b) Absorptive power (c) Emissivity (d) Radiance

3 Energy radiated by body depends on

(a) Area of body (b) Nature of surface (c) Mass of body (d) temperature of body

4 Maximum spectral radiance of black body corresponds to λ wavelength. If temperature is now changed so that maximum spectral radiance now corresponds to 
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(a) New temperature is 
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(c) Power radiated by body changes by factor 
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(d) Power radiated by body changes by factor
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5 Two spheres A and B have same radius but heat capacity of A is greater than that of B. The surfaces of both are painted black. They are heated to same temperature and allowed to cool then

(a) A cools faster than B (b) Both A and B cool at same rate (c) At any temperature their ratio of rate of cooling is constant (d) B cools faster than A

Section-C paragraphs

C (1)
A metal blocks of heat capacity 80 J/oC placed in room at 20oC is heated electrically. The heater is switched off which temperature reaches 30oC. The temperature of block rises at rate 2oC/s just after heater is switched on and falls at rate 0.2oC/s when switch off. Assume Newton’s law cooling holds.

Choose the correct answer:

1 Find power of heater

(a) 120 W (b) 140 W (c) 160 W (d) 200 W

2 Find power radiated by block just after heater is switched off

(a) 12 W (b) 14 W (c) 16 W (d) 20 W

3 Find power radiated by block when its temperature is 25oC

(a) 16 W (b) 8 W (c) 24 W (d) 4 W

C (2) during radiation, having non conducting medium between two surfaces may reduce transfer of heat.

Choose the correct answer:
1 Two thin blankets are better than one thick blanket in controlling effect of cold air since
(a) Perforation in thick blanket will be bigger (b) Perforation in thin blanket will be smaller (c) Air between thin blankets stops heat transfer (d) Thin blanket absorb more energy

2 Two spheres of emissive power 0.6 and 0.8 and radii 2 cm and 4 cm are heated to 27oC and 127oC ad placed in room of temperature 0K. The ratio of heat radiated per second is

(a) 0.059 (b) 0.044 (c) 0.079 (d) 0.831

3 Temperature at which person can feel metal rod and wooden block to be equally hot is

(a) His body temperature (b) twice has body temperature (c) four times equal to body temperature (d) temperature equal to their ratio of specific heat capacities

Section-D Assertion- Reason type questions:

1 Statement-1: Woolen clothes keep body warm in winter.


  Statement-2 Air is trapped in woolen clothes and is bad conductor of heat

2 Statement-1 Any hollow metallic closed container maintained at uniform temperature can act as source of black body radiation.


  Statement-2 
 All metals trapped in woolen cloths and is are not black bodies

3Statement -1 Emissive power is a dimensionless quantity

  Statement-2 Absorptive power is a dimensionless quantity.

4 Statement 1 Stainless steel cooking pans are preferred with extra copper bottom.

   Statement 2 Thermal conductivity of copper is more than steel. So rate of flow of heat through bottom will be more in case of copper bottom.
5 Statement 1 It is hotter at some distance over top of fire than it is on sides.

   Statement 2 Convection takes heat upwards

Section- E Matrix-Match type

1
Column I





Column II

(a) Thermal resistance 




(p) MT-3θ-4
(b) Stefan constant 





(q) M-1L-2T3θ-4
(c) Wei ns constant





(r) ML2 T-3
(d) Heat current





(s) Lθ 

2 Explanations of phenomena’s in column-II is explained by laws given in column-I.


Column I





Column II

(a) Why days are hot and nights cold in deserts

(p) Wein’s displacement law

(b) Why blackened platinum wire when heated

(q) Convection current

gradually appears red and then blue

(c) Change in wavelength corresponding to maximum          (r) Kirchhoff’s law

intensity with temperature in distribution of energy in 


black body spectrum







(d) Determination of some stars being hotter than others
(s) Stefan’s law

Answer Key :- 

1.c 2. c 3. a 4. b 5. d 6. c 7. d 8. c 9. a 10. d 11. a 12. c 13. b 14. a 15. c 16. d 17. b 18. c 19. a 20. b 21. a 22. a 23. c 24. a 25. c 26. c 27. b 28. b 29. a 30. c 31. d 32. a 33. a 34. b 35. d 36. d 37. c 38. c 39. d 40. b 41. a 42. b 43. a 

Section –B 

1.a,b,c,d 2. b,c 3. a,b,d 4. a,c 5. c,d 

CI   1.c 2.   3. a         CII   1. c 2.a  3. a  

Section D  

1.a 2.   3. d 4. a 5. a    

Section E

I. a-  , b-p, c-s, d-r            II a-r, b-p, c- p, d- p 

Kinetic theory of Gases                                      Assignment-46              
Section- (a) only one choice questions

1 If one mole of monatomic gas is mixed on mole of diatomic gas, γ of mixture will be

(a) 1.50 (b) 1.45 (c) 1.53 (d) 1.60

2 If we increase temperature of a gas sample, which of the following is true?

(a) K.E. of gas sample decreases                      (b) Average speed remains constant
 (c) Average momentum remains constant      (d) P.E. of gas sample increase 

3 An ideal gas mixture filled inside a balloon expands according to relation PV1/3 = constant. The temperature inside the balloon is
(a) Increasing (b) constant (c) decreasing (d) cannot be said 

4 The velocities of three molecules are 3v, 4v and 12v respectively. Their rms speed will be
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 (a) 13v (b) 17v (c) 7.5 v (d) cannot say temperature is not provide

5 A closed and big compartment containing gas is moving with some acceleration in horizontal direction, neglect effect of gravity. Then the pressure in the compartment is

 (a) Same everywhere (b) Lower in the front side
 (c) Lower in the rear side (d) Lower in the upper side

6 At what temperature the effective speed of gaseous H2 molecules is equal to that of oxygen molecules at 320K? 
(a) 20 K (b) 50 K (c) 40 K (d) 30 K

7 There are two samples A and B, which contains two different gases. Each sample has one mole of a gas. Graph between internal energy (E) and Temperature (T) as shown in figure, then
 (a) A contains He, B contains O2   
 (b) B contains N2, A contains O2   
(c) A contains CO2, B contains He 
(d) A contains He, B contains Co2
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8 A vertical cylinder of height 100 cm contains air at room temperature and its top is closed by a frictionless piston at atmospheric pressure (76 cm of mercury column). If mercury is slowly poured on the piston, due to extra weight air is compressed. Find the maximum height of Hg column which can be put on the piston.

(a) 76 (b) 24 (c) 38 (d) 12

9 Which of the following is correct according to Maxwell’s distribution of speeds?

 (a) At most probable speed K.E. of a molecule is maximum
(b) vrms > vmp >vav 
(c) No. of molecules having most probable speed is higher than number of molecules moving with rms speed
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 (d) Average velocity is non zero

10 Maxwell distribution function is shown in figure from different gases, which of the following is correct matching?

(a) A → Ne, B→ O2, C → He   
(b) A → Ne, B → He, C → O2
(c) A → O2, B → He, C → Ne  
(d) A → O2, B → Ne, C → He
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 11 At the top of mountain, a thermometer reads 280 K and a barometer reads 70 cm of Hg. At the bottom of mountain, they read 300 K and 76 cm of Hg. Find the ratio of densities of air at the top and that at the bottom 

(a) 0.80 (b) 0.89 (c) 0.99 (d) 0.97

12 A horizontal tube of length 
[image: image1269.wmf]l

closed at both ends contains He gas. The tube is rotated at a constant angular velocity ω about a vertical axis passing through an end. Assuming temperature is uniform and constant, which of the following is correct?
 (a) P1 > P2 (b) P2 > P1 (c) P1 = P2 (d) cannot say

13 A glass container encloses gas at a pressure 4 × 105 Pa and 300 K temperature. The container walls can bear a maximum pressure of 8 × 105 Pa. It the temperature of container is gradually increases find temperature at which container will break.

(a) 600 K (b) 150 K (c) 1200 K (d) 375 K

14 Relation between U, P and V for ideal gas is U = 2 + 2PV then gas is

(a) Mono-atomic (b) Diatomic (c) Poly-atomic (d) Mixture of mono and diatomic
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15In 1/k  mole of ideal goes undergo process P = 
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Section - (B) multiple choice questions
1 Temperature vs pressure graph of an ideal gas is shown in figure. During process AB

(a) ΔU = 0                                            (b) Volume of gas is increased 
 (c) Work done on gas is negative       
  (d) P 
[image: image1273.wmf]µ
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 2 A perfect gas undergoes change in pressure and volume as shown. During this change 
(a) dQ = 0 (b) dW > 0 (c) dT = 0 (d) dU = 0

3 A gas found to obey the law P2V = constant, initial temperature and volume are T0 and V0. If gas expands to volume 3V0 then
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 (a) Final temperature is 
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(b) ΔU > 0 
(c) Final temperature is
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(d) ΔU < 0

4 The density (ρ) of an ideal gas varies with temperature T as shown in figure then 
(a) PAVA = PBVB (b) PA < PB (c) WA- B < 0 (d) ΔU = 0

Section (C) comprehension

Gas molecules are continuously hitting vertical wall. Mass of a molecule is m, velocity is v elastically particle hit at an angle 600 with wall.
Choose the correct answer: - 

1 Momentum transferred to wall in one collision is 
(a) mv (b) 2 mv (c) mv
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, momentum transferred to wall, which is parallel to xy plane depends upon 
(a) Vx (b) Vy (c) Vz (d)
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3 Which of the following is not true for a gas sample?
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Section (D) Assertion-Reason type questions

1 Statement-1: Real gas approaches ideal gas behaviour for low pressures and low temperatures.

Statement: 2 At low pressure, density of gas is very low.

2 Statement-1: All molecules in a gas move with same speed

Statement-2: Average velocity of a gas sample is zero

3 Statement- 1: Total energy of molecule is equally distributed in all possible energy modes.

Statement-2: Each degree of freedom contributes energy 
[image: image1286.wmf]2
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per molecule in total energy
4 Statement-1: If we compress a gas sample kept in a container, pressure increases.
Statement-2: Frequency of collisions of atoms increases.

5 Statement-1: Internal energy of gas U = nCvT is due to random motion of gas molecules.

Statement-2: A container is moving with speed V. It is suddenly stopped by a force, temperature of gas increases.
6 Statement-1: Internal energy of a gas sample is total kinetic energy of gas.

Statement- 2: There is no interaction force between gas molecules hence potential energy is not 

defined.

Answer Key:
1.a 2.d 3.a 4.c 5.b 6.a 7.c 8.b  9.c 10.d 11.c 12.b 13.a 14.d 15.b
Section B –

1.a,c,d  2.b,c,d 3.a,b  4.b,c,d

Section C –

1.c 2.c 3.a

Section D-

1. d 2.d 3.a 4.a 5.b 6.a
Oscillations                                                                subjective Assignment-47

1. On an average a human heart is found to beat 75 times in a minute. Calculate its beat frequency and period. Ans = 1.25 Hz, 0.8 s

2. Which of the following functions of time represent (a) periodic and (n) non-periodic motion? Give the period for each case of periodic motion. [ω is any positive constant]. 
3. Which of the following functions of time represent (a) simple harmonic, (b) periodic but not simple harmonic, and (c) non-periodic motion? Give period for each case of periodic motion [ω is any positive constant].
 (i) sin ωt - cos ωt (ii) sin3 ωt (iii) 3 cos (π/4 - 2 ωt) (iv) cos ωt + cos 3 ωt + cos 5 ωt (v) exp (-ω2 t2) (vi) 1 + ωt + ω2 t2 (iii) e-wt (iv) log (wt)
4. Show that a linear combination of sine and cosine functions like x (t) = a sin ωt + b cos ωt represents a simple harmonic motion. Determine its amplitude and phase constant.

5. Plot the corresponding reference circle for each of the following simple harmonic motions. Indicate the initial (t = 0) position of the particle, the radius of the circle, and the angular speed of the rotating particle. For simplicity, the sense of rotation may be anticlockwise in every case: (x is in cm and t is in s). 
 (i) x = -2 sin (3t + π/3) (ii) x = cos (π/6 - t) (iii) x = 3 sin (2 πt + π/4) (iv) x = 2 cos πt

6. A simple harmonic, motion is represented by x = A sin (20 t + 0.5)

Write down its amplitude, angular frequency, frequency, time period and initial phase, if displacement is measured in metres and time in seconds.

 Ans = (i) 10 m (ii) 20 rad s-1 (iii) 3.18 Hz (iv) 0.314 s (v) 0.5 rad.

7.  A body oscillates with SHM according to the equation, x = (5.0 m) cos [(2 π s-1) t + π/4]

At t = 1.5 s, calculate (a) displacement, (b) speed and (c) acceleration of the body.

Ans (a) -3.535 m (b) 22.22 ms-1 (c) 139.56 m s-1.

8. A particle executes S.H.M. of amplitude 25 cm and time period 3s. What is the minimum time required for the particle to move between two points 12.5 cm on either side of the mean position     Ans : 0.5 s

9. A body describes simple harmonic motion with amplitude of 5 cm and a period of 0.2 s. Find the acceleration and velocity of the body when the displacement is (a) 5 cm, (b) 3 cm, (c) 0 cm. 

Ans = - 5 π2 cm s-2 ,0 (b) -3 π2 cms-2,0.40πcm/s (c) 0 , 0.50πcm/s.

10. A particle is moving with SHM in a straight line. When the distance of the particle from the equilibrium position has values x1 and x2, the corresponding values of velocities are u1 and u2. Show that the time period of oscillation is given by 
[image: image1287.wmf]2

1

2

2

2

1

2

1

2

2

2

ú

ú

û

ù

ê

ê

ë

é

-

-

=

u

u

x

x

T

p


11. The piston in the cylinder head of a locomotive has a stroke (twice the amplitude) of 1.0 m. If the piston moves with simple harmonic motion with an angular frequency of 200rev/min, what is its maximum speed? Ans = 100 m/min

12. A person normally weighing 60kg stands on a platform which oscillates up and down harmonically at a frequency of 2.0s-1 and an amplitude 5.0 cm. If a machine on the platform gives the person’s weight against time, deduce the maximum and minimum readings it will show. 

Take g = 10ms-2. Ans =107.4Kgf, 12.6Kgf.

13.A body of mass 0.1 kg is executing SHM according to the equation y = 0.5 cos 
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Metre. Find (i) the frequency of oscillation (ii) initial phase (iii) maximum velocity (iv) maximum acceleration and (v) total energy. 
Ans = (i)
[image: image1289.wmf]p
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Hz (ii) 
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 rad (iii) 50 ms-1 (iv) 5000 ms-2 (v) 125 J

14.A block whose mass is 1kg is fastened to a spring. The spring has a spring constant of 50 N m-1. The block is pulled to a distance x = 10 cm from its equilibrium position at x = 0 on a frictionless surface from rest at t = 0. Calculate the kinetic, potential and total energies of the block when it is 5 cm away from the mean position. Ans = 0.1875J, 0.0625J, 025J

15.A spring of force constant 800 Nm-1 has an extension of 5 cm. What is the work done in increasing the extension from 5 cm to 15 cm? Ans = 8J

16. At a time when the displacement is half the amplitude, what fraction of the total energy is kinetic and what fraction is potential in S.H.M? Ans: K.E=
[image: image1291.wmf]4
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17.Show that for a particle in linear SHM, the average kinetic energy over a period of oscillation equals the average potential energy over the same period. 

18. A mass attached to a spring if free to oscillate, with angular velocity ω, in a horizontal plane without friction or damping. It is pulled to a distance x0 and pushed towards the centre with a velocity v0 at time t = 0. Determine the amplitude of the resulting oscillations in terms of the parameters ω, x0 and v0 Ans = 
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19. A spring compressed by 0.2m develops a restoring force of 25 N. A body of mass 5 kg is placed over it. Deduce: (i) force constant of the spring (ii) the depression of the spring under the weight of the body and (iii) the period of oscillation, if the body is disturbed. 
Ans = (i) 125 Nm-1 (ii) 0.4 m (iii) 
[image: image1294.wmf]s
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20. A spring of force constant 1200 Nm-1 is mounted horizontally on a horizontal table. A mass of 3.0 kg is attached to the free end of the spring, pulled sideways to a distance of 2.0 cm and released. (i) What is the frequency of oscillation of the mass? (ii) What is the maximum acceleration of the mass? (iii) What is the maximum speed of the mass? 
Ans = 3.2 s-1 (ii)  8.0 ms-2 (iii) 0.40 ms-1
21.In example 24, let us take the position of the mass, when the spring is unstretched, as x = 0, and the direction from left to right as the positive direction of X-axis. Give x as a function of time t for the oscillating mass, if at the moment we start the stop watch (t = 0), the mass is (i) at the mean position (ii) at the maximum stretched position (iii) at the maximum compressed position.

In what respect these different functions of SHM differ? Frequency, amplitude or initial phase?

Ans = x=2sin20t (ii)x=2cos20t (iii)x= -2cos20t 

22. Two identical springs, each of spring factor k,

 may be connected in the following ways. Deduce the 

spring factor of the oscillation of the body in each case.

Ans: 2k, k/2,2k

23. Fig (a) shows a spring of force constant k clamped rigidly at one end and a mass m attached to its free end. The spring is stretched by a force F at its free end. Fig (b) shows the same spring with both ends free and attached to a mass m at either end. Each end of the spring Fig (b) is stretched by the same force F.

(i) What is the maximum extension of the spring in the two cases? (ii) If the mass in (a) and the two masses in (b) are released free, what is the period of oscillation in each case?
 Ans = (i) in both cases extension y=F/k 
(ii) in first case Period of oscillation T=
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24. The identical springs of spring constant k are attached to a block of mass m and to fixed supports as shown below .show that when the mass is displaced from its equilibrium position on either side, it executes a simple harmonic motion. Find the period of oscillations. 
Ans = 
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25.The acceleration due to gravity on the surface of the moon is 1.7 ms-2. What is the time period of a simple pendulum on the moon if its time period on the earth is 3.5s? Given g on earth = 9.8 ms-2.

Ans = 8.4 s

26. A simple pendulum of length 
[image: image1298.wmf]l

 and having a bob of mass M is suspended in a car. The car is v. If the pendulum makes small oscillations in a radial direction about its equilibrium position, what will be its time period? Ans = 
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27. A pendulum clock shows accurate time. If the length increases by 0.1%, deduce the error in time per day. Ans: it will loose the day by 43.2 seconds per day.

28. The pendulums of lengths 100 cm and 110.25 cm start oscillating in phase. After how many oscillations will they again be in same phase? Ans =two pendulums will be in same phase when larger pendulum completes 20 oscillations and smaller pendulum completes 21 oscillations.

29. A vertical U-tube of uniform cross-section contains water upto height of 2.45cm. if the water on one side is depressed and then released, its up and down motion in tube is simple harmonic. Calculate its time period.   Ans: 0.314sec.
30.A second’s pendulum is taken in a carriage. Find the period of oscillation when the carriage moves with acceleration of 4 ms-2 (i) vertically upwards (ii) vertically downwards, and (iii) in a horizontal direction. 
Ans = (i) 1.69 s (ii) 2.59 s (iii) 1.92 s

31.A test tube weighing 10 g and external diameter 2 cm is floated vertically in water by placing 10g of mercury at its bottom. The tube is depressed in water a little and then released. Find the time of oscillation. Take g = 10 ms-2. 
Ans = 0.5 s

32. A cylindrical wooden block of cross-section 15.0 cm2 and mass 230 g is floated over water with an extra weight of 50g attached to its bottom. The cylinder floats vertically. From the state of equilibrium, it is slightly depressed and released. If the specific gravity of wood is 0.30 and g = 9.8 ms-2, deduce the frequency of the block, A = 15.0 cm2 = 15 × 10-4 m2. 
Ans = 14.7 Nm-1, 1.15 Hz.

33. The balance wheel of a watch has a moment of inertia of 2 × 10-8 kg m2 and the torsional constant of its hair spring is 9.8 × 10-6 Nm rad-1. Calculate its frequency. Ans = 3.53 Hz.

34. A circular disc of mass 10 kg is suspended by a wire attached to its centre. The wire is twisted by rotating the disc and released. The period of torsional oscillation is found to be 1.5 s. The radius of the disc is 15 cm. Determine the torsional spring constant of the wire. Ans = 2.0 Nm rad-1
35.For the damped oscillator shown in earlier Fig, the mass m of the block is 200 g, k = 90 Nm-1 and the damping constant b is 40 gs-1. Calculate (a) the period of oscillation, (b) time taken for its amplitude of vibrations to drop to half of its initial value and (c) the time taken for its mechanical energy to drop to half its initial value. Ans = 3.4 s

36.You are riding in an automobile of mass 3000kg. Assuming that you are examining the oscillation characteristics of its suspension system. The suspension sags 15 cm when the entire automobile is placed on it. Also, the amplitude of oscillation decreases by 50% during one complete oscillation. Estimate the values of (a) the spring constant and (b) the damping constant b for the spring and shock absorber system of one wheel, assuming that each wheel supports 750 kg.

 Ans =5× 104N/m, 1350.4 kg s-1
37.A particle is in linear simple harmonic motion between two points, A and B, 10 cm apart. Take the direction from A to B as the positive direction and give the signs of velocity, acceleration and force on the particle when it is (a) at the end A, (b) at the end B, (c) at the mid-point of AB going towards A, (d) at 2 cm away from B going towards A, and (e) at 3 cm away from A going towards B, and (f) at 4 cm away from A going towards A.
 Ans =

38. Two particles execute simple harmonic motions of the same amplitude and frequency along the same straight line. They cross one another when going in opposite directions. What is the phase difference between them when their displacements are half of their amplitudes? 
Ans = 120o
39. The bob of a simple pendulum is a hollow sphere filled with water. How will the period of oscillation change if the water begins to drain out of the hollow sphere from a fine hole at its bottom?

40. A simple pendulum has time period T1. The point of suspension is now moved upward according to the relation y =Kt2 (K = 1 ms-2), where y is the vertical displacement. The time period now becomes T2. What is the ratio
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41. The bob of simple pendulum executes SHM in water with a period t, while the period of oscillation of the bob is t0 in air. Neglecting frictional force of water and given that the density of the 

bob is
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kg m-3, find the relationship between t and t0?

42.A simple harmonic motion is represented by 
[image: image1302.wmf].
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Oscillations                                                                     Assignment-49
 In SHM

(a) Potential energy & kinetic energy may be equal at mean position

(b) Potential energy & kinetic energy may be equal at extreme position

(c) Potential energy may be zero at extreme position (d) Total energy of SHM is constant 
2 A particle of mass 1 kg is moving where potential energy varies as displacement U = 10(1 - cos2x) then 

(a) Time period for SHM 
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 (b) Speed of particle is maximum at x = 0

(c) Amplitude of oscillation is
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 (d) Time period for SHM is
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3. Which of following expressions represent SHM?

(a) x = A sin
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4. Amplitude of particle executing simple harmonic motion depends upon 

(a) Initial displacement (b) Initial velocity (c) Initial acceleration (d) Initial phase

5. In order to execute SHM, a system must have 

(a) Inertia (b) Moment of Inertia (c) Elasticity (d) Buoyancy
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6. Two particles undergo SHM along same line with same period of (T) and equal amplitudes (A). At particular instant one particle is at x = -A and the other is at x = 0. They move is same direction. They will cross each other at
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7. Acceleration-time graph of particle executing SHM is given. The correct options are

(a) Displacement of particle is negative at 1 (b) Velocity of particle is positive at 2  (c) Potential energy of particle at 3 is maximum (d) Speed of particle at 4 is decreasing
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8. A particle slides back and forth between two inclined frictionless planes as shown. Which of following statements are correct?

 (a) Motion is oscillatory (b) Motion is SHM (c) 
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9. A particle is free to move on x-axis, in which of the following case, the particle will execute oscillation x = 1? 

 (a) F = (x – 1) (b) F = 1 (x – 1)2 (c) F = - (x – 1)3 (d) F = + (x – 1)3
10. A particle executes simple harmonic motion about the point x= 0. At time t = 0 it is at extreme position (x = A). The time period of oscillation is T. Find the average acceleration of the particle for the interval 
[image: image1312.wmf]4

3T

 t 

 to

4

T

 

 t 

=



 EMBED Equation.3  [image: image1313.wmf]2

2

2

T

A

4

 

(d)

 

T

A

8

 

(c)

 

 Zero

(b)

 

T

A

 

(a)

p

p

p


11. Figure shows v-x graph of a particle executing simple harmonic oscillations. What is the velocity of the particle at x = 3?(a) 16m/s (b) 9m/s (c) 
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12. A particle executes simple harmonic motion of period 12 s. At t = 0 the particle was at right extreme position. The velocity of the particle at t = 1s is -2m/s. Find the amplitude of oscillation 
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13. A particle executes simple harmonic oscillation about mean position. The kinetic energy of the particle at x = 1 m is 5 J and at x = 2m the potential energy is 5J. If the potential energy at the mean position is zero then what is the total energy of the oscillation? (a) 7.5J (b) 6.25J (c) 10J (d) 12.5 J

14. The potential energy of a particle of mass 2kg oscillating on x-axis is given as U = (x – 2)2 – 10

Here, U is in joule and x in metre. The total energy of the oscillation is 26J. The maximum speed of the particle is

(a) 4m/s (b) 8m/s (c) 
[image: image1317.wmf]m/s
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15 A particle of mass 0.02 kg moves simple harmonically with amplitude 0.12m and frequency of oscillation 1 Hz. At t = 0, the particle is at x = 0.24m (the mean position) then the acceleration of the particle at t = 0.5 s is
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 (a) Zero (b) Maximum (c) 
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16 Two particles of same mass are performing simple harmonic oscillation along the y-axis whose displacement time graphs are shown. If E1 and E2 are their energies of oscillation, then (a) E1 = 2 E2 (b) E1 = 4 E2 (c) E1 = E2 (d) E2 = 4 E1
17. A particle is executing SHM of amplitude A cm, about the mean position x = 0. The time period of oscillation is T. At time t = t1 and t = t2 the positions of the particle are 
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. Which of the following cannot be equal to |t2 – t1|? 
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18. The position of a particle executing SHM is given by 
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The maximum speed of the particle is
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19. A particle executes SHM with time period of 4s. Find the minimum time interval in which the velocity of the particle changes by an amount equal to its maximum velocity 
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20. A particle executes SHM about the point x = 0. At time t = 0 it has position x = A and zero velocity. The angular frequency of oscillation is ω. The acceleration of the particle at 
[image: image1325.wmf]w

p

4

 

t

=

is
[image: image1326.wmf]2

A

-

 

(d)

 

 Zero

(c)

 

2

A

 

-

 

(b)

 

A

 

-

 

(a)

2

2

2

w

w

w


21. For a particle is undergoing simple harmonic motion. The square of velocity v2 is plotted against the square of displacement x2. The curve will be (a) A straight line (b) A parabola (c) A circle (d) An ellipse
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22. A particle executes SHM between x = 10 cm to x = 20cm. The time taken by the particle to go from x = 12.5 cm to x = 15 cm is T1 and to go from x = 17.5 cm to 20cm is T2. The ratio 
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23. A particle of mass m is placed at lowest point of smooth parabola x2= ay (x and y in metre). What is the time period for small oscillation? 
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24. A particle executes S.H.M in a straight line. In first second starting from rest it travels a distance p and in next second it travels q in same direction. Then amplitude of S.H.M is
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25.A particle executes SHM between x = - A to x = + A. The time taken for it to go from 0 to 
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26.In SHM, the distances of particles from middle point of its path at three consecutive seconds are found to be x, y and z. Then time period of SHM is  
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27. Relationship between velocity amd displacement of particle is 4v2 = 25 – x2. Then time period of oscillation is

(a) 
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s (b) 2
[image: image1339.wmf]p

s (c) 3
[image: image1340.wmf]p

s (d) 4
[image: image1341.wmf]p

s

28. A particle is executing SHM of amplitude A and angular frequency ω. The average acceleration of particle for half the time period is (sarting from mean position) 
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29.Displacement time equation of two particles moving along x axis are x1 = 8 + 3sin ωt & x2 = 4 cos ωt here ω = π rad/s. The particles will collide after a time (a) 1s (b) 1.8s (c) 2s (d) None of these

30. A particle moves according to x = a cos
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 t = 3 s is (a) 2a (b) 3a (c) 4a (d) a

Comprehension passages:
CI. A mass of 2 kg has PE function given by U = 200 + 10x2 joule

Choose the correct answer: 1 Time period of SHM is 
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2 Magnitude of acceleration is (a) 10x m/s2 (b) 20x m/s2 (c) 5x m/s2 (d) None of these

3 Angular velocity of particle is 
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C2 A block of mass 1 kg attached to a spring of spring constant 100N/m is lying on a frictionless floor as shown. PQ and RS are two rigid elastic walls. Separation between the block and wall RS is 10cm. When some horizontal velocity is imparted to the blocks it oscillates. There is a maximum limit of imparted velocity (v0) for which the time period can be calculated from the formula
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. If the velocity imparted is more than v0 then the time period will not be equal to 
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Choose the correct answer:

1 What is the value of velocity v0? (a) 1m/s (b) 2 m/s (c) 10m/s (d) 5m/s

2 If the velocity imparted to the block is 2v0 then the time period of oscillation will be  
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3 If the velocity imparted is 2v0 then the average force exerted by the block on the wall CD is
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C3 A particle is executing SHM along a straight line. The mass of the particles is 2kg. Figure shows the variation of kinetic energy of the particle with time. The maximum kinetic energy of the particle is 16J. The potential energy of the particle at mean position is taken to be zero.

Choose the correct answer:

1 What is the value of restoring force constant?  
[image: image1351.wmf])
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(a) 500N/m (b) 100N/m (c) 1500N/m (d) 1000N/m

2 The displacement amplitude of the particle is approximately (a) 10cm (b) 25cm (c) 20cm (d) 45cm

3 What is the initial acceleration of the particle? 
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Assertion-Reason

1 Statement-1: Amplitude of damped oscillation decreases with time.

Statement-2 : Amplitude of damped oscillation always decreases exponentially

2 Statement-1: In SHM, total mechanical energy can be negative also.

Statement-2 : Potential energy is always negative

3 Statement-1: If a pendulum clock is taken to mountain top, it gains time

Statement -2: Value of acceleration due to gravity is less at heights.

4 Statement-1: If amplitude of SHM is doubled, the time period remains same.

Statement-2: Amplitude & periodicity are two independent characteristic of SHM.

5 Statement-1: SHM is not an example of uniformly accelerated motion

Statement-2: Non uniform velocity cannot give uniform acceleration

6 Statement-1: Oscillatory motions are necessarily periodic motions, but all periodic motions are not oscillatory.

Statement-2: Simple pendulum is an example of oscillatory motion

7 Statement-1 When a simple pendulum is made to oscillate on surface of moon, its time period is more as compared to earth.

Statement-2: Gravity is smaller at moon than at earth.

8 Statement-1: Tension in the string of a simple pendulum remains same, irrespective of position of bob in oscillation

Statement-2: Tension is maximum at mean position of oscillating bob.

9 Statement-1: Two SHM’s along x &y axes with angular frequency ratio ω1 : ω2 = 1: 2 with same amplitude result in curved path on superposition
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Statement-2: x & y displacements are related as y 
[image: image1354.wmf]µ

x2 in this case.

10 Statement-1: Curve between force acting on a particle & displacement is given. This graph represents a particle that executes SHM.

Statement-2: The force F 
[image: image1355.wmf]µ

 x and is always directed towards origin.

11 Statement-1: If a man with a wrist watch on his hand falls from top of tower, his watch gives correct time during fall.

Statement-2: The working of a wrist watch depends on spring action & it has nothing to do with gravity

12 Statement-1: The bob of simple pendulum is a hollow ball full of water. If a fine hole is made at bottom of balll, then time period will no more remain constant.

Statement-2: The time period of simple pendulum does not depend upon mass of the bob.

13 Statement-1: The frequency of oscillations of a simple pendulum mounted in cabin that is falling freely under gravity, is zero

Statement-2: During free fall, net acceleration of bob is zero

14 Statemetn-1: During SHM, 
[image: image1356.wmf].
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< 0 where 
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 is acceleration and 
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 is velocity of particle

Statement-2: Acceleration is always towards mean position

15 Statement-1: A particle executes SHM with frequency f. The frequency with which total mechanical energy of particle oscillates is 2f.

Statement-2: Both kinetic as well as potential energy of particle in SHM oscillate with a frequency 2f.

16 Statement-1: A tunnel is dug along any chord in earth. The particle dropped in the Tunnel awill execute SHM

Statement-2: Time period of oscillation of particle in all tunnels will be same

17 Statemetn-1: A particle moves on x-axis according to equation x- 2 + 6 sin (πt). Motion is SHM.

Statement-2: The acceleration is not proportional to displacement from origin.

18. Statement 1 A pendulum is mounted in a car that accelerates horizontally. The period of oscillation decreases

Statement 2 The time period of simple pendulum depends on the acceleration due to gravity

19. Statement 1 For a particle executing SHM the acceleration of the particle oscillates in same phase with the displacement of the particle

Statement 2 The acceleration of the particle executing oscillation is proportional to the displacement of the particle

20.A small coin is placed on a horizontal platform connected to a vibrator. The coin loose contact from the platform

Statement 1 The average value of the normal force for one oscillation is equal to the weight of the coin

Statement 2 The average acceleration of the coin for one oscillation is zero

21. Statement 1 Oscillations in spring mass system are due to continuous exchange of energy between the block and the spring

Statement 2 The total energy of the spring mass system remains constant

Matrix-Match type

I.
Column I






Column II

(a) Time period changes as system is taken on moon


(p) Simple pendulum

(b) Time period don’t change as system is taken on moon

(q) Physical pendulum

(c) Time period depend on inertia of system 



(r) Torsional pendulum

(d) Time period depends on length of system



(s) Spring mass system

II. 
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and 
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 are acceleration, velocity and displacement respectively for particle executing SHM then 


Column I






Column II

(a) 
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. 
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(p) Always positive

(b) 
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a

r



 EMBED Equation.3 [image: image1366.wmf]r
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(q) Always negative

(c) 
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×
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(r) Always zero

(d) 
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×
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(s) May be positive or negative

III.Match the following


Column I






Column II

(a) Periodic motion






(p) 50% of total energy

(b) Simple harmonic motion





(q) Repeats after regular time interval

(c) Average PE of cycle





             (r) Acceleration a α - y, where y is displacement

(d) Damping force






(s) Depends on velocity

IV.Match the following


Column I






Column II

(a) Periodic







(p) sin kt + cos kt

(b) Periodic and SHM






(q) cos (kt) + 2 sin2 (kt)

(c) Periodic and not SHM





(r) e-kt
(d) Not periodic and not SHM




            (s) tan (kt)

V.In y = A sin 
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Column I






Column II
(a) Motion







(p) SHM

(b) Amplitude







(q) A

(c) Initial phase






(r) 
[image: image1373.wmf]3
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(d) Maximum velocity





(s) Aω

Answer Key :- 

(1) a,d (2) b,d (3) a,b,c,d (4) a (5) a,c (6) b,d (7) a,b,c,d (8) a (9) c (10) c (11) a (12) a (13) b (14) d (15) a (16)c (17) d (18) c (19) a (20) b (21) a (22) b (23) d (24) e (25) b (26) d (27) d (28) a (29)d (30) b  

Comprehension passages:  

C 1   1.b 2.a 3.b            C 2  1.a 2. b 3.d              C3      1.a 2.b 3.d 

Assertion –Reason

1.c.2c.3d.4a.5  6.b  7.a 8. d 9.c 10.a 11.a 12.b 13.c 14.d 15.d 16.b 17.d 18. 19. 20. 21. 

Matrix –Match 

I. a-p,q  b-r,s  c-p,q,r,s  d-p,q  II a-s  b-q  c-r  d-r  III a-q b-q,r  c-p  d-s  IV a-p,q,s  b-p  c-q,s  d-r   V a-p b-q c-r d-s 

Oscillations                                                                     Assignment-50
1. Two pendulums have time-periods T and
[image: image1374.wmf]4

5T

. They start S.H.M at the same time from the mean position. What will be the phase difference between them when the smaller pendulum has completed one oscillation?

(a) 60o (b) 72o (c) 90o (d) 120o
2. Find time period of a uniform disc of mass m and radius r suspended through point 
[image: image1375.wmf]2
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away from centre, oscillating in a plane parallel to its plane
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3. Two pendulum have time period T and 
[image: image1377.wmf]4
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. They start SHM at the same time from two extreme position at t = 0. After
 how much time they will be in same phase? 
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4. A simple pendulum of length l is suspended from the ceiling of a cart. The cart is moving down on an inclined plane of inclination θ with uniform acceleration 2g sin θ. The time period of oscillation is 
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5. The length of the string of a simple pendulum is equal to the radius of the earth R. The period of oscillation of the pendulum for small oscillation is   
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6. A uniform rod of mass m = 1.5kg suspended by two identical threads 90cm as in figure. Then find time period of oscillation of rod

(a) 2s (b) 2.1s (c) 2.4s (d) 1.9s

 Problems based on spring mass system:

7. In spring block system, force constant of spring is k = 16 N/m. Mass of block is 1 kg. Maximum kinetic energy of block is 8 J. Then (a) Amplitude of oscillation is 1m

(b) At displacement equal to half amplitude, potential energy in spring is 2 J

(c) At displacement equal to half amplitude, kinetic energy is 6J (d) Angular frequency of oscillation is 16 rad/s

8. A spring mass system is hanging from the ceiling of an elevator. The elevator is falling freely. The elevator is suddenly stopped. The amplitude of the resulting SHM with respect to lift is 
[image: image1382.wmf]k
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9 A block of mass 1 kg is kept on a smooth horizontal floor. One end of a spring of force constant k = 400 N/m is attached to the block and other end is pulled with constant acceleration 4m/s2. The maximum extension in the spring is (a) 0.02m (b) 0.01m (c) 0.04m (d) 0.03m

10. Two masses M and m are suspended together by a massless spring of spring constant k. When masses are in equilibrium M is removed without disturbing system. The amplitude of oscillation is
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11 Figure shows three systems in which a block of mass m can execute S.H.M. what is ratio of frequency of oscillation? (a) 2 : 1 : 4 (b) 1: 2 : 4 (c) 4: 2 : 1 (d) 3 : 2: 1                

12 A block of mass m is suspended from a series combination of three light springs as shown in figure. If k1: k2: k3 = 1: 2: 3, the ratio of elastic potential energies stored in three springs in equilibrium state is 
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13. Consider a spring that exerts restoring force F = - kx for x > 0, F = - 2kx for x < 0. A mass m on frictionless surface is attached to this spring displaced to x = A and released. Find time period of motion
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14. A block is restricted to move in a smooth groove. it is connected to a spring of spring constant k. Neglecting the effect of gravity find the period of small oscillation 
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15. Find the time period of oscillation of the block in following arrangement 
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16. Two blocks of mass m and 3m are connected with the help of a spring. A constant force is applied on the block of mass 3m. There is no friction between the heavier block and the surface but the coefficient of friction between the lighter block and the surface is μ. What can be the maximum value of the F so that lighter block does not slide? 
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17. A block of mass 0.1 kg attached to a spring of spring constant 100 N/m is lying on smooth floor as shown. The block is moved to compress the spring by 
[image: image1396.wmf]2

3

cm and released. If the collision with the wall is elastic the time period of oscillation is (here T is time period if wall would not have been there) 
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18. In figure both the spring have same spring constant k. The spring B is attached with block while spring A just touches the block as the position shown. Both the springs are, in relaxed state. The time period of oscillation is
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19. Figure shows a system consisting of two massless pulleys, two springs of force constant k and a block of mass m. Frequency of small oscillation of the block is
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20. A bob is suspended with the help of a light and rigid rod of length l. A spring of spring constant k is also attached. What should be the value of l so the period for small oscillation is 
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21 Two solid cylinders of mass m are connected to each other with the help of two springs of force constant k (see the figure). The cylinder can roll without slipping along the horizontal plane If both the cylinders are pulled apart and released they will oscillate with time period of oscillation 
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22. Calculate natural frequency ω of the system shown in figure
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23.A disc of mass M = 4kg radius R = 1 m is attached with two blocks A and B of masses 1kg and 2kg respectively on rim and is resting on horizontal place as shown in figure. Find angular frequency of small oscillation of arrangement
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24. Find time period of oscillation for arrangement shown in figure
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25.A solid cylinder attached to horizontal massless spring can roll without slipping along horizontal surface. Find time period of oscillation
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26. Four weightless rods of length l each are connected by hinged joints and from a rhombus. Hinge A is fixed and load is suspended to hinge C. Hinge D and B are connected by weightless spring of length1.5l in undeformed state. In equilibrium the rods form angle 
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with vertical, then time period of oscillation of load is 
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27. A uniform meter scale is balance on fixed semicircular cylinder of radius 30cm as shown. One end of scale is slightly depressed and released. Time period of oscillation is 
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28. A thin uniform plate shaped as an equilateral triangle with height h performs small oscillations about the horizontal axis. Find oscillation period 
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29.A disc of mass M is connected to two springs k1 and k2 as shown find time period of oscillation
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30. A solid sphere (radius R) rolls without slipping in cylindrical trough (radius 5R). Find time period of small oscillations
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31 Density of liquid varies with depth as ρ = (2 gm/cm4) h. A small ball of density 8 gm/cm3 is released from surface of liquid. Then 

(a) Ball will execute SHM of amplitude 4cm (b) Mean position of ball will be at depth 2 cm

(c) Ball will sink maximum depth of 8 cm (d) Ball will sink maximum depth of 4 cm

32 A uniform square plate of side x oscillates in a vertical plane about a horizontal axis. What is the minimum value of the time period? 
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33. Time period of a certain alarm clock is 0.5s. The balance wheel consists of a thin ring of diameter 3cm connected to the balance staff by thin spokes of negligible mass. Total mass is 0.8 kg. What is the torsional constant of the spring? (a) 0.28 Nm/rad (b) 0.1152N/rad  (c) 4.8Nm/rad (d) 2.0Nm/rad

34. A particle moves in x-y plane according to equation 
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the motion of particle is

(a) On straight line (b) On ellipse (c) Periodic (d) SHM

35. If two orthogonal SHM of same frequency having initial phase difference of 
[image: image1425.wmf]2

p

act simultaneously on particle free to move. The particle can move in

(a) Straight line (b) Parabola (c) Circle (d) Ellipse

36. A particle is subjected to two simple harmonic motions (both along x-axis)  
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 and x2 = 2A cos ωt. Find the resultant amplitude of the oscillation
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37. A particle is subjected to two perpendicular simple harmonic oscillations. The resultant path of the particle is shown in figure. If the frequencies of vibrations along x-axis and y-axis are f1 and f2 respectively then
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38. Two perpendicular SHM of same frequency but different amplitudes act simultaneously on a particle free to move. The phase difference between oscillations is 
[image: image1431.wmf]2

p

. The path of the particle will be

(a) Straight line (b) parabola (c) Ellipse (d) Hyperbola

Comprehension 
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1 A block A of mass 1 kg connected with a spring of spring constant 10 N/m is executing SHM. The displacement time equation of block is x = 8 + 4 sin (100 t). An identical block B moving towards negative x-axis with velocity 10 m/s collides elastically with block A at time t = 0

Choose the correct answer:

1 Displacement time equation of A after collision is

(a) x = 8 - 0.1 sin (100t) (b) x = 8 - 2 sin (100 t) (c) x = 8 - 4 sin (100t) (d) x = 8 + sin (100t)

2 New amplitude of oscillation of block A is  (a) 0.1 unit (b) 0.2 unit (c) 0.3 unit (d) 0.4 unit

3 Velocity of block B just after collision is (a) 100 m/s (b) 200 m/s (c) 300 m/s (d) 400 m/s
Answer Key (DPP-2):- 

1.b 2.c 3.d 4.c 5.a 6.a 7.  8.   9.a   10.a 11.a 12.c 13.a 14.a 15.a 16.  17.c 18.d 19.c 20.c 21.  22.c 23.b 24.a 25.d 26. c 27. c 28. b 29.c 30. d 31.   32. c   33. b 34.  35.  36. d 37. c 38. c 

Comprehension:- 

1.a 2.a 3.d 

Wave Motion-                                                            Assignment-51
1. In a sonometer experiment, the density of the material of the wire used is 7.5 × 103 kg m-1. If the stress of the wire is 3.0 × 108 Nm-2, find out the speed of the transverse wave in the wire Ans = 200 ms-1
2. A copper wire is held at the two ends by rigid supports. At 30oC, the wire is just taut with negligible tension. Find the speed of transverse waves in the wire at 10oC. Ans = 72 ms-1
3. A traveling harmonic wave on a string is described by 7.5 sin 
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(i) What are the displacement and velocity of oscillation of a point at x = 1 cm, and t = 1 s? Is this velocity equal to the velocity of wave propagation?

(ii) Locate the points of the string, which have the same transverse displacement and velocity as the x = 1 cm point at t = 2 s, 5s, 11 s.

Ans = (i)1.67 cm, 2400 cm s-1 , no (ii)λ= 1256.64 cm.  All points located at distances n λ from the point x=1cm have the same transverse displacement and velocity.

4. Stationary waves are set up by the superposition of two waves given by 

y1 = 0.05 sin (5π t - x) and y2 = 0.05 sin (5π t + x)

where x and y are in metres and t in seconds. Find the displacement of a particle situated at a distance x = 1m.

Ans = 0.054 m

5. A metal wire of linear mass density of 9.8 gm-1 is stretched with a tension of 10 kg wt into between two rigid supports 1 metre apart. The wire pass at its middle point between the poles of a permanent magnet and it vibrates in resonance, when carrying an alternating current of frequency v. Find the frequency of the alternating source. Ans = 50 Hz

6. The length of a sonometer wire is 0.75m and density 9 × 103 kg m-3. It can bear a stress of 8.1× 108 N/m2 without exceeding the elastic limit. What is the fundamental frequency that can be produced in the wire? Ans = 200 Hz

7. A stretched wire emits a fundamental note of 256 Hz. Keeping the stretching force constant and reducing the length of wire by 10 cm, the frequency becomes 320 Hz. Calculate the original length of the wire. Ans = 50 cm

8. A wire stretched between two rigid supports vibrates in its fundamental mode with a frequency of 45 Hz. The mass of the wire is 3.5 × 10-2 kg and its linear density is 4.0 × 10-2 kg m-1. What is (i) the speed of a transverse wave on the string, and (ii) the tension in the string? Ans =  (i) 78.75 ms-1(ii)248N.
9. The length of a wire between the two ends of a sonometer is 105 cm. Where should the two bridges be placed so that the fundamental frequencies of the three segments are in the ratio of 1:3: 15

Ans = 75 cm and 100 cm

10. A wire having a linear mass density of 5.0 × 10-3 kg m-1 is stretched between two rigid supports with a tension of 450 N. The wire resonates at a frequency of 420 Hz. The next higher frequency at which the same wire resonates is 490 Hz. Find the length of the wire. Ans = 2.14 m

11. A pipe 20 cm long is closed at one end. Which harmonic mode of the pipe is resonantly exited by a 430 Hz source? Will this same source be in resonance with the pipe if both ends are open? (Speed of sound = 340 ms-1). Ans = 425 Hz, 850 Hz

12. A pipe 30.0 cm long is open at both ends. Which harmonic mode of the pipe is resonantly excited by a 1.1 kHz source? Will resonance with the same source be observed if one end of the pipe is closed? Take the speed of sound in air as 330 ms-1. Ans = second harmonic,no

13. An open pipe is suddenly closed at one end with the result that the frequency of the third harmonic of the closed pipe is found to be higher by 100 Hz than the fundamental frequency of the open pipe. What is the fundamental frequency of the open pipe? Ans = 200 Hz.

14. The first overtone of an open organ pipe beats with the first overtone of a closed organ pipe with a beat frequency of 2.2 Hz. The fundamental frequency of the closed organ pipe is 110 Hz. Find the lengths of the pipes. Velocity of sound in air = 330 ms-1 Ans = 75 cm, 99 cm

and when loaded with a piece of wax again gives 4 beats per second. How do you account for this and what was the unknown frequency? Ans = 292 Hz

15. Two tuning forks A and b produce 4beats/second. On loading B with wax 6 beasts/second were heard. If the quantity of wax is reduced, the number of beats per second again becomes 4. Find the frequency of B if the frequency of A is 256 Hz. Ans = 260 Hz

16. A tuning fork of known frequency of 256 Hz makes 5 beat s-1 with the vibrating string of a piano. The beat frequency decreases to 2 beats s-1, when the tension in the piano string is slightly increased. What was the frequency of the piano string before increasing the tension? Ans = 251 Hz

17. A set of 24 tuning forks is arranged in a series of increasing frequencies. If each fork gives 4 beats per second with the preceding one and the last sounds the octave of the first, find the frequencies of the first and the last forks. Ans = 92 Hz, 184 Hz.

18. Two similar sonometer wires of the same material produce 2 beats per second. The length of one is 50 cm and that of the other is 50.1 cm. Calculate the frequencies of the two wires. Ans = 1000 Hz.

19. Calculate the speed of sound in a gas in which two sound waves of wavelengths 1.00 m and 1.01 m produce 24 beats in 6 seconds. Ans = 404 ms-1
20. A train standing at the outer signal of a railway when station blows a whistle of frequency 400 Hz in still air. (i) What is the frequency of the whistle for a platform observer when the train (a) approaches the platform with a speed of 10ms-1, (b) recedes from the platform with a speed of 10 ms-1? (ii) What is the speed of sound in each case? Ans = 412.12 Hz, 388.57 Hz. (ii) 340ms-1
21. An observer standing on a railway crossing receives frequencies of 2.2 kHz and 1.8 kHz when the train approaches and recedes from the observer. Find the velocity of the train. The speed of sound in air is 300 ms-1. Ans = 30 ms-1.
22. A train standing in a station yard blows a whistle of frequency 400 Hz in still air. (a) A wind starts blowing in the direction from the yard to the station with a speed of 10 ms-1. What are the frequency, wavelength and speed of the sound for an observer standing on the station platform? (b) Is the situation exactly equivalent to the case, when the air is still and the observer runs towards the yard at s speed of 10 ms-1? Take speed of sound in still air = 340 ms-1. Ans = 350 ms-1, 0.875 m (b) 411.8 Hz

23. A rocket is moving at a speed of 220 ms-1 towards a stationary target. While moving, it emits a sound wave of frequency 1000 Hz. Some of the sound reaching the target gets reflected back to the rocket as an echo. Calculate (a) the frequency of the sound wave as detected by a detector attached to the target and (b) the frequency of the echo as detected by a detector attached to the rocket. Ans = 2538.5 Hz, 4077Hz

24. A whistle of frequency 540 Hz rotates in a circle of radius 2 m at an angular speed of 15 rad s-1. What is the lowest and highest frequency heard by a listener a long distance away at rest w.r.t. centre of the circle? Can the apparent frequency be ever equal to the actual frequency? Take v = 330 ms-1. Ans = 495Hz, 594Hz 

Wave Motion-                                                            Assignment-52
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1 Two coherent sources S1 and S2 separated by a distance of 1m give out sound waves of frequency 50Hz. At P maximum intensity is observed. If speed of sound in air is 300m/s, what is the phase relationship between the two sources S1 and S​2?

 (a) S1 is leading in phase as compared to S2 by 
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(b) S1 is leading in phase as compared to S2 by 
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(c) S1 is lagging in phase as compared to S2 by 
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(d) S1 in lagging in phase as compared to S2 by 
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2 Regarding open organ pipe, which of following is correct?

(a) Both ends are pressure antinodes   (b) Both ends are displacement nodes
(c) Both ends are pressure nodes         (d) Both (1) & (2)

3 At t = 0, a transverse wave pulse travelling in negative x direction with speed 2m/s in wire is given by

 y = 
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0 then transverse velocity of particle at x = 2 and t = 2 s is 
[image: image1441.wmf]s

m

s

m

s

m

s

m

a

/

27

1

 

(d)

 

/

27

1

 

(c)

 

/

27

2

 

(b)

 

/

27

2

)

(

-

-


4 The frequency of first overtone of a closed organ pipe of length L is f1. A hole is made at a distance 
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from the closed end. Now the frequency of first overtone is f2. Then 
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5 Two corks are 10m apart in a lake. Each goes up and down with period 5s. It is observed that when one is at its highest point, other one is at lowest point. The possible speed of wave is

(a) 2.5m/s (b) 5m/s (c) 40m/s (d) 4m/s

6 When source and detector are stationary and wind blows at speed Vw = 10m/s, speed of sound is v = 330 m/s, find apparent wavelength of sound in direction of wind and wavelength of sound is 33m

(a) 33m (b) 1m (c) 34m (d) 
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7 If maximum speed of particle in a medium carrying a traveling wave is V0, then find speed of particle when displacement is half of maximum value
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8 The statement “Doppler effect increases the intensity of wave as received by detector, when source is approaching detector” is
 (a) True (b) False (c) Irrelevant (d) Information is insufficient

9 Two tuning forks A and B when sounded together produce 4beats/s. when B is loaded with wax, the beat frequency remains same. If frequency of A is 212Hz then frequency of B before loading is

(a) 208Hz (b) 212Hz (c) 216Hz (d) Irrelevant

10 A plane progressive wave of frequency 50Hz, traveling along positive x-axis is represented as y = (5 × 10-5m) sin (100π t) at x = 0, wave speed is 300m/s. Maximum difference in displacements at x = 0 and x = - 3m is
 (a) 5 × 10-5m (b) 2. 5 × 10-4m (c) 5 × 10-4m (d) 10-4m
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11 A source is giving out plane progressive waves in a medium. r is the perpendicular distance of any point in medium from source and u is energy density at that point. According to the variation of u with r as shown in graph which of the following statements is correct?

(a) Density of the medium is uniform throughout

(b) Density of medium increases with r 

(c) Density of medium decreases with r

(d) None of these

12 When a string is vibrating in standing wave pattern the power transmitted across an antinode, compared to power transmitted across node is
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 (a) More (b) Less (c) Same (zero) (d) Same (nonzero)

13 A transverse wave is passing through a string shown in figure. Mass density of the string is 1kg/m3 and cross section area of string is 0.01m2. Equation of wave in string is y = 2 (sin 20t – 10x). The hanging mass is (in kg)
 (a) 40 (b) 0.2 (c) 0.004 (d) None of these

14 A police man on traffic signal sees an approaching car blowing horn and passing him. Velocity of car is constant then graph of frequency of sound heard by policemen with time is
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15 A disc of radius 20m is rotating uniformly with angular frequency ω = 10rad/s. A source is fixed to rim of disc. The ratio of maximum and minimum frequency heard by observer far away from disc in plane of disc is (take speed of sound 330m/s)
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16 Which of following represents loudness versus intensity of sound graph?
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17 A closed organ pipe of length 2m filled with a gas resonates in fundamental mode with a given tuning fork. An open organ pipe of same length filled with air also resonates in fundamental mode with the same tuning fork. The experiment is carried at 27oC temperature when speed of sound in al is 330m/s. The speed of sound in gas at 7oC is 

 (a) 520 m/s (b) 438m/s (c) 638m/s (d) 620m/s

18 A row boat is moving with speed 15m/s. When it moves in direction of water wave, boat swing upward in every 0.8s and in opposite direction swings upward in 0.6s. Then wavelength of transverse component of water wave is 

 (a) 15m (b) 10.3m (c) 21.6m (d) Insufficient information

19 Temperature dependence of speed of sound could be expressed as, v = k
[image: image1456.wmf]T

, where k is some positive constant. In a medium sound is travelling along x-axis. At x = 0, temperature is T1 and at x = l, temperature is T2 and the temperature varies linearly with x. Time taken by sound to travel from x = 0 to x = l is  
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20 There are two pipes each of length 2m, one is closed at one end and other is open at both ends. The speed of sound in air is 340m/s. The frequency at which both can resonate is

(a) 340Hz (b) 510Hz (c) 42.5Hz (d) None of these

21A closed organ pipe oscillating in its first overtone is in unison with a tuning fork of frequency 330 Hz. If ΔP0 is the maximum value of pressure amplitude, what is pressure amplitude at the middle of the organ pipe? (Speed of sound in air is 330 m/s)
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22 Density of all strings is same. The ratio of transverse wave speeds in strings AB and AC is
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23 A point source of sound is placed in a non-absorbing medium. Two points A and B are at distances of 1m and 2m, respectively from source. The ratio of amplitudes of wave at A and B is

(a) 1: 1 (b) 1: 4 (c) 1: 2 (d) 2: 1

24 One end of a string of length L is tied to ceiling of lift accelerating upwards with acceleration 3g. The other end of the string is free. The linear mass density of string varies linearly from 0 to λ from bottom to top. Then correct statement for wave travelling in string

(a) Wave speed is increasing as it travels from bottom to top

(b) Acceleration of wave on string is uniform

(c) Time taken by pulse to reach from bottom to top will be 
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(d) All of these

	[image: image1462.png]





25 At any instant, wave travelling along a string is shown in figure. Here point A is moving upwards. Which of following statement is true?

(a) Wave is travelling to right 
(b) Displacement amplitude of wave is equal to displacement of B at this instant
(c) At this instant C also moves upward  
(d) None of these

26 A wave represented by y = 2cos (4x – πt) is superposed with another wave to form a stationary wave such that the point x = 0 is a node. The equation of other wave is

(a) 2 sin(4x – πt) (b) -2cos (4x – πt) (c) -2cos (4x – πt) (d) – 2 sin (4x – πt)

27There is a set of 4 tuning forks, one with lowest frequency vibrating at 552 Hz. By using any two forks at time, the beat frequencies heard are 1, 2, 3, 5, 7, 8. The possible frequencies of other three forks are

(a) 553, 554 and 560 Hz      (b) 553, 555 and 560Hz
(c) 553, 556 and 558 Hz     (d) 551, 554 and 560 Hz

28. Mark correct statements w.r.t. perfect standing waves

(a) Two waves that form it, would carry equal amounts of power in opposite directions 

(b) Average rate of energy transfer is zero at ever point

(c) Flow of energy is there within a segment formed by two nodes

(d) In transverse standing wave on a string energy is transferred from one end to other

29 Three consecutive resonant frequencies of string are 90 Hz, 150 Hz and 210 Hz then

(a) The maximum possible fundamental frequencies of vibration of this string is 30 Hz

(b) The given frequency are 3rd, 5th and 7th harmonic

(c) The given frequency are 1st, 2nd & 3rd harmonic

(d) The given frequency are 1st, 2nd  and 3rd overtone
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30. Two pulses traveling on same string are described by equations 
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Mark out correct statements

(a) At t = 
[image: image1465.wmf]s
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the two waves cancel each other every where

(b) At t = 
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4

3

 the two waves cancel each other every where

 (c) At x = 1 the two waves cancel each other every where

(d) At all points two waves cancel each other

31. Two speakers are placed as shown in figure below. Mark correct statements

(a) If person is moving along AB he will hear sound loud, faint loud and so on

(b) If person move on CD he will sound hear loud, faint, loud and so on

(c) If person move on AB he will with continuously decreasing intensity

(d) If person move on CD he will hear uniform intense sound

32. Which of following represent equation of wave?

(a) Y = (3x + 4t)3                                       (b) Y = 3sin (3x - 4t) + 4 cos (3x - 4t) 

(c) Y = sin (3x - 2t) + cos (3x - 4t)           (d) Y = 
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33. A wave is going from one medium to another, then which of property may/must change?

(a) Frequency (b) Wavelength (c) Velocity (d) Amplitude

34. The displacement of string carrying a traveling wave is given by Y = A sin (kx - ωt + δ) At t = 0 the Particle at x = 0 is at half of amplitude and is moving at upward direction. The value of δ may be.
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35. A string of length L fixed at both ends is vibrating in lowest mode of its vibration for which particle at 

x = 
[image: image1470.wmf]6

L

from one end is having maximum displacement. The frequency of vibration of this node is 120 Hz. For this situation, mark out correct statements

 (a) The particle at x = 
[image: image1471.wmf]2

L

will have maximum displacement 
(b) The given mode is 2nd overtone

(c) The next higher overtone for which same particle at x =
[image: image1472.wmf]6

L

has maximum displacement is 6th one

 (d) The next higher overtone for which same particle at x = 
[image: image1473.wmf]6
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 has maximum displacement is 8th one

36. A string fixed at both ends is vibrating as shown in figure, then mark correct statements

(a) All particles in between x and y are vibrating in phase

(b) All particles in between A and x are vibrating in phase with particles between x and y

(c) All particles between A and X are vibrating in phase with particles in Y and B

(d) All particles of string are in phase

37. With regard to sound waves, mark out correct statements

(a) Phase difference between incident and reflected displacement waves from fixed end is zero

(b) Phase difference between incident and reflected pressure wave from fixed end is zero

(c) Phase difference between incident and reflected pressure wave from fixed end is π

(d) Phase difference between incident and reflected displacement wave from fixed end is π

38. A wave (harmonic) is travelling on a stretched string. The frequency of source producing wave is increased by factor of two keeping all other parameters same as earlier then

(a) Speed is doubled         (b) Wavelength is halved 

(c) Speed remains same   (d) Wavelength remains same

39. Mark correct options

(a) Waves can be transverse in liquids

(b) In some media speed of longitudinal mechanical wave is greater than speed of transverse mechanical waves 
(c) Transverse wave are possible in bulk of liquid 
(d) Non mechanical waves are transverse is nature

40. Two points on string are observed as a traveling wave passes them. The point are at x1 = 0 and x2 = 1 m, the transverse motions of two points are found to be as follows Y1 = A sin (3πt) and Y2 = A sin 
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t is in seconds any y is meters mark correct options

(a) Frequency of wave is 3 Hz (b) Frequency of wave is 1.5 Hz 

(c) Wavelength of wave can be 16 m
 (d) Wavelength of wave can be 
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41. A harmonic wave is travelling on a stretched string. At any particular instant, the smallest distance between two particles having same displacement which is equal to half of 
amplitude is 4 cm. Find smallest separations between two particles which have same values of displacement equal to amplitude

(a) 4cm (b) 12cm (c) 24cm (d) 8cm
42. Equation of a longitudinal wave is given as y = 10-2 sin 2π 
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(all SI units). At t = 0, change in pressure is maximum at x =

(a) 0.34 (b) 0.255 (c) 0.085 (d) All of these

43. Intensity of sound wave is

(a) Increased by four times when pressure amplitude becomes twice and frequency remains the same

(b) Increased by four times when displacement amplitude becomes twice and frequency remains the same

(c) Increased by four times when displacement remains same and frequency becomes twice 

(d) All of these

44. The fundamental frequency n of a string, if n1, n2 ……are fundamental frequencies of segments of stretched string is
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(d) None of these

45. If a string fixed at both ends vibrates in three loops, the wavelength is 10cm. The length of string is

(a) 5cm (b) 15cm (c) 30cm (d) None of these
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 (Comprehension) Four pieces of string each of length L are joined end to end to make a long string of length 4L. The linear mass densities of strings are µ, 4µ 9µ& 16µ respectively. One end of the combined string is tied to fixed support and the string is stretched to a tension F. A transverse wave has been generated at other end having frequency f (Ignore any reflections and absorptions)

Choose the correct answer:

46. The time taken by wave to reach from source end to fixed end is
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47. Find ratio of wavelengths of waves on four strings, starting from right hand side is

(a) 12: 6 : 4: 3 (b) 4 : 3 : 2 : 1 (c) 3 : 4 : 6 : 12 (d) 1: 2 : 3 : 4

48. The rate at which energy is transferred is maximum for string having mass density
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 (a) µ (b) 4µ (c) 9µ (d) 16µ

Comprehension: In the figure shown, a source having power 12 × 10-6 W is kept at O, which is emitting sound waves in all directions. Two surfaces are labeled as 1& 2 having areas A1 = 2 × 103 m2 and A2 = 4 × 103m2 respectively. The distance of the source is large as compared to the area of the surfaces.

Choose the correct answer: 

49. The intensities at the two surfaces are respectively

(a) l1 = 12 × 10-6 W/m2 
l2 = 12 × 10-6 W/m2
(b) l1 = 6 × 10-9 W/m2 
l2 = 12 × 10-9 W/m2
(c) l1 = 6 × 10-9 W/m2 

l2 =  3 × 10-9 W/m2
(d) l1 = 12 × 10-9 W/m2 
l2 =  3 × 10-9 W/m2
50. If two person A & B having same physique are standing at location 1 & 2, then who
 will hear quieter sound

(a) Both will hear same sound (b) A will hear quieter sound 
(c) B will hear quieter sound (d) Information is not sufficient

51.If area of ear drum of A is 2 mm2& that of B is 4 mm2, then
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(a) A will hear quieter sound (b) B will hear quieter sound 

(c) Both hear same sound (d) Both hear same sound (d) Can’t say anything

comprehension: A source of sound & detector are shown in figure. The detector is moving along a circle with constant angular speed ω. It starts from shown location in Anticlockwise direction at t = 0. Velocity of sound is v

Choose the correct answer:

52. What is frequency received by detector, when it rotates by an angle 
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53.The time when detector will hear maximum frequency for first time is
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54. The time interval between maximum & minimum frequency received by detector is
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comprehension: Reverberation time is controlled for clarity of sound reception. If it is not brought down, there will be echo leading to confusion. Echo is due to multiple reflection. Use of jute material false ceiling, projective structures and cartons reduce reverberation time.

Choose the correct answer:

55 To have uniform intensity of sound in auditorium, there should be

(a) Materials with absorbing capacity (b) False ceiling (c) Less reflective surfaces (d) All of above

56.A good auditorium is acoustically 
(a) Dead (b) Pleasing to ear (c) Echoing (d) None

57.α1, α2____ an are absorption coefficients of surface areas S1, S2___ Sn used in auditorium of volume V. The reverberation time is proportional to

(a) 
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Assertion-Reason Type

1. Statement-1: Sound waves can be transverse in nature

Statement-2: In solids, nature of sound waves depend on mode of excitation

2. Statement-1: Wave on string can be longitudinal in nature

Statement-2: The string can’t be compressed or rarefied.

3. Statement-1:  If two people talk simultaneously and each creates an intensity level of 60 dB at a point P, then total intensity level at point P is 120 dB.

Statement-2: Sound level is defined on non-linear scale.

4. Statement-1: Quality of sound produced by an open pipe is better than closed pipe.

Statement-2: An open pipe produces all harmonics but a closed pipe does not

5. Statement-1: The fundamental frequency of an open organ pipe increases as temperature is increased.

Statement-2: As temperature increases, the velocity of sound increases rapidly

6. Statement-1: When two vibrating tuning forks having frequency 220 Hz and 440 Hz held near each other, beats cannot be heard.

Statement-2: Principle of super position is valid only if frequencies of oscillations are equal
7. Statement-1: The frequencies of incident, reflected and refracted beam of monochromatic light incident from one medium to other medium are same.

Statement-2: The incident reflected and refracted rays are coplanar.

8. Statement-1: Compression and rarefaction involve change in density and pressure.

Statement -2: When particles are compressed, density of medium increases and when rarefied density of medium decreases.

9. Statement-1: For a traveling wave y = 0.2 sin 2π (10t - 5x), speed of wave is 2 units.

Statement-2: Wavelength of the wave is 5 units.

10. Statement-1: As a wave travels from denser to rarer medium, wavelength of a wave may increase or decrease.

Statement-2: The frequency remains unchanged by a change in medium.

11. Statement-1: Wave velocity and particle velocity for transverse wave are mutually perpendicular to each other.

Statement-2: The wave velocity and particle velocity have a constant ratio of their magnitudes.

12. Statement-1: Interference of waves is based on energy conservation.

Statement-2: For observing interference between two waves, the amplitude of two wave must be nearly equal.

13. Statement-1: For sound passing in gas, the compressibility of gas at a point oscillates in time.

Statement-2: The position of small layers of gas oscillates in time.

14. Statement-1: When a sound source moves towards observer, then frequency of sound increases.

Statement-2: Wavelength of sound in medium towards observer is decreased.

Answer Key :-
1.b 2.c 3.a 4.d 5.d 6.c 7.c 8.a 9.c 10.d 11.c 12.c 13.c 14.b 15.d 16.a 17.c 18.b 19.a 20.d 1.a 22.a 23.d 24.d 25.b 26.c 27.b 28.a 29.a,b 30.b,c 31.c 32.b 33.c 34.c 35.a,b,d 36.a,c 37.b,d 38.b 39.a,b 40.b,c 41.b  42. a 43.d  44.c  45.b  46.b 47. c 48.d 49.c 50.c 51.c 52.d 53.b 54.c 55.d 56.b 57.a 
Assertion-Reason Type

1.a 2.d 3.d 4.a 5.a 6.c 7.b 8.a 9.c 10.d 11.c 12.a 13.a 14.d 
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1 Pressure difference inside and outside the base of the cylinder ∆ PB = P0 + hρg –P0 = hρg [ρ = density of liquid] 
[image: image1489.wmf]\


FB = ∆ PBS = πr2hρg
…. (1). Pressure at a depth y = P0 + yρg (below the surface of liquid inside) while outside pressure = P0
So pressure difference on two sides of the curved surface at depth y below the surface will be ∆ PS = P0 + y ρg. So the force on a strip of curved surface of thickness dy at a depth y below the surface of liquid will be dFC = ∆PS (2πrdy) = 2πrρgy dy 
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3Suppose volume and density of the body be V and ρ respectively, Then, according to law of floatation in water,
Weight = upthrust
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4 
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x = 80 kg

8 Specific gravity of alloy = 
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10 When the substances are mixed in equal volume, then
Vρ1 + Vρ2 = 2V × 4 …… (1)

When the two substances are mixed in equal masses, then
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11 When the ball is pushed down, the water gains potential energy, whereas the ball loses potential energy. Hence gain in potential energy of water = 
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Loss in PE of ball = Vρ’rg = 
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14 Let the volume of the ball be V. Force on the ball due to upthrust = Vdg 
Net upward force = Vdg – VDg  
[image: image1505.wmf]\

 upward acceleration is given by VDa = Vdg – VDg 
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15 Consider a small portion of mass m of the liquid mg is the weight acting downward and ma is the factious force acting against the direction of motion. The resultant of these two forces will make the surface of liquid inclined in such a way that the resultant is normal to the surface for which
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18 According to principle of floatation, Weight of whole sphere = upthrust 
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19 Work done = initial potential energy – final potential energy
or
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20 On pouring oil on left side water rises 25 cm from its previous level in the right limb of U-tube, creating a difference of levels of water by 50 cm. Let h cm be the height of oil above level A in the left limb of U-tube. Equating pressures at A and B, we get
PA = PB
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Difference of levels of oil (C) and water (D) in the two limbs = 62.5 – 50 = 12.5 cm

21 Base area of boat = 3 × 2 m2. When man sits in boat, it sinks by 1 cm. Therefore, increase in volume of water displaced = 3 × 2 × 1 × 10-2m3. Weight of additional water displaced = 6 × 10-2 × 1000 gm

This must be equal to weight of man.

[image: image1515.wmf]\

 

 
Mg = 6 × 10-2 × 1000 gm 
Hence, 
m = 60kg

22 Weight of wax in air = x gm-wt 
Weight of metal in water = y gm-wt

Weight of wax and metal both in water = z gm-wt
Specific gravity of wax
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25 If the rise of level in the right limb be x cm, the fall of level of mercury in left limb is 4x.
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Level of water in the left limb is (36 + 4x) cm. Equating pressure at interface of mercury and water, we have (at A1 and B1), (36 + 4x) × l g = 5x × 13.6 × g 
Solving, we get 
x = 0.56 cm

26 Weight of block in air = 110 gm 
Weight of block in water = 80 gm Loss of weight in water = 110 – 80 = 30 gm. This is equal to weight of water displaced; so volume of water displaced = 30 cc (which is the apparent volume of block). Real volume of the material of block = 
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[image: image1520.wmf]\

 Volume of cavity = 30cc – 20 cc = 10 cc
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28 The vertical height of mercury level in a barometer does not change.
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31 Velocity u of the body when it enters the liquid is given by 
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Let
Volume of the body = V
Mass of the body = Vd
Weight of the body = Vdg
Mass of liquid displaced = VD
Weight of liquid displaced = VDg
 Net upward force = VDg – Vdg = Vg (D – d) Retardation = 
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Final velocity v in the liquid when the body is instantaneously at rest is zero. Let the time taken be t.
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32 According to tan 
[image: image1526.wmf] 

 

h 

or   

   

h

    

So

     

h

 

 

 tan 

,

 

problem

present 

 

In the

    

g

al

g

a

l

l

g

a

=

=

=

=

q

q

(where h is the difference in the heights in the two limbs).

33 Effective mass = 
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34 Weight of balloon –upthrust = force 1.5g – upthrust = force 
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Let x kg of mass be removed

Upthrust – Weight of the balloon = force 
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35 Since, density of block =
[image: image1533.wmf]2

1

(density of water), 50% of its volume is immersed in water. In the second case, half of the volume of the block is further immersed in water. Therefore,

W = Extra upthrust + Spring force = a × a 
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36 Let P1 and P2 be the pressures at the bottom of the left end and right end of the tube respectively. Then:  F = (P1 – P2)A = ρghA where A is the cross-section of the tube. The mass of the liquid in the horizontal portion is
m = ρLA
Now
F = ma

So, ρghA = ρLAa    
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37 Fi = F2 = weight of liquid. Pressure on the bottom will depend on the level of liquid in the vessel and hence on the area of base. But net force will depend on weight of liquid mg.

38 Density of liquid decreases with increase in temperature and level of liquid 
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h2 > h1
 as 
ρ100o < ρ50o
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39 As the air is pumped out, buoyancy due to air will become zero. Hence, V2 > V1
40 
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41 The cube is in equilibrium under the following three forces:

(a) Spring force Kx, where x = elongation of the spring 

(b) Gravitational force
W = Weight of the cube = mg

(c) Buoyant force FB (or upward thrust) imparted by the liquid on the cube given as:
FB = V dg (where V = volume of immersed portion of the cube) For complete immersion
V = Volume of cube For equilibrium of the cub
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42 Fbottom – Fupper surface = Upthrust
or 
Fbottom – πR2hρg = Vρg 

[image: image1543.wmf] 

\

 Fbottom = ρg [πR2h +V]

43 Initial weight of the candle = weight of liquid displaced ρcVcg = ρL (volume of liquid displaced) g
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When 2cm has been burnt, total length = 2L – 2 But

[image: image1545.wmf])
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 Using eq. (1) we get: x = 1cm 

The length of the candle outside the liquid is also decreased by 1cm as the total decrease is 2 cm. The level of the candle comes down at half the rate of burning.

45 Pressure difference between lungs and atmosphere = 760mm – 750 mm = 10 mm = 1 cm of Hg = 1 × 13.6 × g = l × 1 × g of water i.e., one can draw from a depth of 13.6 cm of water.

Sol: Assignment-2

1 In the above question, we have proved that x = 
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h(H –h) = h’(H – h’) OR h’2 – h’H + h(H – h) =0 Solving it. We get h’ = (H – h)

2 The average velocity of efflux
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3 Let h be the height of liquid surface in the vessel. The velocity of efflux is given by
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4 Applying Bernoulli’s theorem, we have 
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 where v’ is the velocity of all surfaces of liquid and v the velocity of efflux. Further, from continuity equation.
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7 Assume 
l1 = l2 = l and 
r1 = r = 2r2
or
r2 = r/2

In this case,
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8 We know that 
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With four pipes, the volume of liquid flowing = 
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14 Because such a combination will be equivalent to a similar tube of double the length, hence the rate of flow will be 4cm3s-1.

15 Since radius of T2 is half that of T1, hence rate of flow through T2 is 16cm3 s-1. Total rate of flow through both the tubes will be 24 cm3 s-1
16 Since radius of T2 is half that of T1, hence rate of flow through T2 is 8/16 cm3 s-1 = 0.5 cm3 s-1. Therefore, total rate of flow = 8.5 cm3 s-1.

19 Let a be the area of cross-section of the hole, v the initial velocity of efflux and d the density of water. Initial volume of water flowing out per sec = Av Initial mass of water flowing out per sec = Avd  

Rate of change of momentum = (Avd)v = Adv2 Initial downward force on the out flowing water = Adv2 Reaction acts upwards on the cylinder Initial upward reaction = Adv2
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20 Volume flowing per sec in left tube = volume flowing per sec in 1st branch tube + volume flowing per sec in 2nd branch tube Av1 = Av2 + 1.5 Av A
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21 From Bernoullis’s theorem,
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23 In the if origin of coordinate system is taken at A, then the coordinates of the point P may be taken as (x, y). Then from Bernoulli’s theorem,
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26 According to question, A1V1 = A2V2
Given

2A1 = A2
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28 Let y be the height of liquid at some instant     Then    -
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29 Thrust force F = F1 – F2 = 
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31 Take X-axis along the flow and Y-axis perpendicular to it.
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32 The velocity of efflux of the liquid 
[image: image1575.wmf])
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The impact force of the emerging liquid on the vessel and liquid content is given by
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33 Equation of continuity  
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As
VP = 20 m/sec
Hence,
VQ = 5 m/sec

34 Applying Bernolli’s equation between the points (1) and (2), we get:
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35 Applying Bernoulli’s theorem and equation of continuity for the stated case,
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36 Fluid resistance is given by, 
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37 Terminal velocity, 
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38 Volume of the body =
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Collision, Law of conservation of momentum,               Assignment-27
Sol Question: -

1 According to law of conservation of momentum 
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2 Velocity of projection, u = 200 m s-1 Angle of projection, θ = 60o. Horizontal component of velocity of projection, 
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. At the highest point of flight vertical component of velocity becomes zero, while horizontal component remains same. If m be the mass of cannon ball, then initial momentum of the ball at the highest point 
pi = mux = 100 m
(along horizontal direction 

Now, at the highest point of flight ball explodes into three fragments of equal masses (= m/3). As two pieces move vertically just in opposite direction with same velocity (= 100 m/s), hence, resultant momentum due them will be zero. Therefore, final momentum of the system must be due to third fragment only, that too in horizontal direction. Hence, according to law of conservation of momentum
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3 px = momentum along east = 10kg-m/s
py = momentum along north = 10 kg-m/s
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According to law of conservation of momentum
p + p3 = 0 
or
p3 = -p 

or
p3 = 10
[image: image1596.wmf]2
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or
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4 In case of projectile motion as at the highest point
(v)vertical =0 and (v)horizontal = v cos θ the initial linear momentum of the system will be mv cos θ. Now as force of blasting is internal and force of gravity is vertical, so linear momentum of the system along horizontal is conserved, i.e., p1 + p2 = mv cos θ or m1v1 + m2v2 = mv cos θ. But it is given that m1 m2 = 
[image: image1598.wmf]2
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5 Applying the law of conservation of momentum we get mv0 + 0 2m × v 
or
v 
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6 Applying the law of conservation of momentum,  
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8 pe = 3.2 
[image: image1606.wmf]´
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. According to law of conservation of momentum, the residual nucleus must move in a direction just opposite to that of 
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9 According to law of conservation of momentum mv + 0 = (m + M)V
or
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10 Suppose the velocity of the bullet of mass m is v and it strikes the block of mass M. After collision, the linear velocity of the block is V and that of the bullet is v’. Applying law of conservation of linear momentum, we get, mv = MV + mv’
or
500 
[image: image1615.wmf]´

0.01 = 2V + 0.01v’
or
5 = 2V + 0.01v’ ….(1) Now, the kinetic energy gained by the block 
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MV2 raises it to a height h where it gains gravitational potential energy Mgh. By conservation of energy, we get 
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12 Applying law of conservation of momentum along horizontal and vertical directions, we get mv sin θ1 – mv sin θ2 = 0 
i.e., 
θ1 = θ2 ….. (1) Also mu = mv(cosθ1 + cosθ2)= 2mv cosθ [θ1 = θ2 = θ (say)] 
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or 
θ = 45o Hence, θ1 = θ2 = 45o
13 Velocity of the first ball after the collision is 
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and
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v2 = 
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if m1 = m2, v1 = 0 
and
v2 = u1. In this case, the whole kinetic energy is transferred to the second ball after the collision.

14 if m1<< m2 (see question 13) v1 = - u1
and
v2 
[image: image1629.wmf]@

0 i.e., momentum of the first ball is reversed. Thus, for maximum change in the momentum of the first ball, m1 << m2
15 In this question, the velocity of the earth before and after the collision may be assumed zero. Hence, coefficient of restitution will be 
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when vn is the velocity after nth rebounding and v0 is the velocity with which the ball strikes the earth first time.
Hence,
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where hn is the height to which the ball rises after nth rebounding. Hence, 
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16 
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17 As balls rebound with same speed, hence impulse imparted to each ball
= 2p = 2mv = 2 × 0.06 × 4 = 0.48 kg-m/s

18 OD2 = OA2 + AD2 
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 OC should be equal to OD. The third fragment moves with a momentum of 2p at an angle of 150o with the direction of B.

19 The time elapsed from the moment it is dropped to the second impact with the floor is 
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 (1+ 2e) where h is the initial height of the body from the ground 1.03 = 
[image: image1637.wmf]8
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(1 +2e) Solving we get: e = 0.64

20 Applying the law of conservation of linear momentum at the first plate, mu + m1 × 0 = M1V + m1u’ or
0.02u1 = V + 0.02u’ 
… (1). Applying the law of conservation of linear momentum at the second plate, mu’ + M2 × 0 = (m + M2) V
or
0.02u1= (0.02 + 2.98) V = 3V ….. (2)

Putting eq. (2) in eq. (1) we have 
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21 The bullet and block will meet after time 
[image: image1641.wmf]sec
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× 10 × 1 = 5m. Distance traveled by bullet s2 = 100 – s1 = 95m. Velocity of bullet before collision u1 = gt = 10 m/s. According to law of conservation of momentum. M1u1 + m2u2 = (m1 + m2) V 
or
0.01 (- 10 + 90) = 0.02 V [Velocity in upward direction is considered positive.] Solving, we get V = 40 m/s maximum height risen by the block = 
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 EMBED Equation.3 [image: image1645.wmf]\

 Height reached above the top of the tower = 80 – s1 = 80 – 5 = 75m

22 Both the particles will collide at the highest point of their path. Momentum of the particle P just before collision = 
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. Momentum of particle Q just before collision = 
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After collision: Let velocity of Q = V
and
velocity of P = - 49 cos 45o Therefore, momentum after collision = 
[image: image1648.wmf] 
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 or V = 0. Thus the particle Q will fall freely after collision. So the distance traveled by it will be = 
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245

m = 122.5m

25 ux = 20
[image: image1651.wmf]2

cos 45o = 20 m/s 
uy = 20
[image: image1652.wmf]2

sin 45o = 20m/s

After 1 sec, horizontal component remains unchanged while vertical component becomes vy = uy – gt = 20 – (10) (1) = 10m/s. Due to explosion, one part comes to rest,. Hence, from conservation of linear 

momentum, vertical component of second part will become v’y = 20m/s. Therefore, maximum height attained by the second part will be
H = h1 + h2 
Here, = h1 = height attained in 1 sec = (20) (1) -
[image: image1653.wmf]2
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 ×10 × 12 = 15 m and h2 = height attained after 1sec = 
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27 H = 20 + 15 = 35m 
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28 After collision the balls exchange their velocity, i.e., 
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But path of B will be first straight line and then parabolic as shown in figure. After calculation we can shown that 
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29 For A: Using the laws of conservation of linear momentum and energy, then velocities of two bodies after perfectly elastic collision are given by: 
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If m1 = m2, we find that
v1 = u2 and v2 = u1 i.e., in perfectly elastic collision of two moving bodies of equal masses, the bodies merely exchange their velocities after collision. Thus, statement A is correct. 

For B: In eqs. (1) and (2) if m2 << m1, then v1 = v2, v2 = 2v1. Thus, statement B is wrong.

Sol key:   Moment of inertia Assignment-29
	[image: image1660.png](10,0)
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1.Moment of inertia of a cylinder about an axis passing through centre and normal to circular face =
[image: image1661.wmf]2
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3. Moment of inertia of each of the point masses (m) at B and C about the side BC = m (0)2 + m (0)2 = 0. Moment of inertia of point mass m at A about the side BC = m (AD)2 Now
AD = l sin 60o = l 
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4. The moment of inertia of a flywheel is given by: I = MR2 Taking log on both sides, log I = log M + 2 log R Differentiating it, we get 
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[image: image1666.wmf]\

 % increase in moment of inertia = 2 × 1 = 2%

5Let M be the mass of each disc. Let RA and RB be the radii of discs A and B respectively. Then
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7 IZ = I1 + I2 + I3 = 
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9. According to theorem of perpendicular axis: IEF = M.I. of system about one rod as axis + M.I of system about second rod as axis = 
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11. According to theorem of parallel axes, (M.I.)required axis = (M.I)CG + M(OA)2
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 15. 
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 17. M = Mass of the square plate before cutting the holes Mass on one hole 
[image: image1674.wmf]16
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 18. 
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 20. 
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 21. The desired moment of inertia is 
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Assignment-30    Rotational motion
Sol: - 

1 Torque exerted on the disc 
[image: image1681.wmf]MR
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2 Tangential acceleration 
a = rα = R 
[image: image1682.wmf]M
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3 From above question 
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4 According to question 2 and 3 
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7 Total energy 
K = KR + KT = 
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[image: image1689.wmf]7
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11 
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12 
[image: image1691.wmf]2
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13 In vertical direction, 
0 – v2 sin2 45o = - 2gh 
or
h = 
[image: image1692.wmf]g
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At highest point momentum = mv cos 45o = 
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 (because vertical component of velocity become zero at the highest point) 
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 Angular momentum =
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16 From above question, we also find that 
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17 Suppose a be the linear acceleration of the mass and T the tension in the string. Hence 
Mg – T = Ma … (1). Let α be the angular acceleration of the flywheel. The couple applied to the flywheel is Iα = TR or T = 
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 …… (2) Now we know that a = Rα …..(3) Putting (2) and (3) in eq. (1) we get 
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18 When the rod is held vertically, its centre of mass is at a height L/2 from the floor, so that the potential energy of the stick is Mg (L/2). On releasing, the stick falls, i.e., it rotates about the end on the floor and the potential energy is converted into rotational 
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, where I is the moment of inertia of the rod about the lower end and ω the angular velocity when it hits the floor. Then by conservation of mechanical energy,

19 Moment of inertia of the system about the given axis I = IA + IB + IC Now as rod is thin, IA = Σm × (0)2 = 0 Rod B is rotating about one end.
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20 
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21 
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And as moment of inertia depends on the distribution of mass w.r.t the axis of rotation, hence 

IA > IB, 
so
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22 The moment of inertia of the uniform rod about an axis through one end perpendicular to length is
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23 As the body rolls the inclined plane, it loses potential energy. However, in rolling it acquires both linear and angular speeds and hence, gain in kinetic energy of translation and that of rotation. So by conservation of mechanical energy,
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24 From the figure in question 23 we find 
h = s sin θ 
So
v2 = (2gs sin θ)/ β

Differentiating it w.r.t time, we get 
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25 As here acceleration is constant and body starts from rest, so from 2nd equation of translatory motion,
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26 θ = 30o, Iring= MR2
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27 When the sphere stops at some point B lying at a height h, its rotational an translational KE at the bottom A gets converted into gravitational potential energy. Thus
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28 Let m be the mass of the small sphere. The translational KE of the sphere at the bottom of the hemisphere
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29 Equation of motion Mg sinθ – f = Ma ……… (1)
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30 According to law of conservation of energy, mgh = 
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31 Taking moments about the edge about which the cube is likely to tilt, 
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32 Suppose, when the beads reach the ends, moment of inertia of the system changes from I1 to I2 and, therefore, the angular velocity changes from ω1 to ω2. As external torque acting on the system is zero, hence angular momentum of the system is conserved, i.e., 
I1 ω1 = I2 ω2
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34 According to principle of conservation of angular momentum, we get I1 ω1 = I2 ω2
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36 IE in both cases should be same and equal to the loss in potential energy (according to law of conservation of energy). Hence 
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38 
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39 From conservation of angular momentum about point of contact:
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40 Angular momentum is an axial vector, so its direction is perpendicular to plane of motion which is not going to change because of change in speed. So only its direction remains same but its magnitude will vary.

41 For pure translation motion of object, the force should act at the centre of mass.
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43 From conservation of energy Potential energy = translational KE + rotational KE
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44 Torque of the rod about A, 
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45 
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46 Pattern A is more sturdy because the moment of the tension about the fulcrum is maximum in position A, to counterbalance the moment of mg acting from the centre of mass of the rod
Solids

sol: Assignment question: -

1 The breaking stress is independent of the cable and its area of cross-section. It depends only on the material of the cable. So, the maximum load will remain same.

3 
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4 Y =
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For a perfectly rigid body, ΔL = 0, so long strain is zero. Hence, Y is infinite.

5 Liquids can not sustain shear, hence their shear modulus is zero.
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Let T be tension in the wire, then longitudinal stress = 
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13 At the higher temperature t, increase in the length of 1st rod = l1a1T, increase in the length of 2nd rod = l2a2T 

[image: image1745.wmf] 

\

Total increase in length = l1a1T + l2 a2T = T(l1a1 + l2a2) 

The walls will not allow the rods to lengthen. Hence, one rod presses on the other and vice-versa producing decrease in length keeping the total length the same. Let F be the force acting on one rod due to the other then decrease in length of the 1st rod = 
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14 With increase in temperature, due to thermal expansion, length of the rod changes


i.e.,
 L’ = L(1 + αΔt) So for composite rod,
L’s + L’c = Ls (1 +αs Δt) + Lc (1 + αc Δt)  = (Ls + Lc) + (Ls αs +Lcαc) Δt According to problem


2.002 = 2 + [0.5 ×  1.6 × 10-5 + 1.5as] × 100 Solving, we get as = 0.8 × 10-5 / oC 

15 

16 Negative value of potential energy decreases from C to B and thereafter increase. It show that KE increase from C to B and there after it decreases. So there is attraction from C to B and after which repulsion results.

18 For Cylinder A: 
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