                            COUNCIL OF CBSE AFFILIATED SCHOOLS IN THE GULF
                             GULF SAHODAYA EXAMINATION, GRADE  XI – 1996.

                                                      PHYSICS (Theory)

                                                                             
                                 Max marks : 70

                                                                                                                         Time : 3 Hrs

General Instructions.

(i) All questions are compulsory.

(ii) Marks for each question are indicated against it.

(iii) Question numbers 1 to 10 are very short answer questions, each carrying 1 mark.

(iv) Question numbers 11 to 22 are short answer questions, each carrying 2 marks.

(v)
Question numbers 23 to 29 are also short answer questions, each carrying 3 marks.

(vi) Question numbers 30 to 32 are long answer questions, each carrying 5 marks.

(vii) Use log tables, if necessary.

1.  Specify any two contributions made by physics to the development of  science and technology.

    (i)Steam engines      (ii)  Geo stationary satellite.

2. Write down the kinematic equation of motion of a uniformly accelerated body which does not

    contain time factor, giving the meaning of symbols used.

v2  =  u2 + 2as

   where v ( Final velocity, u ( Initial velocity, a ( acceleration & s ( displacement.

3. What is meant by velocity-time graph? Indicate the nature of velocity-time graph of a  stone 

    dropped from the top of a building.                        
    A graphical representation, which shows the variation of velocity ( along y-axis) with time    

    (along x-axis) is the velocity-time graph.
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4. Mention any two important characteristics of uniform circular motion.

    (i)The direction of linear velocity is tangential to the circle at every point.

    (ii)The direction of the acceleration is towards the centre of the circle

5. A light body and a heavy body have equal momenta. Which one has greater kinetic energy?

     Explain.

     Light body.    Kinetic energy, KE = P2/ 2m

     Since momentum P is same for both the bodies, light body will have greater kinetic energy.

6.  How is angular momentum of a particle in two dimensional motion related to the areal

     velocity of the position vector of the particle?

     Angular momentum = 2m x areal velocity.

7.  How will the gravitational force between two bodies be affected if the distance between is    

     (a)doubled? (b) Halved?                                                                             

      Since Gravitational force (   1/ r2,                                                                                                            


    (a)When r is doubled, force reduces to ¼th. 

    (b)When r is halved, force becomes 4 times.

  8. State Stefan’s law of heat radiation.

       The total radiant energy emitted per second from unit area of the surface of a black body is 

      directly proportional to the fourth power of its absolute temperature.


Q  =  ( T4   .     Where ( is Stefan’s Constant.

9.  Draw the displacement-time curve for damped oscillations.
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10.What is meant by beat frequency? Mention one application of beats.

     The number of beats produced in one second is called the beat frequency. Beats can be used

     to determine the unknown frequency of tuning fork.

11. A physical quantity (P) is related to four observables a, b, c and d as follows.

    P =  a3b2 /d c.The percentage errors of measurement in a, b, c, d are 1%, 3%, 4% & 2 % 

     respectively. What is the percentage error in the quantity P? If the value of P  calculated

    using the given relation is 3.763, to what value should the result be rounded?

    Percentage error in P,       (P x 100  =  3 (a x 100 +   2 (b x 100 + ½ (c x 100 + 1 (d x 100

                      
                    P
                  a
      
    b
             c
         d




     
                      =  3 x 1% + 2 x 3% + ½ x 4% + 1 x 2%

   


                      =  13%. 

                     ( The round off value = 3.8.

12. Using dimensional considerations, check the correctness of the equation E = ½ I(2,

    where E is the rotational kinetic energy of a body of moment of inertia I and having 

    angular velocity (.

    Dimensions of E = M1L2T-2
    Dimensions of ½ I(2 = M1L2 (T-1 )2      = M1L2T-2
    Dimensions of LHS = Dimensions of RHS        

    Thus the dimensions of the quantities of both sides are the same and the equation is

    dimensionally correct.

13. An aeroplane takes off at an angle of 60( to the horizontal. If the component of its 

    velocity along the horizontal is 360 km/h, what is its vertical component of velocity?                                                                              

    The horizontal component, Vx = VCos(
     ( V =     Vx    =  360

     Cos60       ½ 

        V  =  720 km/hr.                                      
                VY         V

    The vertical component, Vy  =  VSin(                                         60




            =  720 x Sin60


Vx  = 360 km/h



         
            =  720 x (3


Vy  =  623.5 km/h.          2.

14. State the laws of kinetic friction. Sand is thrown on tracks covered with snow in hilly 

    areas. Why?

    Laws of kinetic friction

    (i)The kinetic friction has a constant value depending on the nature of the two surfaces in

    contact.  (ii)The kinetic friction is directly proportional to the normal reaction.

F  (  R       F  =  (k R ,             where (k  is the coefficient of friction.

                                                                                                                          ( P.T.O)

     When the tracks in hilly areas get covered with snow, the force of friction between the tyres 

    and the snow-covered track becomes less. In order to produce sufficient force of friction for

    safe driving, sand is thrown on snow covered tracks.

15.Distinguish between elastic and inelastic collisions giving one example for each.

         The collisions, in which both momentum and kinetic energy of the system are conserved,

    are called elastic collisions. Eg :- Collisions between atoms.

        The collisions in which momentum of the system is conserved but kinetic energy is not

    conserved, are called inelastic collisions. Eg :- A bullet striking a block of wood.

16.Explain clearly the meaning of banking of curves. Give the expression for optimum

    speed of a car for negotiating a banked curve for least wear and tear.

        To provide the necessary centripetal force for a car moving along a curved track, the outer 

    portion of the track is raised a little above the inner track. This is known as the banking of 

    curved tracks. The angle that the track makes with the horizontal is called the angle of 

    banking ‘(’ as shown in the figure.

         When the track is thus banked the normal reaction(N) will be inclined to vertical.The 

    vertical component of of normal reaction balance the weight of the car while the horizontal

    component provides the necessary centripetal force .(See the fig.)             
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    Let m be the mass of a car and R the radius of curved track and v the speed of the car. Then,


Nsin(  =  mv2
------------
1



     R


Ncos( = mg
------------
2

        2  tan(  =   v2
        1                Rg

    Hence maximum speed, V=        Rgtan(
17.At what height above the surface of the earth will acceleration due to gravity become

    1% of its value at the earth s surface?                                                                           

    Acceleration due to gravity on the surface  g= GM/R2           R –Radius of the earth

    Acceleration due to gravity at a height h above the surface, gh=  GM/(R+h)2

                     gh/g=R2/(R+h)2,       Given gh=1/100Given gh=1/100  g

                 1/100 =(1+h/R)2             1+h/R  = 10

                  h=9R  =  9 x 6400=5.76 x 104 Km.

18.Assuming the expression for pressure exerted by a gas show how the mean kinetic

     energy of  molecule of an ideal gas is related to its absolute temperature.

          Consider one mole of a gas having a volume V at absolute temperature T. Let N be the

    number of molecules in one mole of the gas and m be the mass of each molecule.

    The pressure exerted by a gas,

 P = (1/3)( c2 

    where c is the root mean square speed of molecule of the gas.                     (P T O)

 
P = (1/3)mNc 2


   V


PV = (1/3)Mn c2
    Now from an ideal gas equation, PV = RT

    (
     RT = (2/3)N ½ mc2 


    ½ mc2  = (3/2) (R/N)T

    Now ½ mc2 is the mean kinetic energy of a molecule of the gas, then KE ( T.

19. Distinguish between adiabatic and isothermal processes. What happens to the internal   

      energy of a gas during (i) isothermal expansion (ii) adiabatic expansion.

     Isothermal process :- When a system undergoes physical change under the condition that 

     its temperature remains constant throughout the process, it is called an isothermal process.

       Adiabatic process :- A physical process in which no exchange of heat takes place between 

     the system and surroundings.

    (i)Internal energy remains unchanged. (ii)Internal energy decreases.

20. Derive an expression for frequency of oscillation of a loaded spring.

         Consider a spring AB of a negligible mass and of length L suspended from a rigid support

    as shown. When a mass m is attached to the free end of the string  

    it extends to the distance ‘x’.                                                                                       

    ( The force exerted by the spring on the body F = -Kx.                                             A

    where K is the force constant.                                                                                              L   

    Since this restoring force is proportional to the displacement                                                     L

    and is opposite in sign to the displacement, the resulting motion 

    is simple harmonic.  ( acceleration a = -(Kx )/ m  =  -(2x. 

      ( (      =         K                                                                                                B                       B                                                    
                 m

         2((  =      K

            m


       ( Frequency of oscillation,        (  = (1/2()  K/m

21. A particle executes SHM of amplitude 25 cm and time period 3 sec. What is the

    minimum time required for the particle to move between two points 12.5 cm on either

    side of the mean position.

    Displacement of a particle in a SHM, x = A Sin(t





           = A Sin (2(/T) t.                                        





12.5    =  25 Sin (2(/T) t





(2(/T)t = Sin -1(1/2)  =  (/6 rad.


                                    ( t = T/12 sec.  Given T = 3 sec.  ( t = ¼ sec.

         Therefore the total time required to move on either side of the  mean position. 

                          t' = ¼ + ¼ = 0.5 secs.         

22. A steel wire 75 cm long has a mass of 6 x 10-3 kg. What should be the tension in the wire

    so that the speed of the transverse wave on the wire is 100 m/s?

    Mass per unit length of the wire, m = (6 x 10-3) / (75 x 10-2) = (6 x 10-1) / 75 kg/m

    ( Velocity of the wave in a wire, v = ((T /m)

    where T is the tension and m is mass per unit length.

       ( 100 =      T x 75


               6 x 10-1
                                                                           

                    T  =  (100)2 x 6 x 10-1  =  80 N.

                    
          75

23. Two racing cars start from rest side by side and both move with uniform acceleration

    along straight tracks.The acceleration of one car is double that of the other and the cars

    are found to be 250m apart after 10s. Calculate their speeds after 10s.                                                                                                                                                                                                                                                   

    Let ‘a’ and ‘2a’ be the accelerations of two cars.

    Distance covered by first car in t secs, S1 = ½ at2 

    Similarly for the second car, S2 = ½ x 2at2 

    Given, S2 - S1 =  250 when t = 10 s

( 250 = t2 (a – ½ a) = ½ at2 

( a = 5 m/s2.

    ( Velocity of the 1st car after 10 secs, v1 = u + at = 0 + 5 x 10 = 50 m/s

    Velocity of the 2nd car after 10 secs, v2 = u + 2at = 0 + 10 x 10 = 100 m/s.

24. A particle is projected with a velocity u at an angle ( to the horizontal in a vertical 

    plane. Derive expressions for  (a) Maximum height attained  (b) Time of flight and 

    C) The horizontal range. Find the angle of projection for maximum range.

     See Question No. 24 (1995).

25. The last wagon of goods train running at 36 km/h gets detached and comes to rest after 

    moving 51m. Show that the overall resistance to motion equal one tenth of its weight.

    Initial velocity u = 36 x 5 /18 = 10 m/s

    Final velocity v = 0

    Distance covered s = 51 m

    ( Deceleration, a = (v2 – u2)/2s = -100/102 = -0.98 m/s2 

    Hence the retarding force = 0.98m Newtons.

    One tenth of weight of the wagon = (1/10) m x 9.8 = 0.98 m Newtons.

    This is equal to the overall resistance (Retarding force).

26.Obtain an expression for the moment of inertia of a uniform thin disc about an axis 

    through its centre and perpendicular to its plane.

     Consider a uniform circular disc of mass M, and radius R rotating about an axis passing

    through its centre and perpendicular to its plane.

    ( Mass per unit area of the disc = M/((R2) .        

     To find the moment of inertia of the disc , let us assume a thin element of disk of radius x and

    radial  thickness dx. Mass of an element  =2(x.dx X M / ((R2) = 2M/R2.x dx
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    Moment of inertia of an element about an axis =( ( 2M/R2 ). x . dx )  x2  = 2M . x3 . dx/R2
                                                                                                                     R

    Moment of inertia of the whole disc about the axis of rotation, I = (2M/R2) 0(  x3dx 

                                     R

                                                          


           = (2M/R2)[x4/4] 0 



         I = ½ MR2 .

27. State Kepler’s laws of planetary motion. Obtain an expression for the orbital velocity of 

    a satellite.

    (i)Each planet revolves round the sun in an elliptical orbit with the sun at one focus of the  

     ellipse.

    (ii)The line joining the sun and the planet sweeps out equal areas in equal times.

    (iii)The squares of periods of revolution of the planets are proportional to the cubes of their  

    mean distances from the sun.

    Orbital Velocity

    Let us assume that a satellite of mass ‘m’ goes around the earth in a circular orbit of radius r

    with a uniform speed v.

    Height of the satellite above the earth’s surface is h.                                                       R

    ( r = R + h , where ‘R’ is the mean radius of the earth.                  V

    The centripetal force necessary to keep the satellite in its orbit  

    is provided by the gravitational force between the earth and

    the satellite.

    (i.e.) 
(mv2/r) = (GMm/r2)                                                                                                      

    ( The orbital velocity v = ((GM/r)  = ((GM/(R+h))                                                                                                                      

                                                                                                                                                R+h

    Now the acceleration due to gravity on the earth’s surface g = GM/R2 

                            (
GM = gR2   

       Hence v = (gR2/(R+h)  =  R(g/(R+h)

28. A wire of length 2m and diameter 2mm stretches by 1mm when a load of 8kg is suspended  

      from its end. Find (a) Longitudinal stress (b) Linear strain and (c) the Young’s modulus

      of the material of the wire.

(a) Longitudinal stress = Force/Area



           = mg/((R2) = 8 x 9.8 / (3.14 x (10-3)2 ) = 78.4 x 106/3.14

                      Stress = 2.5 x 107 N/m2        .
    (b)Linear strain = Change in length / Original length

  = 1 x 10-3/2 = 5 x 10-4
    (c)Young’s Modulus (Y) = Stress/ Strain

        = 2.5 x 107 / (5 x 1-4)

        = 5 x 1010 Nm-2.

29.Explain the Doppler effect in sound? Derive the general expression for the apparent frequency 

     of sound when the source and listener are moving in the same direction.

    The phenomenon of apparent change in the frequency of sound produced by a source due to   

   the relative motion of the source, listener or the medium is called Doppler effect.

     Consider a source producing a sound of frequency (. Let c be the velocity of sound in the

    medium and ( be the wavelength of sound wave, when the source and listener are at rest.

   ( The frequency of sound ( = c/(
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  Vs


Vl  

     Now let us consider the apparent frequency (’ of the sound as heard by the listener when the  

   source and listener are moving with velocities Vs and Vl respectively.

    The velocity of sound waves relative to the source = C - Vs
   ( Apparent wavelength, (1 = (C – Vs )/(
   Since the listener is moving with a velocity Vl, the relative velocity of sound wave with respect  

   to the listener = (C – Vl )

   Hence the apparent change in frequency heard by the listener,

             (’ = (C – Vl ) / (1 = (C – Vl )( / (C – Vs )

30.(a) State the law of conservation of energy. Illustrate the law in the case of a freely falling body. 

      Show graphically how each of gravitational potential energy, kinetic

      energy and total energy varies with the height.

     (b)A spring compressed by 20 cm develops a restoring force of 50N. Find its spring 

      constant.

      (a)The principle of conservation of energy may be stated as “Energy can neither be created

      nor  destroyed, it can only be transformed from one form to one or more other forms without

      loss or   gain”.

      Conservation of energy in the case of freely falling body.

      Let a body of mass m be at rest at a point A, at a height h above the ground G

      as shown in fig.
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     Hence total energy = P.E + K.E = mgh
---------
 1


      At B                                                                                                                 G
      Consider a point B at a depth x below A. Let v be the velocity acquired by the body falling 

      from A to B.

       Potential energy = mg(h – x )

      Kinetic energy = ½ mv2 .

      From the equation of motion, v2 = u2 + 2as,  we get 
v2 = 2gx

      ( K.E = ½ m.2gx = mgx

       Hence total energy = mg(h-x)+mgx = mgh  
--------  2

      At  G

      Let v1 be the velocity of the body when it reaches the ground.

     ( Potential energy = 0

      Kinetic energy = ½ m.2gh = mgh

      Hence total energy = mgh + 0 = mgh 
----------  3

      From 1, 2 & 3 it is clear that the total energy of the body is constant throughout its motion.




    P.E + K.E = mgh
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  (b) Spring Constant (K) = Force / Displacement



        K = 50 / 20 x 10-2  = 2.5 x 102  Nm-1.

31. State and prove Bernoulli’s theorem.

       See Qn No. 31 in 1995.

                                                              OR

31. (a) Establish for a given liquid that, surface tension and surface energy are numerically 

      equal. (b) When two small drops of mercury coalesce (combine) into a single drop, what 

      happens to the temperature of the drop immediately after the event? Explain.

      ( c).A soap bubble of radius 1cm is blown to a bigger one of radius 2cm. Find the increase   

      in its surface energy.                                                                                    (P.T.O)

   (a)Consider a rectangular wire frame ABCD. Let the side AB of length l is movable and a   

    liquid film of liquid of surface tension ( is formed on it.

    The wire AB is pulled inward by the surface tension of the           D                         C

    film acting normally to the wire.

    The force acting on AB = 2l(
   The factor 2 appears because there are two surfaces of film.


    If the AB is pulled by a small distance (x to the position              A                           B

   A’B’, then, the increase in surface energy which is equal              A’  ----------------   B’

   to the work done = Force x displacement  =2l( (x.                                    l        F                         

   Increase in surface area = 2l . (x

   Since the surface energy is the potential energy per unit area of the liquid surface,

   The surface energy of the film = 2l((x/(2l(x)

   Surface energy = ( (Surface tension)

   Hence the surface energy is numerically equal to the surface tension of the liquid.

    (b) Since the surface energy decreases during the process, the energy is released. Hence the   

   temperature slightly increases.

   (c) Increase in surface area = Final surface area – Initial surface area


      (A = 8(R2 -  8(r2 = 8( x 10-4 (4 – 1)  =   24(x10-4 m2.

   ( Increase in surface energy = (A( = 24(x10-4x2.5x10-2 = 1.884 x 10-4 Joules.

32.(a) Explain why a gas has two specific heats. Derive the relation between them.

    (b)A Carnot engine working between 27 (C and 227 (C has a work output of 800J

     per cycle. Calculate the amount of heat energy supplied to the engine from the 

     surface in each cycle.

     (a)In the case of gases even a small change in temperature can cause large change in both the  

     pressure and volume. Therefore specific heat of gas is defined either at constant volume or at 

     constant pressure and hence a gas has two specific heats.

      Consider one mole of an ideal gas contained in a cylinder fitted with frictionless piston of  

     area A.  

     Let P, V and T be the pressure, volume and temperature of the gas.

                                      dx                    


                                     (V    

                        P    


    Keeping the volume constant the gas is heated through dT.

    The heat supplied, dQ = 1 Cv dT

---------  1

    Now let the gas be heated at constant pressure to again increase in its temperature through dT.

    If dQ’ is the amount of heat supplied, then dQ’ = 1 Cp dT
  ----------  2

    When the gas is heated at constant pressure, the piston moves out and work is performed

     by the gas.  

    As the increase in temperature is same in two cases,


dQ' = dQ + dW

    The work done dW = P x increase in volume = P.dV


(  CpdT =  CvdT + P.dV

    According to perfect gas equation, P.dV = R.dT

               CpdT =  CvdT + R.dT

                 Cp - Cv = R







   (b) Efficiency of Carnot’s engine, ( = 1 – (T2/T1)

          Given T1 = 227 + 273 = 500K and T2 = 27 + 273 = 300K

              ( ( = (1 – (300/500))x100% = 40%

          40% of heat energy supplied = 800J

         ( Total amount of heat energy supplied from the source = Q’ = 800 x 100/40 = 2000J.
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 “We have to give a much better account of ourselves in  future  than  we have ever done in the  past.

  Let us lose no time but prepare for the task from today ”.   –   SUBASH CHANDRA BOSE .
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