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Q.1. (A) Answer the following questions in short as asked (5)
1. At which position of the simple hormonic oscillator, will the mechanicalenergy be four times the potential energy ?2. Give Unit and dimensional formula of intensity of wave.3. In order to create very sweet-music, the reverberation time should be ....4. Linear momentum of one object becomes half the intial linear momentum.Then there will be ...............% decrease in its kinetic energy.5. Give the uitlity of the physical quantity phase.

(B) Answer any three in eight to ten sentences. (6)
1. Write he equation of displacement of S.H.O. with the helpp of differentiation,obtain the equation of velocity in terms of displacement. Write the valuesand positions of  maxmum and minimum velocities.2. Derive differential equation of forced oscillation with damping.3. A wave originate at x=0 at t = 0 with initial Phase 'O'. If the wave issinusiodal derive the equation y = Asin (wt-kx) at time t for a particle lyingat distance x =x from the origin.4. Define position vector of centre of mass, and explain centre of mass of arigid body ?

(C) Attempt any THREE of the following Problems (9)
1. A spring of length l  having its force constant K is cut into two parts.These parts have their length in 4:1 proporotion and their force constantsare K1 and K2 respectively show that K1 = 54k  and K2 = 5k..2. Prove that for a wave Propagating in a medium, the ratio of instantaneousvelocity of a particle of the medium to the wave velocity is equal to thenegative value of the slope of the waveform at that Point.3. An atom is executing simple harmonic osceillations with an amplitude of 2.5x10-7 meter one is simultaneously emitting electromagnetic waves. Thesewaves are recorded by a stationary recorder as shown in figure. If the velocityof waves emitted is 3 x 108 m/sec. Find out the maximum and the minimumfrequencies as recorded by the recorder. The frequency of the oscillation ofthe atom is 2 x 1013 Hz. and it is emitting wave of the same frequency. Assumethat the equations obtained for the Doppler effect for sound are also valid forelectromagnetic waves.



Physics (054) Question Paper - 1

2

4. A soldier is firing bullets, each having mass of 50 gm, with a speed of 1000mmet/sec from a machine gun. He can withstand at most an average recoilforce of 200 Newton what is the maximum number of bullets he can fire persecond ?
Q.2. (A) Answer in Short. (5)

1. Write dimensional equation of torque.2. What is Geodesic ?3. Give Max plank's statement of the second law of thermodynamics ?4. The ratio of temperature of two bodies of same material is 2:3 what is theratio of their total emissive power ?5. The ratio of radii of orbits of two artificial satellities is 4:1 what is the ratioof their periods ?
(B) Attempt any THREE of the following Questions. (6)

1. Taking |→L |= I |→W | for a rotating rigid body drive r r
τ α= I  and write the law ofconservation of angular momentum for it.2. Define gravitational potential and derive φ = −GMr3. Accepting equation dϕ = ncvdT + d W for an adiabatic process of an ideal gasderive equation PV γ = constant.4. Draw the diagram to obtain the parallel axis theorem. Taking I = miri2∑& Ic mri ci= ∑ 2 , using the destance formula deduce the mathematical form ofthe parallel axis theorem.

(C) Attempt any THREE  of the following Problems. (9)
1. A race track having 300m radius of curuature has an inclination of 15°. If theco-efficient of friction between the surface of the road and that of the racecar wheel is 0.2, with what maximum speed can a race car be driven safetly onthis road ? g = 9.8 m/s2.2. Prove that the projectiles thown in directions making equal angles with thatof 45°  to the horizontal direction have equal ranges.3. A metal rod of 1m length is in a steady thermal state at atmosphereic pressure.
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Its one end is placed in water at 100°c and other end is placed in ice at 0o c. Atwhat distance from its hot end a flame of temperature 2000ο c should be placedso that per unit time, same amount of water evaporates at the hot end as theamount of ice melts at cold end ? Latent heat of evaporation of water = 540cal/gm. Latent heat of melting of ice is 80 cal/gm.4. A carnot engine is operating between 1000k and 500k. In order to extractwork of 210 Joules per cycle from this engine how much heat must beabsorbed from the source in each cycle (J = 4.2 joules/cal)
Q.3. (A) Answer in short (5)

1. A circular resistive wire has resistance equal to 10Ω .Then what will be theresistance between any two end points of the diameter ?2. State Faraday's First law of electrolysis.3. How much shunt is required to increase the range of Ammeter n times?4. If the planes of two concentric coils is parpendicular to each other, then whatwill be the value of the mutual inductance of the system ?5. The unit of Thomson co.efficient σ is ............
(B) Attempt any three of the following questions. (6)

1. Define 'purallel connection' of resistor. Prove 1R = 1
1R  + 1

2R  + 1
3R  for 3resistors.2. On what does the direction of emt in seback effect depend ? What arereference junction and 'test junction'. By keeping reference junctiontemperature fixed at 0οc. Plot graph e→ t write emperical formula between e& t.3. Drive equation F = q ( r rV B× )for a charge q moving with velocity V in a magneticfield B. Also .write Lorentz force equation.4. Using Faraday's law obtain E = -B l ν for a "U" shaped metallic frame placedin a maas field.

(C) Attempt any THREE of the following Problems. (9)
1. A conducting wire has a resistance of 10 ohms. Its length is now stretched toincrease by 3% calculate the resulting value of the resistance.2. For a thermocouple α=l4µ ( )ο c−1 and β=0.07µ ( )c−2  find out netural and theinversion temperature.3. A charge Q is uniformly spread over a disc of radius a made from a non-conducting material. This disc is now rotated about its geometrical axis with
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frequency f find the magnetic field generated at the center of the disc.4. Two solenoids, each of 1.5 meter length and having cross sections suchthat the larges one just fits outside the smaller one are placed co.axiallywith their ends matching each other. The smaller solenoid has 1500 turns andthe larger one has 500 turns. If the cross sectional area of the smaller solenoidis 15x10-4m2, find the mutual inductance of the system where
µ π0 74 10= × − T MA. .

Q.4. (A) Answer in short. (5)
1. When power is transmitted at voltage V and current I, the power loss is x. Ifvoltage is stepped up 5 times then what will be the loss in power ?(in terms of x)2. What is modulation.3. "Optic axis of a tourmaline plate is a direction". Do you agree ?4. The ratio of intensitres of two interfering waves is 1:4 what's the ratio ofmaximum resultant intensity to the minimum resultant intensity ?5. V and I in an ac circuit are given by V = 50 sin (100t), I = 50sin (100 t+π 3  )find the power factor.

(B) Answer the following questions (any three) (6)
1. Define the term Real Power for an A.C circuit. Derive the expression forpower in case of on A.C. circuit with L-C.R in series.2. Explain 'Ground wave' with respect to propogation of Electromagnetic Waves.3. Acepting the expression for path difference r r dxD2 1− = .Obtain the expressionfor distance between two consecutive bright fringes. Also write the expressionfor the width of the fringe.
4. Assume a differential equation d Qdt2 2 + RL dqdt + QLC =V Lm coscot for an A.C. circuitL-C-R in series. Write its complex form obtain the equation for complexcharge (q).

(C) Attempt any THRE of the following problems (9)
1. Prove that if voltage obtained from an a.c. source is given by V=Vmsincot, itsaverage value is 2Vm

λ
=0.637Vm for a half cycle of the wave.2. In a series L-C-R circuit L=5 H, C = 80µF and R = 40 ohm. A.C. of 230V and
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variable frequency is applied to this series circuit calculate1. resonant angular frequency ω0.2. impedence of circuit at resonance.3. Potential drop across inductor VL.3. A parallel beam of a monochromatic light is incident normally on a slit havinga width of 0.018 cm. The fraunhofer diffraction pattern formed at the focalplanes of a lens of focal length 50 cm shows its first order maximum on theeither side of the central peak with a separation of 0.45 cm between them.Find the wavelength and light used.4. In young's dolue slit experiment seperation between the slits is 0.1 mm &a screen is placed at a distance of 1 meter from the slits. Find the seperationbetween consecutive bright fringes of the width of fringes for light ofwavelenth 5000°A.
Q.5. (A) Answer in short. (5)

1 What is the viscous force acting on stationary oil drop between two plates inMillikan's Experiment.2. If stopping potential 5V, what is the value of maximum kinetic energy of theemitted electrons.3. What is the function of moderator in a Nuclear reactor ?4. ................... gives measure of the stability of  a nucleus.5. What is depletion layer ?
(B) Attempt any three. (6)

1. In Thomson's Experiment of determining c/m, assuming y = 12 EemF
HG

I
KJ
l2

2νexplain with necessary equations, how the velocity of electron can be obtained.Obtain an expression for c/m of an electron.2. Give the Einstein's Explanation for the photoelectric effect with necessaryformula.
3. Asuming the radius of an electron in the nth orbit in hydrogen atom r =n hmZc

2 2 02∈
πobtain the experession for the energy of an electron in nth orbit.4. Explain the reverse bias connection of PN junction diode with graph.

(C) Attempt any three Examples. (9)
1. Two electron beams have their velocity ratio 1:2. They enters in an uniformmagnetic field perpendicular to it. Find the ratio of their deviations (Beams
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are in the field for a very short duration)2. Wavelength of Hα line in hydrogen atom is 6563 0A  calculate the wavelengthof Hβ  lines.3. 1 gm Ra226 has an activity of 3.7 x 1010 Becquerel calculate its half lite.4. In a common emitter N-P-N amplifier if the collector current is changed by8m A. When input voltage is given 4.0 milivoit, find its transconductance. Ifinput resistance is 1000Ω , find voltage gain.
o-o-o-o-o
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SOLUTION
A.1. (A) Answer the following Questions in short.

1. Mechanical energy = 4 (Potential Energy)
∴

12  KA2 = 4 12 2kyF
HG

I
KJ

∴ A2 = 4y2
∴ y = ± A2At y = ± A2 Mechanical energy will be four times Potential Energy.

2. Unit of intensity of wave Joluesmeter ond( ) .sec2  =  Wattmeter( )2Dimensional formula of intensity of wave = M1L0T-3.3. In order to create very sweet-music, the reverberation time should be lessthan 0.8 second.4. Linear momentum of one object becomes half the initial linear momentum.Then there will be 75% decrease in its kinetic energy.5. One basis of location of reference particle and no. of revolutions made by itbefore reaching that point the position of the SHO on its path and the no ofoscillations can be known through the phase.
(B) Answer any three in eight to ten sentences.

1 Displacement of SHO isy = A sin (ω t + φ) .... (1)Differentiating (1) w.r.t. timeV dydt=

∴ V dydt=  [Asin (ω t +φ)]
V = Aωcos (ω t +φ)Here Cos(ωt+φ) = ± 1 2− +sin ( )ω φt
∴ V = Aω 1 2− +sin ( )ω φt= ±  Aω 1 2 2− y A= ±  Aω A y2 2−Cases :-1. at y = 0 ie at mean position ⇒ = ±v Aϖ2. At y = ±  A (ie. at extreme end points) V = 0.2. Oscillations under the influence of on external periodic force are called the

→→→→→ →→→→→ →→→→→
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"forced oscillation". Let Fosinwt be the external periodic force.W → angular frequency of external periodic force applied to the system.These oscillations occurs under the following force.1. Restoring force = -ky2. Resistive force =−b dydt =-bv3. External periodic force = Fosinwt.Now according to Newton's 2nd law
m d yd z ky b dydt fo wt2

+
= − − + sin

d yd z km y bm dydt Fom wt2
+

= − − + sin
writing bm r km wo= =, 2 and Fom ao=  inabout equation & rearranging it,wege :d ydt r dydt w y ao to

2
2 2+ + =, sin .ω3. ο ο ο ο ο ο ο0 1 2 3 4 5 6|______________x______|As shown in figure consider particles as 1-dimensional, electric medium.Now at t = 0 suppose a disturbance is produced in such a way that particleat x = 0 starts performing SHM at its mean position with amplitude A &angular frequency ω . Here φ=0.Hence desplacement of purticle at x = 0 is given byy = Asin (ω t)......(1)When the wave travels distance x, then 5th particle starts erpformingSHM. The phase of successive particles decreases as we go aw2ay from 0.Hence at any time the phase of 5th particle is less than the phase of 0, by δthen desplacement of 5th particle can be written as :y = Asin (ω t-δ ) ...(2)from defination of wavelength.

δ π
λ

= 2 x
substituting value of δ  in above eq.y = Asin (ω t - 2π

λ
x ) ...........(3)

but K= 2π
λ

,  K → wave vector.y = A Sin (ω t-kx) ........................(4)
4. Defination of Position vector of centre of mess.For a system made up of n particles, let the position vecotrs of the particles
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with an arbitarily selected origin, be given by r1, r2....rn Let m1, m2......mn bethe mass of the respective particles we define the centre of mass of the systemof particles as a point whose position vector is given by expression.vector rcm is given by expression.
rcm = m r m r m rm m mn n

n
1 1 2 2

1 2
r r r+ + +

+ + +
.............

→ centre of Mass of rigid body
→ Location of center of mass of a body depends upon its hsape anddistribution of mass within it.
→ The centre of mass may be inside the body even outside it.
→ cg. G circular disc of uniform density has its centre of mass locatedat the centre of the disc which is inside the body but for a ring it is atthe centre of the ring but it is outside the matereal of the body.
→ centre of mass of rigid bodies having symmentry in shape and are ofuniform density can reading be calculated mathematically But for abody which is not symmeture it can be difficult work.
→ For some symmeteric bodies, centre of mass are shown in fig.

(C) 1. Attempt any three problems.1. for given spring K ∝ 1l ∴ k . l = constant.
∴ k1l1 = k2l2 = kl  ..........(1)l = l1 + l2 ...............(2)ll1

2  =  41
∴ l1 = 4l2 ..........(3)

l2 = l14  ...........(4)Substituting value of l2 in (2)
l = l1 + l14  = 541l

Now from (1) k1l1 = kl  = k  541l
∴ K1 = 541l
from (2) & (3) l  = 4l2 + l2 = 5l2
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from (1) k2l2 = kl= k x 5l2
∴ k2 = 5k2. For a progressive harmonic wavey = Asin (ω t - kx)

∴ Instantaneous velocity of a particle of the medium isVp = dydt ddt=  [Asin(ω t-kx)]
∴ Vp = Awcos (ω t - kx) ......(1)Wave velocity ν is given by

ν = wk    ......(2)
∴

Vp
ν

 = Aωcos (ω t-kx)
ω/k

∴
Vp
ν

 = Akcos (ω t-kx) ......(3)Now, slope of waveform at instant t at distance x isdydx = ddx  [ Asin (ω t - kx)]= A cos (ω t-kx) (-k)dydx = -Ak cos (ω t-kx) ..........(4)from equation (3) & (4) we getVp
ν

 = −dydx3. A = 2.5 x 10-7 mfs = 2 x 1013 Hz.Let meximum velocity of the atom executingS.H.M. be VsVs = Aω= A(2π fs)= 2.5 x 10-7 x 2 x 3.14 x 2 x 1013= 3.14 x 107 m/s.Maximum frequency (f1)when atom is moving towards the recorder then freqrecord by recorder will be maximum.atom recorder<---S        Lvs = -ve VL = 0Here VL = 0Vs = -3.14 x 107 m/s.f1 = 2 x 1013 Hz.V = 3 x 108 m/s.
∴ fL = f1
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∴ fL = VV fL
S S+

+
F
HG

I
KJ

ν
ν

fl = 3 103 10 3 14 10 2 108
8 7 13xx x x

−
F
HG

I
KJ.fl = 2.234 x 1013 Hz.Minimum frequency (f2) when atom is moving away from recordes withmaximum velocity then the frequency recorded by recordes will be minimum.Here VL = 0Vs = -3.14 x 107 m/s.f1 = 2 x 1013 Hz.V = 3 x 108 m/s.

∴ fL = f1
∴ fL = VV fL

S S+
+

F
HG

I
KJ

ν
ν

fl = 3 103 10 3 14 10 2 108
8 7 13×

× + ×
F
HG

I
KJ ×.f1 = 1.810 x 1013 Hz.Calculationlog f2 = (log 6 - log 3.314) x 1013log f2 = (0.7781 - 0.5203) x 1013log f2 = (0.2578) x 1013f2 = 1.810 x 1013 Hz4. Momentum of each bullet = v vP mv== 50x 10-3 kg x 1000 mt    sec.= 50 kg mt      sec.Suppose he can fire n bullets per second.

∴ New momentum imparted = Momen tum experienceto the bullet per second by the machine give in the oppositedirection= reactive force experience by the solder.
∴ n(50) = 200 Newton
∴ n=4 bullets per second

Q.2. (A) Answer the following in short :-
1. M1 L2 T-22. In the four dimensional (x,y,z,t) space; the curve on the surface giving theminimum distance between any two points of any surface is called thegeodesic.3. It is impossible to construct a heat engine based on the cyclic process, whichby absorbing heat from one body only and without making any change in the
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working substance can convered it (heat) completely into the mechanicalenergy.
4. W = e σT4

WW2
1 = TT2

1
4F

HG
I
KJWW2

1 = 23 2F
HG

I
KJ

= 1681Ratio of emissive power is 16 : 815. T R2 3∝T α R 32TT1
2 = RR1

2
32F

HG
I
KJ

= 41 32F
HG

I
KJ

= 81
∴ Ratio of periods is 8:1

(B) Attempt any three of the following question.
1. Two equations of angular momentum arev vL IW= ......( )1v v vL rxp=  ..... (2)Differentating equation (2) w r t time

∴
dldt
v  = ( )v vrx dpdt  + drdt xpv vF

HG
I
KJ

Now drdtr  =  vν, dpdtv = rFdpdtv  = v r v vr F v p× + ×d i ( )since V & P are along some direction
∴

v vv p× = 0Now r r r
τ = ×r F  represents the torque acting on the particle we havedldt
v  = r

τ

Now from equation (1) dldt
v  = I dwdtv  = I rα = angular occeleration.
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Hence rτ vI= αLaw of conservation of angular momentum "If resultant torque acting on arigid body is zero then the total angular momentum remains constant".2. Gravitational Potential ( )φThe work done in bringing a particle of unit mass from an infinite distance tospecific point in the gravitational field is known as the gravitational potential
φ at that point
→ Suppose we want to find potential at any point of the gravitationalfield due to a particle of mass M.
→ consider a unit mass (m=1) at a destance x, from the particle of massM. The gravitational force acting on particle of unit mass will beF GMx= 2
→ Suppose unit mass is displaced towards M by dx then work donedw GMx dx= 2 .
→ If the unit mass is displaced from a point at distance x =r1 from M toanother point at destance x = r then the total work done will be

w GMx dx GM x r
r
r

= = −L
NM

O
QPz 21

1 r1
    = -GM 1 11r r−L

NM
O
QP r1

If we take r1=∞ then w= −GMr  and as we are taken a body of unit massso work done becomes gravitational potential (φ)for earth M=Mc
φ= −GMer3. Consider a system of n-mole ideal gas for a n adiultratic process fordifferential changes dQ = 0Hence from 1st law of thermodynamics.

→ dT = ncvdt + dw = 0or dw  = - ncvdT
→ but dw = pdv = work done during very small change in volume/Pdv = -ncvdT ......(1)
→ for an ideal gas PV = nRTPdv + vdp = nRdT = R(ndT)sustituting value of ndT from this eq. to eq (1)

Pdv + vdp = − Pdvcv  Rbut Cp-Cv = R
→ Pdv + Vdp = − −F

HG
I
KJ

Cp CvCv Pdv
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=− −F
HG

I
KJ

Cp CvCv Pdv= ( )1− γ Pdv
Where γ =

CCp
vPdv + Vdp = Pdv - γ  PdvVdp + γ pdv = 0

dividing above equation by Pv, we get dpp  + γ dvv = 0Integrating on both the sides ln P + γ ln V = constant
→ In (Pvγ ) = constantPvγ = constant4. Fig shows crossection of a rigid body with the plane of paper through itscenter of mass C.

→ Let Ic, be moment of inertia of body about axis passing through c &
⊥er to plane of paper.

→ I = moment of inertia of the body about an axis passing through pointD & parallel to the axis passing through C.Distance CD between two wxis is 'd'
Then I = m rii

n
12

1 1
=
∑ .......( )

Ic = m ri ci 2 2.......( )∑from distance formula r12 = (xi-d)2 + (yi-0)2= xi2 - 2dxi + d2 + yi2By multiplying mi∑  on both the sides
→ I = m x di ii

2 2∑ − , m x di ii∑ + 2 m y d mii i12 2∑ ∑+

→ But again from distance formulaxi2 + yi2 = rci2mi M= =∑ total mass of body.
Also m xMi i∑  = x   co-ordinate of centre of mass = 0
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Using these relation we get,I = m x Mdi ci2 2∑ +I = Ic + Md2
(C) Attempt any three

1. r = 300 m
θ = 15ο

µ = 0.2g = 9.8 m/s2v = ?
Vrg2 1= +

−
tan tanθ µ

µ θwhere  tan 15ο  = 0.2679
V2 = rg µ θ

µ θ
+

−
F
HG

I
KJ

tantan1
= 300 x 9.8 0 2 0 26791 0 2 0 2679. .( . )( . )+

−
F
HG

I
KJ

= 2940 0 46791 0 05358. .−
F
HG

I
KJ

= 2940 0 46790 9464..F
HG

I
KJv2 = 1453.53V = 38.12 m,/sec.2. Let the angle of projections be θ 1 = 45ο+αand θ 2 = 45ο-α

R1 = V g v go o2 1 22 2 45sin sin ( )θ α= +°

= V go2 2 90 2sin ( )+ ∝

R1 = V go2 2 1cos ......( )α

R2 = V go2 2sin ∝ = V go2 2 45sin ( )° − ∝

= V go2 90 2sin( )− ∝

R2 = V go2 2cos ∝ ....(2)
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From equation (2\1) & (2) R1 = R23. Let flame be placed at x cm from hot end. Let in 1 sec m gm of water evaporatesat hot end & same amount of ice melts at coldend.For Water :-L = 540 cal/gmT1 = 2000ο  CT2 = 100οCt = 1 sec/mL = KA (T1-T2)x
m (540) = KA 2000 100−F

HG
I
KJx

= KA x( )1900  .......(1)For Ice :-Flame is kept at a distance x from hot end
∴ From cold end at distance of (100-x)mL = KA (T1-T2)    100-x
m (80) = KA x2000 0100 −

−
F
HG

I
KJ

= KA x( )2000100−
...... (2)dividing (1) by (2)54080 = 19002000 100F

HG
I
KJ

−F
HG

I
KJ

xx274 1920 100x x= −( )540 x = 7600 - 76x616x = 7600x = 7600616
x = 12.33 cm.4. T1 = 100kT2 = 500kW = 210 joulesQ = ?
η  = 1 2

1− TT
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η = WQ1WQ1 = ⊥ − TT2
1= 1 5001000−

WQ1 = 12Q1 = 2W= 2 (210)= 420 Joules= 4204 2. calQ = 100 cal
Q.3 (A) Anwer in short

1. 2.5 Ω  will be resistance between any two end points of diameter.2. Faraday's 1st law : "The mass m of an element deposited on the cathed onpassing on electric current through it is directly. Propostional to the amountof charge passing through the electrolyte.
3. It resistence will decrease and will be equal to Gn( )−1

( Resistance of ammetes = GSG S+

= G GnG Gn
−

F
H

I
K

+
−

F
H

I
K

1
1

= GG n G21( )− +

= Gn −14. :Zero.5. volt/centigrade is unit of Thomson co-efficient.
(B) Attempt anythree

1. Parallel connnection:- The combination of more then one resistance in whichpotential difference across each of them is equal to the applied potentialdiference is called parallel connection suppose three resistences R1,R2,R3
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are connected in parallel and potential difference V is applied across them byconnecting a battery.

→ Let I the electric cuirrent passing through the battery.
→ Let I1, I2, I3 be the currents passing through resistance R1, R2, R3respectively.Applying Kirchoff's second law at junctionm A I =I,+I2+I3Applying Kirchoff's second law in loop V-A-R1-B-V;  V.A-R2-B-Vand V.A-R3-B-V respectively we get

V=I1R1 I1 = vR1Similarly
I2 = vR2
I3 = VR3
I = vR1  + vR2  + VR3IV = 1

1R  + 1
2R  + 1

3RIf R is eqvivalent resistance of circuit then according to ohm's law.
IV = 1R1R = 1

1R  + 1
2R  + 1

3R2. In theromocouple the junction at lower temperature is known as referencejuction and the junction at higher temperature is known as test junction.
→ The thermo emf produced is of the order of micro volts per ° c.
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→ The direction of emf produced in thermo couple depends on the typeof metal used and on juction temperature. In case of Bi & Antimony(sb). the thermo emf is produced from Antimany to Bismuth.
→ When reference junction is kept at ° C and that of test junction isincreased then the thermo emf changes according to the graph shownin figure.

→ When temperature of reference junction is ° c then the relation betweenthermo emt and temperature is obtained emprically as, are constantsdepending on the type of metals.
e t t=∝ + 12 2β ∝ and β  are constant depend on type of metal.3. Suppose I electric current passes through a conductor of length dIn→ number of positively charged partirterles per unit volume of theconductor.q = charge on one particle,v = drift volocity of positive charge in dirction of current.We known thatI = q n A V

∴ I dlv  = q n A vv  d l .If this conductor is placed in a magnetic field of intensity B  then the forceacting on it is given by :df = Idl  x Bl = q n A dl ( )v B×But n A d l = total number of charged particles on the current element
Force action on one particle =  dfnAdl  = q (v x B )     Thus F   = q vxBc hIn addition to magnetic field if the eletric field is also present then theresulatant force acting on charged particle will be
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F  = qE +q v xBc hAbove equation is called Lorentz force.4. In figure, the magnetic field lines of force of a uniform magnetic field arerepresentive by dots. The lines are coming out of plane of paper namally.

→ A U-shaped conducting wire is placed in magnetic field such that itsplane remins perpendicular to the magnetic field. A conducting rod isplaced on this wire which can slide over it without friction.Suppose B = Magnetic field intensity.l = ⊥er destance between two arms of wire.At time t the position of the rod is represented by MN.If φ is flux linked with closed loop PMNO, then φ = B x (area ofPMNO) = B l xWhere x = PM = ONNow when rod moves over the wire with velocity if, the value of X &hence the fluxchanges. So induced emf is produced.Now accordingto Farady's law value of induced cmf is given by.
ε = −ddtφ
ε = d BixdtF

HG
I
KJ

= -.Bl..dxdtBut dxdt  = ϑ → velocity of rod.
∴ ε = -Blϑ  Here -Ve sign indicate the presence of Lenz'slaw.

(C) Attempt any three problems
1. Resistance of conducting wire R = ρlA .. (1)
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Differentating about eq.
dR = ρ ρ

ρ
ρ

ρ
lA dl lA AL ldAA Al= × = ×2 2

= dll dAA−  ..... (2)But volume of wire A.l= constantdA.l  + A.dl = o
∴

dAA dll= −  ....... (3)From equation (2) & (3) we get= dRR dll= 2
= 2 3100F

HG
I
KJ

= 6100= 0.06dR = 0.06 x R = 0.06 x 10 = 0.6ΩNow resistence = R + dR = 10 + 0.6= 10.6Ω2. For netural temperature.dedt t=∝ + =β 0
∴ t = −α

β

∴ t = - ( )( )( . )( )14 100 07 106 6
−

−− 147 10 2x −t = 200° CFor invesion temperature e = 0
α βt t+ =2 0
t t( )α

β
+ =1 0

α
β

+ =1 0t
t = −2α

β = 2 2 200−∝ =βc h ( )
∴ t = 400°  C.3. The disc can be considered to be made up of a series of rings each of  widthdr. One of such element ring of radius r is shown in fig.
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charge per unit area of the disc = QRπ 2

The charge on the elemental ring under consideration = QRπ 2  x 2πrdr(∴ area of ring = πr 2  = dA = 2πr d r)When the disc is rotated, the current due to this ring is I = QRπ 2  2πr dr.f
Magnetic field at the centre of the disc due to this current µ02 IrdB = µ π

π
oQ rdr fR r2 22 .

B = µo RQfR dr2 0z= µoQfR4. Mutual inductance between two coaxial solenoid is M = µo N N al1 2

M = 4 10 1500 500 15 101 57 4πx x x x x− −.= 9.42 x 10-4M = 0.942 x 10-3 henry.
Q.4. (A) Answer in short

1. Power loss αI 2 (Power loss = I2R)voltage is stepped up 5 times.then current becomes I5
If voltage is stepped up 5 times then loss in power = I5FHG I

KJ 2 R
loss in power = x25 (∴ I2R = x given)2. Modulation :-The sound waves are converted into electrical signals in the transmiter.
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These signals cannot travel long destance. So electrical signals are carriedover high frequency radio waves. As a result the amplitude of carrier wave ischanged as per the variation of the sound waves. These waves are calledmodulated waves. These modulated waves are able to travel long distance.This process is called modulation.3. Yes, - Optic axis of a tourmaline Plate is a direction.
4. II1

2  = 14AA AA1
2

2 1
2

14 12F
HG

I
KJ = ⇒ =

AA A AA Amaxmin = +
−

1 2
1 2 = 31

∴
ImImaxin = 91 Q1 2∝ A

5. Power factor = cos δ= cos π 3Power factor = 0.5
(B) Answer any three

1. Since voltage and current in A.C. circuits vary periodically with time theinstantaneous power can be defined but cannot be measured. Hence in practiseactual or real power is defined & measure.
→ Real power - Average value of power taken over one pariod.
→ Now instantaneous power can be givin by P =VI= Vmcosω t x Im cos (ω t-δ )= VmIm [cosω t x cos(ω t - δ )]= vmIm2   [cos δ  + cos(2ω t-δ )]Effective power

P = vmIm2 1 1 200T dt T t dtTT cos cos( ) ]δ ω δ+ −zz
but cos( )2 00 wt dtT

− =z δ

P = vmIm2 TT cosδ

P = Vm2 2Im cosδWhere cos δ  is called power factor.
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P = Vrms Irms cosδ2. Ground waves :-
→ The radio waves of VLF, LF, and MF after being transmitted from theantenna move on the curved surface of the earth, keeping close to itand following the curvature of the surface such waves are calledGround waves.
→ The Electrical properties of the ground affect these waves muchHard oil absorbs them considerably but in sea water the absorptionis very less.
→ The absorption also increases with increase in frequency.
→ Depending on the value of frequency and modulation, these wavescan be sent from several kilometer distance to about (500 km.)3. The condition of constructive interference is xdD  where n = 1, 2, 3.......x is distance of nth bright fringe from central maximum.D=distance of the screen from the S1 & S2Now suppose Xm = distance of mth bright fringe from central maximum &(xm+1)th is distance of (m+1)th bright fringe from central maximumXm = m Dd x md Dmλ λ, ( )

+ = +1 1
x = xm+1 - xm = distance between consecutive bright fringe.= ( )m Dd m Dd+ −1 λ λ

vx Dd= λ

since x  does not depend on the order of fringe it can be stated that all thebright fringes have same width4. Differential equation for charge of an A.C circuit having L-C-R in seriesd Qdt RL dQdt QLc Vm tL2
2 + + = cosω  ......... (1)Now RHS of (1) can be expressed as real part of complex voltage.VmL c VmL tiwt = cos .ω

= Re  VmL e j tωL
NM

O
QPwhere j = −1 q is complex charge and can be written in complex form asd qdt RL dqdt qLc VmL e j t2

2 + + = ω .....(2)
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solution of (2) can be given as underq = q0 ejwt(3)dqdt j q eO j t= ω ω , d qdt w q eo j t2
2 2= − ω

−w q eo jwt2  + RL j q e q eLc VmL eo j t o jwt j tω ω ω+ =

q VmL RjL LCo =
− + +F

H
I
Kω ω2 1

q VmL L Rj Co =
− + +F

H
I
Kω ω2 1

substituting value in (3)
q VmR j L jL e j t=

+ −ω
ω

ω

(C) Solve anythree
V=Vmsinωt.Now average value of ac voltage over half cycle of period is

p fV Vm t dxT
= z112 0

2 sin .ω

= vm t d tT
T

ϖ
ϖ ϖ2 0

2 sin ( .)zLet ω t = xNow  Change the limitsWhen t = 0  ⇒   x = 0t = I   ⇒  x = Π
<V> = Vm xdx

π

π sin0z= vm x
π

π[ cos ]− 0
= − −Vm o

π
π[cos cos ]

= − − −Vm
π

[ ]1 1
<v> = +2Vm

π
= 0.637 Vm2. (1) angular frequency = ϖo
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ϖo = 1LC
= 15 80 10 6× × −

= 1400 10 6x −

= 10 02.= 50 rad / sec.At resonance impedence |z| = RIrms = Vrms121= 23040= 234= 5.75 Amp.Polential drop ocross inductor (VL) = Irms (woL)= 5.75 x 50 x 5VL = 1437.5 voltas.3.

Givend = 0.018 cm,= 18 x 10-3 cmf = D = 50 cm2x = 0.45 cmx = 0.225 cm.m = 1
λ = ?
For mth order maxima
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dsin θm = ( )m + 12
θ  is smallsin θ  = tan θ  = xD ⇒ = +xdD m( )12 λ (∴m=1)dxD = 32λ
λ = 23dxD= 2 0 225 18 103 50 3× × ×

×
.

= 54 x 10-6 cm= 5400x10-8 cm
λ = 5400 Ao4. d = 0.1 mm= 10-4 mD = 1 m
λ = 5400 Ao= 5 x 10-7 mx = ?In young's experiment distance between two consecutive bright or dark fringeisx Dd= λ

= 5 10 110 7
4x x−

−x = 5 x 10-3 mwidth of  the fringe = x2= 5 102 3x −

width of the fringe = 2.5 x 10-3m
Q.5. (A) Answer in short

1. Viscous Force acting on stationary oil drop between two plates in Millikan'sexperiment is zero2. Maximum Kinetic energy = e vo= 5 ev.Maximum kinetic energy emitted by electrons - 5ev.3. To slow down Fission neutron in nuclear reactor is Moderator.4. Binding energy per nucleon gives measure of stability of a nucleus.5. Depletion layer.
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The region close to the junction in P-N junction diode is depleted of theirrespective majority charge carries.This region which is empty of chargecarriers is known as depletion layer.(B) Answer any three1.

Here displacement of electrons due to an eletric field is given by
y = 12 2

2[ ]Eem lvNow magnetic field of intensity B is applied normal to the electric field inthe direction going inward direction such that the force on the electron dueto both the fields becomes equal & opposite. Therefore the bright spot comesback to 0 moving from S.
BeV = Ee   V = EB ........(2)
from (1) & (2) y = 12 2 2

2E em l BE.L
NM

O
QP

→
em yEl B= 22 2

→ The value of em   thus obtained was 1.7 x 1011 Coalkg  More precise value
of em  is 1.75890 x 1011 c/kg.2. According to Einstein, emission, propogation and absosption of light takesplace in the form of bundles of energy known as photons. The energy ofphotons depends on the frequency of light i c E = h f.

→ When light is incident on metal, photons are all incident. These photons areeither entirely absorbed, or donot lose any energy when an electron absorbsthe photon, it gains energy h f. If this energy is greater than the binding energyof the electron only then it would be emitted.
→ If the work function of a metal is wo = hfo then out of energy hf (f>f0), the
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energy equal to the work function of metal will be utilised in liberating theelectron from the metal. The remaining will be associates with it as maximumkinetic energy.

12 Mv2max = hf - hfo.If Vo is the stopping potentialthen Voe = hf - hfo
Vc = he f hfoeF

HG
I
KJ −

Thus the graph of Vo→f is a straight line with slope heThese facts agree with experimental.3. The radius of on electronic in nth arbit in a hydrogen
atom r = n hmze

2 2 02∈π  .......(1)Now energy of an electronEn = kinetic energy + Polential energy
En = 12 142 2mv zer o=

∈Π
 .......(2)Now centripetal force12 142 2mv o zer=

∈Π12 182 2mv o zer=
∈Πsubstituting value of 12 2mv  in ....(2)

En = 18 14 02 2
π π∈

−
∈o zer zerEn = 18 2

π ∈o zer  ................ (3)
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subsitute the values of r from eq.(1) in (3)
En = 18 14 02 2

π π∈
−

∈o zer zer
= −

∈
z e mh2 4
2 2 028πfor hydrogen Z = 1

En = −
∈

F
HG

I
KJ

meh n4
20 2 28 1

4.

As shown in fig. the terminal of the battery is connected to P type & the -Veterminal is connected to N-Type then such connection is called forward bais.
→ In such condition the emf of the battery and potential difference of thedepletion layer are in opposite condition. Therefore height of potentialbarrier reduces of the width of the depletion layer also decreases.Therefore Electron require less work in going from N to P. Theseelectrons move through holes & reach the the N terminal of thebattery from -Ve terminal. They again enter in N-type & consequentlythe current  is maintained.As shown in figure I→V relations for P - N junction diode are calledthe characteristics of P-N junction diode. Here current increases withincrease in voltage applied.

Q.5. (A) Solve any three.
1. Force F1 & F2 acting on electrons in the two beams are respectively.F1 = Bev1 and F2 = Bev2Their trajectories are areas of circles with radi R1 & R2 such that.

F1 = Bev1 = mvR12
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∴ v1 = BeRm 1 ....... (1)
F2 = Bev2 = mvR22

2
∴ v2 = BeRm 2 ........ (2)

ϑ1
2

1
2v RR= ........(3)Electrons are in field for short time

Deviation D1∝ 1
1R , & D2 ∝ 1

2R
∴

DD RR1
2

2
1= .................(4)from (5 ) & (4)DD VV1

2
2
1= = 21

2. 1 12 12 2λ
= −F

HG
I
KJR n              for Balmer series.for Hα  line n=3             Hβ line n=41 12 132 2λα

= −F
HG

I
KJR

= R 536
∴ =λα

365R
1 12 142 2λβ

= −F
HG

I
KJR

= R 316F
HG

I
KJ

λβ = 163R
λβ R= 163
λ
λα

β = ×163 536R R
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λβ = × × −80108 6563 10 8
λβ = × −4860 44 10 8.
λβ Ao= 4860 44.Calculationlog log log log. . .log ..

λ

λ

λ

β

β

β

= + −

= + −
=

=

80 6563 1081 9030 3 8171 2 03343 68664860 44
3. By definationActivity I dNdt N= = λ

τ
λ

12 0 693= .
λ

τ
= 0 69312

.
λ

τ
= ×0 69312

. N
τ 12 0 693= ×. NINow number of atoms in 226 gm. of Ra = 6.02 x 1023
1 gm of Ra has N = ×6 02 10226 23.
τ 12 0 693 6 02 10226 3 7 10 23

10= × ×
× ×

. ..= 49.89 x 109
τ 12 4 989 1010= ×.    (Second)

4. Transconductance gm acri= β

=
×

δ
δ

IcI riB
δ δV ri IBE B= ×

gm IcVBE= δ
δ
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= ×
×

−

−

8 1040 103
3(Given δVBE  = 4 x 10-3 Volt

δIC  = 8 x 10-3 (Amp.)
∴ =gm 840
∴ =gm 15gm = 0.4 mhovoltage gain Av = gm RL (neglect -ve sign)
∴ = ×AV 0 2 1000.AV = 200

� � �


