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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.
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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

� � �
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Q.1. (A) Answer the following the short. (05)
1. Express kinetic energy of SHO at y=A/4 position in terms of itstotal mechanical energy.2. What is importance of phase?
3. The equation of a stationary wave is given by y x t= − F

HG
I
KJ8 2 20sin cosπ πb gFind the wavelength of component wave. Here y is in meter.4. Write MKS unit of resistive constant of the medium.5. On what factors does the position of the centre of mass of a rigidbody depend?

(B) Answer the following. (any three) (06)
1. Write differential equation for damped oscillations. Discuss itssolution along with the graph.2. Obtain the equation for a one dimensional harmonic progressive wave.3. Discuss reflection of wave from a rigid support.4. In the expression Ma Fcm = , only external forces acting on the systemof particles should be taken into account, explain with an appropriateexample.

(C) Solve the following. (any three) (09)
1. A given mass executing SHM has frequency equal to 50 Hz. At aparticular instance its KE and PE are 1.0 J and 0.85 J. If amplitudeof oscillation is 0.06 m. Find the value of mass?2. Intial displacement of a damped oscillation is zero; and its intialvelocity is vo. Obtain the values of the constants in the expressionfor its displacement. Take angular frequency as ω'.3. Two wires placed close to each other are vibrating in their firsharmonic. If the length of wires are 20.4 cm and 20 cm and thevelocity of wave in the wires is 200 ms-1, find the number of beatsproduced.4. Distance between two particles having masses m1 and m2 is r. Ifthe distances of these particles from the centre of mass of the system
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are respectively are r1 and r2. Show that : r r mm m1 2
1 2=

+
L
NM

O
QP  and

r r mm m2 1
1 2=

+
L
NM

O
QP

Q.2. (A) Answer the following in short. (05)
1. Radial and tangential components of acceleration of a particle ofrigid body change the ..... and the ...... of linear velocity of theparticle. Fill in the blanks.2. Write dimentional formula of areal velocity.3. If the ratio of range to maximum height for a projectile is 4 3 . Whatis the angle of projection?4. Write the relation between temperature and volume for a gasundergoing adiabatic change.5. The emmissive power of two substance are in the ratio of 16:1. Ifthe substance with higher emmissive power is at 527oC. What is thetemperature of the other substance?

(B) Answer the following (any three) (06)
1. Explain angular momentum of a particle.2. Why roads are banked? Draw the necessary diagram and describeforces acting on a vehicle moving through a banked road. Write theexpression for the maximum safe velocity on a horizontal curvedroad?3. Obtain the expression for acceleration due to gravity at a distancer (r>Re) from the centre of the earth. Obtain an expression for thechanges in its value with the height.4. What is cyclic process? Write first law of thermodynamics for itsand obtain expression for its efficiency.

(C) Solve the following (any three) (09)
1. The second hand of a watch is 5 cm long. Find(a) linear velocity (b) the radial acceleration(c) the tangential accelaration2. A metalic disc has radius 10 cm. and thickness 1 cm Find its momentof inertia about
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an axis which is perpendicular to its plane and touching the edge.Density of material is 8900 kg/m3 (Thickness of disc = 1 cm)3. The escape velocity for a body at earth's surface is 11.2 kms/sec.If a body is projected with a velocity 2 times this velocity, obtainits velocity beyond earth's gravitational field.4. An ideal gas is isothermally expanded so that its volume becomesdouble. Then it is adiabatically compressed to its original volume.Find the pressure after the adiabatic compression.(Original pressure = 1 atmosphere; γ = 1.4)
Q.3. (A) Answer the following in short. (05)

1. A 5Ω  and 10Ω  resistances are connected in parallel, if currentpassing through 10Ω  resistance is 2 ampere. What is total currentthrough the circuit. (Parallel combination is connected to a batteryof negligible internal resistance)2. A 40 W and a 60 W bulb, both rated at the same voltage are joined inparallel. Which bulb will glow more?3. An electron revolves along a circle of radius r with velocity v, whatis magnetic field created at the centre.4. Terminal voltage of a cell is always less than its emf. State true orfalse with reason.5. Define henry.
(B) Answer the following. (any three) (06)

1. Show that for a parallel combination of three resistances,1 1 1 1
1 2 3R R R R= + + . Where R is equivalent resistance.2. Draw schematic diagram of fuel cell and name oxidiser and fuel init and also give advantage of it over other cells.3. Define shunt and give any three uses of it in construction of an ameter.4. Write a note on "self induction".

(C) Solve the following (any three) (09)
1. A conducting wire has a resistance of 20 ohms. Its length is nowstretched to increase by 4%. Calculate the resulting value of theresistance of the wire.
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2. A battery having an emf E and an internal resistance r is connectedwith a resistance R. Prove that the power in the external resistanceR is maximum when R = r.3. A very long straight wire carries a current of 50 amp. At whatdistance from this wire will the intensity of the magnetic field become2.0 x 10-4 tesla?
µ π0 74 10= × −RST

UVW
− tesla mAmpere4. A rectangular coil 20 cm long and 10 cm wide is suspended such thatits area vector makes an angle 60o with the uniform magnetic field ofintensity 20 tesla. If the coil has 100 turns and current of 5 mA ispassing through it. Calculate the torque. Also find the maximumtorque at an appropriate inclination.

Q.4. (A) Answer the following in short. (05)
1. What will be power factor of an AC circuit having only a capacitor?2. What will be phase difference in a L-C-R series AC circuit  at resonancefrequency?3. What is modulation?4. Define plane polarised light.5. What is red shift?

(B) Answer the following (any three) (06)
1. What is formula for impedance of L-C-R series AC circuit?Represent it on the complex plane.2. Explain arrangement of Hertz experiment with necessary diagramand how circuit is formed oscillatory circuit?3. Giving necessary figure, obtain the condition for the mth ordermaximum in Fraunhoffer diffraction at single slit.4. Draw the figure showing plane of oscillation and plane of polarizationand define them.

(C) Solve the following (any three) (09)
1. L-R series circuit is connected to a source of A.C. voltage. The maximumvoltage of the source is 220 V and maximum current is 1A. Find thepower and power factor. Reactance of the coil is 40Ω  and R=30Ω .



Physics (054) Question Paper - 2

38

2. An A.C. supply of 150 V and 159.2 Hz frequency is connected to aninductance of 2H. Obtain the equation for the current in the circuit.The applied voltage V=Vm cosωt.3. In Young's experiment, if the separation of the slits is 0.1 mm and thelight used is of 6000 Ao wave length. Find the angular distance betweenthe central fringe and the second bright fringe.4. A parallel beam of light is incident normally on a slit of width 0.01 cm.Its Fraunhoffer diffraction pattern is formed with a lens of 100 cm focallength on a screen. If the width of central maximum is 1 cm, find thewavelength of incident light.
Q.5. (A) Answer the following questions in very short. (05)

1. Express 5eV (electron-volt) energy in Erg.2. What is the atomic mass unit (amu)?3. What is multiplication factor?4. Mention two uses of transistor.5. Draw the circuit of half wave rectifier.
(B) Answer the following (any three) (06)

1. Mention limitations of the Bohr model.2. Write exponential law of radio active distintegration. Obtain theexpression for half life time from it.3. What is nuclear chain reaction? Name three necessaryprecautions that have to be taken to get a sustained chain reaction.4. Draw the circuit of a PN Junction in forward bias. Explain theworking and diode characteristic of PN junction in forward bias.
(C) Solve the following (any three) (09)

1. How many photons of 6000 Ao wavelength of light will have theenergy equal to energy of one gamma ray photon of 1.5 x 10-14 mwavelength?2. Half life of a radioactive element is 15 minutes. Find after what timeits velocity becomes 64th of the intial activity.3. In a hydrogen atom, the frequency of an electron in an orbit of
quantum number n is given by f men ho=

∈

4
2 3 34 . Prove that for largevalues of quantum number n, the radiation emitted in transition from
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a level (n+1) to a level n has the same frequency R mecho=
∈

4
2 38 .4. In an NPN transistor when emitter current is 5mA, collector currentis 4.9 mA. If this transistor is used as common base, calculate thecurrrent gain and also the current gain when it is used as commonemitter.

�����
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SOLUTION
A.1. (A) 1. P.E. = = F

HG
I
KJ = F

HG
I
KJ =12 12 4 116 12 162 2 2ky k A kA E

∴ = − =K E E E E. . 16 15162. To find position of reference particle and no. of revolutions complitedby it to reach that position also to find position of SHO and no. ofoscillations complited by it before reaching to that position, phase isdefined.
3. y x t= − F

HG
I
KJ8 2 20sin cosπ πb g

k = π2 ,
But k = =2 2π

λ
π

∴ =λ 4m4. F= -bv
∴ =b Fv
∴ unit of b = Newtonm − sec .5. It depends on (i) shape of the body (ii) distribution of mass.

(B) 1. When ever a body perfoms oscillations in a fluid medium, resistiveforce of the medium acts on the oscillator. For not very large velocities,the resistive force (Fv) is found to be directly proportional to the velocity.i.e. Fv = -bv where b is a constant and is called the damping coefficient ofthe medium.Thus in practice a body oscillates under the influence of two forces:(i) restoring force = - k.y. and (ii) resistive force F b v b dydtv = − = −.
Then from Newton's 2nd law of motion  m d ydt ky b dydt2

2 = − −

d ydt bm dydt km y2
2 0+ + = ...(1)Equation (1) is called the differential equation of a damped oscillations.Solution of equation (1) is :

y Ae tt
btm( ) sin( ' )= +

− 2 ω φ .....(2)
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where ω '= − F
HG

I
KJ

km bm2 2 .....(3)

Equation shows that at any time 't' the amplitude of such oscillationsis   A t Ae btm( ) =
− 2  i.e. the amplitude decreases exponentially with increasein time.The graph of displacement y(t)→ t for such an oscillator is shownin the figure. The dotted line shows decrease in amplitude withincrease in time.

2. Consider particles of one dimensional elastic medium, at rest as shownin figure below.

Now at t=0 suppose a disturbance is produced in such a way that particleat x=0 starts its S.H.M. about its mean position with amplitudeA and angular frequency ω. Here obviously ∅ = 0, hence equation ofdisplacement of particle at x=0 is given by.y A t= sin( )ωWhen the wave travels distance x, then particle P starts performingS.H.M. The phase of successive particles decreases as we go indirection of propagation.Hence at any time the phase of particle P is less than the phase of O.The phase difference is say δ . The equation of displacement of P canbe written as,y A t= −sin( )ω δ .....(1)For distance between two particles equal to λ , phase difference is2π so for distance x between two particles phase differences is equalto δ π
λ

= 2 x .
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.....(2)
taking  in equation (1) .....(3)

3. Consider a one-dimensional elastic string tied from one end with aridig support at x=0 as shown in fig.1. Suppose a progressive harmonicwave travelling in negative x direction arrives at x=0. The incident waveis represented by .

Displacement of paricle at x=0 due to the incident wave is given by,y A ti = sin( )ω .....(1)But since this particle is firmly tied with the regid support itsdisplacement is always zero. Now wave is reflected. If 'yr' is thedisplacement of the particle at x=0 due to reflected wave theny yi r+ = 0 hence y yi r= − . y A tr = − sin( )ωORy A tr = +sin( )ω π .....(2)From equation (2) it is clear that on reflection from a rigid supportphase of the wave increases by π .Thus after reflection from a rigid support the crest becomes throughand vice versa.For any other particle on the wave, the displacement due to reflectedwave can be given byy A t kxr = + −sin( )ω π = − −A t kxsin( )ω

4. Two types of forces act on a system (i) external and (ii) internal forcesof mutual interaction having same magnitude but opposite direction.According to Newton's third law of motion, internal forces actingamong the particles are equal in magnitude and opposite in directionhence resultant of all the internal forces becomes zero. This can be easilyunderstood with the help following example.
Consider two particles of a system. Suppose rF ext1  and rF ext2are the particle 1 and particle 2 external forces acting on the two

Incident Wave <-- Reflected Wave -->
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particles respectively as shown in fig. 1. Also suppose rF12  and rF21 arethe forces of mutual attraction. All these forces can be considered to beacting on the center of mass of the system of particles as shown in fig.2.

It is clear from fig.2 that r rF F21 12 0+ = . Thus resultant force acting onthe system is the vector sum of only external forces.
For a single particle Newton's 2nd law can be written independently of3rd law of motion. But from above discussion it is clear that in order toderive Newton's second law of motion for a system of particles, wehave to make use of Newton's third law of motion. This is known asmutual dependence of Newton's laws of motion.

(C) 1. Given Frequency f = 50 Hz;
∴ = =ω π π2 100f  rad/sec.But M.E. = K.E. + P.E.E = 1.0 + 0.85 = 1.85 J.A = 0.06m.But 

2. For a damped oscillator, .... (1)here at from equation (1),
Using this value of  in equation (1),
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∴ = = + −FHG
I
KJ

− −
ν ω ω ω( ) ( ) ' cos( ' ) sin( ' )t t btm btmdydt Ae t A bm e t2 22but at t = 0, v(t) = v0, hence from above equation,

v Ae A bm e0 0 00 2 0= + −FHG
I
KJω ' cos( ) sin( )

∴ = ⇒ =v A A v0 0ω
ω

' '3. Here, v = 200 m/s,L1 = 20 x 10-2m,L2 = 20.4 x 10-2 mLet number of beats = x.f1 - f2 = x.
∴x vL vL v L L= − = −

F
HG

I
KJ2 2 2 1 1

1 2 1 2 Q f L=F
HG

I
KJ

ν2
x = ≈50051 10 beats.4. Given   r = r1 + r2 ...... (1)If origin is taken on the centre of mass then rcm = 0. Hence from
equation r r rr m r m rm mcm = +

+
1 1 2 2

1 2  we get
0 01 1 2 2

1 2 1 1 2 2 1 1 2 2= +
+

⇒ + = ⇒ −m r m rm m m r m r m r m rr r r r r r , (neglecting negative sign)
Now by doing componendo

and by using dividendo
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A. 2 (A) 1. Radial and tangential components of accelaration of a particle ofrigid body change the direction and the magnitude of linear velocityof the particle.2. Areal velocity=dAdt M L T= −0 2 1.
3. R g= ν θ02 2sin

and
H g= ν θ022sin
∴ = = =RH sinsin tan2

2
4 4 32 θ

θ θ

∴ = ⇒tanθ 13
∴ =θ 3004. TV γ −1 = constant.

5. WW TT1
2

14
24=

T WW T14 1
2 24 4 412 800∴ = × = ×( ) ( )

QT K2 0527 273 800= + =c h
T K1 08002 400= = ∴ = − =T C1 0400 273 127 .

(B) 1. As shown in figure suppose a particle Q having mass m has aposition vector , with reference to a point O. Let  be thelinear velocity of this particle, so that its linear mementum is .Let be the angle between  and . For convenience, we shall assumethat the motion of the particle is in the (x,y) plane. The vector productof  and  is then defined as the angular momentum  of the particlewith reference to point O; i.e.
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rl r r
= ×r pUnit of rl is kg-m2/s(i) Direction of the vector rl  is obtained by applying the right handscrew rule to the vector product r rr p× . In the case illustrated, rl  isdirected along OZ.(ii) The magnitude of rl  is rpsin θ . If θ  is either 0 or π ; i.e. the line ofaction of rp passess through the reference point O; or if r=0, then theangular momentum is zero. When defining the angular momentum,one must specify the point about which it is taken.

2. When a vehicle moves on a curved path, the necessary centripetal forcemrν2F
HG

I
KJ  is obtained from the frictional forces between the tyres and theroad. For more speed at turns, sometimes such centripetal force may notbe sufficient and the vehicle is thrown off the road. Hence to providemore centripetal force the roads are kept slightly inclined (banked)at the turn.

Figure shows the cross-section of a curved road having radius ofcurvature "r" and an angle of inclination  across the road.Let us assume that the maximum saft speed is v.Following forces are acting on the vehicle.(1) Weight of the vehicle Mg acting downwards.(2) Force of the normal reaction R acting perpendicular to the surfaceof the road, i.e. at an angle  to the vertical.(3) Force of friction F acting parallel to the surface of the road.
For maximum safe velocity on a horizontal curved road is .

3. Acceleration produce in a body due to gravitational force of the earthon it is called gravitational acceleration.Let mass of earth be Me and its radius be Re.
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Let m = mass of a body and its distance from the center of the earthr (r > Re) then from Newton's law of gravitation the gravitational forceacting on the body due to the earth is,
F G M mre= 2 .....(1)But according to Newton's 2nd law of motion.F mg= .....(2)From (1) and (2) mg G M mre= 2 g GMr e= 2 ......(3)
Differentiating above equation with respect to r, dgdr GMr e= −2 3
∴ = − = −dg GMr drr g drre2 22 .

4. Cyclic Process : "In heat engine, the working substance, starting fromspecific equilibrium state, is allowed to undergo a series of changesand brought back to its original state." Such a process is called Cyclicproces..
In cyclic process, since initial and final states are same, at the end ofthe cyclic process change in internal energy ( )∆U U U= −2 1  is zero.
Thus from the 1st law of thermodynamics, Q U U W= − +( )2 1  thusQ=W                   ...(1)
Now the heat lost Q2 into the sink is of no significance hence workcan be said to be done at the cost of heat Q1. Therefore efficiencyof any heat engine based on cyclic process per cycle is defined as,

...(3)But here 
Substituting the value of W from equation, 

(C) 1. Give r = 5cm, 
(a) /sec.
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(b) radial acceleration = a vr r cmr = = = × ≈
2 2 2

2900 5 0 0548ω π . sec(c) tangential acceleration = 0 as ω  = constant.2. r = 10cm = 10-1 meter,thickness of disc x = 1 cm = 10-2 meter,Density ρ = 8900 kg/m3.
I MR R MR= + =

2 2 22 32M V R x kg= = = × ×− −ρ π ρ π2 1 2 210 10 8900c h
∴ = × = × × × × = ×− − −I R kgm32 32 3 14 10 10 8900 4 19 104 4 2 2 2π ρ . .3. Suppose the body is projected with a velocity v. Its kinetic energy atthe surface of earth is =12 2mv . Its potential energy at the surface of
earth is − GM mR e

e  and GM mR mve
e e= 12 2

∴ Its total energy on the surface of the earth is = −12 2mv GMR e
e .  (1)Now on leaving gravitational field of the earth velocity is v',so kinetic energy will be 12 2mv ' .

4. Original

...(1)
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p V p V1 2 3 3γ γ γ=

p V p V2 1 3 12γ γ γ γ∴ = ∴ = ∴ =

p p2 32γ∴ = ∴ =

p p1 32 2γ∴ =.
∴ =−p p1 1 32γ

∴ + − =log ( ) log logp p1 31 2γ ∴ − =( . ) log log1 4 1 2 3p
∴ =( . )( . ) log0 4 0 3010 3p ∴ =0 1204 3. log p
∴ =p3 Antilog 0.1204=1.319 atmosphere.

A.3 (A) 1. I1 R1 = I2 R2
∴ 5I1 = 10 x 2
∴ I1 = 4A2. 60W bulb will glow more as power consumed in it is more.3. B evr= µ

π
0 24 .4. False, when a cell is charged terminal voltage becomes more than emf.[V = E + Ir].5. If dIdt amp= 1 sec  and induced emf 1 volt, the self inductance ofthe circuit is 1 Henry.

(B) 1. In parallel connection one end of all the resistances meet at onepoint and other end at another common point.Suppose three resistances R1, R2 and R3 are connected in paralleland potential difference V is applied across them by connecting abattery.

Let I = the electric current passing through the battery. At pointA this current divides into three branches.Let I1, I2 and I3 be the currents passing through resistances R1, R2
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and R3 respetively, then by applying Kirchhoff's first law atjunction A, I = I1 + I2 + I3 ...(1)Now applying Kirchhoff's 2nd law in loops V-A-R1-B-V,V-A-R2-B-V, V-A-R3-B-V respectively we get,
I1      = VR1

      Similarly I2 = VR2  and I3 = VR3  substituting these values in equation (1),
I VR VR VR IV R R R= + + ⇒ = + +1 2 3 1 2 3

1 1 1
If parallel combination of R1, R2 and R3 is replaced by a singleresistance R such that the current passing through the circuitremains the same then it is called equivalent resistance of thecombination.If R is the equivalent resistance of the circuit then according tothe Ohm's law, IV R= 1  Using this in equation (2)1 1 1 1

1 2 3R R R R= + +

For n such resistances in parallel 1 1
1R R= ∑ .

2. Construction of Hydrogen - Oxygen fuel cell is shown in fig.

Fuel cell is a type of an electrochemical cell. A schematic diagramof a fuel cell using hydrogen as a fuel and oxygen as a oxisider isshown in the figure.Advantage: In this cell it is not necessary to change chemicalsubstance like primary cells or to recharge the cell as in case ofsecondary cells.
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3. A small resistance connected in parallel with a galvanometer to convertit in an ammeter is called shunt.Uses:(1) It protects galvanometer(2) By connecting shunt, range of the ammeter can be increased(3) When shunt is connected resistance of the ammeter is decreasingso we can measure almost exact current.4. Lenz's Law: If an agency generates an induced emf through itsaction (such as motion of the megnet) the induced emf would besuch that the current produced by this emf would generate a magneticfield such as to oppose the action of the agency.Faraday's Law: The negative time rate of change of magnetic fluxlinked with a circuit is equal to the induced emf in the circuit.
(C) 1. R1 20= Ω,

dRR dll× = ×F
HG

I
KJ100 2 100

so change in resistance is 8% so increase in resistance is 20 8100 1 6× = . Ωso final resistance will be 21.6Ω2. Power in the external resistance = I2R.
P R r R=

+
F
HG

I
KJ

ε 2

dPdR RR r R r= −
+

+
+

=2 02
3

2
2ε ε( ) ( )(being the condition for maximum or minimum P)

∴ =R r
3. Here I=50 Amp.B = 2.0 x 10-4 T,y = ?

µ π0 74 10= × ×− T mAmp .
∴ =B Iyµ

π
02

∴ × = × ×
×

−
−2 10 4 10 5024 7π

π y
∴y=5cm
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4. Here A l b cm A= × = × = = × = =−20 10 200 2 ,A m= × = =−200 10 4 2
= 600, ,θB web m= 20 2/N = 100,I A= × = =−5 10 3 ,
= ?,τ

= ?maxτ

τ θ= = × × × × × = × ×− − −BINA sin sin20 5 10 100 200 10 60 2 10 323 4 0 1
∴ =τ 0 173. .Nmwhen θ τ τ τ= 900 ,
τ τ= = ∴ = × × × × ×− −20 5 10 100 200 103 4max maxBINA
∴ =τmax . .0 2Nm

Q.4. (A) 1. Power factor cosδ = 0 as δ π= − 2  red.
2. Phase difference, δ=0. Qω

ω
L c− =F

HG
I
KJ

1 03. The technuque of impressing the audio waves on the radiofrequency waves is called the modulation, and the radio waveswhich carry the modulation are called the carrier waves.4. The beam of light in which the electric field intensity vectors ( rE ) areoscillating along a fixed direction is called a plane polarized light beam.5. In the spectrum (due to some of its element) of a star moving awayfrom the earth is observed, the lines in the spectrum would appear atfrequencies which are lower then that observed for the same elementin the laboratory, due to the Doppler shift; i.e. the lines would appearshifted to the red side of the spectrum. This is called the "red shift".
(B) 1. Complex impedance of L-C-R series A.C. circuit is given by equation.

.....(1)
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Real part of this resistance is R which is taken on the real axis inthe complex plane and it is represented by OD in the figure.In figure, OA = ωL and OF = 1
ωC are taken on the imaginary axisof the complex plane.In figure, OG = ω

ω
L C− 1 = imaginary part of Z.Point H in the fig. represents the complex number Z in the complexplane.

| |Z R L C= + −L
NM

O
QP

2 21ω
ω .....(2)Equation (2) give the magnitude of the impedance.By following the same method δ  and Z can be determined for anyA.C. circuit.

2. Hertz demonstrated production of such waves in laboratory. Hisarrangement is schematically shown in figure.

Here, Q1 and Q2 are two metallic sphereas. Joined to them are twometallic rods M and N with some space between called spark gap S.The rods are connected to the two terminals of an induction coil toprovide high intermittant voltage. The spheres Q1 and Q2 act ascapacitors and the rods acts as inductors. This arrangement therefore,acts as an oscillating circuit in which alternately Q1 and Q2 acquirepositive and negative charge which reverse in their polarity each timea sark passes across the gap S.
3. In figure the rays going parallel to each other in a direction makingangle with X Po are shown. These rays converage at point P2 by aconvex lens.
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Draw AM⊥BL. Consider points X and X' trisecting AB. ThusAX=d/3.

It is clear from the figure that the path difference between the raysemerging from A and X and reaching P2 is XY. Now suppose that theangle θ  is such that XY= λ /2 then X'Y'= λ  and BM = 3λ /2. Thus at P2the path difference between the rays coming from A and X is λ /2 andthey interfere destructively. Similarly corresponding to every point insection AX, we can find a point in section XX' such that the pathdifference between the rays emerging from them is λ /2. Thus theynullify each other. But the effect of X'B section is not nullified hencethere is some intensity of light at point P2 which is very much less thanat P0. Point P2 is called first maximum.Now from fig., m∠BAM = θ  hence from, ∆AMB = Similarly for mth order maxima we can show that,
 where m=1,2,3....

4. Plane of oscillations (vibration): The plane containing the direction ofthe beam and the direction of oscillations of the  vectors is called theplane of oscillations. In the figure abcd is the plane of oscillations.
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Plane of polarization: A plane containing the direction of the beam andwhich is perpendicular to the rE  vectors of a plane polarized light iscalled the plane of polarization. In fig. a'b'c'd' is the plane of polarization.
(C) 1. Given Vmax = 220V            XL = 40 ohmI max = 1 A                          R = 30 ohmThe impedance of L-R series AC circuit is| | ( ) ( )Z R X L= + = + =2 2 2 230 40 50Ω

For L-R circuit, power factor is cos | |δ = = =RZ 3050 .= 0 6
Power P I V I Vrms rms m m= × = = =cos . cos ( )( )( . )δ δ2 2 1 220 0 62 66 watt2. Here f = 159.2 Hz, Vm = 150 Volt, L = 2H, I = ?,
ω π= =2 f 2x3.14x159.2 = 1000 rad/sec.As the circuit contains only an inductor, δ π= 2  rad
∴ =

−F
H

I
K

=
−F

H
I
K

∴ = −F
HG

I
KJI V tL t I t Ampm cos cos . cos .ω π

ω

π
π2 150 1000 22000 0 075 1000 23. d mm m A m= = = = ×− −0 1 10 6000 6 104 0 7. ,λ here n=2, For  radian.4. For minima 

But m = 1, 

Q.5. (A) 1.   erg.2. The twelfth part of the mass of a neutral and unexcited C12 atom iscalled 1 amu.3. The ratio of the neutrons produced to the neutrons incident at a givenstage is called the multiplication factor.4. (i) as an amplifier (ii) as an oscillator.
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5.

(B) 1. i) If a single line of hydrogen spectrum is observed with a morepowerful spectrometer, it appears to be consisting of more thenone lines. This can not be explained by Bohr's model.ii) The theory gives no idea about the intensity of spectral lines.iii) Electrons are considered to be moving in circular orbits which is notnecessary. Electrons can also move in elliptical orbits.iv) The theory combines principles of quantum physics and classicalmechanics which do not match with each other.2. N N e t= −0 λN = number of nuclei, which have not disintiegrated at time t.,No = The number of nuclei of the element notdisintegrated at t = 0 time,
λ = Decay constant for radioactive element,e = base of natural logwhen t = τ 12 , N =  N02  where No = number of nuclei present at t =0.Substituting above values in the exponential law, N = N e t0 −λ

3. The fission of a uranium nucleus is affected by a single neutron, butmore than one neutrons are released as a result of fission of a singlenucleus. Under favourable circumstances, these neutrons can afectfurther fissions in more uranium nuclei; and thuys such a fissionreaction can progress as a self sustaining chain. The energy releasedthrough such a chain reaction under controlled conditions is the source of
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nuclear energy in a nuclear reactor. The important points to be takencare of is given below.
(1) The neutrons which are released during the fission are fast neutrons,and can esacpe from the volume of the reacting mass without initiatingfurther fissions. To slow down the neutrons meterials known as"moderators" are used in the nuclear reactors. Heavy water (D2O),carbon in the form of graphite, Berylium and ordinary water are usedas moderators. To confine the neutrons to the reaction region, neutronreflecting surface are used.(2) For the chain reaction to proceed in an uninturrupted manner, adefinite mass of fissile material (material which undergoes fission) isrequired, which is called its "critical mass". If the mass exceeds thecritical mass, the reaction may proceed too fast and can go out of control.

4. Forward bias:Suppose the P-side of the junction is connected to the positive terminalof a battery and the N-side is connected to its negative terminal, asshown in the figure. This is called forward bias connection.

When connected in this way, the potential difference across thedepletion layer is in a direction which is opposite to the appliedvoltage. Therefore, the "height" of the depletion layer potential isreduced, and its width is also simultaneously reduced. Hence theelectron can now easily move from N to P side. Therefore, underthe influence of the external voltage applied in this sense, theelectrons move from the N side to the P-side and finally reach thepositive terminal of the battery, to emerge from the negative termaland continue their circulation. Thus, a curent can be established inthe circuit easily. If the voltage applied by the battery is increased,the current also increases as shown in figure. Note that the currentshown in the external circuit of the figure is the conventionalcurrent which is opposite to the direction of the flow of electrons.
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(C) 1. Given λ λγ= = × = × =− −6000 6 10 1 5 100 7 14A m m n., . , ?Suppose n number of photons of wavelength 6000 Ao have energyequal to the energy of 1 photon of γ -ray then, E nEγ =
∴ =hf nhfγ

⇒ = ⇒ = = ×
×

= ×
−

−

hc n hc nyλ λ
λ
λγ

6 101 5 10 4 107
14 7.2. If halflife = x minutes. Where x = 15 minute.

substituting value of  in equation (1)

3.
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4.

Common base current gain 
Common emitter current gain 

�����
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Q.1. (A) Answer the following questions in very short as asked :- (05)
1. The displacement of a SHO is given by y=4 sint cost find its initialvelocity.2. "In damed oscillations frequency does not change with time." True ORFasle?3. A progressive harnonic wave is given by y=A sin 2π

λ
(αt-x). Thenwhat is α ?4. What are stationary waves?5. If the momentum of a particle is decreased by 20% what is the percentagedecreased in its kinetic energy ?

(B) Answer the following questions in eight to ten sentences :- (Any Three) (06)
1. Write down the differential equation for forced oscillations. Obtainits solution in the absence of damping.2. Prove the relation,  y a A yυ2 2 2= −( ) between displacement, velocityand accelaration for a SHM.3. What is a propagating harmonic wave ? Obtain the equationy = A sin(wt - kx) for one dimensional harmonic wave propagating +x indirection.4. Explain phenomenon of beats and obtain an expression for the numberof beats per second.

(C) Solve the following examples :- (Any Three) (09)
1. For simple harmonic motion prove that average value of K.E.<K> = 14 kA2 taken for one period of time.2. If two tuning forks having frequency 320 Hz and 480 Hz produce wavesin air having a difference of wavelength of 1748 m, find the velocityof sound.3. Three spheres having masses m1=m, m2=m and m3 = 2m  are placedat the vertices of an equilateral traingle having the length of the side4m. If the sphere of m1is at the origin and another of mass m2
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is on the x - axis. find the position of centre of mass of this systemwith respect to origin.4. A ball of 4 kg mass hits a wall at an angle of 30o and is then reflectedmaking an angle of 120o with its original direction. If the duration ofcontact between the ball and the wall is 0.1 sec. Calculate the forceexerted on the wall. The initial and the final velocities of the ball is1 met / sec.
Q.2.(A) Answer the following questions in very short :- (05)

1. If the angular momentum of a rotating rigid body with a stationalry axisincreases by 10%. Find the percentage change in its rotational kinetic energy.2. Write the unit of angular momentum.3. A body is projected first at angle θ with horizontal direction and then atsame angle θ with vertical direction. Will their ranges be equal ?4. The maximum range of a proejectile is equal to 0.5 km then the initialvelocity of the projectile will be .....5. In which event heat energy is transferred through electromagnetic waves ?
(B) Answer the following questions in eight or ten sentences :- (Any Three) (06)

1. Describe the motion of a solid cylinder rolling down a slopewithout sliding, and obtain expression for its acceleariton.2. Prove that the escape velocity for a body on the surface of Earth is2g Re3. Define total emissive power and give Stephen - Boltzmann lawgiving its mathematical expression. Write value of constants inthe expression.4. Prove Kapler's second law of planetory motion.
(C) Solve the following examples :- (Any Three) (09)

1. A ring of radius 25 cm and mass 40 kg rotates about an axis passingthrough its centre and perpedicular to its plane. The angular velocityof this ring is found to increase from 5 rad/sec to 25 rad/sec in 5 secondcalculate the work done by the force in 5 second.2. Prove that the ratio of the change of 'g' at a height "Re" above thesurface of earth to the value of g at the surface of the earth is equal to
- 14Re
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3. The efficiency of a carnot engine is 1/6. By decresing the temperatureof the cooling arrangement by 65oC, its efficiency is doubled. Findinitial temperature of the source and the sink.4. In an isothermal process, the pressure of 1 mole of an ideal gas isincreased and made five times its original pressure. Find the workdone during the process. Temperature is 300o K. R =8.3 J/mol 0K.
Q.3. (A) Answer the following questions in very short :- (05)

1. 5 mA current is following in a wire. No of electrons passing througheach cross section of this wire per second is ............2. Write Kirchhoff's second law.3. In thermocouple, when referance junction is at 0oC and test junction is
at toc, the emf is given by e t t= −4 202  then what is the neutraltemperature?4. On connecting a shunt of 40 Ω deflection of galvanometer becomeshalf of initial. What is the resistance of galvanometer ?5. If the planes of two concentric coils is perpendicular to each other,then what will be the value of the mutual inductance of the system ?

(B) Answer the following questions in eight OR ten sentences (Any Three)(06)
1. Write a note on "Thermistor".2. Write down the two laws of faraday relating to electrolysis. Discussthe second law.3. Explain the principle of a potentiometer with a necessary circuit diagram.4. Explain "mutual inductance".

(C) Solve the following examples :- (Any Three) (09)
1. Unkonw resistance x is joined parallel to a resistance of 20 Ω. To thisconnection a battery of 2 volt and resistance of 10 Ω are joined in series.If the current passing through x is 0.05 Amp. Find the value of x.2. 4 batteries, each of 1.5 volts are connected in series so that they arehelping each other. Internal resistance of each is 0.5Ω they are beingcharged using a direct voltage supply of 110 volts. To control the currenta resistance of 49 Ω is used in the series. Obtain (i) Power drawnfrom the supply (ii) power dissipated as a heat.
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3. The resistance of galvanometer is 18 Ω find the resistance of theshunt which when connected in paralled with the galvanometer coilallows only 10% of the total current flow through the galvanometer.4. A conducting loop of radius r is placed concentric with another loopof a much larger radius R, so that both the loops are coplaner. Findthe mutual inductance of the system of the two loops. Take R>>>r.
Q.4. (A) Answer the following questions in very short as asked :- (05)

1. In L-C-R series circuit, ω02 LC  = _______ in reasonance.2. The number of turns in the primary coil is 100 and that in thesecondary coil is 400. If 1.0 Amp current flows in the primary coil,then how much will be the current flowing in the secondary coil ofthe transformer ?3. Indicate the wavelength in meter of the radiation having frequency1 MHz.4. Light waves are transverse waves. Which phenomenon gives proof ofthis fact ?5. What are inductive components ?
(B) Answer the following questions in eight to ten sentences :- (Any Three) (06)

1. Derive the expression of power for L-C-R series a.c. circuitPeff = Vrms Irms Cosδ.2. State the characteristics of electromagnetic waves.3. Explain how diffraction imposes a limit on useful magnification bylens.4. Giving the necessary figures and obtain the condition for the minimain fraunhofer diffraction.
(C) Solve the following examples :- (Any Three) (09)

1. An a.c. circuit with L-C-R in series has voltage and currentrespectively given by V = 200 2  Cos (3000t - 55o) and                              I = 10  2  Cos (3000t - 10o)Find the impendance of the circuit and the value of R.2. Human eye is most sensitive for light of wavelength 5600 Ao. Findthe frequency of this light c=3x108 met/sec.3. The ratio of intensities of rays emitted from two different coherentsources is α. For the interference pattern formed by them prove that
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I II I IMin
Min

max
max

+
−

= + α
α24. In young's double slit experament, the seperation of slits is 0.05 cm anda screen is placed at a distance of 100 cm. The seperation betweencentres of the third bright and Nine bright fringe is 6 mm. Find thewavelength of light.

Q.5. (A) Answer the following questions in very short as asked :- (05)
1. Dimensional formula of E/B is ______.2. The radius r1 of the electron of the hydrogen atom in the first orbitis equal to 0.531Ao what will be the radius (r3)of the third orbit ?3. Write the diamonsional formula of constant K in Millikun'sexperiment.4. State the electronic configuration of Germanium.5. In common emitter N-P-N transistor circuit current gain = ______.(a) β > 1   (b)  β < 1   (c)   β + 1   (d)  β ≤ 1

(B) Answer the following questions in eight to ten sentences :- (Any Three) (06)
1. Give Einstein's explaination for photo - electric effect.2. Explain the term "decay constant" giving necessary expressions.Deduce the exponential law for the radioactive decay.3. Write the reactions involved in proton - proton fusion process, givingthe values of energy released at each stage.4. Write a note on transistor oscillator.

(C) Solve the following examples :- (any Three) (09)
1. In Milikan's oil drop experiment, radius of an oil drop is 7.25 x 10-7 m.It is hold stationary between two parallel plates 6.0 mm apart kept at apotential difference of 103 V. Find the charge on the drop. Density of oilis 880 kg/m3, density of air 1.29 kg/m3, g=9.8 m/s2.2. Prove that in a hydrogen atom, square of the orbital period of anelectron is proporational to the cube of the radius of that orbit.3. Half life of Na24 is 15 hours, in what time its 93.75% would decay ?4. The current gain of a transistor is 0.98. It is used as power amplifier toget a power gain of 10. What is the ratio of input resistance to outputresistance ?
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ANSWERS
Q.1. (A) 1. v0= 4 unit.2. Yes3. α= Wave Velocity  v4. Waves travelling in the mutually opposite directions and having sameamplitudes, same frequencies, same wavelengths and experienceingsuperposition, lose the property of progressiveness as the resultanteffect. Thus the waves obtained in such a way are called stationarywaves.5. 36%.

(B) 1. d ydt r dydt y a to
2

2 2 0+ + =ω ωsin( )
In absence of dumping (r=0)d ydt y a t2

2 02 0+ =ω ωsin( ) ......(1)Let the solution of above eq-n bey = A sin ( )ωt ...... (2)
∴ dydt  = Aω Cos ( )ωt ..... (3)
∴ d ydt2 2  = -Aω2 Sin ( )ωt ..... (4)
Substituting equation (4), (3) and (2) in equation (1), we get
- A Sin t ASin t a Sin tω ω ω ω ω2 02 0( ) ( ) ( )+ =dividing above eqn by Sin( )ωt
∴ A A aω ω2 02 0+ =
∴ A a[ ]ω ω02 2 0− =

∴ A a=
−

0
02 2ω ω ............... (5)Substituting equation (5) in equation (2), we gety A t= sin( )ω

∴ =
−

y a0
02 2ω ω  Sin ( )ωt ................ (4)
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2. v A y= ± −ω 2 2
a y= ⇒ω2 ω = ± a y/
v a y= / A y2 2−

∴ = −yv a A y2 2 2( )
3. The wave form generated is a sinusoidal type and the wavescontiniously moving ahead in the medium,  are called propagatingharmonic wave.

Let the particle located at x=0 start the SHO at time t=0, with phase equalto zero.
The equation of motion of this particle will bey = A sin (ωt) .......... (1)
The wave orginating at t=0 covers a distance x, at that time  the particlelocated at x begins its oscillations and its phase will be lagging behindthe phase of  oscillations of the particle at x then located x=0 by anamount δ. The eqn of  oscillations of particle at x=x isy A t= −sin( )ω δ ............. (2)
Let λ be the wave length associated with this wave. At λ seperationthe corresponding phase difference is 2π . Hence the particle located ata distance x from x=0 will have less phase  by 2π

λ
x .

∴ =δ π
λ

2 x ........... (3)Sub. eqn. - 3 in eqn. (2)
y A t x= −FHG IKJsin ω π

λ
2

but k2π
λ

=  (wave vector)
∴ = −y A t kxsin( )ω
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4. Consider two harmonic waves with their frequencies differing by asmall amount, passing through the same region of a medium.
y ASin t1 1= ( )ω  and y ASin t2 2= ( )ωwhere ω π1 12= f     and   ω π2 22= f(Here both the waves having same Amplitude)Above two waves are superposed at a point, so according to thesuperposition theroem.y = y1 + y2
A Sin t Sin t( ) ( )ω ω1 2+

y ACos Sin t
= −FHG IKJ • −FHG IKJ2 2 21 2 2 1 2ω ω ω ω ........... (1)

From Eqn.1 we can say, the resultant wave is having angular
frequency  ω ω1 22−  and the Amplitude of the wave changes
periodically with angular frequency ω ω1 22−FHG IKJ
∴ the period T f f= =

−
=

−
2 2 2 2

1 2 1 2
π

ω
π

ω ω
( )

From above eqn. we can say that the Amplitude of the resultant wavebecomestwo times. MAXIMUM and two times MINIMUM, and correspondinglythe loudness of the sound is also changes periodically.
∴ The no. of beats heard in 1 Sec. is ( f f1 2− )
Def. : The phenomenon of periodic increase and decrease occuring in thelondness of sound, when two sound waves having same amplitude and asmall difference of frequency are superposed, is called Beats.
Beats : The phenomenon of periodic increase and decrease occuring inthe loundness of sound, when two sound waves having sameamplitude and a small difference of freq. are superposed is calledthe Beats.
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(C) 1. K mv mA Cos t= = −12 122 2 1 2ω ω

K E t= cos2 ω ( )QE kA= 12 2

< >= = +zzK ECos tT dt ET t dtT
o
T 2

0
1 22ω ω( cos )

< >= +LNM OQPK ET t Sin t T2 22 0
ω

ω

=  ET T Sin t2 22+LNM OQPω
ω

=  ET T2
< >=K E2
< >=K KA14 2

2. Here λ λ1 2 1748− =

but v f v f= ⇒ =λ λ

vf vf1 2
1748− =

v f f1 1 17481 2−
FHG IKJ =

v = × ×
×

17 320 480160 48v m s= 340 /
3. m1 = m kg. rr1 0=m2 = m kg. rr i2 4= $m3 = 2m kg. rr i j3 2 2 3= +$ $rrem = m r m r m rm m m1 1 2 2 3 3

1 2 3
r r r+ +

+ +
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= m m i m i jm( ) ( $ ) ( $ $ )0 4 2 2 2 34+ + +

= ( $ $ )2 3i j m+

4. rP1 = ( $mvSin i30  + mvCos i30$ ) N.Sec.rP2  = ( $−mvSin i30 + mvCos j30 $ ) N.Sec.Change in Momentum of Sphare dp mvSinr = −2 30 $i= -2 (4) (1) (1/2) $i= -4 $i   N.Sec.Change in momamtum of Wall  = 4 $i  but rF dpdt=Force = 40 1$.i= 40 $i  N.

Q.2. (A) 1. 21 %2. Joule - Second3. Yes4. 70 m/sec.5. Thermal Radiation
(B) 1.
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As shown in fig. consider a solid cylinder, rolling down a slope of heighh, without sliding. Let the radius of the cylinder be r and θ be the agnelof inclination.
Here, as the cylinder is rolling down its kinetic energy is partly inrotational and partly in the linear motion.
The centre of mass of the cylinder is executing a linear motion, and thecylinder is rotating about its geometrical axis. These two motions can betreated independently.
Potential energy lost by the cylinder when it reaches the bottom of theslope = Mgh.
Let the linear velocity of the centre of mass be v when the cylinder hasreached the bottom, and let ω be its angular velocity at that time.
∴ Kinetic energy at the bottom = +12 122 2Mv IωApplying the principle of conservation of the mechanical energyMgh Mv I= +12 122 2ω ........... (1)
Substituting ω = vr  and using I Mr= 12 2 for a solid cylinder, we getfrom eqn. (1)v gh2 43= ......... (2)If the length of the slope is d; the cylinder starting from zero velocityattains a velocity v after moving over the distance d.v2 = 2ad, a being its linear acceleration.
But hd d h= ⇒ =sin sinθ

θ
........ (3)

∴ v2 = 2a � h / sin θ ......... (4)Substituting this value for v2 in the eqn. (2)2 43ah ghsinθ
= ......... (5)

∴ =a g23 sinθ
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2. Particle of mass m has a gravitational potential energy (-Gmem/Re)on the surface of the earth, and its gravitational potential energy is zeroat the infinite distance. This particle has to be taken to an infinitedistance from the earth, starting from its stationary position on thesurface of the arth, it must be given kinetic energy equal to+(Gmem/Re). This energy is called the escape energy (Ee).
∴ = •E GM mRe e

e .......... (1)If a body of mass m stationary on the surface of the earth is giventhis amount of energy, it will escape from the field of gravitation of earth.
Let the corresponding velocity needed the Ve. Then Ve is called theescape velocity.
Now 12 2mv GM mRe e

e= .......... (2)
∴ =v GMRe e

e
2

Now g GMR e
e= 2 2

∴ =
×

=
FHG IKJV GM RR R GMR Re e e

e e
e

e e2 2 2
= 2g Re

3. The amount of energy radiated per second per unit area at agiven temperature is called the total emissive power.
Stephen experimentally showed that "the amount of energy radiatedby a surface, in the form of power of its absolute temperature". Thisis called Stephen - Boltzmann Law.W = eσ T4Here T, is the absolute temperature, e is known as the emmissivityof the radiating surface. σ is called the Stephen - Boltzmann constant.
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It is a universal constant and have value of σ = × −5 67 10 8.  watt/met2 � K4

4.

Figure shows, by a broken line, a part of the orbit of a planet going aroundthe sun S. Let the linear velocity of the planet be rv  when it is at a position P.The perpendicular distance between the sun S and the direction of rv  is d.Let m be the mass of the planet. Angular momentum of the planet withreference to the point S is given byL = mvd .......... (1)Now area of the traingle SQP is given by
A SQ PQ= 12 ( ) ( )
= 12 ( )d s ( )QPQ s=

∴ The area swept by the planet in time dt is
dA d ds= 12 ( )
∴ = =dAdt d dsdt d v12 12( ) ( )Multiplying both sides by m, we getm dAdt mvd= 12 ........... (2)Substituting the value of mvd from the eqn. (1) into equ. (2)m dAdt L= 12 ......... (3)Now, the force of gravitation due to sun on the planet is alwaysdirected along the line joining the sun and the planet. Hence the torquedue to this force taken about the sun is always zero. Therefore the
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angular momentum of the planet is its orbital motion will be conserved.
∴ dAdt  = constant .......... (4)
Kepler's statement of second law for the planetary motion is "The linejoining the planet and the sun sweeps equal area in equal time, as theplanet moves in its orbit around the sun". The rate at which area is sweptis called the "areal velocity". That is proved.

(C) 1. r cm m= = × −25 25 10 2M Kg= 40
ω0 5= radsec
ω0 25= radsec+ = 5 Sec
θ = +FHG IKJw wo t2
θ = 75rad
α ω ω= − = −0 25 55t
α = 4 2rad s/
I Mr Kg m= = × × × × =− −2 2 2 225 10 25 10 40 2 5.
θ ω ω= +FHG IKJ02 t
= 25 52 5+FHG IKJ= 75 rad.
W =   τ. θ

=   (Ι  α) θ ( )Qτ α= 1
=   2.5 x 4 x 75

∴ W = 750 Joule
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2. The acceleration due to gravity "g" is
g GMrr e( ) = 2dgdr GMrr e( ) = −2 3
At  r = 2Re
∴FHG IKJ = − = −

•

dgdr GMR R gRr
R

e
e e ee

( )
2 228 14

∴

FHG IKJ
= −

dgdrg R
r

R
e

e
( )

2 14

3. n TT1 2
11= −

16 1 2
1= − TT ............ (1)

n TT2 21
11= −       from data.  T T21 2 65= −

13 1 652
1= − −( )T T13 1 652

1 1= −
FHG IKJ +TT T from Eqn. (1)

13 16 65
1= + T ( )Q 16 1 2

1= − TT
∴ =T K1 39016 1 3902= − T

T2390 56=

T K2 0325=

4. PV PV VV PP1 1 2 2 2
1

1
2= ⇒ =
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W = 2.303nRT log PP1
2

FHG IKJ= 2.303 x 1 x 83 x 300 x log 1 5/b g= -4008 Joule
Q.3. (A) 1. 5 x 6.25 x 1015

= 31.25 x 1015
2. Kirchoofs Second RuleIn a closed circuit, the algebraic sum of the products ofresistances with the corresponding values of currents flowing throughthem is equal to the algebraic sum of the emfs appliied in the Loop."3. t = 40o C4. 40 Ω5. Zero

(B) 1. On increasing the temp. of semi conductor 3oC near the room temp.its resistance decreases by about 13%. It is a special type semi-conductor. It is made up two words thermal and resistor.- Thermistor are made from mixture of oxides of manganese, nickle,cobalt, copper, iron and uranium.- beads about 0.015 cm to 0.25 cm diameter.- Thermisters are available in range of resistance 100 Ω to 10 m Ωfig.

This property makes thermistors useful in controlling temperaturesin the industrial applications. It has been possible to achieve a control
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of temperature to a precision of ± 0 00050. .C
The temperature co-efficient of a thermistor is given by :

α = −1
0

0 1R RT C∆
∆

( )
Here Ro is the resistance of the thermistor at 25oC with no currentflowing through it.

2. Faraday's first law :The mass "m" of an element deposited on the cathode on passingan electric current through electrolyte is directly proportional tothe amount of charge passing through the electrolyte.
Faraday's second lawWhen the same amount of current is passed for the same time, (i.e.the same amount of charge is conducted) through different electrolytes,the masses of elements deposited from the electrolytes, the massesof elements deposited from the electrolytes are in proportion to theirrespective chemical equivalents. The chemical equivalent is the ratioof the atomic weight of the element to its valency.
Thus, from Faraday's second law, when equal currents are passedthrough two eleccrochemical cells for the same time, the masses m1and m2 of the elements are proportional to their respective chemicalequivalents and  e1 and e2. That ismm ee1

2
1
2= ............. (1)

mm ee It ZIt Z1
2

1
2

1
2= =

∴ =ee zz1
2

1
2 ........... (2)

∴ =ez ez1
1

2
2 ............ (3)Equation (3) shows that for all elements the ratio of the chemicalequivalent to the electrochemical equivalent has a constant value.This constant is called the Faraday constant. Its value is96,500 coulomb/mole.
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3. Circuit diagram

The principle of a Potentiometer : Consider a circuit such as the oneshown in fig. Here, a battery of emf ε and an internal resistance r isconnected in series with a resistance box R, and a conducting(resistive) wire having a uniform crossection.
Suppose that the length of wire is L and its resistance per unit lengthis ρ; so that the total resistance of the wire is Lρ. If the resistance inthe resistance box is R, the current through the wire is
I R L r=

+ +
ε
ρ ........ (1)

If the length of the wire from A to C is l, then the difference of
potential between A and C will I / ρ. Writing this as V1.V I l1 = ρ ........... (2)
Substituting for I from the equn. (1)
V R L r ll =

+ +
LNM OQPερ

ρ .............. (3)
The potential difference per unit length of the wire Vll  is called its
potential gradient and is represented by σ.
∴ =Vl σl
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∴Vl α lPrinciple : The potential difference betn any two points of thepotentiometer wire is directly proportional to the distance betn them.
4.

Consider two conducting coils having arbitary shapes, placed neareach other as shown in Fg. The coils may also have an arbitaryinclination with respect to each other.
Suppose that the coil 1 has N1 turns and the coil 2 has N2 turns.Now when a current I1 is passed through the coil 1, some of themagnetic flux generated by the coil 1 will be lined with the coil 2.Also, for any specified position of the coils, it readily follows fromBiot-Savart Law, that the flux Φ2 likned with the coil 2 will beproportional to the current in the coil 1.

∴Φ2 1α I
∴ =Φ2 21 1M I ............ (1)

The constant of proportionality M21 which appears in the equationsis termed as the mutual inductance of the system formed by thetwo coils.
Taking I1 = 1 unit in the equation, Φ2 21= M . So one can define themutual inductance of the system formed by the two coils as the amountof flux linked with the other coild when a unit current passes throughone of the coils.
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(C) 1.

In ABCDEA - 20I1 - 10 I = -2
20 (I - 0.05) + 10 I =2           ( . )Q I1 1 0 05= −

20 I - 1 + 10 I = 2
30 I = 2 + 1 = 3
I = 0.1 Amp.

In BCDEB -20 I1 + 0.05 x  = 0
x I= = ×200 05 20 0 050 05. ..x = 20Ω

2.

V = 4ε + 4Ir + 1R
∴ I Vr R I= −

+
44 1ε
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R
r

∴ I = − ×
× +

=110 4 1 54 0 5 49 10451( . ).
∴ I = 2.039 Amp.
∴ Power drawn from the suppy  P = V1

= 110 x 2.039
P = 224.3 Watt
Power dissipated in the circuit } P = 4I2r +I2R

= 4 (2.039)2 x 0.5 + (2.039)3 x 49
= 8.315 + 203.7

P  = 212.0 Watt
3. G = 18 Ω

I Ig = 10100
∴ =I Ig 0 1.
∴ S G II Ig

g=
−

∴ S II I=
−

18 0 10 1. .
= ×18 0 10 9.. = 2 Ω

4.
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Consider a current I passing through the larget loop. The magneticfield at the center of this loops due to this current is
B RR R= =µ µ0 2

2 32 012 12( )It is given that R > > r.   ∴ The filed in the region of the smaller loopcan be considered to be uniform and of the above value.
∴ The flux linked with the smaller loop is given by

Φ = =µ π µ0 2 0 212 12R r rR.
∴ = =M I rRΦ µ π0 22

Q.4. (A) 1. 12. 0.25 Ampere3. 300 m4. Polarisation5. Near the oscillator the phase difference betn rE & rB is π / 2 and theirValues decrease rapidly according to 1 3r  with distance. Suchcomponents of field are called inductive component.
(B) 1. For example in a L - C - R circuit, instantaneous power isP = VI= Vmcosωt. Im Cos (ωt - δ)= Vm Im Cosωt Cos (ωt - δ)But cosωt cos ( ωt - δ)

= + −12 12 2cos cos( )δ ω δt
∴ Instantneous power
P V I Cos Cos tm m= + −2 2[ ( )]δ ω δ

∴ Effective power
P V I T Cos dt T Cos t dtm m TT

= + −
LNM OQPzz2 1 1 200 δ ω δ( )

P V I Cosm m= 2 δ Q Cos t dtT ( )2 00 ω δ− =
LNM OQPz

P V I Cosm m= 2 2 δP = Vrms Irms Cosδ
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Where cos δ = power factor.
2. (1) At region far from the source the electric and the magnetic fieldvectors oscillate in the same phase.(2) The directions of oscillations of the electric and the magnetic fieldare mutually propendicular and are in a plane perpendicular to thedirection of propagaztion of the wave.(3) These waves are non-mechanical and of transverse type

(4) C o=
∈

1
0µ  Velocity(5) The velocity of electromegnetic waves depends upon theelectromagnetic properties of that medium.

3. When an image of an object is formed with a lens, only a limited portionof the wavefront of light passes through the lens, to form an image. This"limitation of the wavefront produces diffraction effects as explainedearlier, and to that extent, sharpness of the image is reduced.Usually one uses a convex lens to obtain a magnified image, and it isnormally disired to have both magnified and a sharp. (i.e. clear) image.
For more magnification, focal length of the lens used must be smaller buta smaller focal length in general also means smaller size (i.e. diameter) forthe lens. The smaller diameter d will increase the value of λd  so that thereis more diffraction, which reduces the sharpness of the image obtained.Thus, we see that one cannot indefinitely reduce the focal length to obtainincreased magnification and at the same time maintain the sharpness ofthe image - such a magnification is not useful. Thus, we see thatdiffraction imposes a limit on useful magnification by a lens.

4.



Physics (054) Question Paper - 3

83

Consider a set of parallel rays associated with the secondary wavesemerging from the incident wavefront at AB, with their direction ofpropagation at an angle θ to the central line XPo. The optical pathdifference between these rays can be calculated as follows :
Let us divide the slit into two equal parts.From A, draw AM perpendicular to the ray BL.This perpendicular intersects the central ray XP1 at Y.Now the optical path lengths for the sections AP1, YP1, MP1, are all equal.So the path difference between the rays AP1 and BP1 is equal to BM;and the path difference between AP1 and XP1 is XY.Suppose the angle θ selected is such that BM = λ.
∴ = =BMAB dλ θsin ∴ = =λ θd AB dsin ( )Q
and XY d= λ ; X being the midpoint of AB.So, generalising this formula for mth order minimum.sinθ λm md=where m = 1, 2, 3 ..........

(C) 1. δ = 45 ∴  tanδ  = 1
∴ tanδ

ω
ω=

−
=

L CR
1 1

∴ R L C= −ω ω
1

∴ | | ( )z R L C= + −2 21ω
ω= R R2 2+  = R 2

∴ | | Imz Vm= = =201 20Ω

∴ R 2 20= Ω
∴ R = 14.14Ω

2. C = λf
∴ f C= λ

= ×
× −

3 105600 108 10
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∴ f Hz= ×5 357 1014.
3. II1

2 = α and ∴ I Aα 2

∴ 
II AA1

2
12
22= = α ⇒

AA1
2 1= α

For Constructive Intorfarance A A1 2 1+ = +α
∴ A A1 2 1− = −α   (For destructive Interference)
∴ Imax α ( ) ( )A A1 2 2 21+ −α α
∴ Imin α ( ) ( )A A1 2 12 2− −α α

∴
IImax

min
( )( )= +

−
= + +

− +
α
α

α α
α α

11 2 12 12
2

∴
I II Imax min

max min
( )+

−
= + = + = +2 24 2 14 12α

α
α

α
α
α  by taking Comp. and dividen.

4. x Dd3 3= λ x Dd9 9= λ

x9 - x3 = λDd ( )9 3−

0 6 1000 05 6. .= × ×λ

λ = ×
×

0 6 0 05100 6. .
λ = 5000Ao

Q.5. (A) 1. M L T0 1 1−2. 4.779 Ao3. M L T1 0 1−4. 1S2   2S2   2P6   3S2   3P6   3d10   4S2  4P25. β > 1
(B) 1. Planck had proposed that the electromagnetic radiation is emittedin discrete quanta of energy but it propagates only as waves. Einsteinwent further to propose that the electromagnetic radiation propagatesin form of particles which he callled photons.

Suppose the incident electromagnetic radiation (light) is of frequency
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f. So energy of its photon is hf. When this photon in incident on ametal either if gets entirely absorbed or it does not lose any energy.If an electron in the metal absorbs a photon it will gain an energy hf.Out of this energy it will use an amount equal to its binding energyin coming out of the metal, and the remaining will be the kineticenergy with which it is emitted.
If work function of a metal is W0 (=hf0), only those electrons wchichcan be liberated on acquiring energy equal to the work function willbe emitted witht he maximum kinetic energy.
∴ = −12 2 0mv hf Wmax ........... (1)
∴ = −eV hf hf0 0 ........... (2)
∴ = FHG IKJ − = FHG IKJ −V he f hfe he f f0 0 0( ) ............. (3)This equation shows that the graph of V0 vs f should be a straightline graph with a slope of he  and an intercept along f-axis equal to fo.This conclusion is in a perfect agreemtn with he observations.

2. Suppose thre are N nuclei of a radioactive element at time t. Let dNof them decay in time (dt) ThendNdt  is called the decay rate of that element (or its activity).This rate is proportional to the existing number of nuclei of thatelement at that time.
∴ 

dNdt Nα − (-ve) sign means that the number decreases with time)
∴ 

dNdt N= −λHere λ is a constant called the "radioactive constant" or the "decay constant" of that element.Integrating this equation
∴ 

dNN dt= − zz λ

∴ ln N t C= − +λAt  t = 0 ⇒ N = No
∴ lnN0 = C
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∴ ln N t nN= − +λ l 0
∴ ln NN t0 = −λ

∴ 
NN e t

0 = −λ

∴ N N e t= −0 λ

3. Sun's centre is at a temp. of about 20 million degrees. Sun preducesenergy mostly through the following sequence of reaction. Which iscalled fusion.
1 1 1 2 2 3 5H H He Mev+ → + .
Two of such reactions are then followed by
2 3 2 3 2 4 1 12 12 9He He He H Mev+ → + +( ) . .So total energy released 2 (0.4) + 2(5.5) + 12.9 = 24.9 Mev.The stars with central temp. as in the sun or somewhat lower producethe fusion energy through the above reaction called proton - protonreaction.
The stars with central temp. significantly higher than that at thecentre of Sun produce energy by another reaction called C-N cycle.

4.

- Such oscillations are generated by folding part of the output of anampitified back to its input using an appropriate netwrok.- For transistor oscillator circuit it is not necessary that the input a.c.signal should be given to the oscillator.- Part of the output signal of an amplifier A is fed to suitable L-Cnetwork B and then fed back to the input amplifier A.- Such electronic oscillators generate oscillatory voltage with precise
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and steady freq.- The oscillation freq. can be obtained ranging from few Hz to 109 Hz.- Useful in communication, T. V. and radio receivers and transmitters.
(C) 1. mg = m0g + qE

q gE m mo= −( )
q gVd r r= −LNM OQP43 433 3 0π ρ π ρ

q I= × × × × × × × − −
−

−9 8 6 1010 43 3 14 7 25 10 880 293
3 7 3. . ( . ) ( )

q C= × −8 003 10 19.
2. mvr er2

0
2

214 2=
∈π

∴ =
∈

mrr er2 2
0

2
214ω

π
.

∴ =
∈

ω
π

2
0

2
314 . emr

∴ =
∈

4 142
2 0

2
3π

πT emr
∴ = ∈FHG IKJT me r2 3 02 316π

∴ ∈ =T r where me cons t2 3 3 0216α π tan .
3. t = 0 100% present15 Hour 50 % Present30 Hour 25 % present45 Hour 12.5% present60 Hour 6.24% present100 - 6.25 = 93.75% decay.
Power Gain :Voltage gain x Current gain
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10 0 98= ×δ
δ

VVCE
BE .

∴ = ×10 0 98R Ir IL C
i B
δ

δ
.

∴ = ×rRi
L

0 98 0 9810. .
∴   

rRi
L = 0 096.

� � �
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Q.1 (A) Answer in brief. (05)
1. A spring of force constant k is stretched so that its length becomesdouble. Its Force constant will be _______.2. The equation of stationary wave is Y=-10 sin π πx

t
3

20cos . CGSunits then what is wave length and frequency of the componentwaves ?3. Write dimensional formula of wave intensity.4. No work is done when a stationary bomb explodes without anyexternal force acting on it. Then why does kinetic energy of itsfragments change after explosion ?5. Two particles of mass m and 3m are separated by 12cm distance.What will be the distance of the particles from their center of mass ?
(B) Answer in eight to ten sentence. (Any 3) (06)

1. Show that for massless elastic spring k mg

l
=

∆  and write the unitof k and define k.2. Write the equation of displacement of S.H.O. differentiating itobtain the equation of acceleration in term of displacement. Statewhere the accelertion is maximum ? What is the slope of thegraph of acceleration → displacement ?3. Write the general equation of the frequency experienced by alistener in Doppler's effect. State the sign convention used in it. Writethe equation of the frequency of sound experienced by (1) a thiefwhen a police blowing whistles is running after him. (2) A listenerwhen listens a source are going away from each other.4. Define center of mass for a system of particles, there by obtainr r
P MVcm= .

(C) Solve. (Any 3) (09)
1. For damped oscillations, find the time for decreasing of the

amplitude to A
n2

.2. Prove that for a wave propagating in a medium, the ratioof the instantaneous velocity of a particle of the medium to the
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wave velocity is equal to the negative value of the slope of the wave format that point.3. In a lake, a person is standing on a stationary raft. The distancebetween the person and the bank is 20m. Mass of the person is 50 kg.and that of the raft is 40 kg. The person now starts running towardsthe bank with a velocity of 2.5 m/s with respect to the raft. How farwill ther person be from the bank after 1 sec ?4. A ball of 6kg. Mass hits a wall at an angle of 40o and is thenreflected making an angle of 80o with its original direction of theduration of contact between the ball and the wall is 0.1 sec. Calculatethe force exerted on the wall. The initial and the final Velocitiesof the ball are 2m/s.
Q.2 (A) Answer in brief. (05)

1. Define Torque.2. Write units and dimensional equation of momentum of ineritia.3. Why is total energy of a satellite negative ?4. Heat is flowing through two cylindrical rods of the same material.The diameter of the rods are in the ratio 1:2 and their length arein the ratio 2:1 of the temperature difference between their endsis the same then the ratio of heat currents through them is _______.5. Give two examples of irreversible processes.
(B) Answer in eight to ten sentences. (Any 3) (06)

1. Draw the diagram of a simple pendulum showing the forces acting
on its bob in a displaced position and hence derive d

dt

2

2
2 0

θ ϖ θ+ =for it.2. Define inertial mass and gravitational mass and write theformulas to obtain them.3. Write the stages of Carnot's cycle and state the relation betweenpressure and volume of each stage.4. Identify the different terms in dQdt kA dTdx= −  and define them.
(C) Solve. (Any 3) (09)

1. A rigid body experiences an angular displacement of 300radians is 6 secnds, and attains an angular velocity of 1000rad/sec. Find its initial angular velocity and its angularacceleration (assumed to be constant).
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2. Prove that the ratio of the linear orbital velocity of a satelliteorbiting close to the surface of the earth, to the escape velocity
of a stationary body on the earth is 1

2
.3. Two sheres each of mass equal to 6 kg. Are placed at points A andB as shown in the figure.

           A                                        B75 75cm cm
If a small sphere of 10 gm is placed at a point P, what willbe the acceleration experienced by it due to the gravitational forcesof masses only the force due to gravitation of masses A and B.4. One mole of ideal gas at NTP is expanded adiabatically to twice itsinitial volume and its temperature becomes 250 k. Calculate thechange in the internal energy of the gas during this expansion.(Use γ =1.4, R=8.3 Joule/mole k).

Q.3 (A) Answer in brief. (05)
1. A carbon register has only three bands of color. What will be itstolerance ?2. Under what condition will the EMF of a cell become equal to itsterminal voltage.3. What is the unit of magnetic flux ?4. What is Inductor ?5. One square coil has area of 10-2 met2 ? It is kept perpendicular touniform magnetic field of intensity 103 tesla. The flux passingthrough the coil will be _______.

(B) Answer in eight to ten sentence. (06)
1. By accepting single valuedness of electropotential  in an appropriatecircuit diagram, derive kirchoffs second rule.2. Write an explain Faraday's second law of electrolysis and alsodefine chemical equivlent.3. A stright conductor of infinite length, carries electric current Ialong X-axis. Derive the formula for the magnetic field at a point layingon X-Y plane whose position co-ordinates are (x,y).4. On what factor does mutual Inductance of a system of two coil depends.

P
10 cm 10 cm
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(C) Solve. (Any 3) (09)
1. When a circuit is completed by connecting a resistance of 10 ohmsto an electrical cell, a current of 5mA is obtained. Now if anunknown resistance X is connected in series. With the 10 ohmresistance the current obtained is 4mA. Find the value of X.(neglect internal resistance of the cell).2. A    DC motor is connected to a 110V direct voltage supply and draw5amp. current. If its mechanical efficiency is 40% find the resistance of itswindings.3. A circular coil havig a average radius of 6cm has 1000 turns. Acurrent of 5 amp passes through it. Find the magnetic field at a

point on its axis 8 cm from the center µ π0 74 10= × −F
HG

I
KJ

− tesla meterAmp .4. Flux linked per each turn of a coil of N turns changes from φ φ1 2toIf the total resistance of the circuit including the coil, is R, Prove thatcharge Q induces is given by Q N R= −( )φ φ2 1

Q.4 (A) Answer in brief. (05)
1. If the phase lag between V and I in and a.c. circuit is δ , what isthe time lag ?2. The ratio of the number of turns in primary coil to that in thesecondary coil is 5:1 if the current in the primary coil is 200mAthen the current in the secondary coil will be _______.3. What is the frequency of waves generated in Hertz Experiment ?4. Define plane of Oscillations.5. The ratio of amplitude of two interfering waves is 3:2 what is theratio of maximum resultant intensity to the minimum resultantintensity ?

(B) Answer in eight to ten sentences. (Any 3) (06)
1. Draw a neat diagram of A.C. dynamo or generator. Deriveexpression of flux linked with the coil at time 't'.2. Explain the generation of oscillating eletric and magnetic fieldsin Hertz experiment.3. Explain 'sky waves' and 'space wave' with necessary figure.4. State the condition for mth order minima and maximum infraunhoffer diffraction by a single slit and plot graph of intensity.

(C) Solve. (Any 3) (09)
1. For an A.C. generator V=0 at t=0 and V=2 volt at t = 1100π

 second.



Physics (054) Question Paper - 4

93

The voltage reaches a peak value of 100 volt. Find the frequencyof voltage.2. Velocity of electromagnetic waves in vaccum is 3x10s km/sec. If thepermeability of vacuum is 4 10 7π × −  Weber / amp-met. Find itspermittivity.3. In young's double slit experiment the separation of slits is 0.05cmand a screen is placed at a distance of 100cm. Find the separationbetween centers of the third bright and the fifth dark fringes. Forlight of wave length 5000 A.4. The ratio of intensities of rays emitted from two differentcoherent sources is α . For the interference pattern formed by them
prove that : Im Im

Im Im

ax in

ax in

+
−

= +α
α
1

2
,    I max = maximum of intensityin the interference pringes,              I min = minimum of intensity in theinterference fringe.

Q.5 (A) Answer in brief. (05)
1. The electric and magnetic field applied in Thomson's experimentof e/m are 4900 v/m and 3.5 x 10-4 tesla. What is the horizontalvelocity of electrons.2. The ratio of velocity of cathode ray in Thomson's experiment tothat of velocity of light in vacuum is _______.3. What idea regarding the nucleus is obtained from the bindingenergy per nucleon ?4. What is avalanche current in. Reverse bias condition of PN junction diode.5. α=0.98 for a transistor if Ic=4.9mA then find base current.

(B) Answer in eight to ten sentences. (Any 3) (06)
1. Describe the apparatus of Millikan's experiment of finding chargeof an electron with necessary diagram.2. Obtain the equation of the radius of the orbit of electron in nthorbit in Bohr model.3. Derive exponential law of radioactive disintegration. Using the equationdraw the decay curve.4. Draw the circuit diagram of half wave rectifier and explain theprocess of rectification taking place during one complete cycle ofInput A.C.

(C) Solve. (Any 3) (09)
1. A 100 watt bulb converts 5% of electrical energy consumed byit into light energy of the wagelength emitted by the bulb is6625 Ao, Calculate number of photons emitted per second.[h=6.625x10-34 joule-sec, c = 3x108 m/sec].
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2. Show that in a hydrogen atom angular speed of an electron is
given by ω π

ε
= men h402 3 323. At a specific time the rate of radioactive decay of a substanceis 8000 nuclei/sec. At that time the undecayed number of nuclei is8x107. Find the decay constant and the half-life.4. If the collector current of an NPN common emitter amplifiershows a change in its collector current by 4.5mA when the inputvoltage changes by 25 milli volt. Find its Tranconductance.

� � �
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SOLUTION
Q.1 (A) 1. 2K

2. k cmw f f Hz= ⇒ = ⇒ =

= ⇒ ⇒ =

π π
λ

π λ

π π
3 2 3 620 2 10 ,.3. M1L0T-3.4. Because internal energy associated with the chemical bonding isreleased which appears in the form of Kintu energy of its pragments.5. m1 = m; m2 = 3mr r rr m r m rm mcm =

+
+

1 1 2 2
1 2   (Taking center of mass as origin).

0 1 1 2 2

1 2
=

+
+

m r m r

m m

r r
0 31 2= +m r m r( ) ( )   (ignoring negative sign)
∴ =r r1 23but r r cm1 2 12+ =

3 122 2r r+ =

r cm2 3= and r cm r r1 1 29 12= + =( )Q
(B) 1. A mass-less plastic spring obeying Hooke's law, is suspended innormal position, vertically from a rigid support as shown in Fig.

* When a body of mass in is suspended from its lower end,length of the spring increase by ∆ l under the influence ofweight  (mg) and the body comes into equilibrium.* The suspended mass is acted upon the two forces.(i) Its weight mg acting down ward and(ii) The restoring force (K∆ l) due to the elasticity of thespring acting upwards.* For the equilibrium condition mg = K∆ l where K = forceconstant of the spring.
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Definition :The force required (OR restoring force produced in the spring)per unit change in the legnth of the spring is called force constant (k)of the spring. Unit of K= N/m (MKS) dyne/cm in C.G.S. system.2. The displacement of a S.H.O. is given byy = Asin (ω t+φ) ...(1)velocity of S.H.O.; v dy

dt
=

= +d A tdt[ sin( )]ω φ

A wtω φcos( )+   ... (2)the time derivative of velocity of SHO is called acceleration.a dvdt=

a d Aw tdt= +[ cos( )]ω φ
→ from eqp.    .....(2)a ASin t= − +ω ω ϕ2 ( )  - from eq. ...(1)

a w y= − 2 .    ...(3)Eq. (3) shows that a yα − , i.e. the acceleration is directly proportionalto the displacement and it is in opp. direction.Graph of Acceleration → displacement. :Slope of the graph is −ω2

3. Sign convention :-Velocity in the direction from listener to the source is consideredpositive and velocity in opposite direction is considered negative."Velocity of sound is always positive".fV V fV VL
L

S
S+

=
+  ....(1)V = velocity of sound in still air.VS = velocity of the source.

ω2 A t
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VL = Velocity of the listener to the source.fS = Frequency of sound waves emitted by the source.(i) Both listerner and source are moving away from each other.the frequency of sound heared by the listener is smaller than
the frequency emitted by the source. f V VV V fsL L

S= −
+

F
HG

I
KJ(ii) Frequency of sound heared by a thief when a policeman isblowing whistle and running after him. Here the thief is the

listener and policeman is the source of sound. f V VV V fsL L
S= −

+
F
HG

I
KJ .4. Consider a system n particles of mass M1, M2, M3 ....Mn. Ifr r r r

r r r rn1 2 3, , ,.......  are their respetive position vectors with respects tosome origin then the center of mass of the system is defined as apoint whose position vector rrcm is given by the following equation.r r r r
r

M r M r M r

M M Mcm
n n

n
= + + +

+ + +
1 1 2 2

1 2

....

....  ....(1)Taking M1 + M2 + M3 + ....Mn=M=total mass of the system thenfrom above equation.
Mr M r M r M rcm n n
r r r r= + + +1 1 2 2 ....differentiating above equation with respect to time, taking masses constant.

M
dr

dt
M

dr

dt
M

dr

dt
M

dr

dt
cm

n
n

r r r r
= + + +1

1
2

2 ....

But drdt V drdt V drdt Vn n
r r r r r r1 1 2 2= = −....

and  dr

dt
Vn

cm

r r
−  velocity of the center of mass then.

MV M V M V M Vcm n n

r r r r
= + + +1 1 2 2 .... ;

M V P M V Pn n n

r r r r
= =1 1 1....are the linear momenter of n particles resp. and

MV Pcm

r r
=  = linear momentum.

∴MV P P P Pcm n

r r r r r
= = + +1 2 ....Thus linear momentum of center of mass of a system of particles isequal to the vector sum of linear momentum of all particles and it isequal to the product of total mass and velocity of center of mass.

(C) 1. A(t) = Ae -btn = A exp −FHG IKJbt

m2

A
A

btn

Qmn2
= −FHG IKJexp ∴ = −FHG IKJ−2 n Exp

btn

Qm

n
btn

m
ln 2

2
= ∴ =tn

m

b
n

2
2. ln
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tn
m

b
n

tn
m

b
n

= FHG IKJ
= FHG IKJ2

2 303 2

2
0 693

( )( . ) log

( )( . )

2. The equation of propagating harmonic wave is y = A sin (ω t - kx)Instantaneous velocity of particle is given by
ϑp

dy

dt
=   = Aω  cos (wt - kx) ..... 1

Slope of the wave form is given by dy

dx
 = -A(k) cos (ω t - kx) ....(2)from eq. (1) ÷  (2)

ϑp

slope

w

k
= −      But, w

k
= =ϑ  wave velocity

∴ = −
ϑp

slope
v ∴ = −

ϑp

v
slope

3.

Here no external force is acting on the system comprising of the pason andthe raft.  Therefore momentum of this system is conserved.  As shown infigure, let vϑ  be the velocity of the person relative of the raft. A let vϑbe thevelocity of the raft relative to the bank.Velocity of the person relative to the bank = v r
ϑ − vMomentum of the person with respectto the bank = M ( v r

ϑ − v)M = mass of the person.Momentum of the raft = M rν (M being the mass of the raft)Acc to law of convervation of linear momentium m  ( v r
ϑ − v) = Mr

νMr
ν= (m + M) rν ∴ 50 x 2.5 = (50 + 40)

∴ V = 1.38 m/sec.Velocity of person with respect to bank = (2.5 - 1.38) = 1.12 met/sec.Initially the person is 20 m away from the bank.After 1 second he will be 20 - 1.12 = 18.87 meter away from the bank.
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4.

Q.2 (A) 1. The cross product of position vector of a particle with respect to areference point and force acting on it is called torque acting on theparticle.2. Unit : kg - m2 dimensional equatio M1L2T0.3. Because its negative potential energy is more than its kinetic energy.
4. ddt kA Tx k r Tlθ π= − = −∆

∆
∆2

( / )( / )d dtd dt rr llθ
θ

1
2

1
2

2 2
1

212 12 18=
F
HG

I
KJ = F

H
I
K =

5. Rusting of iron and errosion of the rocks.
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(B) 1. Consider simple pendulum as shown in pig. let m - mass of the bobl OA OB= =  length of the pendulum.
B = displaced position.(i) mg = weight of the bob is vertically downword direction(ii) T = tension in the string acting parallel to string.the line of action of the tension T passes through the point ofsuspension, hence the toque due to it is zero.

r r rτ
τ θ

= ×
= −

l mgmglsin-ve sign shows that torque is in oppditn to the angular displacement θof the bob,
τ α θ

θ
θ θ

θ θ

= = = =

= −

⇒ = −

I I dwdt I dd and I ml
ml ddt lmg

ddt g l

2
2 2

2 2
2

2
2

sin
sin

- Angular displacement is very small then Sinθ θ≅

hence   ddt gl2
2θ θ= −

substituting − =gl by ω2
we getddt w2

2 2 0θ θ+ =This is the diff. Eqn. of angular harmonic motion.2. In Newton's second law of motion. Force = Mass x accelaation the term"mass" appears as a parameter, which "opposes" the action of applied force.Accln, which represents the change in the state of motion, is inverselyproportionaly to this mass.
- "The mass which tends to oppose the change in the state of Motion of a bodyis called the inertial mass of the body. "The enertial mass is denoted by mi andis give by equation;F = Mi  x  a ........1- The force acting on a body in the gravitional field of another body isproportional to its mass. This force acting on the body is given by
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F GMemg= Re2 .......2mg in the above equation is called gravitational mass.
3. Four stages of carnot's cyclic process & their corresponding equation are asfollows :-

1. Isothermal expansion : Q nRT n VV1 1 2
1= l ......1and PV PV1 1 2 2= .......22. Adiabatic Expansion :P P2 2 3 3γ γ= ......33. Isothermal Compression :Q nRT n VV2 2 3

4= l ......4P P3 3 4 4γ γ= ......54. Adiabatu compression : P P4 4 1 1γ γ= ......6
4. In equation dQdt kA dTdx= −K = Thermal conductivity of the substance at a given temp.A = Area of coss section.dTdx = temp gradient at distance x from the hot end.Defination : "The temp deference (or change in temp) per unit length(distance)"- Ve sign indicates that as x increases, the temp of successive partdescrease.dQdt = rate of heat flow or heat current.Defination : The amount of heat energy passing normally through a unit areaof cross section in the unit length is called heat current in the rod.
(C) 1. θ = 300 radians. θ = +FHG IKJw w t02

t = 6 Sec. 300 100 02 6= +FHG IKJw
w = 100 rad/sec. ∴ = +100 100 wowo = ? ∴ =wo rad0 / sec.
α = ?
α α= − = = − = =w wot rad100 06 1006 16 6 2. / sec
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2. MV GMem gm2
2Re Re= =

∴Orbital velocity V g= ReEscape Velocity on surface of the earth is
v GMe GMe g= = =2 2 2Re ReRe Re
vve = 123. M1 = M2 = 6Kg. = Masses of two spheres of points A & B.M = 10 x 10-3 Kg = Mass of the sphere at PtP.r = 0.1m = 10-1mG = 6.67 x 10-11 Nm2/Kg2Suppose F1 & F2 are force acting on melueto M1 & M2 respectively.
F GM Mr1 12=  &  F GM Mr2 22= (m1 = m2)
F F N1 2

11 3
2 106 67 10 6 10 1010 4 00 10= = × × × × = ×

− −

−
−. . .

From Pig ∆PCA Cosθ = =510 12 ∴ =θ 600
∴ angle between rF1 & rF2 is 2 1200θ =resultant porce r r rF F F= +1 2
∴ = + +F F F F F Cosr r1 2 1 2 02 120
F F F F= + + −12 22 12 12( ) ( )QF F1 2=

F N= × −4 00 10 10. .Now,
a FM= = ×

×
= ×

−

−
−4 00 1010 10 40 0 1010

3 9. .
a meter= × −40 0 10 9 2. sec4. Here n=1, V2 = 2V1, T1 = 27oC = 300 KT2 = 250 K γ  = 1.4 R = 8.3 J/moleK ∆ U = ?The equation of work done during an adiabatic process isw nR T T=

−
− = × − = ×

γ 1 1 8 30 4 300 250 8 3 500 41 2 .. ( ) . .



Physics (054) Question Paper - 4

103

= 8 3 125 1037 5. .× =  JouleNow for an adiabatic process ∆Q = 0 ∴ from 1st law of thermodynamics.
∆u = -Dw ∴ ∆u = -1037.5 J
∆ u = -1037 x 5J i.e. the internal energy decrease by 1037.53.

Q.3. (A) 1. 20%2. When no current is flowing.3. Unit of magnetic flux is weber.4.        a component which has self inductance is called an
"inductor"5. A = 10-2 mt2B = 103 tesla
φ = ?
φ = area x magnetic field.
φ = 10-2 x 103
φ  = 10 weber.

(B) 1. Consider a loop ABCDEFA as shown in fig.The loop is formal by resistance R1, R2, R3, R4 & R5 and batteries ofe.m.f., E1, & E2. Suppose electric potential at Pt A is VA.

Suppose positive change are moved in the loop in clock wise direction.The value of electric potential increases or decrease according to thedirection of current the connection of cells.
On the direction of current potential decreases IR after passingthrough resistance R in opposite directon of the current the potentialincreases by IR.Insasteadly circuit due to single valued ness of electripotential, valueof potential becomes equal to VA again.using
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VA I R I R I R I R I R VAu u= + ∈ + − ∈ − + + =1 1 1 2 2 2 3 3 5 5IR∑ ∑= ∈These equation represent kirchhof's second law.Kirchhoff's Second Law :- "Along aclosed circuit loop the algebraic sumof the product of resistance with the corresponsding value of currentflowing through them is equal to the algebraic sum of the e.m.f. applied alongthe loop."2. Law : 2"When same current is passed for same time through different electrolytesthe masses of elements deposided from the electrolytes are in proportion tothe chemical requivalents.Chemical equivalent of any element is the ratio of atomic weight thevalency of that element :e atomicweightvalancy=Wt M1 & M2 be masses of two substance liberated at the electrodes whensame current I is passed theough two chemical cells, for same time intervale1, e2 are their chemical equivalents resp. then according to Faraday'sSecond law of electrolyses.
MM ee1

2
1
2= ........ 13. In equationrB I ydxx y K=
+∞

∞zµ
π
0 2 24 32( ) $

x y= tanθdx y d= sec2 θ θ- x = −∞ ⇒ −π2x = ∞ ⇒ π2rB I ySec dy y K=
+−

zµ
π

θ θ
θπ

π0 2
2 2 22

24 32( tan ) $
/

/

= µ
π

θ
θ

θ
π

π0 2 2
3 32

24 I y Secy Sec d K$/
/

−

+z
= µ

π
θ θ

π

π0
2

24 Iy Cos d•
−
z/
/

= µ
π

θ π
π0 224 Iy Sin K[ ] $//
−

= µ
π
04 1 1Iy K[ ] $+
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| |rB Iy= µ
π
02

4. Mutual inductance of a coild depends upon1. Shapes of the coil2. Size of the coil3. Number of lines of the coil4. Distance between them.5. Their mutual encilination angle.6. Material on which they are wound.
Q.5. (A) 1. R1 = 10 ohm R2 = (10 + x) ohmI1 = 5 Milliamp. I2 = 4 milliamp= 5 x 10-3 amp. x = ?I R I R1 1 2 2=5 10 10 4 10 103 3× × = × × +− − ( )x5.0 = 40 + 4x4x = 10x = 2.5 Ohm.2. V = 110 Volt, Mechanical efficiency = 40 %I = 5 amp =  0.4 R = ?Power being consumed P = VI = (110) (5)= 550 wattMechanical Power = Efficiency electric power0.4 x 550 = 220 Watt.Power dissipated in the form of heat= 550 - 220 = 330 Watt.R = Resistance of Motor Windeng'sR = =33025 13 2. Ω3. a = 6 cm = 10-2m.N = 1000I = 5Ax = 8 cm = 8 x 10-2 m.r T T m A0 74 10= × −− /B = ?

= B Ia Na x C=
+

= × × × × ×
× + ×

− −

− −

µ π0 2
2 2 3 2

7 4
4 4 3 22 4 10 5 36 10 10002 36 10 64 10( ) / /m r= 11 3 10 3. × − T4. ∈= N t∆∆ φ

We ingnore the negative sign in the problem)
∈= ∅ − ∅N Dt( )2 1
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∴ = ∈ = ∅ − ∅I R N Rt( )2 1
Q = It= N R( )∅ − ∅2 1

Q = N R( )∅ − ∅2 1
Hence proneel.

(B) 1. Time lag is δ
ω

.
2. NN I1

2 1 351 200 10= = × −; , amp
I NN I2 1

2 1 351 5 200 10 1= = = × × =−; ,  amp.3. The frequency of the waves generate is same as the frequency of theoscillation of the change between the spheres. (along the spark gap)4. The plane containing the direction of the beam and the direction of therE  vectors of plane polarized light is called the plane of oscillation.
5. AA AA A AA A1

2
1 2
1 2

32 51= ∴ = +
−

=maxmin
⇒ = FHG IKJ =ImIm maxminaxin AA 2 251
∴ =Im : Im :ax in 25 1

(B) 1.

A.C. Dynamo or A.C. generator.* Conducting coil PQRS having N then is kept in a uniform magneticfield rB .* The coil is rotating with uniform angular speed to about x-axis.* Mangite field ( rB) is directed along y-axis.* A1 and A2 are slip rings connected with the two ends of the coil,making sliding contacts with Bruches B1 and B2.If ever vector rA of the coil makes angle with magnite field rB at time t=0then the magnetic flux linked with the coil at t=0 is
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φo = NAB cos 0 = NABIf the coil is rotating with angular velocity to then at time 't' φ ω= t  hencethe magneti flux at time 't' can be given by.
φ ω= NAB tcos2.

* As shown in figure suppose sphere Q1 in the appratus ofHertz's experiment is negatively changed and Q2 is positivelycharged at an instant.* The intensity of electric field at points C and D are in upward directionas shown in fig.* When the spark passes through S the electrons on Q1 aretransferred to Q2.* The oscillating electrons from periodically changing electriccurrent which gives rise to Periodically changing magnetic fieldsat point C and D.
3.

Sky Waves :- HF waves gets absorbed by the soil. But the part of thesewaves entering the atmosphere gets reflected back by the ionosphere andcan be received by the receiver. Such wave are called Sky Waves.Space Waves :- The VHF and frequencies more propagates onstraight path from the transmitter to the receiver as shown in figure whereas some waves reach the receive after being reflected from earth surface.
4. For mth order minimum we can show that Sinφm= mdλ  where m = 1,2,3....The graph of intensity Iφ φ→  for different points on the screen isshown in the fig.
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(C) 1. Here, t v volt v volt fm= = = =1100 2 100
π

sec, , , ? here value of
t = 1100π

 is small then value of ωt  is small. Then Sin t tω ω= .Now, V = V Sin tm ωV = Vm cot
ω π

π

π π

= = ⇒ =

=
× ×

×

∴ =

VV t f f VV t
f Hz

m m2 222 100 11001 .
2. Given C = 3 x 105 km/sec Co = 4π  x 10-7 weber/amp mt.= 3 x 108 m/secC =

∈
⇒ × =

× −

1 3 10 14 100 0
8 7µ π

∴ × =
× ∈−( )3 10 14 10 08 1π

∈0 =
× × ×

=
×

×−
−19 10 4 10 136 3 14 1016 7 9

π .log ∈0 = − − × −1 36 1 3 145 10 9log ( log log .= [ . ( . . ) ]0 0000 1 5563 0 4969 10 9− + × −= [ . . ]0 0 2 0532 10 9− × −= [ . ]3 9468 10 9× −

∈0 = × −3 9468 10 9anti log[ . ]
= × −0 008847 10 9.
∈0 = × −8 847 10 12 2 2. / .coulonub N mt

3. Given d = 0.05 cm = 5 x 10-4 mD = 100 cm = 1m; λ = × −5000 10 10 mn = 3 (Bright f); 1 = 5 x 10-7 m.n = 5 (Dark f); x5 - x3 = ?
→ n = 3xndD n x Dd= ⇒ =λ λ3 3
n = 5xndD n x Drd Dd= − ⇒ = =( ) .2 1 2 9 4 55λ λ λ

Distance between 3rd 5th fringe.
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x x Dd DdDd mx x m

5 3

7
4 3

5 3 3

4 5 3
4 5 3 1 5

1 5 5 10 15 10 1 5 101 5 10

− = −

= − =

= × × ×
×

= ×

− = ×

−

−
−

−

.
( . ) .

. ..

λ λ

λ

4. Given II1
2 = α φ α;

II AA AA1
2

2122 1
2= = =α α;

A AA A AAaxin AAax inax in C

1 2
1 2 2

2
2
2

1 1 1 11 21 1 2 2 22 2 11 2 2 2 2 2 11 2 2 2 2 12 14 12

+
+

= +
−

= +
−

→ = = +
−

= + +
− +

+
−

= + + + − +
− + + − + −

= + = +

α
α

α
α

α α

α
α α

α
α

α
α

; maxminImIm maxmin ( )( )Im ImIm Im( )

Q.5 (A) 1. Velocity V EB= =
× −

49003 5 10 4.  = 1 4 107. / .× Met Sec2. 1:103. Binding energy per nucleons is a measure of the stability of the nucleus.4. The sudden increase in the current at breakdown voltage in reverse basedR N junction diode is known as avalenche.5. 0.1 mA.
(B) 1.
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A & B are circular metallic disc of diameter about 22cm aranged parallel to eachother at a distance 1.5 cm. At the center of the upper dis.- P is an atomizer with the help of which a liquid can be sprayed.- The region betn the hoo plates can be illuminated with a light source S. Theshinning drop of liquid can be observed with the help of a telescope T.
2. A showin Fig. electron moving around the nucleus in a hydrogen atom supposeM = massr = radius of the orbit of electronv = linear velocity resp.e = value of charge on 1 electronZe = Change of the nucleus.

∴ =
∈

Mvr 2
0

14π
Zcr 2

2 .......... 1
∈ =o the permittivity of vaccum.Acc to Bohr's first postulate.Mvr nh= 2π

, n = 1,2, 3..............Principle quantum Number
M V r n h2 2 2 2 2

24=
π

................. 3Eliminating V from equation
r n hM Ze= ∈2 2

20π
..................... 4

3. Instantaneous activity of a radioactive elementdNdt N= −λ .................... 1
λ  = radioactive constant of given element.

∴ = −dNdt dtλIntegrating on both sides,lnN t C= − +λ .................... 2C = Constant of integrationNow N = No at    t=0we getlnN C= ..................... 3l lnN t nNo= +λl lnN No t− = −λN Noe t= −λI Ioe t= −λ ..................... 4
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Equation [4] is called the exponential law of radioactive dis integration.The graph of N →  t is shown in fig. which is called decen / culve.
4.

- The primary coit of a lense former is connected to the source of A.C.Voltage (Mains). One of the terminals of the secondary coil (Scy A) isconnected to the anode and the terminal B to the cathode via the resistor RLworking.

(C) 1.  E nhf nh c= =
λn Ehc= = × −λ 53 1034 15

= 1.66 x 1017 Photons
2. Mvr Zer2 2

214 0=
∈π

For Z = 1 hydrogen atom.
Mr wr Zer2 2 2

214 0=
∈π

ω
π

2 2
314 0=

∈
Zemr ........... 1
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Now Mrv nh mr nh= =2 22
π

ω
π

;
r nhm2 2=

π ω

r nhm3 3 22= L
NM

O
QPπ ω

/

Putting this in Eq. (1) we get
ω π=

∈
42 4

2 3 3men ho3. dNdt N= λ (-ve sign ignored)
λ = =

×
= − −

dNdtN Sec80008 10 107 4 1

C Sec12 40 693 0 69310 6930= = =−

. . .
λ

4. Given δVBE = 25 milivolt= 25 x 10-3 volt
δIc = 4 5.  Mili Amp. = 4.5 x 10-3 Amp.gm = ?Av Rl IcVBE= − δ

δ A g Rv m L= −

gm IcVBE= − = ×
×

=
−

−

δ
δ

4 5 1025 10 0 183
3. .  Mho.gm = 0.18 mho.

�����
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���$��$QVZHU�WKH�IROORZLQJ�TXHVWLRQV�LQ�YHU\�VKRUW� ����:KHQ�WKH�YHORFLW\�RI�6�+��RVFLOODWRU�EHFRPHV�KDOI�RI�LWV�PD[LPXP�YHORFLW\��WKDQ�WKHGLVSODFHPHQW�ZLOO�EH�\� �BBBBBBBBBB��$QVZHU�LQ�WHUPV�RI�DPSOLWXGH����3HULRGLF�WLPH�RI�D�ERG\�RI�PDVV�P�DWWDFKHG�RQ�D�VSULQJ�KXQJ�YHUWLFDOO\�IURP�D�ULJLGVXSSRUW�LV�7� RQ�WKH�HDUWK��QRZ�WKLV�LV�WDNHQ�WR�WKH�PRRQ�VR�SHULRGLF�WLPH�LV�IRXQG�7���ILQGUHODWLRQ�EHWZHHQ�7� DQG�7�����:KDW�LV�WKH�SKDVH�GLIIHUHQFH�EHWZHHQ�DQ\�WZR�SRLQWV�RQ�D�ZDYH�IURQW"���:KDW�LV�GLVWDQFH�RI�ILUVW�DQWLQRGH�ZKLFK�LV�FRPLQJ�IURP�[ ����RQH�HQG�RI�WKH�VWULQJ�"����.J�ERG\�LV�PRYLQJ�ZLWK��P�V�YHORFLW\�DQG���.J�ERG\�LV�PRYLQJ�ZLWK��P�V�YHORFLW\�VR�WKDW�LW�LV�GLIILFXOW�WR�VWRS�BBBBBBB.J�ERG\�
�%��$QVZHU�DQ\�WKUHH�RI�WKH�IROORZLQJ�TXHVWLRQV�LQ�HLJKW�WR�WHQ�OLQHV ����:ULWH�QRWH�RQ�³FHQWHU�RI�PDVV�RI�D�ULJLG�ERG\�´���*LYH�1HZWRQ¶V�VHFRQG�ODZ�RI�PRWLRQ�IRU�D�V\VWHP�RI�SDUWLFOHV�DQG�IURP�LW�JLYH�ODZ�RIFRQVHUYDWLRQ�RI�OLQHDO�PRPHQWXP��:KDW�LV�LWV�LPSRUWDQFH"���:ULWH�WKH�HTXDWLRQ�RI�6WDWLRQHU\�ZDYH��)URP�WKDW�GHILQH�DQWLQRGHV�DQG�REWDLQ�WKHQHFHVVDU\�HTXDWLRQ�IRU�LW���:ULWH�GLIIHUHQWLDO�HTXDWLRQ�IRU�IRUFHG�RVFLOODWLRQV��*LYH�LWV�VROXWLRQ�ZKHQ�GDPSHGIRUFHV�DUH�SUHVHQW�DQG�DOVR�GHILQH�UHVRQDQFH�
�&��$WWHPSW�DQ\�WKUHH�RI�WKH�IROORZLQJ�H[DPSOHV ����7KH�YHORFLW\�YHFWRU�RI�WKUHH���SDUWLFOHV��RI�PDVVHV���.J����.J�DQG��.J�DUH�UHVSHFWLYHO\����������������DQG����������)LQG�WKH�YHORFLW\�YHFWRU�RI�WKH�FHQWHU�RI�PDVV��7KH�YHORFLW\YHFWRU�FRPSRQHQWV�DUH�LQ�PHW�VHF����:ULWH�GRZQ�WKH�HTXDWLRQV�IRU�WKH�WZR�FRPSRQHQW�ZDYHV�JHQHUDWLQJ�D�VWDWLRQDU\�ZDYH\� �±���VLQ��S[�FRV��SW . $OVR�ILQG�WKH�YDOXH�RI�PD[LPXP�GLVSODFHPHQW�DW�D�SRLQW�[� ����PHWHU�RQ�WKLV�VWDWLRQDU\�ZDYH����[�DQG�\�LQ�PHWHUV�
��� ,QWHUYDO�EHWZHHQ� WZR�VRXQG�IUHTXHQFLHV� LV�

20

21 �� ,I� WKH\�JHQHUDWHV���EHDWV�SHU�VHFRQG�
ILQG�WKH�IUHTXHQFLHV�
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���:KHQ�GLVSODFHPHQW�RI�D�VLPSOH�KDUPRQLF�RVFLOODWRU�LV���FP��LWV�YHORFLW\�LV���FP�VHF�
DQG�ZKHQ� WKH�GLVSODFHPHQW� LV� �� FP� LWV� YHORFLW\� LV� �� FP�VHF�� )LQG� LWV� ���� DPSOLWXGH� ���DQJXODU�IUHTXHQF\�DQG�����SHULRGLF�WLPH�
���$��$QVZHU�WKH�IROORZLQJ�TXHVWLRQV�LQ�YHU\�VKRUW� �
���3DUWLFOH�LV�PRYLQJ�RQ�D�VWUDLJKW�SDWK�ZKLFK�LV�QRW�RQ�DFWLRQ�OLQH�RI�SRVLWLRQ�YHFWRU�VRZLOO�LW�KDYH�DQ\�DQJXODU�PRPHQWXP"�,I�\HV�ZLOO�LW�EH�FRQVWDQW"
���*LYH�0D[�3ODQFN¶V VWDWHPHQWV�RI�WKH�VHFRQG�ODZ�RI�WKHUPRG\QDPLFV�
���7KH�WLPH�WDNHQ�E\�D�ERG\�WKURZQ�LQ�YHUWLFDO�GLUHFWLRQ�WR�UHDFK�WKH�KLJKHVW�SRLQW�LV�RQHVHFRQG��,WV�LQLWLDO�YHORFLW\�ZLOO�EH�YR  �BBBBBBBBBBBP�V���:KDW�ZLOO�KDSSHQ�WR�JUDYLWDWLRQDO�DWWUDFWLRQ�EHWZHHQ�WZR�PDVVHV�LI�GLVWDQFH�EHWZHHQWKHP�LV�GRXEOHG"���,Q�DQ�HQJLQH�WKH�ZRUNLQJ�VXEVWDQFH�DEVRUEV�KHDW�4� DQG�UHOHDVHV�KHDW�4� LQ�LWV�VLQN��WKHPHFKDQLFDO�ZRUN�REWDLQHG�IURP�SUDFWLFDO�SRLQW�RI�YLHZ�LV�BBBBBBBB��,Q�WHUPV�RI��4� DQG
�%��$QVZHU�DQ\�WKUHH�RI�WKH�IROORZLQJ�TXHVWLRQV�LQ�HLJKW�WR�WHQ�OLQHV ����'HILQH�LVRWKHUPDO�SURFHVV��2EWDLQ�WKH�IRUPXOD�IRU�ZRUN�GRQH�GXULQJ�LVRWKHUPDOSURFHVV����:KDW�GR�\RX�PHDQ�E\�LQWHUQDO�FRPEXVWLRQ�HQJLQH"�'UDZ�WKH�OLQH�GLDJUDP�RI�RQH�VXFKHQJLQH�VKRZLQJ�HDFK�SDUW�RI�LW��'UDZ�WKH�JUDSK�RI�WKH�F\FOLF�SURFHVV�LQ�LQWHUQDOFRPEXVWLRQ�HQJLQH��*LYH�LQIRUPDWLRQ�DERXW�LWV�LQWDNH�VWURNH����6KRZ�WZR�FRPSRQHQWV�RI�LQLWLDO�YHORFLW\�RI�WKH�SURMHFWLOH�ZLWK�VXLWDEOH�GLDJUDP��3URYHWKDW�WKH�SDWK�RI�WKH�SURMHFWLOH�LV�D�3DUDEROD����'UDZ�WKH�ILJXUH�RI�VLPSOH�SHQGXOXP�VKRZLQJ�WKH�IRUFHV�DFWLQJ�RQ�LW��2EWDLQ�WKH
IRUPXOD�IRU�WRUTXH�DQG�DOVR�REWDLQ�IRUPXOD� ���

�  � TZTGWG �



3K\VLFV������� 4XHVWLRQ�3DSHU����

���

�&��$WWHPSW�DQ\�WKUHH�RI�WKH�IROORZLQJ�H[DPSOHV �
�� $�WKLQ�FLUFXODU�GLVF�LV�UROOLQJ�GRZQ�D�VORSH�ZLWKRXW�VOLGLQJ��7DNLQJ� ��� 05,  (0� 
PDVV�� 5�  UDGLXV ) IRU� WKH�PRPHQW� RI� LQHUWLD� RI� WKH� GLVF� REWDLQ� LWV� OLQHDU� DFFHOHUDWLRQSDUDOOHO�WR�WKH�VXUIDFH�RI�WKH�VORSH�
��� $� ULJLG� ERG\� H[SHULHQFH� DQ� DQJXODU� GLVSODFHPHQW� RI� ���� UDGLDQV� LQ� �� VHFRQGV�� DQGDWWDLQV�DQ�DQJXODU�YHORFLW\�RI�����UDG�VHF��)LQG�LWV�LQLWLDO�DQJXODU�YHORFLW\�DQG�LWV�DQJXODUDFFHOHUDWLRQ���DVVXPHG�WR�EH�FRQVWDQW��
��� ,Q� D�&DUQRW� HQJLQH�� WKH� WHPSHUDWXUH� RI� VLQN� LV� ���&�� ,WV� HIILFLHQF\� LV� ����� )LQG� WKHWHPSHUDWXUH� RI� WKH� VRXUFH�� ,I� RQH� ZDQWV� WR� KDYH� ���� HIILFLHQF\� ZLWK� WKH� VDPH� VLQNWHPSHUDWXUH��KRZ�PXFK�LQFUHDVH�LQ�WHPSHUDWXUH�IRU�WKH�VRXUFH�LV�UHTXLUHG"
���,I�WKH�HDUWK�ZHUH�PDGH�RI�JROG�ZLWK�D�XQLIRUP�GHQVLW\�HTXDO�WR������[���� NJ�P� ��ZKDWZRXOG�EH�WKH�DFFHOHUDWLRQ�GXH�WR�JUDYLW\�RQ�LWV�VXUIDFH"�5DGLXV�RI�WKH�HDUWK� ������.P�
���$��$QVZHU�WKH�IROORZLQJ�TXHVWLRQV�LQ�YHU\�VKRUW� �
���,Q�RQH�QHQRFRXORPE�FKDUJH�QXPEHU�RI�HOHFWURQV�LV�BBBBBBBBB�
���7HQ�ZLUHV�RI����: UHVLVWDQFH�DUH�FRQQHFWHG�LQ�SDUDOOHO��:KDW�LV�HTXLYDOHQW�UHVLVWDQFH"���$Q�HOHFWULF�EXOE�LV�UDWHG����9�DQG����:��3RZHU�FRQVXPHG�E\�LW�ZKHQ�RSHUDWHG�RQ���9�LV������������� :KDW�LV�XVH�RI�VRIW�LURQ�F\OLQGHU�LQ�JDOYDQRPHWHU"
���:KDW��LV��
(OHFWURPDJQHWLF��LQGXFWLRQ
�"
�%��$QVZHU�DQ\�WKUHH�RI�WKH�IROORZLQJ�TXHVWLRQV�LQ�HLJKW�WR�WHQ�OLQHV ����([SODLQ�VHOI�LQGXFWLRQ�DQG�RQ�ZKLFK�IDFWRUV�VHOI�LQGXFWDQFH�GHSHQG"���3URYH�WKDW�D�FRQGXFWRU�RI�OHQJWK�³,´�KDYLQJ�SRWHQWLDO�GLIIHUHQFH�³9´�YROWV�DFURVV�LWV�WZRHQGV�WKH�(OHFWULF�ILHOG�GHYHORSHG�LV�E = nveU�
���:KDW�LV�-RXOH¶V�HIIHFW�DQG�-RXOH¶V�KHDW"�([SODLQ�WKH�UHDVRQ�EHKLQG�-RXOH¶V�KHDW����:ULWH�FRQVWUXFWLRQ�RI�D�JDOYDQRPHWHU�
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�&��$WWHPSW�DQ\�WKUHH�RI�WKH�IROORZLQJ�H[DPSOHV �
���'LDPHWHU�RI�D�FRQGXFWLQJ�ZLUH�LV���.���FP. 5HVLVWLYLW\�RI�WKH�PDWHULDO�RI�ZLUH�LV��.�� u��-� 2KP�PHWHU��,I�D�FXUUHQW�RI���DPS�LV�IORZLQJ�WKURXJK�LW��FDOFXODWH�WKH�VWUHQJWK�RI�WKHHOHFWULF�ILHOG�SUHYDLOLQJ�LQ�WKH�ZLUH�
���$�DQG %�DUH�WZR�HOHFWULF�EXOEV�ZLWK�WKHLU�UDWLQJV�UHVSHFWLYHO\��� :������9�DQG�����:�����9� )LQG�WKHLU�UHVSHFWLYH�ILODPHQW�UHVLVWDQFHV��,I�WKH�EXOEV�DUH�FRQQHFWHG�LQ�VHULHV�ZLWKD�VXSSO\�RI����9��ZKLFK�EXOE�ZLOO�IXVH"���$�YHU\�ORQJ�OLQHDU�ZLUH�FDUULHV�D�FXUUHQW�RI����DPS��:KDW�GLVWDQFH�IURP�WKLV�ZLUH�ZLOO
WKH�LQWHQVLW\�RI�WKH�PDJQHWLF�ILHOG�EHFRPH����[�����WHVOD"� »»¼

º««¬
ª u � $PHWHU�7HVOD��� �� SP

���$�FRLO�KDYLQJ�����WXUQV�KDV�D�VXUIDFH�DUHD����[����� PHW���7KH�DUHD�YHFWRU�RI�WKH�FRLO
LV�NHSW�SDUDOOHO�WR�D�IOX[�RI�����ZHEHU�PHW��,I�WKH�FRLO�LV�QRZ�JLYHQ�D�URWDWLRQ�RI����LQ�����VHFRQG�DW�D�XQLIRUP�UDWH��:KDW�LV�WKH�DYHUDJH�HPI��LQGXFHG�LQ�WKH�FRLO"�
���$��$QVZHU�WKH�IROORZLQJ�TXHVWLRQV�LQ�YHU\�VKRUW� �
���,Q�)UDXQKRIIHU¶V�GLIIUDFWLRQ�DW�VLQJOH�VOLW�LI�O  �G ��ZKDW�ZLOO�KDSSHQ�"
���:KLFK�HOHFWRUPDJQHWLF�ZDYHV�ZLOO�VXIIHU�PD[LPXP�GLIIUDFWLRQ�ZKHQ�WKH\�SDVV�WKURXJKD�JLYHQ�VOLW"
���7KH�ZDYHVOHQJWK�RI�HOHFWURPDJQHWLF�ZDYHV�ZKLFK�JHW� DEVRUEHG� LQ� WKH�R]RQH� OD\HU� LVVPDOOHU�WKDQ�BBBBBBBB�P�
���:KLFK�RI�WKH�IROORZLQJ�UDGLDWLRQ�ZLOO�KDYH�ZDYHOHQJWK�RI�DERXW��$R "
���,Q�RQO\�LQGXFWRU�D�F��FLUFXLW�ZKDW�LV�SKDVH�GLIIHUHQFH�EHWZHHQ�YROWDJH�DQG�FXUUHQW"
�%��$QVZHU�DQ\�WKUHH�RI�WKH�IROORZLQJ�TXHVWLRQV�LQ�HLJKW�WR�WHQ�OLQHV ���([SODLQ�WKH�LQGXFWLYH�DQG�WKH�UDGLDWHG�FRPSRQHQWV�ZLWK�ILJXUHV���:ULWH�D�VKRUW�QRWH�RQ�D�VWDUWHU�
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���:ULWH�WKH�FRQGLWLRQ�IRU�WKH�FRQVWUXFWLYH�DQG�GHVWUXFWLYH�LQWHUIHUHQFHV�LQ�WHUPV�RI�WKHSDWK�GLIIHUHQFH�DQG�WKH�SKDVH�GLIIHUHQFH�REWDLQHG�LQ�µ5LSSOH�WDQN�H[SHULPHQW¶����$FFHSWLQJ�$�&��YROWDJH W99 P ZVLQ REWDLQ�LWV�U�P�V�YDOXH�
�&��$WWHPSW�DQ\�WKUHH�RI�WKH�IROORZLQJ�H[DPSOHV ����$Q�LQGXFWDQFH�RI�����+��FDSDFLWDQFH�RI����� )P DQG�D�UHVLVWDQFH�RI����: DUHFRQQHFWHG�LQ�VHULHV�ZLWK�DQ�D�F��VXSSO\��)LQG�WKH�FRPSOH[�LPSHGHQFH�RI�WKH�FLUFXLW�LI�WKHVXSSO\�KDV�DQ�DQJXODU�IUHTXHQF\�RI�����UDG�VHF����$Q�D�F��VXSSO\�RI�9P  �����YROW�DQG�������+]�IUHTXHQF\�LV�FRQQHFWHG�WR�DQ�LQGXFWDQFHRI���KHQU\��2EWDLQ�WKH�HTXDWLRQ�IRU�WKH�FXUUHQW�LQ�WKH�FLUFXLW��7KH�DSSOLHG�YROWDJHLV W99 P ZFRV ����,Q�WKH�)UDXQKRIHU�GLIIUDFWLRQ�SDWWHUQ�RI�VOLW��WKH�DQJOH�DW�ZKLFK�WKH�ILUVW�RUGHU�PLQLPXPLV�REVHUYHG�IRU�WKH�ZDYHOHQJWK�����$� LV�DOVR�WKH�RQH�DW�ZKLFK�WKH�ILUVW�RUGHU�PD[LPXPLV�REVHUYHG�IRU�D�ZDYH�OHQJWK�O¶��)LQG�O¶�
���7DNLQJ�WKH�XQLWV�RI�P� DQG�� �H DV�NQRZQ��SURYH�WKDW�WKH�H[SUHVVLRQ� ��

�HP KDV�WKH�XQLW
RI�YHORFLW\�
���$��$QVZHU�WKH�IROORZLQJ�TXHVWLRQV�LQ�YHU\�VKRUW� ����$Q�HOHFWURQ�LV�SURMHFWHG�LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�PDJQHWLF�ILHOG��+RZ�ZLOO�LWVPRWLRQ�EH�DIIHFWHG�GXH�WR�PDJQHWLF�IRUFH�"
��:KDW�LV�WKH�HIIHFW�RI�LQWHQVLW\�RI�LQFLGHQW�OLJKW�RQ�WKH�QXPEHU�RI�SKRWR�HOHFWURQV�RUSKRWR�HOHFWULF�FXUUHQW�"���&RPSOHWH�WKH�UHDFWLRQ��� BBBBBBBBBBBBBB ����������� ��o� 1EQ8
���$UUDQJH�D�E DQG�J UD\V�LQ�WKH�GHFUHDVLQJ�RUGHU�RI�WKHLU�SHQHWUDWLQJ�SRZHU�
���:KDW�LV�WKH�XQLW�RI�WUDQV�FRQGXFWDQFH"
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�%��$QVZHU�DQ\�WKUHH�RI�WKH�IROORZLQJ�TXHVWLRQV�LQ�HLJKW�WR�WHQ�OLQHV �
��� 'HVFULEH� SKHQRPHQRQ� REVHUYHG� DW� KLJK� SRWHQWLDO� GLIIHUHQFH� DQG� SUHVVXUH� LQ� WKHGLVFKDUJH�WXEH�
���([SODLQ�ZKDW�LV�JRRG�FRQGXFWRU��EDG�FRQGXFWRU�DQG�SXUH�VHPLFRQGXFWRU"���:ULWH�QRWH�RQ�³3KRWR�FHOO´
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,W�LV�XVHG�WR�PHDVXUH�LQWHQVLW\�RI�OLJKW�VSHFWUD��WHPSHUDWXUHV�RI�VWDUV��WHPSHUDWXUHV�RIIXUQDFHV� HWF�� 3KRWRFHOOV� DUH� DOVR� ZLGHO\� XVHG� LQ� ILUH� DODUPV�� PDQ\� LQGXVWULDO� FRQWUROV\VWHPV� GHYLFHV� WR� DXWRPDWLFDOO\� PHDVXUH� YHKLFOH� VSHHGV�� SKRWR� ILQLVK� UHFRUGLQJ� RIDWKOHWLF�HYHQWV�UHFRUGLQJ�RI�FLQH�VRXQG�HWF��5HPRWH�FRQWURO�RI�IXUQDFH�WHPSHUDWXUHV�DOVRLV�XVH�SKRWRHOHFWULF�VHQVRUV�

��� %RKU�PRGHO�LV�DV�IROORZV
+\SRWKHVLV�����2I�DOO�FODVVLFDOO\�SRVVLEOH�RUELWV�WKDW�DQ�HOHFWURQ�FDQ�KDYH�

7KH�HOHFWURQ�FDQ�H[LVW�RQO\�LQ�VXFK�RUELWV�ZKHUH�LWV�RUELWDO�DQJXODU�PRPHQWXP�KDV�YDOXH
HTXDO�WR�DQ�LQWHJUDO�PXOWLSOH�RI� ��SK:KHUH�K�LV�D�XQLYHUVDO�FRQVWDQW�NQRZQ�DV�3ODQN�FRQVWDQW��6XFK�RUELWV�DUH�FDOOHG�VWDEOHRUELWV�GRHV�QRW�UDGLDWH�HQHUJ\�
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+\SRWKHVLV����:KHQ�DQ�HOHFWURQ�PDNHV�D�WUDQVLWLRQ�IURP�D�VWDEOH�RUELW�ZLWK�DORZHU�HQHUJ\�(N WR�D�VWDEOH�RUELW�ZLWK�D�KLJKHU�HQHUJ\�(L WKH�GLIIHUHQFH�RI�WKH�HQHUJ\(L ��(N LV�UDGLDWHG�DZD\�DV�D�TXDQWXP�RI�HOHFWURPDJQHWLF�HQHUJ\�ZLWK�D�IUHTXHQF\�I VXFK�WKDW��(L ��(N  KI�6LPLODUO\�ZKHQ�DQ�HOHFWURQ�WKH�RUELW�RI�HQHUJ\�(N DEVRUEHV�D�TXDQWXP�RI�HQHUJ\�KI� (L ��(N���LW�PDNHV�DWUDQVLWLRQ�IURP�WKH�RUELW�RI�ORZHU�HQHUJ\�(N WR�WKDW�RI�D�KLJKHU�HQHUJ\�(L�
�&���������)RU�%DOPHU�VHULHV�ZDYHOHQJWK� �� IRU +� OLQH,
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