PHYSICS - 1998

PART - A

Directions

5,

1. Section [ corsists of 40 cojective fyne queshons.

Y This saction shouwld tave adbot ong hour to answer.

3. Lack quassion in this section carviae & marks.

A Fransistor is used i1 common emitter mode as an amplifier, then -

(4 L base amitter junction s forward bizsed

(B; the base wnitter juncticr 1s reverse hiased

() the nput signal 15 eonnected in series wilh the voilaye applied to bias the
base emiller junction

(D) the nput $ignal is connacted in serles with the vorage applied to bias the
basz cclieclor funclion.

Water from a tap emerges vertically downwards with an inftial speed of

1.0 mss. The crossseclional area of rap is 107% m<. Assume that the

pressure is conslant throughot the stream of water and that the flow is steady,

thz cross-sectional area of strearn U.15 m below the tap is -

() 5.0% 10 1 1n? i) 1.0x 107 m?

(€ 5.0% 107 m? D) 2.0x% 1075 m?

A real image of a disrant ohjact is tormed by 2 planoconvex le:s onits dricepel
axis. Spherical aberration

{&) is ebsens

{13 is smeller if the curved surface of the lens fores the ohject

() i snsller if the plane snace of tha lens taces the objecl

(D) is the same whichever sice of the lzns Taces the object.

Let @, Vins and v respectively dencte the mean spead, rool mean speae
speed and moszt probable speed of the maolecules in an ideal moncatcmic gas
at ahsolute tamperature 1. The mass of a maolzouie is m. Then

(&) no molzcule e have a energy greatar than v i

(B) no molecule can have speed less then v, /+/2

(O vy Ty, g

(D) the aversge kinetic eneray of a molecuy i;“—i (il pE

M vessel containg @ midre of orie mels of oxugen and two moles of nitregen

at 20015 . The retio of the average rotatienal kinetic energy per U5 mioleclzto
a1 No molecule is .

Ay -1
By 2
Wy 2.1

M) depreinc's o *he omens of inertia ot the e malecnles.
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A string of length 0.2 m and mass IO‘ZKg is tightly clamped at its ends The
tenision ln the sting is 1.6 M. Ident:cal wave pulses are produzed al one end at
equal intervals of time at. The minimum value of A, which al cws construe e
interference cetween successive milses, is ;

1A D.05 s _ B 0105
W) {1.20 5 Dy 0.20s

Two particles, each of mass mrand charge g, ae attached 10 the twe encs of 3
ighe rigid rod of length 2R. The rod is rotated at constant angular speec abou:
a perpendicular axis passing threuch its centre. The ratio of the magn:ludes of
the magnetic moment of the system and its angulsr mamentum zbaut e
centre of the rod is

{A) q/2m Bl g/m

) 2q/m (D) mm

A ray of light travelling in a transparent medium falls on o surface sesarating
lthe medium from alr at an angle of incidence 45° Tha ray undergoss toa.
internal reflection. If n is the refractwe index of the inedium with respect to alr.
select the possible value (s) of n irom the following :

&) 1.3 B 1.4

ICy 1.5 D) 16

Let m ., be the mass of proton, m, the mass of neutron. M the mass of ‘ig Ne
nuclets and My the mass of gg Ca nucleys. Then :

(A) My =2M; B) Mg > 2M,
4Gy Mg < 2M; D) My «10im,, +m,)

A parallel monechromalic beam of light is incident normally on 2 narrow s it A
diffraction pattern is formed on a screen placed perpendicula- te the direction
of the incident beam. At the first minimurm of the diffractior patterr, the phasa
dilfzrence hatwean the rays coming from the two edges of the slit s

(AVY) B} =2

(& n D) 2m

The electron in & hydrogen atom maies a transitlon ny — ng where ny ard
ny are the princlpal guantum numbers of wwo stares. Assume the Bohr model

to be valid. The time period of the electron in the intial stare is eight tires that
in the final state. The possible values of n; and ng are -

(A! r11-4 n2+2 IB) I11-8 o =

(mrl—gﬂg-l I:D,El—éng—s

A sfor el lu & sliing of length L s whirled In a vertical circle mrh the cther
end of the string at the centre. At a certam nstant of time the store i at its

lowest posiion and has a speed u. | he magnitude ot the c=arge in ita velo=i-v
as it reaches a position, where the shing is horizontel, s -

(A) yu® ~ 24l B J2qL
1) Yuf - gl M) y2n? - gl
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In the circuit shown in the figure, the current through

30 262 20
l A Ay
9y 80 Ay 402
-|; AN AMNN, ——————RANA,
200 20 201
(A) the 36} resistor is .50 A (B tha 301 resistor £ 0.25 A
(C) the 40 +esistor is 0.50 A i) the 400 resistor 15 0.25 4

A cielectriv slab of thickness d s inserted 1= a perellel plate capaciter whese
remative olate s at x = 0 and positive plate is at x = 3d. The slab is equitstan:
Fromi the plates. Tna capacitor is given soma charge, AsxgoesfromOto 34
(Al the mugritude of the electric field remairs the same

(Rl the direction of the electric fiekl rermains the same

(C] the electric potential increases continuoushy

(D] the eleciric potential increzses el firs, then decreasas and agaln ncreases.
The i, v) coordinates of the corrers of a square plate are (0.0). (L. 0) L. 1)
anc (0, 1} Thwe erdges of the plate are clarped and trarsverse standing waves
are setwun in it [f ufx, vi denoles he displacemant of the plate ar the poinl ()
al some instant of tire, the nossible expressicr () [on u is (arel (a= 2ositive
constant)

{A) A cos (/2L cos [mw'2l)

(B) = sin{awl) sin(myl)

{C) a sin (ol sin @owll)

(M & cos (Frxdl) sin{Twl)

Adoree _':, — Ky l+x ] twhere K is a pusitive conatant) zcts on a parlidle
moving in the xy plane. Siarting from the origin, the narticle is taken alang
the positive x-ax’s 10 the point (5, 3) and ther: parallel Lo the v-axds 1o the poirt
fa, &) The tolal work done by the foree T on the pasticle is

&) -2Ka? (B} 2Xa“

() —Hal ' O Ka?

A smali square loom of wire of side | is placed inside 2 large squere loop of wirs
of side 1.0.» 1) The loaps are coplanar and their centres coincide Thz
mutual nductance of the syssem is proporlional to

N AL B 151

Iy LA o) L2 4.

The halt lite of 292 1is 8 days. Given 2 sample of 121] a2 time t = J, we can
ossert thot . h

(A no nucleus will deray belore [ =4 days

B no rucieus will decay before t = 8 dawvs
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W) Al nocled wil decay before | =16 days

D) a glven nuclaus may decay at anw time aftart = Q

Two identical conwiners A and B wich friciionless vistons comain the sa e
ideal gas at the same temperature and the same volume V. Thz mass o the ges
mAismg and tharin Bismp. The qas in each cilinder s now allowed to
expand iscthenpally Lo the same fina) voinme 2V, The Lh.ﬂng_es i the pressure
1 A and B are lound to be AP and 1.5 AP respectively. Then .

A} 4 mp =9mp (B! Zma - 3mpg

lC:J 3!'['!"1‘."09L = 21‘]‘15 (D‘:‘ 9IT|J¢_ = "-l{l‘.B

A givan quantity of an ideal gas is at pressure P and absclute temperzture 1
The izotharmal bulk modulus of the gas is

2

cp Bl P
(&) 5 (B!
i) %P D 2F

N charge + q is fixed at ezch of the poats = = Xy, X = 3Rg. X =S0g .00
the x-axis ans a charge -q is fixed at each of the points x =255, n = .

X =Gxg ..o Here xp 15 @ pusitive conslanl. Take the electric p’xte']ﬁal at 2
poml thie 16 a charge Q at a distance r from it to be (JAn-gr. T-en the
potential at the orlgin due to the ahove system of charaes is

P 0 1) L N
& SR & ¥nn2
SO i 1

dr ey xg

Lzt 1 be the moment of inertia of 2 uniform square plate sbowr an axis AB that
passes through its centre and is narellel to twe of ils sides. CD s a line in the
plan'e- of the plate thal passes through the cervre of the plate ard mzkes an
ang e & with AB. The moment o inertia of the plate about the axis CDis then
aqual to

1 (B) 1 qn-z B

() [cos? @ D} 1cos® 6/2)

Twe eylinders A and B fitted with: pistans comtain equal anounts of an ezl
diezamic gas al 300 K. The piston of A s free 1w move, while that of B is held
lixed. The sarme amount of ezt is given Lo the gas in each cvlindar, IF the rse
in tercararire of the gas in A js 30 K, then the rise i temzerature of thz cas
i Bis

("W 30K B 18K
() B0 K ny 42 K
A comeawe e is placed ona horizonta: table with s axl; directsd vartlcally

upwards. Let O be the pole of tha mirror and C ite contre of curvatwe. A pomnt
oblect Is placed ar C. k has 2 real image, also located at C. i the muror 13 now
fllle:l with water, the image will be

(&} reat and will remain at €

{8} real ond locared at a point hehwesn C anc o
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{C) virtual and located at a peint between C and O

[ rezl and located at & point between Cond O

A metal rod moves at a constant weloetty i a diraction perpendicilar 1o s

length. A constant uniform magnetic field exists in space in a direcion,

perpendicular to the rad as well as is velocity. Select the correct statamert (s

from the following :

&) the entive red is ot the sama electric porential

{B} there 1= a2n electric field in the rod

(C) the electric poiential is bighest ar the centre of the rod and cecrcasss
towards its encs.

(D the electric potential is lowest at the centre of the rod and increases .
towards its ends.

A positively charged thin metal ring of radius R is fixed in the xy plane wizh iis

centre at the origin O. A negatively charged particle P is released (rom rest at

the poirt ([{}, U, 24) where zg > (. Then the motion of P s

{&) periodic for oll values of 2z satislving 0 < 24 < «

B} simple harmonic for all values of 2 satisfuing0 < zy <R

{C) approximetely simple harmonic provided 2 <« < R

I such that P crosses 0 and continues to meve alomg the negar've z-ax's
towerdsz= =

A satellice S is moving in an eliptical orbit around the earth. The mass of the

satellite is very smell compared to the mzss of the earth -

(&) The acceleration of 8 is always directed towards the centre of the ezrth

iB) The anguar momentum of S about the centre of the earth changss in
direction, but irs magninide remain constant.

(O) the total mesnanical energy of 5 varies pericdically with time

L) The lingzr momentum of S remains corstant in magninge

— * x
The torgue 1 on a body about a given poml is found to be equal to A =

- —
where A 15 a censtant vactor and L i the angular momentum of the ody
about that paint. Fram this it follows thas ;

_P
.
{A) % is perpendicular to L al 2l jnstants of Ure.

— —
(B) the component of L in the divection of A does not change with tirme
—
IC) the magnitude of L does not change with tume.

—
L} L does not chonge with time.
During the melting of o siab of ice at 273K at atmospheric oressre
1A) pusitive work is doue by he jow-waler syslern on Uw alinesphiere.
B) poslihe work (s done on the lee-water systorn by the atmosphoro.
{C} the internal eneray of the 1ce water svstem mnerenses.
{10 the internal energy of the ice-water systern decreases.
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In a p-n Junction dicde nol connected tc any clreut

(A the potential is the same everywhere

(B the p-type side is at a F‘!igl‘rp".r r venl'al -han e n-iyoe side

() there is an electric fieid at the juncticr. directed from te r<ide o the
prtype sica.

(D} there is an electric fiald at the junction cirected from tha p-typs side to the
n-tyne side

A spherical surface of radius of curvature R, separates air (zelractive indas ()

frem glass frefractive index 1.5). The cenire of curvature is in the glass Azont

object P placed in air is found to have a real tmage Q in the glass. The bnz PO

cuts the surface at 2 point O arnd PO = OQ. The distance PC is equel <o :

“(A) 5R {B) 3R

(C) 2R i 1.aR

A non-conducting sclid sphere of radus R s unifarmly, cherged. Tre
megritude of the electric field dua to the sphera a2 2 distance rfrom ifs entrz
(A increases as r increases forr < R

(B) decreasezasrircreasesfor 0 < r < o

(C) decreeses asrincreasasfor R r< &

(D} is discontinuous al r = B

f\ transverse sinusoidal wave of ampzlitude 2, wavelenath 2 and frequensy fis
traveling on a stretched string. The masdmum speed of 2oy peint on the shing
is v/10, where v is the speed of propagation of the wave. Ta=10"" m anc
v =10 m5, then » and f are given by

A) A =21 =102, (B 4 =10%m
3
4c}f=%§-1h (D) f=10%Hz

Ablack hody iz at & teinparature of 2880 K, The energy of radiztion emitted by
this object with waveiength between 499 nm and 500 rnm is [, bezwezn 995
nmand 1000 i s Uy and between 1499 nr: and 1500 nm s U 5. Tae Wain
comstant, b =288 » 10° nm-K. Then

(@) Uy =0 B) Us =0
< U]_ - Ug (o Uz = Ul
Let LCQ donote the dimensional fomr: e of the ::nETa‘r-jt‘l‘]\_-']ty of e varns 1zl

[ ol thet of N penneability of the vacuum, M - mass, L = length, T = tine
and 1= electric eurrent

(@A) [en]- M8 T B leyl= M 1L IT4E)
(C) Tugl=IMLT “1 2 (1) grgl=IMI2T]
The 3] unit of the inductanca, the honry can be writen o5
(ﬂj Wﬂbe:'r"ampm m: Ul_l’l,-bw_l_:l_l_],r'rnn'i| [2 YT

(@ ,I.—mlp,’:}-ﬂ-.-.[wrue}z {D} ohm-sacond



37. Two very long stralght parallel wites carry steady currentsland 1 respectively.
The distance between the wires 1§ d. AT a certain inslanl af time, a point
charge q Is at a point eguidistant from the two wires in the plane cf the

3
wires. I's instantaneous velocity v is perpendicular to this plane. Tha
magnitude of the force due to the magneric field acting on the charge a1 this
Instart is .
Lolgy ‘B uglqv
A 2nd ) xd
(c 2ol 2u D]qv D! 0

38. K—rays- are produced in ar ¥-ray tube cperating at a given acvelerating voliage.
The wavelength of the cantinucus X-rays.has values from :

(A Oto= .
(B! gy to w where & g = 0
(C)0to M o Where d |y ==
O) Ay O oy WhereQ < h o, < hppy < o8

39. A particle of mass m is executing oscillaticris about the origin on the x ax's. s
potential erergy is Utd =k | x13 where k is a positive congart, 1t *he
amplitude of cscillation is a, then its time period T is -

{(A) proportional 1o 1,/4a (8) independent cf &
(C) preportional o V& (U} proportienal to a3%

40. The wark Zimction of a substance is 4.0 V. The longest wavelength ¢!
light tha: van cause photoelectron emission from  this substanze is
approximately :

(A} 540 nm (B 400 nm
(C) 310 nm (DY 220 nm
ANSWERS
LA, © 2.0 3. (B) 4.0 5B 6B
7-A) s.@C.@ 90D 10.0D) 11. (AL (D) 12. D)

13. (D) 14. (A, I 15 BLIC) 16003 17. B 18. 1

1.0 20.(B8) - 21.0D) 22. (A) 23.(D) 24. D)

25. 8!  26.(AL(C 27.A 2B. (A). (@, i 29, B

30. (0 A1_(a) 32 (A), ™ 33 (AL 34D 35 B ()

36. (. B, (C, (DI - 37.(D) 38. (B] 39. A 10. C)



L.

SOLUTIONS

{A. ()
The circuit of a commen emitter amplifier i 2s shown below .

Input %

This has heen shown a np-n transistor. Therefore, base-emitzer are forwand
vigsed and [nput signal ‘s connected between bese and emitter.

(<)

vh'\l? }- um'ﬂh'

u
From conservation of energy ;\f_—_:!? =
VE = VE + 2gh edl) \ f
[can aiso he found by a2pplying Bemouili's theoram \ b
between 1 and 2] | f |
From continuity equation ; L_j J
. ; A :
AV = AgV V= [—1] Vi, @l Ly e
Lai 'v;a
Substituting nalue of V5 from equation (2] in equ:atrn (1)
A
‘ W =v,? + 2gh
A
p ,5121“,2
ar AE
V‘ - Eg'l
A, - PV
R
-n‘i vy + Pﬂh
Suhstmting the given values '
- 1071 m?11.0 m%)
E f
Vi1.0m&)?® 1 2(101(0.15)
Ay =00l x107% mé
{B)
I general splwaioat aberration is nioimom when e Lokl devdalion pred we

by the system i= equally divided on all refracting swrfaces. & planoconvex lons e



uced jor this purpose. In arder that the totel deviation ba oqually divided ontuwo
sinfrces, it is essential that meore paraltei heam {of the incident and refracted)
be inciden: o 1w comvex side. Thuswhen the object is far away from he l=ns,
incicent rave will be more parzllel thar the refracted rays, therefcre, the objec:
smould face the convex side, but I the object is nsar the lens, t=e object shruld
face the plane side. This has uzen shown I figure.

.

hﬁ_w/l )
(. D) -
i s BT
Y M
o_ |8 BT, [25HT
: Jﬁ'M M
2RT
Py M

From these expressicns we can sae that
Vp <V Vi

] % = e
secordly, v s V3 Vo
and average inelic energy of a gas molecule =

2 ""2
5 lNE T

i)

N

and

E N e

L

Average kircsic energy per molecule pur dagree of freedom = -‘1;'; ET. Simee

both the gases are ciatomic and at same temperature (300 K). beth will have
th same swrher of rotational degree of freedom Le. twe. Therefore. both Ihe
gases will have the same awrage rotational kinetic energy per molzcue

fem 2 % % kT or &0

Thus ratiowill bg 1:1
B
e

Mass per unit lenata of the string, m = %

=925 1072 kg/m

< VMelodry of wave in the siring, WV = /T = J

V- Bmfs

L&

2Bw%10 ®
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For constrictive interference betwee?{ﬁua)?essdve puises ;
20 120 :
Sl = it
(After two reflections, the wave pulse is in same phasz as t was Zroduced
since in one reflection its phase changes by =, and if at this momert next
identical pulse is produced, then eomstructive interference will be oblanzd !

(A)
current, i = (frequency } (charge) >
= [.‘3’_) (2g=2¢ NS L
2a n PR
Magnetic mement, M = (i) (A) " —
r’qw‘\ 3 I|q:.|:n> ] {q#‘ﬂ}
= (iR
L
= {quR?)
Angular momentumn, L = 2o = 2 (mR%) «
M__aR® _q
L 2mR%m 2m
(C, D) |
For total internal veflection o take place :
Angle of incidence, i > critical angle, B,
or sini > gnb,
or sin 45% > 1
i 0
ar o
.42
or . R
or n>1414
Therefore, possible values of n can be 1.5 or 1.6 in the given options.
(C, D)

Due ta mass defect (which is finally responsible for the bindirg energy of the
nucleus), mess of a nucleus is always less than the surm of masses of its
canstituent wartcles.

‘?g Nex is made up of L0 protons plus 10 novtrons. Therefore, mass of Eg Ne
nucleus '

M: <10 ':mp + mn:'
Also, heavier the nucleus, more is the mass detect

Thus, 20Mmp +mp) = Mg 510 [(my + i) — My
ar l0imy + my)> My - M,

or My < My ~.~-H.'l1:|?.|t, + ”'n}

Now since Mj; <10m, +my,)

Mz <2M,
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11.

12.

O} F| Firs: minimum
At firs minima, hsn 0= A g T
or ba=1 — L4 “_5,:--" ,:”/ . ‘:
i y ) vt —_— IJI = 3] -
- ® D o = TB \\- |
' b
o - y—];-?u Ll EinB e

Now at P (Firs: minima) péih differerce betwesn the rays reachirg iror two
ecges (A and B} will be

AX= %3- Compare With A %= % in YDSE)

or AN = J} {me 1)
Cetresnponding ph.:ae differance (4) will be '

H—L J A%

==k
J A
=2t
(A, D)
E‘n‘ W
Time period, 1Ty 4 {nn B state)
UT.
¥
le. T, w2t
“JII 1
Bui In * 5
and WV, = =
n.
Theretore 1, = n’
Given T, = 8Tn,
Henre n1 = 2ny
Thevefors, options [A) and {13} are correct.
D)
From energy conservation
v =u® - Zab w11} W
New since. the two velocity vectors shown in figure are R .
mratualy perpendicular, hence the magnitude of changa p
ool welercily will Tee given Ly . 4
= (& o s
| Avi=qu® 1 .
2 . o
Substiluling webw of v from equation (1) Nl
-3 fr— e ;
e i 2 [E a7
LA = yut 1wt 2al ey

A u ey tn® - gl)



Mot resistance of the croult 5 9 ©2

- Current drawn from the battery, i = 5 =1A

= current through 302 resistoy

C e ]
v Pt AAA
=]
B a0
i3
1
A S
By 20

Patential difference beoween A and B is
Vo — Vg =9-1f.‘-1+2}=4‘u'=- Biq
: ip =1=iy=05A
S y, potential difference between C and D
UL = VD = 'FU‘Q_ VB; 12 2+ 2
={d) - 4i,
-4 —4{0.5)
=2V = Big
3 = 0.264
Tharefore lg =0y —i3 =05-0.25
ig=025A
14, (B.C)
The magnitude and direction of eleetric fiele at
differant peints are shown in Agre. The
direction of the alectriz fleld remains the same.
Hence option (B) is correcr. Similarly, eloctric
lines always flow from higher to lower potential,
therefore,  electric  potentlal  increases
continuously as we move from x « O to x = 3d.
Theretore, opliom [0) is also correct, The
varigtion of clectric fiald (E) and porential [ '-.!]
with x will be as follows -

Eu vy

o _--."\‘:3




OA | BC ard (Slopa) s > (Siope) ap

Becouse E =FEsq_34 andEs_ g >E4_24
15. BLE vy
Since the edges are clamped, displacement - Ly
of the edges ux, v)=0for (0,13 e B
Line OA ie y=0 Gzxsl
AR e x=L O<ysl
BC ie vy=L O0<a<sl
OC e x=10 d<ysL A
The above conditions are satisfied only in {{l:f')l‘l: Lo K
alternatives (B) and {Ch. ' i
Note that u (z, v) = 0, forall four values e.g. in allernative (D), u {x, v} = Olor
v=0.y=L bul il is not zevo for x =0 or x= L Sacilarly in option (4,
upy)=0atx=L v=Lbutitisnot zerc forx — Uerv — U, whie In options
Blanc (Chulx,y=0 forx=0,y=0x=Lad y=L
16. (G
-+ = - ! o :
dW = F . dswhere ds = dxi + duj + dzk
and F==Kyi+x
dW = tK {ydx + xcyl = h}\ ol {xy! L
T & a*l AT
W=, o W =-K [0 dia)=—Kixlg 3
W= - Ka”®
Alternate Solution % ta.2)

While maoving from (0, M to (a, 0] aiong positive

Y
xadis, v - 0 o F = — Kxji.e force isin negative
v-direction while the displacement is in positive
¥-direction. Therefore, W) =0 : {'D.Oi|
(Force L displace:nent}

'Lhen it moves fromita, O) te (2, 2 alona a line parallel to v axis (x - + a). During
this

CRY

g o
F— =1L+ aj)
The first component cf force, — by will ¢ not, caontribute any work necauss tis
<ompenent s aiong negative x-directicn (=5} while d]qplar{?mpn’r i5 in positive
y-direction [a, 1} tala, a)l
Tlie sweond component of forced. e —Kaj ~
will werform negative work
.
Wy = (kafa)= Ka? |77
»
3 = aj

W=w) +wg =~ Ka®



= Ths given force is conservative in ncture. Trerefore, work doqe is arth

17.

18,

19.

independent. It depends only on inital and final poaiticrna. Therciore first method
Is brief and corract,

(B}
Magnetic field produced by a current i i1 a large square ioop at its centre,
Bas
i i
58 B=HK =
v T 1
. Magnetic fiux Birked with smaller loom, - L
¢=B.S B e
6= (K1) 02

Therefore, the mutual inductance
L 12
M=K or Mol
i L L
LMmensizng of self inductance (L) or mutual inductionce (M) ars :
Mituol indictance = [Sclf indvctancel
= [pg | llength]

Similarly, Dimensions of capecitonce are
feapacitance] = e [Lergth] Ny
From thiz point of view options E cnd D may \
te corract, ; \

MNumber of nuclei decreases exponentialy

N= Nﬂe'_u and
Rate of decay [ —%:{J = W[

3

¥

—

t=0

Therefore. decay pracess lasts upto t = & Therefore, a given nucdeus mzy
decay at amy time afrer t < 0 '

(C)
Process is isothermal, Therefore, T= constant. [Pm%] volure s

increasirg, therefore, pressure will decrease.

[n chamber A —
- . _np_RT HART-ﬂﬁHT Ein
AP = (Pa), ~Paly - 27T - AT naf e

In charmber B3

ugRT _ ngRT ._ npRT
v Palls N

1.5 AP ~{Pgk -(Prl; -



From (1) and (2]

L
ng 16 3
} s M _2
= mp/M 3
: ma 2
B Mg 3
or 3mA = EmB
20. (B)
[n iscthermal process
PV = constant
PdV + V4P = 0 X
ey (_E]
or e 5
fdp 4P
Bulk modulus, B= - | —— |=-{ — ¥
ulk modulus \dUN.J 0
B= -[(-E ‘u} P
W
B=P
— Adiabatic bulk moduluz is glven by B =7
21. D)

Potential at origin will be given by
T R e R S

dx ey | xp 2xpg  3xg

dn ey % 2
SUNE.. S i
dm =4 %g A
22. () s P
AB LAB and CI¥ LCD /‘
From symmetry  Iap = [a43 |
ﬂnd_ ICD = ICIDI a ‘ <B
From thesrem of perpendicular axes, !
IZZ -IAB +1A'B‘=ifﬂ +[C'D' ‘ / l
= 2lag - 2Ly 2"
=l ¢ g P

Alternate Salution
The relalicn between [4g and I~ should be true for all valucs of 8.
and at 6=0,Ipn —1an
Similarly at B=72 I =1ag (by symmetry)
Kewping ihwse things In mind, enly option (4) e correct.



23,

24,

25h.

26,

o
A is Free to move, tharefore, heat will bz supperd 2t rorstent mressure
& d0a = aCpdTy i)
B |5 held fixed, therefore heat will be supplied a: censtart volurne.
ddg = nCdTs e (E)
But dds - dQg ICiver)
: nCpcTy =nCydTp
arg - [ S22 ar,
E — LCU ’JI 41
=y {dTa) v = 1.4 {diatcmic)
dT, = 30K ;
- 11.4) (30IK)
dTg = 42K
{3) [ . 4 Marmal at P will
f -s"C pass through C
sC

%%)n 4«6‘6@
O
The rev diagram is shown in ligure. Thetelore, the Dge will be veal ond
batween C and D.
o o ¥ k] L3 3
B i
A maolional oy, o = Bleisinducod in the tod. Orwecegn 0% | % % 0%
say a potendal difference i3 induced between the o » « | = =«
ends of the rod AR, with A at higher oterdial and 5 at B
lonwer potential. Due to this potential difference. thereis * %7 °
ant vlactric field in dhe rod.
(4, C}
Let [ be the charge on the ring, the negative charge —q is 1eleased v poist
P (0,0, Zg) The elect:ic fleld at P due to the charged ring will ke aloxg pusitive
z-axis and Its magnituda will be
1 Qip
15 co [R? + Zo5yYE

F. = ) at centre of the ving becanse 7. = (]

'LI'
. X N
QN E
( .
-3 P02
H ‘_F»- =




27.

2B,

Therelere. force on charge P owil be owands cenlre as shown. end is
rregnitele s
L Q9 7 (i
Ko i, o B o
T =D er + '£U )
Similarly, whan it crosses the origin, the foree 15 again towards conire O,
Thus the motion of U partic’z is periocic for &l valuzs of £ luing between O

Fe=qE‘

anl oo
Secordiy g SR, (g4 28I E RS
Fa == L. . Qg 20 {Trem aquation 1,
ctey R

i @ the restoring ‘orce F, = — Zy. Henze the motion of the partidz wil be
simple harmenic. (Here negative sign wrplies that the fores {s towards its mezn
poeirion.)

(Al Ty

1 ; , y “_I,_\\
Foree con salellite s always towards earth, thereiore, EE )
acceleration ol satelite S is always directed towards — s el

certre of the earth. Nel lurque of this gravitadonal

forea | about centre of santh s zern. Therefore, angular momenitwm (bath in
magnitude and divecsicn) of S ahout centra of earth Is constart througro.t
Since the force F s conservalive in nzhme, therefore mechanical enerzy of
satellite remalns constant. Speed of S is maxirum when it {s nearest o eamh
ard minimum when It i3 farthest.

(A B Q)
A i —
(&) Tr=rAeEeL
i.e.$=_f§. >-:E
dt Ly

£ 3
?1]’[- s perpendicular to botn A and L Therefone,

This relation implies thal
option () is correct

<) L.L=L1" Here
Differentiating with repect to dme, we get

— 23
AL dL 7 dl

= at  dt dt
= BAL,d_’—L-zLﬁ e
F Hi;ll.l-‘ TF. I %
7 d._q



Thererrre, from equation (1] % =0

g
or magnitude of L {2 L does not change with time.

(1) 5z far we are confinr about tero points

oy
g
L.
— d]_ —
i1y Tar— _ Land = Ty
ct / B
— I :
(23 L | er L ianot changing with tine, thereforaitiza -I-:"___ 2 & Tedy
’ i
case when direction of L s chawing Tt its 9 /
i i g T \ o ,//
magnitude s constant and T 5 perpendicuar to Loat S
all points, )
This can be writien as : '
— — -
If L=facoshi+iasint)j Herea= pusilive conslanl

: - s
ther T =[asinfi-i2coosd)]
— Ty i —¥
solhet L.1=0wndLl L 1

— — —
New A is a constant vector and it is always perpencicularto . Thus Acar ke
written as

A = Ak
- —
Wecansee thet L. A=0

} b —+
Thias we caut say that coriporent of L alang A is zero ar componen of 1

_}
rlong A is always constan:.

- - -
Fmally we ¢onclude 1, A and L are always muwally perpendicalar
H.O)

Thers Is a decrease is volume dining melting on zn ice slab ar 273K
Therefore. negative work is done by ‘ce-warter system on the atmasshare or
positive work is done o¢n the icewater svstem by the stmeosprers. Hence
nption (H] is correct. Secondly heat is ahsorbed during meslting e dW 13
posilive) aved 2s we bave seen, work donw by ve-water syslem s oegative W is
negative), Therefore, from fivet law of thermedyramics
_ dU = d@  dwW

change wn mternal ereray of 1ce water sustemn, dUJ wil be pociive or Intcmzl
energy wil incrense.



31.

b

<) £
At junction a potential barrier,/denledon kayer is | Pﬂ. Sl . o .
tormed as shown, with n-side at higher potenttal |~ ° .4 ol@ &
and p-side &t lower potential. Therefcre, there is 2 il
an electric field at ke junction directed from the 9 o g E"ﬁ._.‘:l .
n-side to pside. o g @@ o
) :
letussay  PO=0( =X
Apphring

O Q.

\ u B

hstituzing the values with sign

Substituting t ‘EE, S l.g— (o

% -®% 4R
|Distances are measured from O and are taken as sositive in the cirection of
ray of ligh?)

25_05
X B
¥ =ER
|A, C}
[nside tha sphere ¥
T
= e L
dn = RH
= Ee«r for rzR
i.e. Eat centre =0 (=—0
and E at surface = - -@- r=R)
) S oty Rz
Ouitside the sphere
£= ....___.IE TWR
dn 2
]
ar Eo—
rE

Thus variation of electric field (F) with distance {7} from lhe cenue will be as
fullows .

E,
e B
B tin B | S il
- E “lf_ )
r=R o



33. (A Q)
© Maxinum speed of any point on the string — an

=a [2nf)
= w10 iGiven)
=10/10 {v =10 mk)
=1
Praf =1
f=_1
2na
a=10%m (Givern)
3
i it
2n 107~ 4n
Speed of wave w=71h
(10 my&s) = E A
2r. y
ho=21x107% m
34. v
Wein's displecement law is :
A T=h fb = wein's corsant)

, b 2.88+10° nmk

Rl 2880
%y = 1000 nm
Energy distribution with wavelength will be as foliows ;

-
U,
o E
8} Uy
/’)’j /jj— + 2.'nm)
T o o oo
=] &2 ;oS
+ P S =T
Aoo=1000mm
From the graph it is clear ghat
Uy > Uy
(I fact Lo is rnaxinaam)
5. RO
e § . diadis
© dneg
gyl ITJe R
ERERLILL U RE L N T e

FIGZ]  MIT2]2]



36.

a7.

38.

1
¥E) M

1
r' |]__ T
et [&q NP

Speed of light, c=

ML TAR T LR

= MLT217%)
{A, B, C, D)
] }
(™ fosed or Henry= :f}:;e
| I1%
; “dit
e BE S
= i &t
Lot Ham gt
il
I
; L==L
" 0 i
=22 or Henry = _doule
G {Ampere]z
1®) e % 1i2 = 2R L
B L=R.t or  Henm = chmrsceond
Dy
Ty .
)
() O
[ -] ®
B Whres are In %y clane
; d ; amd velncity in z-direction

Met o hettdl welie: [iel] el to both the wires will be dowrmaard as shown above.
: o %
Since angle between v and B is 180°
Tharefore, magnetic forca
- » r
Fm'=yg{v xR =0

; Eay
=)
The continuous x-ray spectrum ls shoun in fiqure. T \
All waveiengthe > Ay are found, whare
= - |
TV (im velts) IR A 00 s
Here V 15 the applied voltage, Arvin



39, (A)
Upd=kixP

Fr-2
- L -MUTE g -t7-2

Wi P
New time period may depend on
T o {rmass)™ [arplitude)? (k)2
MELOT) = [M]* Y MITIT2 )2
=[Me*Z Ve T—zdi]
Equaling tiwe powers, we gqet
—2z-=1 or z2=-12
y—zmi] or y=z=-1/2

H{:’-] T £ T :'g_ ':5 |'|-l]-:] ih ll-llf-"a -1/2
s {a}—lff
oF T e L
45
40. (C)
s 12375 12375 3 :
A= -1 4. 3093 A
AT e 0
or Awdi9 iy or 31006

— > i linAf)= 12375 comes from W= E;E
W I'ré'w A
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