INTERNATIONAL OLYMPIAD QUALIFIER IN PHYSICS 2020-21
Paper code 61 Solutions: (1.3.2021)

1. Lettime t dependon c,hand G such that
t =c*h YG * Taking dimensions on both sides

MOLT! = (LT ) (MUT ) (ML0T 2)

orMOLOTl — Lx+2y+32 M y-z T—x—y—22

Giving y—z=0 (1) x+2y+3z=012)-x-y-2z=0 (3)
Or y=1zPutting in (2) we get x=-5y then from (3) 5y—y-2y=1

511
=2y=1 :>y=%, x=—gand z=%80wegett=c 2h2G? = ,—h?
c

Ans: d

2. The mass of the composite system is M :§7ZR3p+7ZR2€p = %ﬂR3p(l+ 23—9

The moment of Inertia is | =E><E7ZR3,0R2 +172'R2€pR2 =iﬁR5p(l+@j using now
5 3 2 15 8R

47rR5p(1+15£j

8R+15/

I=MK? we get K = 15 8R) _r 1 (8R+15¢)

27[R3p(1+3€) 10 (2R+3¢)
2R

Ans: b

3. g =g — @’Rwhere g'isapparent acceleration due to gravity and @ = Z_I_—ﬂ is the

2
angular velocity at the verge of fly off means g'=0 or g=w’R= [ZT—”) R Thereby

2
%fﬂRspz ) Rt [2F
R% 3 T oG

4. Let the stationary mass mexplodes into m, and m;
By conservation of momentummy, +m,v, =0 (1) and Energy is

1 1 1 m
E n‘]lVl2 + E m2V22 =1680 — E mlvl2 (14' m—lj =1680

2
=V, =12 ms™and =V, =28 ms ™ Thereby v, —v, =[12—(-28) | ms™ =40 ms™

Thus we get v, =40 ms™
Ans: a



u?sin« u?sin2a

5. For a projectile the maximum height is H =2— and the range is R =
g g
. H sin®
For the given problem —— =tan f = — =tan f=tana =2tan S
R/2 Sin 2«
Ans: a

6. As particle starts from rest, it must have started from extreme position. So equation of
SHM isx = Acoswt , where A is amplitude and X displacement from Centre.

Giventhatatt =1, x=A—a = A—a= Acos(wx]).............. @ and
att=2, x=A-a-b=A-a-b=Acos(wx2).....c......... 2

2

3a-b

Using cos2m = 2cos’w—1 one obtains A=

Ans: a

7. The velocity is changing on circular path so centripital acceleration and tangential acceleration

1, , mv’ 2as’ _
both Further Givenis that EmV =as’ = R~ R centripetal force
) ) 2a dv 2a ds 2a [2a
Also mv- =2as* =>v=,— sS=>—=,|— —=,|—,]— s
m dt m dt mym
dv 2a dv )
— — =—5 = mM— = 2as =tangential force
d m dt

2
S
Net force as a function of sis F =,/F* +F = 2as 1+(Ej

Ans: d

8. From eq. of continuity Ajvi = Ay Vp. ------ 1)

Given that A; =10 cm? and A, =5 cm? and v, = 1 m/sPutting in (1) gives v, = 2m/s
For horizontal tube from Bernoulli eq.

P, + % pV12 =Py + % pV22. ---------- (2)
Now put in eq (2)P1= 2000 Pa, p = 10° kg/m>. Also v; =1 m/s and v, = 2m/s

And get P, =500 Pa.
Ans: d

9. Let g, 6, and &, be the temperature of water in the three containers.
When one litre from A and two litre from B is mixed, we get
(6,—52)=2(52-6,)= 6, +260, =3x52
When one litre from B and two litre from C is mixed, we get
(6,—40)=2(40-06,)= 0, +260, =3x40



When one litre from C and two litre from A is mixed, we get

(6,-34)=2(34—6,)= 6,+26,=3x34

Adding the three, we get 3(6, +6, +6,) =3x(52+40+34) = 6, + 6, + 6, =126 If 6is
the temperature when one litre from each A, B and C is mixed then
(6,-6,)=(6,—6,)+(6,-6,)=6,+6,+6, =30, = 6, =42

Ans: b

10. The force along x axis is

2 2 2
1 q—+ g i g 1 1 Cl {1+—+L}S|mllar

T Ane, | 0° Z(NQ)Z\/f(A/g)Z\/‘ e, O 2 33

expressions are held along y and z axes. Hence the resultant force is

F=JF’+F +F’ =
2 2 2
Fo_t qz{ 1 } {1+1+1} = ! q—z \§+\/§+1 :%
drg, { f 33 drg, { 2 3 7eyl

(1-0.1775) ¢?

2
7wyl

OrF=

Ans: ¢

11. The internal resistance ‘r’ of a cell is measured by a potentiometer as
r= (L— — 1) Ri= (— — 1) R,where L is the balancing length when cell is in open

1
circuit and L; when the cell is shunted by resistance R; and L, when cell is shunted by

resistance R,. Given thatL=250cm, R1= 7.5 Q, L;= 250 — 25 = 225cm, R,=20Q, This
gives L,=240 cm
Ans. a

12. Knowing that C, = _R_ C, = YR and _ NGy +N,Copy

] ymix -
(7_1) (7_1) I"1CV1+"‘2CV2
7 Zgandifz :gand n =1 &n, =2, we get

Cu :gR, Cp, = 2R and C,, = > R Cp, = ;R and obtain

_ NG +n,Cpy _ E

7mi>< - -
nC,,+nC,, 13
Ans: b

with

=1.46



URT

13. Giventhat PT®*=K , using PV = 4RT or P =" we get

HRT rs KorT! KV differentiating we get 4T°dT _Kav Thereby
Vv MR MR
dv  4uRTT? 4V l1dv 4
— =———=—50 coefficient of volumeexpension ——=—
daT K T T T
Ans: d

14. Magnetic field at the centre of arc O is due to semi-circular part and to two semi infinite
straight lines.

So Bzﬂ—ol+2 Ho I(sm0+sm90) Hol 1+E 6 )
4R |4z R 4R

T T

4

Mo |
_He o
22 R72)

Ans: a

15. By symmetry net electric field along X-axis at the centre O is zero and the electric field
along y axis will be added up

dE, =(-]) 1 d—?cos@ j

4rey R

where dg :l(Rde):iR(RdH):ﬂdH
T T

+
< (q +
1 2 cosé?d9 +
E,=(-])2
Y ( J) 47&90! R®
® q
E =(-7)—1
y ( J>27r2<90R2
Ans: a
16. The currentis 1 = i, coswt + i, Sinwt = (Coswt+ i sma)tJ let us put
1
'_—2=cot0=C_0—S'9 then = —1 (coswtsin@+ sinwtcosd)or
L sing sin@
i = 'Il sin(wt+0)ori= [(if +i; ) sin(wt+6) Thereby rms current is
1
iZ+i7
iy = (.f;ig)
Ans: ¢



17. The potential at the origin may be expressed as
- [& 9,9 9.9 . ]

:47ng xO_E % 4x, 5%,
V= ! &(1—E+E—E+E—l+ ........... jusingnow
4re, X, 2 3 4 5 6
2 3 4 5 6
Ioge(l+x):x—x—+x—+x—+x——x— ......... for —-1<x<1
2 3 4 5 6
n2=1-1+2 2,11
2 3 4 5 6
. 1 g
One obtainsV =———1In2
4Are, X,
Ans: b

18. The mass defect Am =(mass of 2 Ne - mass of 10 electrons) - (mass of *Na - mass of

11 electrons) — mass of one electron
Or Am=(mass of 2’ Ne) - (mass of 2*Na) = (22.994466) - (22.989770)=0.004696 amu

1
Thereby AE =0.004696x931.5=4.374 MeV This energy is shared between the electron and
the neutrino. In an extreeme situation the electron can take the wholeof this energy so the
maximum energy the electron can have is 4.374 MeV
Ans:a

19. The resultant intensity on the screen is given by 1=1_ cos® (%d lj 1 I

D) 4"
Thereby cosz(zlezlzzdl:Z y:D_)b
A D) 4 A D 3 3d
-9
y=1'20X6OOX1O =96x10°m=96.m

3x2.5x107°
Ans: ¢

20. Let the initial current through the coil be I,at t=0. The current decrease down to zero

halving after each Atsecond This means that the current at any time t is expressed as
In2

. -t .

i=1,6 . The heat produced in time dt in the coil is dH =i’Rdt. The total heat

produced will be H =J.i2Rdt Substituting the values
0
t o, 22 T2 2RAL | 22T 12RAt
H =.[I§e Attht:lgRje gt = 0 Al Lo A (1) Also we know
5 0 —-2In2 2In2




In2 _In2 |
i-99 o 4ozidtorQ= de judt_jlemdt_{'me a| Lo

dt In2
(an 2)
RAt 5
I =M Substituting in (1) H = At =1 QR In2Ans
At 2In2 2 At

Ans: ¢

21. When switch S is closed, current starts flowing and is given by
-t

—t -t T -t
I=1,(1-e") = E[l er ] (;q Therefore q= Ildt =(q= Ej[l er jd
0

Where chargeq flows intime 7 (- 7= % = time constant)

—t

E E; ' E_E|er E E [
gq= T——I tt=—r——=| —< =—7+—7|€"
R R R (—1) R R .
T 0

22. In a sample of uranium of mass M, the masses of the two isotopes are

= 140 M and M, = 1 M The number of atoms of the two isotopes are
141 141

L= @ M ﬁ and N, = i M & Knowing further that N = Noe_lt gives the Activity
141 238 141 235
asAl——dﬁ:lleanMOM N, Az——dl:lNz In2 1 ﬁ
dt T, 141 238 dt T 141 235
relative contribution of Activity thus turns out to be A : A =
A+A A+A

1 1401 1

45 238 07 235

. 0.1307 - 0.0060 - 0.1307 . 0.0061

x100:
0.1367 0,1367

%100 = 95.6% and 4.4%

Ans: ¢



H _H-H H-H

f2 Rl RZ

are the refractive indices of the material of lens, the object space and the image space
respectively. R, & R, are the two radii of the lens. f, is the second focal length. When the lens is

1 1 15-1 15-1
laced inair £ =15 =1& y, =landthen —=—=——-—"—=>R=25
placed in air u 1 1, =1and then e 7 R R

23. The focal length of a lens is obtained by (1) where u, 1, & 1,

3 3 4

In the present case =154 =1& 1, =% Then equation (1) yields % = 22—5 —2—253
, _

= f, =50 cmHence the sun will be focused 50 below the lens.

Ans: ¢
24.Lymen series of hydrogen spectrum falls in ultra violet region. Minimum energy
photon of Lymen series is emitted for transition from n=2 to n=1 and has an energy

13.6(%2 - 2%) eV =10.2 eV. All other spectral lines will be of higher energies and so
the frequencies. Therefore if this 10.2 eV photon can eject photo electron then other
will definitely. So required threshold frequency v is

- 10.2x1.6x107"°

ceage Hz=246x10° He
. X

Ans:c
Multiple choice questions (Any number of options may be correct)
25.When battery has been disconnected, the charge Q remains unchanged

Q=C,V = (%Ajv = ke, AE

E. V
Electric field in dielectric between plates of capacitor E -9 _Ear_ V.
Keg, Ko Kd
2 2 2
Work done on the system = ¢ __0Q ot 1
2Cair 2Cdie|ectric 2 Cair Cdielectric
_l(gOAV T d d ) gAV? [1_3}
2\ d &A  kgA 2d k

Ans:a, &c

26.The gravitational field due to a uniform solid sphere of mass M and radius R at
a distance r from its centre is

F(r):(GR'\S/Ijr if r<RandF(R)=G'2/I

if r > R Thereby

F(r,
ﬁzl forr<Rand r,<Rand——= () forr>R and r,>R
F(r) 1, F(r)

Ans:a &b



27.The resultant intensity is |, =1+1+21x1 cosO=4l when the intensity of one source is
reduced by 64 % it becomes | —0.641 =0.361 Then the resultant intensity becomes
l ey = 0-361 +1+240.361 x 1 cosg =1, (0.34+0.3OCOS¢) where phase ¢ is now varied.

When ¢ =0, The intensity at Pis |, =0.641,=1_, Ans a
7
When ¢ = 7 The intensity at P is |, =0.341,

When ¢ =7 The intensity at Pis I, =0.041, =1,

X — % =16 Ans ¢
0.04

min

Ans:a &c

28.The given parameters are P =1x10° N/m?,V, =2x107°m°,

p - R)+%:1.5x105N /m? andV, =V, + Ax = 2.4x10°m® NowT, =

And AU =nC,dT =R g1 = AV 9T _ 5405 aw = POAx+%kx2 =50J Then

y—1 y=1T
AQ =AU + AW =290J

Ans:a, b &d

= =—aU,sinax For small displacement x it

29. Given that U, =U,(1-cosax) The force F =—
du

turns out to F =_d_x :—612U0 X Obviously the force is zero at x = Oshowing that x = o is the
X

equilibrium position. The equilibrium is stable as the second derivative of potential function is

d?x m
negative. Once again m— =-a U X is the equation of SHM whose time periodis T =27 oy
a 0

and its angular frequency is @ = ‘? =a, ’—0
m

Ans:a, b, c&d

dx

: (A+8mj
sin
2 )

sin —
2

30. The refractive index of the prismis H=1.6 = where 0 is the angle of

minimum deviation. Using #=1.6 and A= 60°0One gets,



A+0,, _08— A+0

sin T =53" = 0,, = 46" AnsbAlso the angle of incidence here is

i=(A+amj=60+46 BT Ansa

2 2

Nowthe prism is immersed in water of refractive index , 1, = 5, the angle of minimum deviation may

. (A+0,
W, 16 il A+d
now be obtained from ,, H, =29 " A :>( mJ:37°:>6m:14°A
abby / sinE 2

When immersed in a liquid of refractive index ,z4 =1.2, The deviation may be obtained from

A+8m 16 . 60 . (60+0
r —sin— =sin
2 12 2

Iugs.ingzsin( mj:6m=23.6‘°

Ans:a, b, c&d

31.The current in a p — n junction diode is expressed as
-19
i=i ( eVIkT l) At 300 K, the value of ﬂ = 16x10 23X0 5 _ = 23.2 Therefore the current
KT 1.38x10°x300

i =5x107%2 (e 23-2—1) =5.0x10"? x1.190x10™ or i =0.0595A =59.5 mANow when

qv 1.6x10™ x0.7
kT 1.38x10%x300
i =5.0x10 x5.610x10" =i = 2.805A

Thereby the change in current when voltage is changed from 0.6 Vto 0.7 V is
=2.805- 0.0595A=2.75 A

V =0.7 V The value of — = 27.053and the current i =1, (e 27'053—1)

_E__ilg(e qV/kT)'

For dynamic resistance, using nowi =1, (e qV’kT—l) we ge

dv|;

AtV=06volt, - =%(e23-2) L1635 10,1 19x10° = 2,305
dV ok KT 1.38x3

Therefore the dynamic resistance of the diode at a biasing voltage of 0.6 volt is

(L—\_/ _ 1 0435435 m0
|

V=06V T =300K
In the reverse bias the current practically remains constant up to a large value known as break down
voltage so no change in reverse bias current occurs when voltage changes from -1V to -2V

R, =

Ans:a, b, c&d



average
32.In the absence of electric field, when the drop falls under gravity alone, its

dis tan ce covered 2.0x10°m
—Sy=—""

=0.056 mm Also the next

speed is V= -
time 35.7s S
1.2x10°m mm
V= 2X1—4 =0.056 — This shows that this is the terminal velocity.
4s S

Therefore the apparent weight of the drop of radius r and density o equals the viscous force, that

4
is, 3 7t*(p—0) g =67nrvWhere o is the density and 7 the viscosity of air.

9><(1.80><1o-5)x(o.056x1o-3)

Thus, r = I = =r=7.26x10"m
2(p-0)g 2x(880-1.29)x9.81

When the drop is held stationary in the electric field, the upward electric force on the drop equals the
apparent weight of the drop. That is,
Arr®(p— Y, 1
i (p U)g Here E=— 2—03 = vm™
3E d 6.0x10

3
4x3.14x(7.26x107) x(880-1.29)x9.81
- 3x103/6.0x107
4x3.14x(7.26)" x878.71x9.81x6.0

or q= 37103 x107% =8.045x10°C to achieve equilibrium this
X

chage must be negative
Now g = ne, where n is the number of excess electrons on the drop. Therefore,

q 8.045x107"
n:—:—

e 16x10"
Ans: a,c &d

qE =§7rr3(p—6)gorq =

g

= 5Thus the drop carries 5 excess electrons.

10



