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Solution
1T - JAM — 2018 (Full Length Test - 01)

12-01-2018
Ans.1: (a)
Solution: Mirror formula,
1 1 1
—_t =
v u f

Image is inverted, so u and v both are real and negative. Magnification is 1/ 2, therefore

V=—.
2

Given, u=-30cm, v=-15cm

Aol 2l v qoem
f 15 30 10

Ans. 2: ()
Solution: E, o (n)™"”

2/3

If n increases 27 times, then E, o (27n)"° = E, «c 9(n)

Ans. 3: ()
-V - d(0-V,
Solution: -+ I =1.= v O=C ( 0):dV°=+ v :>VO=+Lt+c
R dt dt RC RC
Ans. 4: (c)

Solution: p LWH_ —pLWH_ =0

3
which gives us h = 2 200ka /M

b T200ka T e @/ (6.0cm)=4.0cm
f

Ans. 5: (d)

Solution: We know that the sum of n th roots of unity is zero.

2ai  4ri bri 8
=1+e% +ed5 +e® +ed =0
27i Ari 67i 8ri

—e® +es +e5 +e° =-1

Thus, z,=-1
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Thus, z, =— :—2_
1-' 2—i
2
2—1i i
Thus, —1_—( ):—1+L
z, 2 2
Ans. 6: (a) A
Solution: The change of ice at —10°C into steam at 100°C  100°C Water 1V Steam

occurs in four stages: it is represented by curve (a). 1

lce )
0°C |1 Water

-10°C

v

Ans. 7: (b)
Solution: Stopping potential is the negative potential which stops the emission of

(K.E)__ electrons when applied.

.. Stopping potential = 4 volt
Ans. 8: (d)

Solution: Since in Fourier sine series

s

b :3.[ f (x).sin nxdx.

n
7[0

b, =£jexsin 3xdx
7[0

Vg (1+9)

=i[3e” +3] :i(e” +1)

S5z Y/4

= E( € ]{sin 3x—30053x}g

Ans. 9: (d)

Solution: For a simple pendulum, T = 27[\/11-—2 = /&
g T 9,
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Now, g _GM 0= GM GM
TORPTTY O (2R)? 4R
T,_[om 4R _[4_2 T, 2
T, R GM V1 1T, 1

Ans. 10: (¢)

Solution: De-Broglie wavelength, izﬂ ﬁ:
P

Since momentum p is conserved in the decay process, p, = p,

I
'l

Ans. 11: (b)
Solution: The average energy of oscillation is

E(t)= B,

When E(t):% for t=T

=e® =e [Take log on both sides]
@l _ 1=T-= Q_09
Q w, 2nv,

where Q =7000

v, = 400 Hz
= L1000, = 2.8sec
27 (400)
Ans. 12: (b)

Solution: dF = I(dI x B) = IdIBsin90° = dF = I(Rd0)B, since dI = Rd0

1209

= F=|, dFsin0=1BgR
60

(Horizontal component cancels only perpendicular component add up).
Ans. 13: (a)

Solution: 4, == 4, =

N |

1
2T
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A, )e !
If A=Ae ™ = R=-1Ae" _Re_(Ad)e™

Ry  Adge ™

At t=2r; &:E then the value of n is 2.
R, e
Ans. 14: (a)

Solution: Wavelength of electrons

A= Q(A): 10 _1 37x10%m
Vv 80

and d,, =2 =32*107 5 0010%m
NG
) . 1.37x107° —
.'.Hm:SIn (2—j=5|n [WJ=SIH (034)
Ans. 15: (b)

Solution: Since, y"—-8y’'+16y =32t
Then auxilliary equation is
m’-8m+16=0

=(m=-4)=0=>m=4,4

and y, =

(D2—8D+16)X3 16 16 16

Zt%[1+wrt _{1_M}

=2{t—%(0—8x1)} :(2t+%x2j =(2t+1)
Hence, y(t)=(c +c,t)e* +(2t+1)

Now, y(0)=1=1=c,+1=¢c, =0

Hence, y(t)=c,te” +(2t+1)

y'(t)=c, [t.4e4t +e" xl} +2
y'(0)=2=2=c,+2=¢,=0

Hence, y(t)=(2t+1)
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Ans. 16: (c)
Solution: The electric field for incident beamat z=0 is E, :Esin ot and E, :Bcos ot
V2 V2
—u,)dx2
Now, 6 — (4= 14,)dx27 _ 0.17195x0.00514x 27 _ .,

A 5893x10”
Thus, emergent beam will be

E :Esin (ot -37)= —isin wt

2 V2
E

E =—coswt

T2

This represent a right circularly polarized. Thus, option (c) is correct.
Ans. 17:(c)

Solution: o = —goﬁ
or

r=R

— 2 ’ _ 3¢,E,cos@
==&, X EO 1+ ; oS @ = 96y
Ans. 18: (c)

. . E n E (1 1
Solution: Since n. =n=,/N_N, exp| ——— | = L =exp| > ———
' & p( ZKTJ n p{ZK(T TH

2

n
|n(lJ 14 14
n 2| In(3x10™ )—In(1x10
gk N/ 5, 1300 [ ( )-In| )}v = E, =0.656V

9 (1 1]_ 1.6x107° 6x10° —2x10

=E

Ans. 19: (b)

Solution: The energy of a damped harmonic oscillator at an instant, t is given by E = E,e™'"

Since, E=E,/e=Ee " = Ee"' =Ee"".

Where, 1=t/T=t=T
Q

Andsince, Q=w,[ =T =—
WO

Number of oscillation made by the oscillator in this time,
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N=Y  r- Q _g.10¢/27 =12740
2 27

Ans. 20: ()

Solution: T f (x)%sgn(x)dx = f(x)sgn(x)| - Td—sgn(x)dx

—00 —00

=2f(oo){—iﬂdx+zg—fdx}
(

dx X
=2f (oo)_[(—f (0)+ f (o0))+( f (o)~ (o))]:zf (0)

_2t (o):_]; f(x)26(x)dx = sqn () =25 (x)

Ans. 21: (b)
Solution: Apply KCL at node 1 R
V,-BY, BVY,-0

R, R, R, 1
i— B i+i BV >_o
R R R 0

V,(f
. B= R :1:>R2:6R1 Network || V,(f)
R+R, 7 B(f)
Ans. 22: (b) o
\Y%
_ab.c 121184 197
Solution: p:q:r=—:—:—= : L
h k1l 2 3 -1
o 121/2 121 1 p 1.21
Now, p:r = = — X =>—=-
1.97/-1 2 197 r 2x1.97
o 2397 AT g o1 _394A
1.21 1.21
Ans. 23: (b)
2
Solution: o, =1/L—R—2 = / 1 4 =10=>f, = Y ~0.16 Hz
LC L 2x0.25 4 2r
Ans. 24: (c)

Solution: (@j :—T(ﬂj :(@j =—T\i(ﬁj =-TaV , where a:i(ﬂj
oP J; T Jp oP J); VaT Jp V{aT Jp
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Ans. 25: (a) 0.05
Solution: -y =X ()

yA y=X
And y>=x (II) (L1)
From equations (I) and (I1), x=0 or x=1
When x=0, y=0 and when x=1, y=1. (0,0) %
1 Jx 1 2.,2 3 I
X"y y
Hence Xy (x+y)dxdy = +x—| dx

x=0 y=x

Ans. 26: (d)
Solution: Q, =AU +W =C AT + PAV

=C,AT +RAT =(C, +R)AT

AU C, C, C, 1 5
- — - = = —— = — = —
@ C,+R Gf C, ¢y 7
Ans. 27: (d)
. 1 e eyt h’ AP h?
Solution: X,1)=— e +2 e’ . Now put E, = E, = and
v(x. £[| o) |45) put B, =- ol
(o 2ma’
nh

w(x,t)=%[l be " +2]9)e ] =%[2|¢2>—|¢1>]

Ans. 28: (a)
9M

Solution: Mass per unit area of disc = —

7R

2
9M2 Xﬂ'[Ej =M
7R 3

.. Mass of removed portion =
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Let moment of inertia of removed portion =1,

2 2
I _M(R +M 2R , by theorem parallel axis.
to21\3 3

MR?
l, = >

Let 1, =Moment of inertia of the whole disc

_ 9MR?
22

. Let I =Moment of inertia of remaining disc

l=l—l

_9MR* MR? _8MR?

or, | = =4MR? or | =4MR?.
2 2 2
Ans. 29: (c)
Solution: From conservation of momentum
¥ L0=p
2
1V
C2

From conservation of energy

2

m,C
©_ +myc? =4/ p°c? +MAc*
2

<

2
2 2,,2.2
c mav’c
= ——2=—+myc? | =p’c’ + M=+ M%*
v v
1-— 1-=
2
C c
2 2 2,,2
m m2v
= —2 4+ mf+2—=2 2+ M?
Vv 2 ¢co-v
1— \'
2 T2
c
2.2 2 2,,2
m m2v
= S+ m + 22 2+ M?
c?—v \/ vz ci-v
C2
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2(A2 2
2.2 2,,2 2 m (C -V ) 2
mgc mgv m 0 m
= 20 5= 20 2+m§+2—°:M2:>ﬁ+m§+2—°:M2
c°—=v® c°—vVv v2 c° -V v2
1-— 1-—
C c
2mg 1
2mg + 02 =M?=>M=my 2| 1+—— [=my,/2(1+)
v
el 1-=
C C
Ans. 30: (a)

Solution: The frictional force provides the necessary centripetal force for circular motion. Linear

acceleration a= L«

mLo® = /,z(ma)

= mLo’® = umLa

= o’ = ua

) 4
:>(at) = Uua >
A B

= ot =\ ua ort:\/g. L

Ans. 31: (a), (b) and (c)

Solution: For x = Asinwt and y =asin(wt+1)

The resultant motion is described as

X—+y——ﬂcosﬁzsin2 )
a’> b® ab

(@) At 5:%,and a=b, we get
x* +y*=a’, which is equation of circle

Also, x=asinwt and y =bcoswt

This gives clockwise motion of resultant amplitude. Option (a) is correct.

(b) At 6 =r,we get

b
y=_x
a
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This is the equation of line. Thus, option (b) is correct.
(c) At 5=57ﬂ, we get

2 2

%+§ =1, which is equation of ellipse
Also, at o :57”

x =asinwt and y =bsin(wt+t)=bcoswt

(d) At 5:97”,we get

X2 y2
— +==1, which is equation of ellipse.

Thus, option (d) is not correct.

Ans. 32: (b), (c), (d)

Ans. 33: (a), (b) and (c)

Solution: 736, =7x8° +3x8" +6x8" = 448+24+6 =478,
673, =6x8° +7x8" +3x8” =384 +56+3 =443,
637, =6x8° +3x8" +7x8" =384+24+7 =415,

367, =3x8 +6x8 +7x8°=192+48+7 =247,
Ans. 34: (c) , (d)

|X—1| N , X1
Solution: We have, f(x)= it PN

Clearly, f(x) is not differentiable at x=1. So, by definition, x=1is a critical point.

—X+2

X3

X—2

XS

, Xx>1

For points other than x =1, we have f'(x)=
, X<1

Clearly f'(x)=0at x =2.So, x=2 is also a critical point.
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Ans. 35: (a) and (c)

—

Solution: p, =-V.P =-— i(r2 X krz): —4kr

r_zar
Edd=— Q  Qunc = I ppdt = (4kr)(4nr2dr)—ﬂd4=—4nkd4.
enc enc b 4
4 2
JEda=[|E|da=E|[da— E|xand? =A™ g__Kkd°¢
€0 €0

Ans. 36: (a) and (d)
Solution: The process is isobaric P(V, —V;)=1.01x10°(1.67 —0.001) =168.67kJ

Q=mL =1x2256kg kJ / kg =2256kJ , where L is latent heat of vaporization.
U=Q-W =2087kJ
Ans. 37: (b) (c) and (d)

. . . [ . 2 X
Solution: The ground state wave function for symmetric potential is ,/2— cos 22
a

2a

The probability to find the particle in the interval between s and a is

al2 al2
‘/ ‘/ cos— cos—dx_ j'lcoszﬁdx=lxl _[ [1+c052—ﬂx)dx
2a \2a WA 2a a 2|7, 2a

1[ a. x| 1fa a_a 1] 2a] (1 1
= | x+—=sin= S @) | = a+ 2= 2=
2a Zz A, “2al2 2 x 2a T 2
x’h’ 31’
E,-E =(4-1 =

= )2m(2a)2 8ma’

Ans. 38: (a), (b) and (d)
Solution: W = pAV =0

V=C=p=C

Slope :_I_Ezﬁoc n (R,V are constant)

Ans. 39: (a), (b) and (c)

Solution: (a) Given: 7 = AxL
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Fodb At Ar
dt t

By the rule of cross — product of vectors, c(ij_I; is always perpendicular to the plane

containing Aand L . Hence option (a) correct

(b) For vector L, the magnitude of L is constant but L is not constant, it changes.

- Let L=(acos®)i +(asind) ], where a is a constant. Differentiate it to obtain ¢

~

-7 =—(asin@)i +(acosh) ]
L.7=-a’sin@cos@+a’sin@cosd or L-7=0o0r L isa perpendicular to 7
A is a constant vector and it is always L to 7

Let A= AK

~ ~ —

E-Az[(acose)h(asinﬁ)J][Ak]orL-Azo

L is perpendicular to A

. Component of L along A is zero. (.. Lcos90° =0)

. Component of L along A does not change with time. Hence option (b) is correct.

(c) By the rule of dot product of vectors, L-L = L. Differentiate it w.r.t, time

.'.I:-d—L+d—L-I:=2Ld—L,Where L:‘I:‘ or, 2E-d—L=2L%
dt  dt dt dt dt

Since, L is perpendicular to %‘ therefore their dot product is zero.

~0= ZL(Z—It_' this is possible if L is a constant.

. Magnitude of L = constant
or, Magnitude of L does not change with time. Hence option (c) is correct.
(d) L changes with time on account of change in its direction. Magnitude of L does not
change with time, as shown option (c).
Hence option (a), (b) and (c) are correct. Option (d) is not correct.
Ans. 40: (a), (c) and (d)
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Solution: (a) r, «c n?. Option (a) is correct
(b) Total energy of electron is

2
TE- —13.232
n

Option (b) is not correct

(c) Angular momentum of electron = ;—h
T

Option (c) is correct

r]2

(d) Potential energy of electron :[ jev for hydrogen atom.

2

Kinetic energy of electrons= (13'6jev

n
~.|P.E|=2x|K.E]
27.2
~|P.E|= =

The option (d) is correct

Ans. 41: 1450
Solution: Resulting power is
:i =nN
AL
N =1i :1)( 5800 =1450
nax @, 2
Ans. 42: 60

Solution: ! =£:> P= IA=%«90(:EO2 x 1’ =60 Watt

Ans. 43: -4
Solution: - w=x*—y>—2xy+6

@:3% —2y and @:—Byz —2X
OX oy
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SRCALY) SN § |

OX 3 0
MW _ 0= 3y? = —2x ()
oy

from (1) and (11) we have

3x2 Y’
3(7] == —2X

4x2
3 3 (4 23 2
and y=="x*==x| - |(-1)"" ==
y=3 2X(9J( )" =3
o°w 2 1/3 1/3
Hence, =6X=6x—(-1)  =4(-1) " =-4
Y ex=6x 2(-1)}" <4(-1)
2
And 2 "zvzey:_eﬁz_‘l
oy 3
Ans. 44: 0.387
Solution: f:i @
2 I

Where, g =9-8m/sec®,a=2m/sec’and | = 2m

_ 1 18 1 ©79_0.3866
27 2 27
Ans. 45: 66.8

1

Solution: v, =V exp(-t/RC) =110e[_2°°°ﬂ°’3] =110e'** =110(0.607) = 66.8V

Ans. 46: 5000

where, 1| =1;—1y, =50—115—32=3 mA

Solution: R, = |15

|-min

=R, :%:SkQ:SOOO Q.

max

Ans. 47: 0
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Solution: Energy of Fermion, E. =3x1s,, ground state is doubly degenerate so all particle will

be in ground state.

Energy of boson, E; =3x1e, =3¢, = E; —E;=3¢,—3¢,=0

Ans. 48: 3.1

Solution: P(?’h—wJ:l, P(m—szﬂ:<E>:3h—wx1+m—a)x£:31ﬂ:3.lha)
2 5 2 5 2 5 2 5 10

Ans. 49: 416

Solution: W = area of closed curve ABC = %(200 —100)x10° x(700-500)x10°J =10

J :ﬂ:£:4.16\] /cal
Q 24
Ans. 50: 1.94

Solution: For sphere | =§MR2

2
For the recast disc, | = Mr +Mr?  (by parallel axis theorem)
MR =3 M2 orr=—2 R Rzﬁr =1.94r
5 2 J15 2

Ans. 51: 106
Solution: We suppose these are the lowest resonances of the enclosed air column

For one piece, 4 :lzﬁmiS =1-34m

f  256s
Length, d, =0-67m
For the other piece, 1= M _ 343m{15 =0-78m
f  440s

Length, d, =0-39m
- Original length, d, +d, =1-06m =106cm.
Ans. 52: 255

0 a 2

Izﬂ104{4a2 7 238 &«
T T

Solution: 1 = § H.dl' = —smE——cosE}aM
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2 4 2
| =10 x 28 0y 820X 800 opp
T T T
Ans. 53: 22.67

Solution: Let the specific heats of liquid A,B and C be respectively C,,C, and C.. When A
and B are mixed, equilibrium of the mixture requires that
MC, (16 -12)=MC, (18-16)
=C,=2C,
When B and C are mixed
MC, (23-18) = MC, (28-23)
or, C.=C,=2C,
When A and C are mixed, let the equilibrium temperature be T .
MC, (T -12)=MC, (28-T)=2MC,(28-T)
=T =22.67C.
Ans. 54: 120

Solution: R; is “shorted out” by C_ for the ac analysis. Therefore
Z, =Ry || fr, =470kQ | (120)6Q~ 717Q, Z,=R. =2.2kQ

A :_&:_Z.ZkQ ~_367
r 5.990

e

Z 717Q
=—-A —1=—(-367 ~120
A=-AR (=%67) 5k

Ans. 55: 2.5
Solution: The whole system of blocks, wires and support have an upward acceleration of

0.2m/s’.

(i) Tension at midpoint of lower wire:

Let T, =Tension

A =Mass of unit length of wire =0.2kg/m .
| =Half-length =0.5m
~T—(m+Al)g=(m+Al)a
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T,=(m+Al)(a+g)=[1.9+(0.2x05)](0.2+9.8) =2x10=T, = 20N

Tension at mid-point of upper wire:

Legusttiy
Let T, =Tension T AT Ilm
2
Ty =[m+(Ax20)+m, |a+[m,g+Ax2lg+mg] m,
or, T, =[m, +(Ax2l)+m, |(a+g) |I Tlilm
=[1.9+(0.2x1)+2.9][0.2+9.8]=5x10=T, =50N .
m,g + Alg
L3PY:
Tl
Ans. 56: 2.26

Solution: From the free body diagram of point A
> f,=0=>Tsinf=mg and Y f, =0=T,cosd=T
Combining these equations to eliminate T, gives the tension in the string connecting
points A and B as,

_ Mg
tan @

The speed of the transverse waves in this segment of string is

. 1_\/Mg/tan0_\/ MgL
7, m/L mtan @

and time for a pulse to travel from A to B is,

-3 .
L2 _ /M:tane :\/ZXiO:LXgO ;X1 2. 26x10- sec
\Y mg X1x9- mg
44

Ans. 57: 1.

~19\? 2 - -
BR 4 610 (1.6x107) B*(0.1) g 16x10 #x2(1.67x107)

Solution: E = — = 2
2m, 2(1.67x107) (1.6x10™)"(0.2)°

,_107°x2(L67x1077) 3.34x10%
(16x10%)(0.01)  1.6x10°

=2.08 = B =+/2.08Tesla =1.44Tesla

H.No. 40-D, Ground Floor, Jia Sarai, Near IIT, Hauz Khas, New Delhi-110016
Phone: 011-26865455/+91-9871145498

Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com




fiziks

Institute for NET/JRF, GATE, IIT-JAM, JEST, TIFR and GRE in PHYSICAL SCIENCES

fiziks
LISIK2

Ans. 58: 4

- oA
Solution: In cylindrical coordinatesV - A = li(rAr )+1—¢+ A,
ror r op oz

A =2rcos’g, A, =3r’sinz A =4zsin’¢

. o(3r’sinz) o(4zsin?

(r><2rcosz¢)+1 ( )+ ( 7)
r o¢p 0z

A=

<

= |

9
or

—V.A= 4rcosz¢+0+4sin2¢=4(cosz¢+sin2¢)=4

= |k

Ans. 59: 4
Solution: Since ATA= |

a b clla b ¢ 1 00
=|b ¢ allb ¢ a|=(0 1 0
c a bilc a b 0 01

a’+b?+c* ab+bc+ca ab+bc+ca 10
ab+bc+ca a?+b?+c? ab+bc+ca|=|0 1
ab+bc+ca ab+bc+ca a®+b*+c? 00

— O O

Therefore, a’ +b’ +c? =1 and ab+bc+ca=0

We know, a°+b®+c*~3abc =(a+b+c)(a® +b* +c* —ab—bc—ca)
=a’+b’+c’=(a+b+c)(1-0)+3

=a’+b’+c’=(a+b+c)+3

Now (a+b+c)’ =a? +b*+c?+2(ab+bc+ca) =1

= (a+b+c)==%1

Thus the largest possible value of a®+b®+c® is 1+3=4.
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Ans. 60: 6
°h* 147°n°

o ol have 6 fold degeneracy
ma ma

SMMMn:E:@F+22+§)

N, Ny, N,
1 2,3
132
2,13
2, 31
312

3,21
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