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1.(B)

2.(180) For this to happen sin® must be 0.

0° and 360° are excluded

3.(25)

4.(C)

5.(A)

So 0 =0°, 180° or 360°;
So 0 =180°

For block to remain in equilibrium,

mg = f
mg =puN = pF
0.5(10) = (0.2)F
F =25N

F cos60° = p(mg + F sin 60°)

1 1 43 1
Fx|————=—|=—=x+43x10
2 3/3 2] 33
2 1
F - Zx10: F =10
2x3] 3
F-3x=10; x =10/3

Rounding off =3

»
P>

v
mg

F cos 60°

—

O—A+(ﬁ—(f=A{

1-V3-\2
1+«/§+«/§

tana =

\/§+1+\/Ei‘+l—\/§—\/5'j‘
2 2

|
v
F sin 60°
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6.(C)

Bsin120° _ 3B/2 _ 3B

tanp =

A+Bcosl20° A-B/2 2A-B

7.(C) Along Y =10sin30°+ 20co0s30°+15co0s60°-15sin45°-20sin 45°

=1ox%+2ox§+15x%_15xi_zoxi

V2 V2

_5410¥3+75-22 1042
2

N

~5410x1.7+7.5-7.5J2 102

=5+17+7.5-7.5%x1.4-14

=5+17+7.5-10.5-14 =5]

Along x —10c0s30°+20sin30°-15sin60° -15c0s45° + 20c0s45° = 9.25]
R =9.25{ +5]

8.(A) Both statement | and statement Il are true.

9.(C)

From diagram tane—1 = Q = Q. = = tan 30°
2 P 3Q

Gl
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%=300 = 0, =60°

Second case

J2(P?+Q?%) =2p

2P2 +2Q% = 4P?

: B Ng
From diagram : Y
tane—2=9=l=tan45° i Q
2 P -9
92 _ 450 = 0, = 90°
2
62 > 61
10.(82) Angle made by line AC with the vertical is 35°
So, component will be P cos35°
=100x 0.819
=81.9
11.(5) Net speed of summer along river flow is zero
10c0s120°+Vg =0
Vg =5m/s
12.(120) Vg, =V +V,
Swimmer will reach directly opposite to his starting point, B
When vsing =v,
or, 12sin6=6 : Vcos0
. 1 V. =
= sm9=§:>9=30° o V=6 km/hr
Swimmer should try to swim w.r.t direction of flow of vS;no L v,

river at an angle = 30° + 90° =120°

13.(A) |E + 6| -n |E —6|

= JP2 P2 +2p.Pcosh =nyP2 + P2 —2P.P coso

= 1+cos0 =n2(l—cose) = cosE)(n2 +1) -n?-1
n?-1 1 n?-1

= cos0 = ; 0 =cos
n<+1 n2 11

14.(B) For () A+C=B=B-A-C=0
For (i) A+B+C =0
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15.(D) 2sin6/2 =(2A cos6/2)n (given)
- - A
where |x]=]ly|=A (assumption)
n =tan 6/2

1-tan®6/2 1-n?
1+tan®6/2 1+n?

cosO =

16.(B) Assertion (A)
Taking LHS 0

AB + AC + AD
AB = AO +0B
AC = AO +0C
AD =2A0

Adding = 4A0 + 0B +0C (RHS)

Reason AB +BC +CD = AD = 2A0 (polygon law)

17.(C) AB . (i“+ ]+|2)_[M]

8] 2
2
- -2
2
18.(3) p movesalong AxB =i-]+k

Q moves along AxC = 2K

cos0 = ['A_JA*E](K) 1

V3 V3

d
19.(B) u :t_ = velo. of boy
1

d
v = — = velo. of escalator

to
d d d d
u+v=— = —_—t— =
t, t, t
N . _ Ut
t ot t, tg +ty
20.(D) A.B=|AxB|
= ‘AHE‘COSG:‘AHBHSH’IG‘
= tan6 =1
= 0 =45°

So

\A - B\ _JAZ 1 B2 _2ABcosO

-{JA2 B2 _\2AB.
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21.(C) Vg, =Vg -V,
\78 =\78W +\7W
:4f+4j+(—]) ¥ i

A w=1mys

=4i +3]j

0|

=\78 xt

(47 +37)x3
=12{ +9]
\5\ =144 +81 =15m

22.(30)

ForAtoB

Vsr =Vg angle should be same 6 =30°
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1.(C) AxA=A.Asin0°=0
‘A—é‘ V1-cos6 9
2.(B) —— = =tan/
‘A+B‘ Jl+cose 2
3.B) i=fFxF =(2i“+i+212)x(3i“+4]—212) =-10i +10] +5K
4.(12) \/;00560°
2sin60° = \/;00560"
J3 1
2 — |=vx|=|; x =12
[ 2 \/7 2
5.(3
(3 >
70
30N
10 kg
Tsin6=30; T cos6 =100
30 1 1
So, tanb=——= 0 =tan (3><10 )
100
6.C) IAI-IBI; |A+B|=2] A-E]|
= A2+ B2 +2ABCos0=4(A% + B -2ABcos0)
= 1+cos6=4(1-cos0)
3
5c0s0=3 or cosG:E
1 2 )
7.3) Ry=0= Fl+$:ﬁ 2c0s45° 4 4 1sin45°
E_ 1
l_ﬁ lcos45°
2 1 3 2sin45° — C B
Ry=0= Fy="=+7==—7%
V2 2 2
LS Xx=3 2
F, 3 By
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8.(A) The resultant of given four forces

7N
6N SN

8N
= 2N (at an angle) 135° from + ve IN
Direction of x-axis
So we have to add same amount of force in opposite \/EN"
direction so that there should be no acceleration IN

So Freq = \/5 (at angle 45°)

9.(2) Componentof A on B = A-B
1Bl
21 +3]-K)e(i +2] +2k _
- ( ) ( ) _2+6-2_,
V12 422 1 22 3
10.(5) Dot product is zero.
2+8-20=0
a=5
T N T
I
11.(B) | m,| T =30N gggml No friction as surface is smooth.
|
} 5gsin 0 5g cos 0
So, 5gsin6 =30 = sin9=£
50
So, coso =£
50

Thus N =5gcose=5x10x%:40N

12.(C) F =51 +3]-7k,F =2 +2]+K

T=FxF =-17i +19] - 4k
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1.(C) Slope of velocity — time graph gives acceleration, as a= 3—\;

For the part AM in given graph-slope is negative and
constant. This means acceleration has a steady negative

value.

For the part MB in given graph-slope is positive and
constant. This means acceleration has a steady positive

value.
2.(C) v2=u?+2al . (@)
L
2 2 2 2
Vi =u +2a[5 =alL =vy -u .. (2)

By (1) and (2), v2 =u? +2vr%1 —2u?

uc+v
= ZV% :v2+u2 SV, =

3.(C) Let height of the building is h.
and total time for the second stone is t.

1 .5 .
—gt“=h-25 ...
59 (M)

%g(t +1° =h ..i)

Solving (i) & (i) h=45m
The question can also be solve odd number rule.

4.D) v=ay

0= ajty —ast,

ay =ast,
bh_2
t, a
-0l
5.(D) a=—x2
m
vdv 0 X
—a —a
= - X2 = Ivdv:—J.xzdx
dx m m
Vo 0
1/3
2 3 2
-V, —-a | X 3mv
= —o0__~ |\ = X = 0
2 m| 3 2a

M

Note that ‘m"' is missing in each option. We should go for the option closest to the answer.
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6.(A) acc = slope of v-t curve

= g=Ymax _ - Vmax
t1 o
Similarly, —B = _Vrtniax Sty = Vmax g
t=t1+to
= t =Vmax [£+£]
a P
aft
Vinax =22
a+f
i 1 aBtz
Total distance = Area under |v|-t curve = = xVpgy xt = ———
2 2(a+P)

7.(B) a=v—

Fromx=0tox =200 m

dv 50-10 44 1 S
d«x 200 208 5
X
As v=—+10
5
dv X 1
So, a=v—=|—+10
dx 5
From x =200m to x =400m

200 400 X
dv

—=0 a=0
dx

2
8.(A) Total distance=5+5xl%tx2+5x[£J X2+ ......

100
81|, 81 (81Y 405
=54+10x——|1+—+| — | +...... =——m
100 100 (100 19
2 2
Total time:l+3x2+ 9 x1Ix2+...... =l+2x3 1+ 9 + 9 o =19 A
10 10 10 10 10
Average speed = 405/19 =2.5m/s
9.(0) v=vy+ot+ Ft2
dx
VvV =—
dt
X 1
J.dx=J.(vo+gt+Ft2)dt ; x=vo+%+%
0 0
10.(D) v=u-+at (straight line positive slope)

S =ut +%at2 (upward parabola)
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11.(C) From the graph,
dv _ Vo
dx Xg

Equation of line is,

-V, -V
V-Vg=—2(x-0) .. V=—L3Ix+V, and, a = vdv
Xo Xg dx
v v v, w2 v,
cas||—2 Ix+V, | —2 =|—0| x -0 . Slope=|-2| = positive
Xo Xo Xo X0 Xo
V2
y-intercept = —9% = negative . Option is (3)
X
0

12.(No option matching)
- 20 A~ o~ dr 27 AN . 27 AN
V =0.5t |+3tj+9k:>E=O.5t i+3tj+9k =dr =(0.5t% + 3t j + 9k)dt
Assuming that mosquito starts at t = 0 sec from origin, its co-ordinates at t = 2sec will be

r 2
[ or :j(o.stzi +3t] +9k)dt =F =%i +6]+18k;

F‘ ~19
(of+o]+0|2) 0
Let r makes o angle with x-axis and B angle with y-axis.
Then, coso = rT = coSo = 4—/3 = 4 and hence
| 57
tana ~14.23 = o ~ tan 1 (14.23); cosP = ﬁ— = % and hence tanp ~3 = p = tan"*(3)
r
13.(50) h = 35t - L gt? =35(t +3)—3g(t +3)
2 2
35t - 5t? = 35t +105 - 5t? — 45 - 30t
30t =60; t=2sec
h =35><2—%><10><22 =50m
14.(12) V =+/5000 +24x
2 dv 2
= V< =5000 + 24x = 2vd—=0+24:>a=12m/s
X
a=12m /s?
1. 5
15.(B) For 1% drop; s = Uty +Eatl
1
9.8-0+=x9.8x(2t)’
2 \/
=t =——sec A 31t=0
2
For second drop: 9.8 m ®
X 2 t, =t
it + —at? h, —0+2x9.8x| — *
s =ut, +—at%,; =U+_—x3J.0x| — -
2772 2 2 2 1t =2t

Or, h2 =2.45m
Height of 2" drop from ground ; = 9.8 -2.45 = 7.35m
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16.(1) v2=20+2x = 2v3—v=2
X

a =vd—v=:l.m/s2
dx

17.(D) n = no. of droplet coming per sec.

1
Time spacing between two consecutive droplet = —sec
n

At t =4 sec. A
*Particle 1 has travelled for t = 4 sec.

1 2
Sl=—><9.8><4
2

2
1 1 1
*particle 2 has travelled for t = [4 ——]sec =S, = EX 9.8[4 ——]
n n

2
1
S —s, =34.3 =49x4%2_49/4-"| =343 =n=1
1 =2 [ n] . 1

18.(A) Differentiating both sides w.r.tt

%t:%(mx2+nx) = 1=(2mx +n)v
dl d . L. .
= —==—(2mx +n Differentiating again
iy Olt( ) ( g again)
= —id—V:ZmV = —d—V:r:va?’
y2 dt dt

19.(D) Applying relative analysis w.r.t. balloon

u =0 a, =-g

Distance between balloon are slope = E(g)t2

Now,  w.r.t. ground

1
—75:10t—§gt2 = t =5sec

Thus, distance = 5x(5)2 =125m

20.(A) ds =at dt +pt2dt ; s=%a-n+Bg_gy-3*, 7
2 3 2 3

21.(B)
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L _E 5 . u
1@  -h=uy-Soy - 1 $ ?2 Bu=0 T®
u

1 -
-h =-ut, —Egtg ... (i) l@

1 -
-h =-=gt LL(1d h
59t3 (i)

Solving (i), (ii) and (iii) we will get

ta :,/tlt =y6x1.5; ty = 3sec
t _
2.(B) ascent _ (9—@
tdescent g+a
’10 -2 8 2
= 10+2 = 12 = \/; = Ttascent tdescent = \/5 : ‘/5

3.(D) Differentiating Xp and Xq with time

d dx
Up =P 42t Vg =—2 = f -2t
dt dt

f-a

Equating both t =
q g 2(1+B)

4.(5) v=u-+g(t)
10 =10(t) ; t=1

o (0.5kg
5m

s= %x @)y =5m |

height =5 m

5.6) s =50x2-1x10x22 =80
1 2

v; =50-10x2 =30m/s v;=30m
ap =0 1

In order to meet ball 1 and 2 8

S = (U —vy)xt’
= 80 =(50-30)xt’" = t'=4s
treq =2xt'=6s

Tu=50m

X 3
6.(18) Vayg = X X x 1 1 1
+ + P e
3x11 3x22 3x33 11 22 33
=L=3X66=18m/s.
6+3+2 11

66
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7.(D) Position of Ball (A)
y1=180—%gt2 )
Position of Ball (B)
Yo =180—u(t—2)—%g(t—2)2 ... (i)
Balls meet at y=100.
= 100 =180 -5t2 =t = 4s

Using in (ii);  100=180-u(2)-5(2)2

2u=60; u=30m/7/s
8.(C) u=0
10 = Lat2 . (@)
2
1 2
10 +x =E(a)(2t) .. (2)
(2)10+x=4; X - 30m
®» 10

9.(3) Stopping distance (s) = u

2a

s 2

22 U2 (also u2=u—1)

S; U12 3

S; 1, o 27 _,4

s, 9 279
10.(100) g—v=5; a =V:—V

S s

a=20x5; a =100m / sec?

11.(392) Ttime of flight =6 sec

,_u +yu2+2gh 19.6+(19.6)2+2x98 _ H

i H=6
g 9.8 d

2

Total height from ground =H +;—=8g =— k =392
g

a|x

12.(B) By vZ =u?+2as; u =,/2gh

1 5 h 1 5
by s =ut +=at“; —=,2ght-=gt
y > 3 g 29

= 3gt? —-642ght+2h =0

+ —
N t,andt, = 6./2gh +,/2gh —24gh
69

2
2h 2 |3h t \E—\E-g J3a-\2
tandt, = [—+— |— a - -
9 3\ L izl VB2
3

13.B) t=+x +4

= x = (t—4)
X _o-a) - teasPX g
t dt

h/3
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14.(D)

15.(D)

16.(A)

17.(A)

18.(C)

Juggler throws n balls per second
So, 1 ball every 1 second
n

When first ball reaches highest point, he throws second ball.

h =£gt2 =£><g><i=7g
2 2 nZ 2n2
h 1
—=—gt12 T u=0

1
Also h :Eg(t1+t2)2

t, +t
= h (i) h ,
g N2 5) 2
t, +t
= t 2172
1 B 1

= tl(\/E—l)=t2

Let time of fall =t

. 2H _ /2x19.6 _ 2sec
g 9.8

Required distance d = [Ql:]m J x (2 sec)

=(2.5m/s)x(2 sec) =5m

Taking upward direction as positive

v =u+at
= v =-100 -10t

t =10s, llOO mfs
v =-100-10x10 =-200 m/s

2

v2:u2—2as; [:J —u2-2ax0.04

~ u?x8/9

2><4><1072
Now v2:u2—2as’; 0=u2-2xu?x—2 x5
9><8><1072
-2

s'=&=4.5cm; s'=4+x=45 .. x=0.5cm

2
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1.(B) y=ocx—[3x2
dy = adx —2pxdx

dy
L — o -2Bx
dx o-2p

d—y=0 at x = >
dx 2

_ou_pxo? o’

Y= %8 a2 4B

W + 0y
2.(728) (w) = 21T 0 - 2460+900 ¢ 27 o dian
2t 2 60

Number of revolutions = 2i =728
Y

3.(5) AP |=m(av), =%(10) _5x102kgm/s - x=5

. 2 .
uZsin?o (25) sin? 45° usin® 25xsin45°
= = =15.625m = t= =

4.(C) H__ =
© max 29 2x10 g 10

=1.77sec

5.(D) In plane frame — bomb has Upbomb, plane =0, with a = g downward

6.(C) 1ly =9.616x10" x10"°m
1AU =15x1d'm
I=RO
4.4%x9:46x10®° =R@
0=4s R
= 4x4.843x1078
=1.94x10%rad ; RO = OR
4.4%9.46x10"° =1.94x10° xR

R = 2.1455x10%m
Speed = 8Au/s

=8x15x10"m /s =12x10"m /s
4 revolution means = distance = 4x2nR

time _ distance _ 4x27R _ 8x3.14x 2.14n x10%
speed  12x10M 12x10t

t = 4.5x10'0 sec
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7.(A) h=%gt2 —t= |20

X =Vt =V &
Vg
Distance = yx2 +h?

2
2V “h +h2 ' -
9 Ground

8.D) 0,=42%0,=48°
Here 6, and 6, complementary angle
Hence, R, =R,

But H o sin0

so H, >H,

- 10 1
9.(200) <w >=—=———; 06="—-(1800+600)x—rev ;
2 60

0 =200rev
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Motion in Two Dimension Class - XI | Physics
JEE Main 2022
1(C) \7rg =\7r +(—\79)
‘\79‘=15\/5km/h Ny
Vr VV!/
o Vgl =25v2Kkm 70 =22 km /1
J2
As angle is 45° -V
2.B) a=6t2-2t; w =10,6, = 4
do 5 . ) t 5 t
——=6t2-2t; jdm=6jt dt—2jtdt
dt
10 0 0
©-10 = 2t3 -t?; 49 _ 23 12,10
dt

0 t t t
jde:zjt?’dt—jtzdtuojdt

4 0 0 0
4 .3 4 43
0-4-2"_Y 1o, o-4+ Y a0t
4 3 2 3
2 .
3.(D) R _V (2sin6cos 0)
g
. 2.2 .
t:Vsm9:>V= gt - R - g°t® 2sin6cos6
g sino sin 0 g
2 2
tan6 = 29t =&; cot9=i
R R 20t?
1 .2 1 2 2
4.(B) 9=mt+5at = 5=5(0L)(l) = a=10rad /s
Angle rotated is one second
=wt +%at2 :10(1)+%(10)(1)2 -10+5=15rad
5.(20) Assume initial velocity be v ; Then VvV = LiA+L]
' ’ V2o 2
- V ~ \" ~
At 2 sec ; V=—fi+|—=-29|]j
)

Given v = 20 = \/[\VEJZ + [\VE - ZQJZ

[40 1 JZ

22 7= s

Solving we getv=4—; maX=V sin 9: \/EJE =20m
\/E 29 20
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6.(2)

7.(A)

8.(C)

9.(60)

10.(B)

11.(A)

12.(B)

acc = =100 +50]
m

1 2
a_ M0
b %(SO)tZ

[

Ranges will be same if pojection angles are 6 and 90 -0

u?sin?0 uzsin2(90—9)
SO, hl = , hl =
29 29
v2
Centripetel acceleration will be — towards center.
r
A
J V
V2
Fcose "
r —sin 0
0 A
i |

v? v?2 ~ V? N
.. Taking components of ry ;oa= ?cos 9(—i)+?sin o(—j)

200 m/s
—

400
A

200 = 400co0s6

cos0=1/2; 0 =60°
\%
B
20
o
Vsinf=20sina-10x10 ..(i)
V cosfB =20cosa ... (i)

From (i) and (ii), tanp =tana -5seca

X = 4sin(n—mtj = 4cos(mt)
2

y =4sin(ot)
L2 2 x? y? 2,2 _ 42
sin®(ot)+cos® (o) = ~—+>—=1 =>Xx“+y“ =4
16 16
Equation of circle.
u2
Rmax. = — =100m
2
u 1
Himax. = 5g = 5(100) = 50m _
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13.(B)

14.(D)

15.(C)

16.(5)

17.(C)

18.(1)

Case |
y u
45°
» X
Case Il
gHmax.
Iu
Distance covered = x = R0
- x =R[3% - R-4x _4x60_80,
4 3=n 3n T
Displacement = \/R2 +R?%-2R? co0s(135°)
2
=+3.4R? = /3.4[@J ~47m
Y
R =Hpax
2 2.2
2u smecosezu sin© o - 4-tano
g 29
H hax = same ; T = same v,
(vsin 9)2
H =~———+— = constant
2g ’ 300
vsinO = same
Vi, sinB, sin45° \Z1 172 .
= — = — == o — = = \/E 1
vV, sing; sin30 Vo 1/2
y =5x(1-x); y =5x —5x2
1 2
y=xtan9—5gx = tan6 =5,
u, =ucosf=1; uy:usine
Divide uy = tan6=5
2 .-
R _ u“sin20
g
According to questions 6; = 45°; 0, =30°

Range asin20;

For first ball

Y

i.e.

Ry _sin26; _sin(2(45°) _sin90 _
R, sin20, sin(2(30°) sin60

For second ball

T,=2uy
¢}
2
h'=u7y
29
u=uy

2

73
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=3ti +5t3]+7k
V=3 +15t2] + 0K
a=30]j
20.(C)

KE =E = %mv2 @ projection

KE = %m (v cos 60°)°

v cos 60°

60°

=% @ Maximum height

u?sin 20
g

Now Rmax _
0 =15°

o .

22.0) 2u cos? 0 ’

y =Xtan6-

10=20

10x(20)

2=

2xu

1

=1=u=20m/s;

=2sec; \Y

X

=u, —gt :10\/5—10><2

2usin45° 2x20
T = = X

i

g 10

20
=uc0s45°=—=10+2
V2

P =mv,i+mv, j = 100\5f+(1oo\/§ —200) j

-22

(20,10)

45°
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Dynamics of a Particle Class - XI | Physics

1.(25) Block will not slip if f_ . >mgsin®

pmg cos6 >mgsin 6

u>tano and, tan9=d—y
dx
y-x2. dy _2x _x
4"’ dx 4 2
X
p=tano; 05> —
2
x<1 = Jay <1
1
y<—m y =25cm
4
K mvg _ .
2.(C) F=—=—"; Vg : orbital velocity
R R
K
= Vg =, [——=
0
mR?2
Time of revolution; T = 2nR = 2mR = Zn\/ERZ . T «xR?
Vo K K
mR?
N
3.(492)
Rest, a=0
myg
When lift is stationary
N-mg=0
N =mg = 60g m = 60kg

When lift is descending with acceleration 1.8m /s?
N

a=1.8m/s |

mg
mg-N'=m x1.8

N'=m(g-1.8)=60(10-1.8)= 492N
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Vidyamandir Classes: Innovating For Your Success

4.(500) Along x-axis 10}.\

20 >
a=7=10m/s

1 1
s=ut+—at’ = EXlOX(lO)Z =500m 2kg —» 208

5.(C) Answer given by NTA would be correct if direction of F would be right wards

As F applied on B is towards left

acy = % (taking right direction as positive)
ma, +Mpa
ag = +a (given); a,=—H~A BB
mu +mg
-F  Ma+Mag (F +Ma) . F +Ma
—=— B ag =-—~———+; ‘aB‘=
2M 2M M M
- F [ 3 CY. S_R Gralz2
6.(12) a=—=(|+l.51+2.5k), S=Ro+|ut+=at
m 2
Ro = initial coordinate.
g=%(f+l.5]+2.5l2)x16=8f+12]+20|2; b=12
2
mv
7.(A) pgN = (1) N
R
mg+F_ =N )
= mg + F my? . : F,
=— mg +
L SR g+
2
FL=m V——g
usR
B =8
8.(21) * —-—bugmg
p.s.l’ngF
HsMg _ Frayx —BsMg
an =ay at F = =
m M max m M
3
Frmax = PS(M +m)g =?><5><9.8N = 21N
9.(D) N =(mg - F sin6)
fK = pg N AN+ Fsin0
fi =1, (Mg -F sino)
Fcos6-f_ =ma fiot » F cos0
F cos0—p, (mg - F sino)
= a=
m
v .
F F me
= a=—cosO-p, _(g-—sind
m m
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10.(D) N =ma?r
2n B 2n
T 40

200 \( = ¥ (20
or N=| —— || —| x|——

1000 )| 20 100
N =9.859x10~*N

11.5) F-—HM9
(cos 0+ psin0)

\/15 x10 < {f

min 1'l+p2 4 fTTF777777I7T77r77 777777
V3

12.(30) F <puN F
F<pu[m+M)g-F]
F < km+M)g [ . —F
l+p Jr
F<30N (i + Mg
N
13.(C)
£
mg
On flat rough circular track;
2 2
mV V
fr = —max = puN =m —max
max R R

v2

= umg =m% = Vinax = VMOR =v0.2x9.8x2 =1.97m /s =7.12km / hr
. . . . . N A NcosO
So, if cyclist moves with 7 km/hr on this track, he will be safe. 0
On banked rough circular track: Nsin0 >>/
2 uNcos
mv
Nsin9+chose=% () 940
¥ uNsin0

N cos® - uN sin® =mg ... (i) fr..=aN V

mg

(i) tan9+pJ

(Ti) = Vimax = g[l—ptane

So on banked circular road, 18.5 km/hr speed will be safe.

(tan 45°+O.2)
= [2x9.8x—~———— "/ __54m /s =19.52km /hr
(l—O.2xtan 450)

14.(C) Ma = V'O(ITT ~ Mg

20,000 = 500.%—? -10,000

dm = 60kg / sec
dt
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459

myg
-

R

t =5 Ty
I
'

myg

(M +m)ug = Fmax =15N

17. (A) Aoyg = 2><a8kg; ora; =2a,
For 8 kg block;
89 -2T =8xa, ....(I)
For 2 kg block ;
T-2g =2xay =2x(2a,).......(ii)
8 kg

Solving (i) and (ii); a, =25m/s?
o0 w ? azl 20 cm Ta
2kg !

For 8 kg block;

1 5
S=Ut+—a2t
2

1
0.20 =O+E><2.5t2 = t=0.4sec

18.(30)

0 is angle of string
wilh vertical

w.r.t car bob will be in equilibrium
F.B.D of bob w.r.t car is given in above diagram
For equilibrium
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T cosf = Mg + Ma sin 30° ()
T sin 6 = Ma cos 30° ... (i)
tang — _2C0s30° _ 1 =, a5

g+asin30° \/E

19.(A) Direction of force will change but magnitude remain same

F, K,
F
A
]
20.(B) N
mA (Pseudo force)
A
mg
for wedge
N sin30° = MA .. (1)
from the frame of wedge
N =mgcose°—% ... (2)
mMA cos 0 +mgsin 6 =ma, .. (3
from (1) (2) and (3) a, = %g
2l

21.(3) Without friction, t, = -
gsino®

with friction, t, = 2—' =at,
gsin®—pugcoso

2| 2|
(o] - = -
gsin®—pgcoso gsin®

gsind = a?(gsin®—pgcosd) = p =

(ocz —1)g sin®
a?gcos0

comparing x =3

=
22.(A) F=Fg|1-|—
=

\Y t
F 1 E 1
a=-9l1- = 24+72_2T) | ; jdv:j—o 1-— 2 +T2-2T) |dt
m T2 m -|-2
0 0
3 t 3
F 1 [t F 1 (8T
Vi) =2 t———| — + T2 2T || ; v(@T)=-2|2T-— | 4213473
m T2 3 m T2 3

4F T
3m

0
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23.(3)

24.(A)

25.(D)

26.(A)

2tA =tp
5 25 25 4
= _ = — = an =a
1/ ,/ D =2A
an ap
= 49 (sin30° - pcos30°) = g (sin30° + ucos 30°)
= 4-43u=1+3p = 5v3u =3
NCERYY
= H=—=— X =3
5 5
N
A
a=02
v
70g
709 -N =70x6.2
700-14 =N
N = 686 newtons
f =uN
N cos30° = f sin30° + mg
= N x0.87 =0.2x N x0.5 +(800x9.8)
= N (0.87-0.1) = 7840
= N =10181.81 Newton =10.2x10° Newton
o N cos 0
>
_____ G
Centreof /€080 _
circular path i fsin®
-> - ~ ~ -
a=F/m=8i+2j u=0
> 125 ~ P 4
s =-at®=400i +100j =r;-r;
2
N
Assuming r; =0 (Since not given)
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VMC

Vidyamandir
Classes snce s

IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Dynamics of a Particle

Class - XI | Physics

JEE Main 2022

1.(C)  spring force kx =mw? (¢ +x)

e k.
L FyvrrTom
""" fy + x
2
mw</¢
= x=702
k -mw

2.(B) a=-pg=-05x9.8=-4.9m/s?

u? 9.8x9.8

2a 2(4.9)

9.8m

3.(C) T=Me’R
T=80N M=010=? R=2m

80 = 0.10%(2); ®° =400

o=20; 2nf =20
£ _E@_GOO rev
TS T min

4.2) p(6-1)rg=nrg

0.5(6—I)=I:I=2m

5.(B) To rotate without slipping

6.(24)

7.(B) Weight loss
Going down with acceleration
Then mg-N=ma
N =m(g-a)

(30)% x 48

75

=24 m/sec
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8.(A)

9.(36)

10.(C)

11.(6)

12.(C)

m, ¢a4
Using constraints ; >T.d=0
-4Ta; -2Ta, -Taz-Ta, =0
4a, +2a, +agz+a, =0
6 mg =10 ma
10 9 8 7
T

N W A

T =3ma =§mg=§x2x10=36N

F=p(M+m)g =0.5(8+2)9.8 =49N

2Mg-Mg g
8common = 5M =g
‘11
i fa=g/5
Mg
For block M:
T—Mg:Mx%; T =2Mg
2kg
x=0.5m x=1.5m F=-kx
k=12
mvdy v 15
=-kX ; mjvdv:—k J' xdx
dx
4 0.5
2 2
vZ 16k (1.5) _(o 5)
2 2 m 2 2
v2-16="22(225-0.25); v=2
2
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dt | dt "
=1x10 Newton

13.(C) F=pAv2=vdm{dm— Av}

F 10 m
a=—=—=§5—
m 2 52

14.(D) N = 40g
fi = N =0.02x 40g

fk =2x4 =8N

Along string on system
49-8=(4+40)
32 _ 8 o2

=a; a=—ms
44 11

15.(C) w.r.tlift

1| e

*Mg
Ma + N = Mg [ szJ
4
Ma +m = Mg
4
g. 3g
a=9g-—; a=—
g 4 4
16 @ @ @ @
Before collision After collision

So change in momentum in each ball =mv —(-mv) = 2mv

So FAT =2mv; Fo2mv_2x0.05x10 _ 544y
AT 0.005

17.(A) For M:

T
F-T-N=MA .. (1)
F T=A
>

1
For m,: Mg N
T -myg =my,(2) T
T =m,(g+2)=240 T 0 2m/s?
N =m,A . (2) N— =A
For m; (w.r.t. M) Higk
mA-T = ml(2) A — LT
10A -240 =20 ; A=%=26m/32 2<

Putting in (2) : N = 20(26) =520
Puttingin (1) : F =T + N + MA =240 + 520 + 2600 = 3360
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18.(C) 500-Tq4 =(50)(4) R
l4m/s_
T4 = 300N 50kg
T4 <350N = does not break
mg
Tup —500 =(50)(5)
Tup =500 +250 T, ,
TSm/s
Tup =750N 50kg
Tup > 350N = Breaks
500
—12m/ =
19.(B) m/s m=0.15
+ 12 m/s
—ve +ve
p; = initial momentum before collision =mu =-0.15x12
p¢ = final momentum after collision =mV =+0.15x12
change in momentum | _. change in momentum
Force = - ;o Time =
time Force
Ps =P . —-(-0. . .
(o Pf .=015><12 (015><12); t=03X12=36=O.0365
F 100 100 100
M, -M
20.B) a=|—2""1|g; al=§, az_@:g
M, + M, 3 4 2
21.(B) N=mgand f, =ma N
= uN =ma a
———
= umg = ma ]
_ f;’(
= a=ug
For uniformly — accelerate motion W =mg
vZ=u’+2as = 22=02+2pgs = 4=2x0.4x10xs = s=%=0.5m
V
AN
22.(A)

mgcosO

a=0; fr:Mgsine

Contact force = N2 + .2 = \/(Mg cose)2 +(Mgsin 6)2 = Mg

1 . > 1 1
23.(C) 1 ==x(gsin30°)xt“ ==x10x=x4
©) > (9 ) > >

gsin® «
or I =10m
When 0 =45° T v (constt)
| =ut +£(g sin45°)xt2

> 2

1 1 1/2
or,  10=0+>=x10x-—xt3 = t, =(2V2] " ~1.68sec

2 V2
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24.(B)

25.(D)

26.(D)

27.(A)

dm
F =NV [dt]
F=(4.5cm/s)x[109}; F = 9dyne
5sec
Thrust applied by water on vertical wall

9P avv-0), F =pAv2
dt
~1000 x 2% 4202 = 400N
104
_ mass
Length
AL -0)g-Ag=rLa ()]
Given é:h, a=g
X 2
Ag[L —2/]=ALa
g L—Z—L =Lxg; £=£: xX=4
X 2 2 X
By FBD of Block
Ng
5ac
N
mg
mV2 2
= N=ma.; N=?=Nocv

-
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Vidyamandir

VMC Classes snce s

IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Class - XI | Physics

Energy and Momentum

JEE Main 2021

1.(1) G—’ om/s @ ....................
Rest 2

m
\E

After collision

Before collision

Conserving linear momentum in y-direction we have,

mV, sin 30° = mV, sin 30°

V.
L1 . x =1
Vo
2.(C) The given body can be seen as a superposition of :
0] a disc of radius a centred at x =a and mass m
(i) a disc of radius 2 centred at X = > and mass —
m(a)+(ﬂj (iaj
4 2 5a
So, Xem = =—
-m 6
m+|—
%)
3.(2) m; =1Kkg; m, =2Kkg

myVvy, =myv, = — =2
V2

1 myvi :[1J(2)2 _5

Therefore, — = 5
k2 m2V2 2
aq) F--Y_og_ 20 5B _,
dr (116
1/5
= 100 _ 5p r_(Z“J a=1b=5
r® B
2 2
mu mV
5.0 Tax—mMg = ; Trin +Mg = v
R R
Trmax = °Tmin T
2 2
mu mvV
= mg + - S[R - ng Tm:lx
—» U
2_,.2
= 5v u<+6gR 1) mg
Class - XI | Energy and Momentum
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vZ =u?-4gR .. (2

6.(1) p =+v2mKE ; —=|—==,[/—==; n=1
ps m, 16 2

Rest E
7.(A) P Q i P Q v,
M u m M, m
Before collision After collision

From conservation of momentum;

M xu+m x0 = Mv; +mv, ()
vV, —V.
e—22""1
u-0

vV, —V. .

or,1=-—2_1 - Vo, —Vvy =u . (i)

u

From (i) and (ii),

qu—Mx(v —u)+mev, = v, = 2Mu
2 2 2 (M +m)
Given m << M Maximum value of v, = 2u
= Assertion (A) is correct and Reason (R) is the correct explanation of A.
8.(C) m =0.5kg,u = 20ms 1 - K =0.05K;
= 1mv2 :0.05£mu2 = v:ﬁu
2 2 10
= V= 2'?)3><20m/s v=4.47m/s

9.(30) Conserving linear momentum along x axis
10 x104/3 =10 x20cos 6

3

coSsO =—
2
0 =30°

10.(A) For maximum compression, collision between A and C is elastic.

Va =V
v/2 v/2
e ) R —_—
0000000 000000
1 1 \% 1 \% 2 1
“mvZ =Zm| = “m|=| +>kx? = X =v
2 2 (2 2 (2 2k
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11.(4) dfais the radiusdA = c%. dr

dr

1
Xem = 5
a

et

12.(D) P=Fv ; P = mav

PIdt :mJ.v dv

dx _(2pt)77 (2P P02
dt m 3/2
X oct3/2
1 2
13.(10) mgAh =Emv

2x10x5=vZ =v =10m/s

14.(20) P, =Py, =104/3x10
Py =Pgy =10x10-10x10

y-axisy piece 1

10 x 10 tv, = 10 m/s

10 x 103
30° + X-axis
%2 10 x 20
10 x 10
v2:20
2 2
15.(10) F = VS —u m =_lOO><O.1
2x1/2
=-10N
16.(A) U(r)=—-S
F.dv _ .~ 1
dr r2
mv 2 _C
r r2
Vzocl
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17.(A) Applying conservation of linear momentum
MU =-MV +M_V; MU =(M,-MV
1= v 2V =U
U
2MV = (M, -M;V ;  3M, =M,
M,:M; =3:1
18.(6) From energy conservation,
Lmvz oLy = l(4)(10)2 = 5(100)><2 X =2m
2 2 2
Length of compressed spring =8 -2 = 6m
19.(B) Let velocity of bullet before collision = u m/s
= conservation of linear momentum for collision: (0.01)u = 6v
Where v = velocity of (block + bullet) just after collision.
Now, v =./2.gh 2><98>< U=L\/i9'8m/s=831.5m/s
50
20.(40) Lmyz M9 _m 1
2 2 376
2m/3 o
11/2
mychM
v
Lve - imgl =40J
2 18
21.(2) W, =Wg
F,dcos45 = Fgdcos60
F, cos45 = Fy cos60
F
Ta_l. So x =2
Fs 2
22.(400)
\4
o> -
10g lkg

» V'=> minimum speed to
complete the circle

is v=[5gl

- .. _4‘
100 m/s v=l5g

Archive Solutions | JEE Main & Advanced | Page 4

Class - XI | Energy and Momentum



Vidyamandir Classes: Innovating For Your Success

1
After collision v'= 5x10xE =5m/s

By conservation of linear momentum
(Pi )system - (PF )system

mpVv +0 =my v+ mpvy

10x107%v =1x5+10x10"° x(-100)
10x1073v =5-1000x10~3

10x103v =4

\% =400m/s

10x1073

23.(B) MV;sing =mV,sing

MV, =mV, .. (i)
. . y
In x direction I 5
MV, =mV, cos0 + MV, cos 6 M
MV, =mV, cos 0 + mV,, cos 0 (from (i) @ """" g?;l """"""""
MV, = 2mV, cos 0 - (i) Linear momentum
e=1 given conservalion (y-axis)
1- V, -V, cos20
V,coso
mvV.
V, =V, c0s20 =V, cos 0 ; V, - MZ cos20 =V, cos o
MV
Vv, 1-M cos20 =V, cos0 ; 70 |1-Meos20 =V, coso
M 2m cos 6 M
M —m cos20 = 2m cos? 0 ; M=(200529+00529)=400329—l
m
(Mj —4-1-3
m max
24.(1) After splitting
V,=60m/s
U = 40m/s Vi 2
M — M/2 | > M/2
VL
Smooth
Applying conservation of momentum in horizontal direction
mVv, mV
mu = 2 MV
2 2
= V,=2U-V, = V; =20m/s
Now,
1 .2
(K-Einitial = Emv = 800m
1(m 2 1(m 2
K.E.) s == —|V,"+=| — |[V5 =1000m
( )flnal 2[2} 1 Z[ZJ 2
AKE =200m
AKE 200m 1 X
- = =— =— = x=1
K.Ejnitial 800m 4 4
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25.(A) Conservation of linear momentum (3m)x 40 =(2m)v +(m)x 60
v=30m/s

ki = 2 x(3m)x(40)? = ™ x 4800
2 2
1 2 1 2_m
k¢ =E><(2m)><(30) +E><(m)><(60) =EX5400

ke kD y5400-"x 4800

- _ke-ki 2
fractional charge = = m =
Ki 7 %4800 8

=

26.C) W, =W, =Ak

mg
1 2
mgh +W, =Em x0.8° xgh

W, =-0.68mgh

27.(16) Only 10% of KE got converted to spring potential energy
12,10

ETN , solving k =16 x10°
2 100 2

Here V —20m /s, m =4 x10%kg

28.(6) Conserving mechanical energy

A
o C )
Final

Initial
mgl = 1 low?
Io

3 \J
VA =wl| =

=6

29.(2)

Loss in K.E. = Gain to P.E.

1 1
:Exmviz—zxmv% =mg (I -1cos60°)

2 1 2 1
=Ve = Vi -201|1-2 ] = (3) ~2x10x0.5x =2m /s

30.(450) F = (5y + 20)]

10 10
2
=.|'de - J.(5y+20)dy =[532’+20y] =gx100+20x10 = 250 + 200 = 450 J
0
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31.(C) u=0; P=FV
P=F.V; P = mav

1/2
8P 8P
x2=| S0 3. = 1372
9m 9m

32.(A) At x<xq PE = 8J

Mechanical Energy = 8J
KE=0 V=0

- . mv?
33.(2) at critical point mg cos6 = ——
Rg cos 0 =v?

Conserving energy

1 5
Emv =mg (R -h)

1
Em (Rg cos0) =mg (R - R cos0)

3x2

2
cose=§ .. h=Rcosb = 2m

JEE Advanced 2021

29 T 20x2 40

T = @= 2X5/4=i=0.53ec
Vo V 10 2

Ans. 0.5

105 H  (5v2)%sin?4s  50x1 50 5
(0. - -5

2.(7.5) Using position of COM

m
—X—+—XxX
_ My +myhy _2 2 2
em = = R =
ml+m2 m

3R _x

R +£,
2 4 2

u?sin 20 _3,50x1_
g 2 10

_R

4

x=3—R 7.5
2

3
=—x
2
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3.(0.18) 4.(0.16)
Angular momentum N
J=rp )
=0.9x0.2 0 0.9
- 0.18 kg m?/s . 9008
0.9
Velocity 1, to the string, V; =vcos0 : 9 2m/s cosb=—1—
=2x0.9
=1.8 m/s

1
KE just after lift off = > 0.1x(1.8)%

=0.162
=0.16J
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Solutions of Archive - JEE Main & Advanced

Energy and Momentum Class - XI | Physics
JEE Main 2022
1.(C) AK.E.=W
W = [F.(dxi +dyj) (also, F =4xi +3y?])
‘2[4xdx + j 3y2dy — (@222 + (33
(l 2)* (27—8) ~6+19=25]

2.(120) By work energy theorem,

Woravity ¥ Wspring = AK

2
mg H+ﬂ —EK H =K -K;
2 2 2

2 2
2 2 4 2 8
3(0.12)x10 _ K(g.l) K _120N/m

3.(B) Since speed is uniform, the magnitude of centripetal acceleration will be constant
2

= At topmost point, T +3g = % = constant
2
=>T= %—mg which is minimum
A B
4.(C v= ﬁ_?
r
F =—d—u=0 (at equilibrium)
dr
1/5
Fol0ASE o 5 28 r:[ZAJ
T B B
1 1 1 \% 2
5.(600) =mv? = =kx2 +=m| - = k =600 N/m
2 2 2 (2

6.(A) At highest point velocity = 0

7.(C) mg(Rsina) =%mv2

=2gRsina

2
Centripetal force = % =2mgsina

2
N—mgsina:%; N =mgsina

Ratio A = 2
3

Archive Solutions | JEE Main & Advanced | Page 9 Class - XI | Energy and Momentum
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8.(A)

9.(12)

10.(C)

11.(C)

12.(10)

13.(B)

Work done = Area under force-displacement curve
Area above x-axis = +ve work done
Area below x-axis = -ve work done

I =AP =2mv =2x0.4x15=12

As COM remains unchanged

mlxl+m2x2:0 = le6+30x2=O
= x, = 29%6 _ 5em ;' 2cm towards 10kg block
2 30
—u —V, —V,

[m]  [om] _[m] [sm]

mu +5m x0 =mV; +5mV,

= 5V, +V; =u ()
Also, V,-V;=u ... (i)
From (i) and (ii),

6V2=2u:>V2=E; KE ofm=£mu
3 2

2
KE of 5m after collision :%Sm [:J =£mu2

5 2
Percentage transferred = 1187 x100 =55.6%

“mu?
2

Vo =,/50l =vV5x10x2 =10m /s

[ > —

u, =v Vo Vq =

mlul+m2U2 =lel+m2V2
75xV +0 =75%+50><10
50v =500; v=10m/s

By conservation of energy

‘ TI)U

= Change in velocity: AV =v] —ui

|E|=\/v2+u2 =\/2(u2—29€); X =2

J

wl<

Archive Solutions | JEE Main & Advanced | Page 10
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14.(A)

15.(5)

16.(6)

17.(B)

18.(D)

19.(D)

20.(2)

2
v 2.2
ar:T:k rt F

Ly = d—v =kr = constant
dt

Power = F,.v = (ma, v

v =krt

= (mkr)v = (mkr)(krt) = mk %r %t

Max. speed will be at lowest from conservation of energy:
| )
mg x 5= Emvmax

/Zgl XIE =Vimax = Vmax =V10x2.5=5m/s

60xv =(120+60)x2; v _180x2 s
60
Say masses are m,m, 2m
By conservation of momentum :
[ m(40)
/..—— III(SO)
2m(v)
@m = (3Om)2+(40m)2; v=25m/s

1 11 2 2
m==kg; W:AK=—><7><(V —V)
29 2 277470

2
IV (LY _1.64-16J
2274 4

[} A U =mgy,

Ik,=0

Yo
U,=0
3B 4 _o

By energy conservation

U +ky =U, +ky mgy, +0=0+Kk,; k, =mgy,

1 2

—mu“ =mgh

> g

u =,2gh =42x10x10 :le/Em/s
Vipg =Uu —-gsin45°xty

1

t;
\/El

0-10v2-10x t, = 2sec
For Path BC:
Sgc =ut+ %(g sin 30°)t§

10
sin 30°

t, =1/22;4 =2«/§sec

=O+£><10><£><t§;
2 2

Total time =t; +t, = 2(\/5 +1)sec

Archive Solutions | JEE Main & Advanced | Page 11
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21.(B)

22.(B)

23.(2)

24.(B)

25.(B)

Initial velocity =4m/s atx =0
Final velocity =16 m/s at x =2

Work done = AK.E.
zlm(vfz —viz) _ 1. 1ne2-4?
2 2 2

_ 1 es6-16)= 229 _ 604
4 4

Conservation of momentum
mu+0=V(M+m)
0.2x10=V(9.8+0.2)

2 =V(10); V =0.2m /sec
AK =£mu2—£(M +m)V2
2 2

=%><0.2><100—%><le0.04 -10-0.2-9.8J

_Mx0+3xM+Mx0

X im 4V
cm 3M M(0,3)
MxO0O+Mx0+Mx3

Yem = 3Mm =1m

fom =1 +1j

Poo=v2

em M » X

Method (1)
1.2 1 _mmy 2 m;m,
—=Kx =———= (v, -V = X =
2 max 2(m1+m2)( 1 2) max (ml+m2

0.25x0.25 , v

= X max = W(ZV) - Xmax =%

Method (2)

Momentum conservation : m (v)+m (-v) = 2mv ; vy =0

Energy conservation : %mv2 x2=0+ %erznax

= X = .V =

k = kinetic energy k = —

p = momentum

let p; be momentum of First body

p, be momentum of second body

pf  p5
—1 -T2 — askinetic energy is same
2m;  2m,

2
P .M

7= ; m1:8kg; m2:2kg

p
P

2 2
Py m_ﬁ_z
ps m, 2 1

2x0.25
Xmax = > v

N <

max

Archive Solutions | JEE Main & Advanced | Page 12
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dm

= Evrel =0.5x5=2.5N

26.(D) F
P=Fv=25x5=125W

27.(B) Impulse in both cases = |AP|=5x25 =125kg m/s

While force in first case = %N and force in second case = % = 25N

28.(24) Conserving energy
ORI SR
29.(A) %mvz ~403; v2=400
v=20 - (i)
also %mu2=903 , u2=900 , u=30 ... (i)

here, v=u+at, 20=30+a(l) = a=10m/s? ... (iii)

When it stops v; =0

Now, v% =u?+2as; O=(3O)2—2><10><5 ; s=45
%2
30.(8) dm =pdx=pg 1——2 dx
L
L
_[Xpo 1-% ldx I
o 0
com = _[dm L 2 dx
Ipo l—zjdx
0 L
3L 3L
Xom =g g < 47°
" myf; +myh, 1(i +2] +k) +3(-3 - 2] +k)
31.(A) gy =——== =
my +my, 1+3

=2 - j+k; ‘FCM‘=\/5 same as of (A)

P(2o)
32.(C) P =P,P; =P+ =1.2P

(100)

p? K¢ - K;
K=1— %Change = — x100 = (1.44 -1)x100 = 44%
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Rotational Motion Class - XI | Physics
JEE Main 2021
2 2

LA 1= M; I, = Ms

[ _ MR? I, = 2MR? = =1, =1,>1

3775 475 1='2=13~14
2.(8) y=§a

f— g —

Let the length and mass of each side be a and m.

Then, a=26i=0.4m; m=g=lkg

Moment of inertia of one side, I, = éma +m 7a

; ; 2
So, total moment of inertia, 11, =6l; =5ma

5(1) (0.4)% = 0.8 kg m?

= I rotal =

3.(D)

| = Ema2+gma2 + gma2+mb2 + gma2+mb2 =§ma2+2mb2
5 5 5 5 5

Z(mgh - Emsz
A2 )

4.(A) mgh = Emv2 +£Ico2 ; =
2 2 I
2mgh ~-mv? 2. 2mgh _mcozr2 —o?
I ' I I
2
Vore: 2m|gh _ z[(m:r )+1], 2 __ 2mgh

Archive Solutions | JEE Main & Advanced | Page 1 Class - XI | Rotational Motion
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5.(Bonus) %mvg +%Im2 =mgh

6.(C)

7.(D)

8.(4)

9.(A)

Where h is the maximum height.

2 2
v v
Emv§+E Zma? QO —mgh; h Y%
2 2(5 a2 10 g
also h =sin 0 (where x is the maximum distance along the inclined plane.)
X
h 7V8
X = , P
sin® 10 gsin6

To(Wrt0) =0P xF = (5i +5y3])x(4i -3j) = -20V3 k ~15k
19 = 2043 -15
©Q (W,r,t,Q) = QP x F = (-5 +5V3 ) x(4i -3]) = (-20V3 +15)k

1q =-20V3+15

LA =lpao=Ila0k

LCa = Mr2ek =constant vector
Lg = MBM xv

Lg =M ‘W‘vsinQO"

Lg = Mvl = constant in magnitude but varies in direction.

1at2 =S ; t= 2
2 a
a-= gs':f = amay for solid sphere
TR?
tmin = 25 = solid sphere
amax
V2 |
AC =12 ; AO = i -
2 2
D C
"0
A [ B

Moment of Inertia about this axis

I:IA+IB+ID+IC

=0+m[%]2 +m[%]2 +m(lx/§)2
miZ2 mi?

=T+—+2ml2 - 3mlI?

Archive Solutions | JEE Main & Advanced | Page 2
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10.(20) t = la

20x0.22
20><0.2=T><0L

o =10 rad/sec?

5 502
&o® = o +208 = 0= =125 rad
2x10

125
n=——=19.9 rev
27

4

11.(D) @= %gsin()

a=2gsin30°=2x9.8x%=35m/s?
7 7 2

s=0 = t=—=i=0.57s
a 3.5

12.(D) Using angular momentum conservation

L; = MR%0
L =(MR? + 2mR?)o’
, M
o= ——
M +2m
13.(A) L =zR
R=—
T
ML2

71'2

| = MRZ =

14.(C) For cylinder to be in equilibrium
TxR=fxR

And T+ f =mgsind = f =%‘ne=@

o_ Mg
fhax = #N = uMgcosf = 0.4 x Mg cos60 =?

As f > f__ = cylinder is slipping

15.(3) Torque about bottom point, mgsino.r = Emrzoc

0(=ggsm9
3 r

Acceleration of disc =a =ar = %g sin®

0=2rn =125 rad

Archive Solutions | JEE Main & Advanced | Page 3
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16.(20) 7 = (2f+o] +0|Z)—(2f+3] +412) =(—3] —412)

F=4i+3j+4k

f=r"xﬁ—:(—si—4ﬁ)x(4f+3]+4|2)

4= |/(26)° +(12)* = 20unit

17.(52) M.I. of Rod

2 ________E‘_'__

1.

T
P
P

PR

i ar

2 2
| =M(6r) +M(5rj =3—7mr2

! 12 2 4
M.1. of ring
2 2
I2=NIr em[ B3] 1L
2 2 4
I =1,+1,=52mr?
2 2
18.(B) |=M—r+£;M:pnr2L; |
2 4 2

2 2
2_7=px3.14x20.2 x0.8 [0'22+Of ]

~ 2.7x2
3.14x0.04x0.8x0.36

p

19.(B) 1 Fon

/
I=Icm+M[JEJ

2 2
=ﬁ+ﬁ =E|\/||2
6 2 3

2
_prr L r

=1.49x102 kg/m?3

Archive Solutions | JEE Main & Advanced | Page 4
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20.(C)

‘

As per conservation of angular momentum,
Lo + 10, = (1 +15)o

Initial kinetic energy - final kinetic energy = Loss

2
1 1 1 Lo, + 1,0
e + =105 = (1 +1, )| 22—22| =Loss
1 2002 112
2 2 2 I, +1
112
22 22
1 > > Ilo)l+I20)2+2|l|20)10)2
—Ilcol+I2c02—
2 I, +1
1tz
ol 22 i 02 w2 + 1202 — 1262~ 21
—( 10 Tlplpwp + 1107 +1505 =17 07 1'201 @2
lp+1,) 2
2, 2
=Ill2 0)2+0)l—20)10)2 _ IlI2 x(co o )2
2 I +1 (1+15)2 V1 2
1t1l2 1tz

21.(Bonus) Point about which angular momentum should be calculated is not mentioned.

m=1.514

22.(D)

2
R2+mL

2
Il =|—m —_—
E
=(0.15+9.375) x

1

23.(C) KRot =EKTrans

mk?

24.(4)

At At

mR2

x[0 — o]

X2 = (Exl.5x0.5x0.5+1.5x
4 5

AL Hof —o

5x5

sz

2 =9.525x 2 =19.05kgm?

1 1
Emkzco2 =—m(02R2 =

M

mR2

)

—-2\2
10 x (20 x1079) X6OOX“=0_4ﬂ;=4ﬂ;x1072

At

25.(B)

mR?

ring > cylinder >

V.

sphere

> chlinder

26.(2)

2 30x10

*

sphere

> Vring

Archive Solutions | JEE Mai
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27.(4) Let consider before and after situation

v
m e—— ™ * —
M /"_—‘1(!)
. COM > VU,
M
before after

Applying conservation of linear momentum
mv = Mv, ()]

Applying conservation of angular momentum about an observer along the velocity of particle at rest
w.r.t. ground

© 2
I MIZ &
O=MV_, — +—o
tm o 12
ol .
= A\ = — L
m =g (ii)

Using coefficient of restitution at the point of collision.

ol
cm
1-2
Y
ol
Vemn +? =V ... (i)

28.(3)

29.(D) Moment of inertia will be different for different axes and so radius of gyration will be different for the
three axes. So Assertion A is not correct.

~ dr ~ -~
30.(10) ¥ =10at®i +5p(t-5) j; V= T 20ati +5p

C =Fxm\7=m[50(x[3t2|2—5[3(t—5)x20at|2} or L = 500pmt (t - 2t +10)k

Lio =L{-f =0 =500pmt(10-t) =t =10sec

31.(A) We have

MBig _ Msmall (given)
2

nR mr

MBig _ M

small -k (Iet)
R? r?

kr2

2.
MBig =kR"; Msman =

2
MpigR KR*

Big _ 2 __2 _oR4. 4
| 2 4 ’
small Mg X1 kr

4 4
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32.(A) (a) a i D
ML
2
Mol = ML~
12
(b) El D
: 2M, L
2
MOI = 2ML
3
(C) a N D
' M, 2L
2 2
Mol = M2L)® _ ML
12 3
d :] D
@ : oM, 2L
2 2
Mol = ZM@21)" _ 8ML™
3
33.(9) Vp =V,
wp x 3R =Wg x R
Wq = 3wp
1 1 |
ZlewpZ=Z1gw,2; P2 =9
2 PP 2 Q' Q

g

34.(2) When disc slips, acceleration a; = gsin@ {6 is angle of inclination}

So time t; = /é = / 2_"
aq gsin®

2
When disc rolls, acceleration : a, sin G(R] = gsine[g

RZ 4 K2

So time taken t, = 2L

a,
2L x3
ty = ’
2gsin6
t
Then 2 = |2 hence X =2
, V2
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JEE Advanced 2021
1.(BD)
(A) ]7
J
F-f =ma..,; fR=Ila
la
ag, = Ra; F = sz =magy,
R
F
acm = I
/2+m
R
B) R =|L
—+m |R
[RZ j
o F
| +mR?
Depends on F
© For thin walled cylinder | =mR2,acm =%
(D) pmgR=1la a=w; a=2“g
mR R
2.(ABC)
[=10m
Ind h=1m
0 x
TS
5 ar 1
10 mi/s” T 4
(_]! _h) ([)) %\r—"_’
10m =h)
1 2
(A) 20 =ut +—at
2
1 2
20=O><t+5><10><t
4=t2 = t = 2sec
- o o
(B) t=rxF
= 1=1x0.2x10k = 2k
s —
©) T=rxmv
v =u+at :10x2:20m/sf
— ~
L =1x0.2x20 =4k
I ~
(D) AtD t=h xF ; 1x0.2x10 = 2k
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T
3.(ABD) O

T
= R +—==W +aW
NA
= Ry +oW +—=W + oW
W
= R, = ? Option A is correct
R T W !
=—-= o+—
2 \/E >
When o=0.5, R, =W Option B is correct

a=0.5,T= \/EW(O.S +0.5)= \/EW Option C is incorrect

a>15= T > 2\/5W, Hence rope will break

Option D is correct

a2
() :
2
a.a9) Ma” . 24 4m+M[%aj "

Male Ma?e 9Mae
= + +
3 8 16

_16Ma%0 + 6Ma’n + 27Ma’e _ 49Ma’o
48 48
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VMC

Vidyamandir
Classes snce s

IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Rotational Motion

Class - XI | Physics

JEE Main 2022
1.(6) Balancing torques about knife edge
20gm
mg(10) = (20 x10~3)g x 30
4 VN
m = 60x10 T £ i
= 0.06kg mg 10cm
D 40cm
m=6x10"; x=6
50cm
2.6) 2|1MrR2+1MR?|+1IMR2 - x2MR2
2 4 2 5
2
oMR2 = x 2MRZ _ y _5
. 42 rad/s
3.(C) i MR
.‘ 7 .m
. “)
MR2(2) = (MR? + 2mR?)w’; o Mx2 __2m
M+2m M +2m
1 2 1 2 2 2 1 2
4(B) Krotation :EICM(D =EXEMR X @® =ng
1 v2
2 1 2.1 2 7 2 Krotation E 2
K =K ; —mvS =—mv® +—mv® = —mv = ==
Total rotation 2 5 + 2 10 Ktotal 7 5 7
—mv
0
5.(3) By conservation of energy,
Ki+U; =K +Ug
1 2 1,2
12gh = 3gh +§12(1+1)ch +5Vem
) . 27,2
9gh =2 Vem [24+3]; 9gh = = Vom
Vem = ggh =E §gh =£«/2.679h = Xx=2.67
3 2\3 2
6.(A)

Z

Solid sphere
For solid sphere
2

2 2 2
| =g + MR? = ZMR? + MR =

7

L MR2
5

Archive Solutions | JEE Main & Advanced | Page 10
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C)

Hollow sphere

| =1y + MR? = 2MR2 + MR = 2 MR2
3

Ring

l.+l..=1_ Or l+1=MRZ2 =1 =

)
><
ﬁ. <
<

Disc

IXX.+IW.=IZZ.:>I+I=? = 2

7.(91) J

>
W‘>
: ie~>

MR?2

C :Fxm\7:(3?—])x(3]+|2):9|2+3(—1)—0—i —-i-3j+9K

‘E‘=\/12+32+92 -1

8.(C) f=F_ N =mg =100kg

w
F,xV34sind = %\/34 cos o

,-mgcosb_mg .
2 sin® 2 N

100 3
=—X—;

F F, = 30N g

Fo

© 2

Fe=VNZ2+F2
Fy = ((30)2+(1oo)2j ~ /900 +1000

_ 10900 —10410oN; F2_-_30 _ 3
F; 10v109 109

Archive Solutions | JEE Main & Advanced | Page 11

Class - XI | Rotational Motion



Vidyamandir Classes: Innovating For Your Success

9.(C)  Lg=M(feym xVem)+lemW

:va+§mR2W

=mR2W+§mR2W=ng2W; a=5

2
10.(8) |1:% and (=2
| mr?
27 2
2
2[00V 2 402 g™ X =8
I, 3\r 3
11.(10) t=la M=4kg
MR?
TR =— i
5 0]
For pure rolling a = aR
MR? (a
= R== [E] m=2kg
= () .
mg-T =ma T
= 20-2a =T
al m=2kg
2T
= 20-—=T
: !
mg
= 20=2T = (T =10N) £
12.(D) Ingeneral, V = _20h
1+k? /R?
Where k is radius of gyration
2
Vi RZ )
solid cylinder _ solid sphere
Vnri 2
solid sphere (l N k2]
R solid cylinder
2
s 72 fa
1.1 5 3 \15
2
13.(5) LossinP.E.=gain in K.E.
1 2 lkg
= 1kg)(10)(2R)==1
(k0)(10)(2R) = 21,
= 20R =;.(;mR2 +mR2Jm2

= 80 = 3mR®?
W=

20 lkg
122 40> -2 = X =5
3R 3R 3R
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ML2
14.(5) | = TS >
Radius of gyration O C

B
K= |[— =,|=—
M 12

2
o [a0V3?
12

15.(18) t=rF ; r=gx(12t—3tz)

t=la; E(12t—3t2)=§0c
2 2

a-t2-q; 4a-t2-99
dt

3
(o=2t2—t—

3
®» =0 when it is changing direction

4
t =6sec; 9=Et3—t—
3 12
9=t3 2_t -3 2.1
3 12 3 2
9=63><£; 9=36;n=i=§
6 2t ©
16.(120) mg -T'=ma,
2
Tem = T'R=1, =MR X o
2

., MRa M
= T'= 5 ZEX em
Equation (i) and (ii)

m . 2
mg = m+E acm Aem =§g
V2 —u2 i2a s, (42 =042x20
=03 12y om —120em

4x10 10
a P
M(E] M(a/2)2 a 2
17.3) 1 =2 +2 +M|=
4 4 2
2 2 2
=Ma Ma +Ma =§Ma2
8 8 2 4
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Gravitation Class - XI | Physics
JEE Main 2021
1.8) Pg V2 N
w Fr
R —_—
F - .
F F++2F
2 2
Fo = F +V2F"; F-8M g -CM
2 2
) (ﬁ)
2 2 2
N Frot :Gm +\/EGm _ 2\/§+l GmZ_mV
4 2 4 @
G (2\/5 +1)
=V = m =1k
> ( 9)
2.(C) F = pcozd = G(m)(2m)
d2
m(2m)
Where p=———+ (reduced mass of m and 2m)
5> 3Gm 2n ds
= 0 =— = T=—"=2n
d3 0] 3Gm
3.0) o =2n/T,
0y, =21/ T,
o T, 8
o, T, 1
4.(C) We know that Yequator = Ipole ~w?R
Here, w = 2n = __2m rad/s
T 24 x60 x 60
Since weight, W =mg
2
Wequator =VVpole -mwR
Here, mass m =4—9 =5 kg
Note that the calculation is quite cumbersome but we can notice that W, must be smaller than

equator

Wpole and only one option matches this condition, and hence we need not calculate.

Archive Solutions | JEE Main & Advanced | Page 1 Class - XI | Gravitation




Vidyamandir Classes: Innovating For Your Success

GM  [20x1011x6x10%4
5(D) Vp=|[—= m/s
A 6
N 3x7x10

2 4
Va =—x10"m/s

J7
6
2nr 2nx7x10°\7
a=—hA LT fs:?ﬁnxlOZS:S.leoss
Va 2x10%
3/2
s 8V8 3. . 3
Tg =Tl £ —Tp—==7.1x10%s . Tg-T, =1.3x10%s
ra 77
GM; [GM,
6.(A) Vp=Vg = |—L= |72 5 MgRy =M,Ry
Ry Ry
GMm
7.8) F=——
9R
£ _GMm GMm/8 _GMm GMm _41GMm F GMmX450R2 5041
2= - = - = e = —_— = .
9R? (2_5R)2 9RZ 50R? 450R? F, 9r2 41GMm

8.(10) Using energy conservation Emv2 _GMm = _GMm

R 11R

2
v=4/ZOGNIe =1/Eve; So X =10
11R 11

9.(B) For planet revolving in elliptical orbit, its areal velocity is constant, by Keplers 2" law so option (B) is
correct.

10.(B) dFsin

On each element of ring diametrically opposite force components will get cancelled out.
GM(dm) Y8R  GMm VB8R _+8GMm

2 2 52| 27R2 R 27 R2
(’8R2+R2j \](SR +R)

Option (B) is correct.

Fret = _"dF cos6 = I

GM GM GM 4GM
11.(4) gp=—5(OA) =gg =——= T
R (OC? (R+R/2? O9R
AB=Re—OA=R—§=%; OA:AB=4:5 Thus,x=4
2GM
12.(64) Vgge = /T .. Q)
2GM
10Vege =, |—— .. (2)
Rnew
By (1) and (2), R =~ - 6akm
’ new 100

Archive Solutions | JEE Main & Advanced | Page 2 Class - XI | Gravitation



Vidyamandir Classes: Innovating For Your Success

13.(D)

14.(C)

15.(D)

16.(C)

17.(A)

18.(3)

19.(A)

20.(2)

By conservation of angular momentum
pr{vlrl = J?r{vzr2

6x10% x g x101°

4 10 12
= 6x10" x8x10"" =V, x1.6x10 = V, =
2 2 16 x1012
:3><103m/s
2 3
T2« R3; L L e T,
24 12R
TzocR3
% (R, 7,2 T
[2] {2] [2] -93 —2-27
Ty Ry Ty Ty
dA = Lr2de
2
A 1,40 P
dil 2 dt =
dA _ 1 2do_ L

dt  2m dt 2m

Oetif =0 —w’Re (at equator)

o= i; T=2_7T=271' Ez84min
VR o} g

Potential energy stored in bringing shell of thickness dr over the solid sphere of radius r from infinity

=du = —[GMr ].dm

r

Mr3 dr
M_ = mass of solid sphere of radius r. =| —

r R3

dm = mass of shell of thickness dr. = (density)x4ﬂ:r2dr = 3—'\g.rzdr
R

M = Mass of sphere of radius R.
2 R 2 5 2
3M 24 _3(57“2 J' FAdr - _3GM® R>_3GM

R G.(Mr3/R3)
r R3 N

= PE.=-

RE 5 5 R

r=0 r=0

3GM2

Work to be done =

Gravitational field is zero and potential is constant inside a shell.

_[-em(M-m) | om? G(M-m)
PE—{ S 4} o N
For PE to be maximum, %:O = #(M —2m)—%2m —%Z(M —m)(—l):O
= 4(M-2m)+v2m +V2(M-m)(-1)=0 = 4M —8m ++/2m —v2M ++2m =0
= (4—\/5)M =(8—2\/§)m = %:2
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21.(B)

22.(B)

23.(B)

24.(3)

r=50m

100 kg

. G x100 G x50
PotentialatP =——— - ——— = -2G - 2G = -4G
50 25

By mechanical energy conservation
M.E; = M.E;

2m esc —

r/72) (r/72)

V2 2G
esc

_—_(M +M )
2 r 1 2

4G(M, +M,,)
v, = [ 2eMy M)
r
Gm?2

Net force on Q no of the mass = 1 + 1
R2 (4 2

B

=g =4r,

rg = 4x2x10%km
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25.(A)

26.(B)

27.(D)

28.(C)

29.(D)

30.(4)

For at height r

, Gm GM
(RE+r)2 REZ +r2 +2Rer

g

For at depth r

g"_GM(RE—r)_ o = GM [l_r}
RE , Ré Re
GM I, _r
o' RE[ Re| . g, r r? 13
g’ GM g Re RZ RE

R2 +r? +2Rgr

For c.m. of binary star to be at rest,

angular speeds must be equal. 2 Ms
2t 21 %
= - =
Ta Ts
Tpo=Tg
5 3 AT _AR AT 3(0.02R AT
T“x«xR° = 2—=3— = —=— —=0.03
T R T 2 R T
% difference = 0.03x100% = 3%

Planet

maximum speed = v

Mass = Volume x Density
M =Vp dp \Y

minimum speed = v,

Planet

. X
Conservation of angular momentum = MvX; =MVgX, =V =Vq [—2]
X
1

P = P2

Me Ve de Ve

R R

—P _32 Now _CM _2.GdR and P -0 _"p _5u3

Re R? e % Re
At P force is O
GMm _ G(OMm _, (8R - x)? = 9x2 o |

x?  (8R-x)? i
m
= 8R-x=3x = 8R=4x = x =2R )
e
Mechanical energy conservation between B N
surface of M to P 8R
-GMm GOM)m 1 - -GMm  G(9M)m
~T o5 T5MVnin = T ap
R 7R 2 2R 6R
w2 _GMmfl 9 1 9
2 min R 1 7 2 6
Viin _GM(42+54-21-63) = o, _GM 12 _faem o,
2 R 42 Toomn R 21 min N7 R
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R
31.(C) e s -
1 kg 0 1 kg
cOM c 2
F= =mo“(R) ; o=|——r
(2R)? 4R3
2.3
2nr\r 4n°r
32.B) T-" I C M=l r—9x108m
JGM T2G
T =7.5x3600sec M =6x10%3kg

33.(C) As gociz so graph will be curve
R

Also, there will be an instant when

Fearth = Fmars

So graph (c)

34.(A) By conservation of energy

0=£mv2— GMm

2 (R+x)
2 2 2 2
L:&; V2=729R ; V = 72gR
2 R + X R +x VR+X

h t
2
Cl—X= 29R :>J‘\/R+xdx:«l29R2J‘dt =
dt R +Xx ° °

(R +x)3/2
372

=,20R t

0

2 32 1 2rR|(, h}?
Z(R+h)“-R%2=- 2g Rt = t== {1+ 2] -2
- 3(R+n) g 3\ g [ Rj
JEE Advanced 2021
9R
1.9 <« >
o [ ) )
3M, COM 16 M,
—
6R 3R
Let velocity of 3Mg star be V;
00—
GMJIVE  GGMY(6M)
6R (9R)2
3MVZ 18GM2 5, 4GM, 2 [emg
= :Vl =— V1 =—
6R 81R? 9 R 3
Time period of revolution
2n(6R)  2mx6R
nT = = = nT =18nR
Vi 2\/(;|v|S GMg
3V R
18nx R3/2
nT="—
GM¢
orx R3/2

Time period of earth’s revolution, T =

GM

n=9
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Gravitation Class - XI | Physics
JEE Main 2022
L@ Mg'-Toi  g'-d
2
9= g[RF-th %
%:%; h =(J§—1)R = (1.732-1)6400; h = 4685km
2.(D) According to Kepler's law time period,

3.(D)

4.(2)

5.(A)
6.(D)
7.(A)

8.(A)

9.(C)

T2 « R3, we have

3/2
T, (R
1 1
S N b & = T, =3/3T
T, [Rz] 2 !

The duration of year if distance between sun and earth becomes 3R will be 3\/5 years.

r=3R; g'= =

—_
w
Py
N
N
©ola

The speed of revolution is given by

V=% :>Voci
V' =

V. r V. 800
Vi_ |2 =1 _ 800

1
V, \n v, V3200 2

Magnitude of g varies as we move from pole to equator because of variation in the radius of earth.

Both statement are true as per definition.

m m
M
- m
a
U=—4G;"2—2?/2§—4§;"3A5 = U=—GTm{(4+\/§)m+4\/EM}

(Ta) = (278)*

(rA)3 =4><(rB)3 [ T2 r3}
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11.(A)

12.(B)

13.(B)

14.(A)

15.(A)

m m
2
F om Q.0
r
) 2m/3 4m/3
s OO
F__9 _8Gm?
r2 9 2
Fo8F
9

4 3
2G xpx—nR
v, - [26m _ i
R R
[ 2
v
Va_12_ VpRT = vg=12km/s

Vg V 2
B 'B
4p(RJ

2
T, =7 hrs; r, =3r;
2 .3
T r
T2 ocr3; L-1;
T,

T, =27x49; T,=3x743

T, =21><\/§; T, =36 hours

Fret = F + 2F cos® 4 100kg
_GMm _ 26Mm [ 1 I
s : A
104 1 100kg 100kg 100kg
T 132 [ +x/5J ’.i 334 ~6
~100G Hm bm

% decrease in g = % decrease in weight

_ 9surface ~ gheight %100
Ysurface
GM GM
= 7? (R +h)2 x100; [h = EJ
GM 4
RZ
1 1

R2 (SRJZ
__ %) 100 =[1—16J><100
1/R? 25

% decrease in g = [2;}100%

_[32><2

x100%
6400

~| L )x100% =1%
100

9

=—x100 =36%
25
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16.(A) Escape speed = /ZGTM
1 [2GM
V = speed of body == }7
P y 3 R

Initial Kinetic energy of body at projection
1 11 [2@1\4} _ GMm

M = mass of
carth

R= Radius
—TmvV2=im= of earth
2 2 9

R

9R
-GMm

Initial potential energy of earth surface =

Final kinetic energy at top most point =0

G Mm
R +h

Final potential energy = —[

According to law of conservation of energy
Initial total energy = Final total energy

GMm GMm -GMm . 1 1 -1
- + = +

R 9R R+h "R 9R R+h
9+1 -1 8 1

9R R+h 9R R+h
8R+8nh —9R: 8h—9R-8R: h=@h=%

E m r
17.(B) E:_ELMm; B WL 9 e P
2 r E, my, rn 3 3r

-GMm +£mvg __GMm ’,V:()

+0
R 2 h

GMm 1_ .» 2GM -GMm 2GM
+ =M XA x—— = Vo =4[— ‘
R 2 R h R m

1 1 A2 R
= —=——-—; h =
h R R 1-12)

18.(B)

19.(D) g =G—M; Ag:—Z[ARJ

20.(2) For h <<Re

2h ah
-—|=9g|1-— =2
O R I’
21.(A) AU =U; -U;
[ GMm 3 _GMm
R +3R R

_GMmf, 1
R 4

_36MmM R _3imR = 3410x1x6400x103
42 R R 4 4

= 48x10%) = 48MJ
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Liquids Class - XI | Physics
JEE Main 2021
1.(25600) T00kg | __—» mass ‘m’
A A,
1009 _mg

Using pascal’s law ;

A A
After the changing of cross-sectional areas,

Let ‘X’ be the mass lifted

X9 __Mmg_ xg =100 x16 x16g X = 25600kg
16A, (A,
16

2@ OOOO0O0........

NVg =V =V {VS — volume of small drops
{VL — volume of large drops

Initial surface energy U; = NTA; = T4nr’N

Final surface energy U =TAL = T4nR?

Decrease in surface energy = NT4rr? - T 4nR?

R ) N4nrrs s
T N 4nr 3r_41rR 3R _ 3T 3 _41'cR _aT !_! v =Ninr3=inR3
3r 3R r 3R r R 3 3

Decrease in surface energy = 3TV [l —E‘J
r
N ngTv{l l} N Q ST{l 1}

Jr R
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3.(C) For common surface meniscus

p0+$_p0_£:£
a b r

1 1 1

= —_—— e —

r a b

ab

r =
b-a

4.25) V =100x27r3 2100x 2 nx—>_x10715 =10"14m3
3 3" a0n

Vol. of oleic layer =10716m3
At =10716
4x107%t =10716

t =25x10 m

5.(3) Applying Bernoulli’'s equation,

mg 1.2 1 .2
Py +—+ pgh + =pV,” =P, + =pV
0F A P 291 0 2:"2

.24 X41° +1000(10)(0.4) = %vzz (Since, V, ~0)

v2 - 4600x2 S V,=492~3
1000

pVD _ 2pVr
n n
p =density; v = density of flow

6.(A) Reynolds no. =R =

r = radius; n = coeffi. of viscosity

Q = Rate of flow - =R =@
nnr

3 -3
R, =Reynold no. when Q =0.18L / min = 2x107x0.18x10 =~ 382

60x107>x3.14x0.5x1072
R, = Reynold no. when Q = 0.48L / min 21019

7.(B) Let the submarine is at depth h

Po +pgh = 3x10°

= 10° x10xh =2x10 = h = =20m
10%

Now at h=40 m
P'=Py +pg(40)
=1x10° +10°x10x40 =5x10°

. . Ap
% increase in pressure = —x100

p

5x10° —3x10° 2x10° 200

= —  |{x100 = x100 = %
3x10° 3x10° 3

Archive Solutions | JEE Main & Advanced | Page 2
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8.(A) P, =P

4x7.3x10’2x;=103x10xh

5x8x107°

h=2.19 mm

9.2) P,-P ="

P,—P, = — ..(i)

P.-P, = ...(ii)

AT 4T
7+7

r, r

From equation (i) & (i) P, P, =

4 4
10.A) —ZR3yx2-_",3
3 3

—0 —_— Ratio = 21/3:1

2
SE; 4nR%cx2 _[R] (2) - 2
SE¢ 4nr?s 22/3

r

11.(D) Velocity efflux =./2gh (h is height of liquid)

Force = Z—T«/Zgh = pa,/2gh x/2gh = 2pagh

Force of friction = px Axh xgxp

_2a

puAhg =2pagh = u ry

12.(A) Since conditions are isothermal and bubbles are in vacuum.

4c 4c 4c
PIVy +PoVy = PV and p =22 p, =2 P, =
rl r2 r
4 3 4 3 4 3
V, =—mnr. V, =—mnr. Ve =—mr
1 3 1 2 3 2 f 3 f
4 4
§x40r12n+§n46r22 =§TE4GI’f2 = rl2 +r‘22 =rf2
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13.(A)

14.(6)

R=0.2mm

d,,=1000kg /m3
5 6mnrv,
g=10m/s

n=1.8x10"°Ns /m?
Buoyancy neglected

mg =6mnrv, mg

d

4 3
wg“r xg=6mnrv;

Vi =4.94m /s

For maximum Range h =

NI
I
I
o
3

12m

JEE Advanced 2021

1.(AC)

2.(0.3)

Is correct because if a = % contains is in free fall
2

If a-=

;5 =2d

mg sin 6 + (P, —P;)A =ma

N @

- p\/EdAx%+(P2—P1)A:p\/Ed><A><%

7
(P —Py)

2-1)

1
= (P, —P;) = pgd [\/5— J = ogd

3.(10)
For the tube to move downwards
W =B

Mg = Pyater Vair +Vglass)g

5
51V + 5] =
= AV=V-V =

V2

The pressure inside the bottle will vary with depth. But since the trapped air is close to the top of the

bottle, we can assume that the initial and final pressure of the trapped air will be Py and Py +Ap

respectively.

PoVo = PV = (10°)(3.3x107°) = P£ (3.0 x107°)

= P; =1.1x10°Pa = Ap =P —Py =10x10°Pa .
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Liquids

Class - XI | Physics

JEE Main 2022
1.(363) p=800g/m?3
P, — P, = 4100 N/m?

P, +pgh +%pV12 =P, +pgh, +%pv§

4100 + 800 x10 x (1) = %p(SVlz)

12,100 = 400 x 3 x v}

2 121x3 363, 363
Vl == Vl_
4x3x3 36 6

2(s-p)R2
2.0 Vv, :(7p); v, « R2
9
3.(100) F =nAd—V = 5=n V=0l_103_-102
dz A Z-0

4.(C) Direct formula - based

5.(B) Volume = mas_s _m
density d;

m d
~Fy =W -Fg =mg—d2[d]g =mg[l—dzj
1 1
6.(300) A =0.5m?, a=1cm?
F =250, h =40cm

250 1,
AP = =pV? =222 1 pgh = =pV
2" 05 PINTSP

= 500 +1000 x10x0.4 = %xlOOOVZ

45x2=V?
V =3m/s; V =300cm /s

7.(B) Time taken by ball above surface of

Lake = 2h = }2X4'9 =1sec.
g 9.8

Velocity of ball when striking surface v = /2gh
v=98m/s

Depth of lake =v x(t -1) = 9.8x3 =29.4m

10

z

)

Z =100m

Archive Solutions | JEE Main & Advanced | Page 5
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8.(A) Volume will remain same

= ﬁ1tR?’=64><ﬁ><fcr‘
3 3

3

(41tr2)><5—(4fcR2)><S = =%

2
(4nR2)E: —1}5 - 4nx(1x10*2) x3x0.075 = 2.8x1074J
9.0) 1=1.8x10"°Nsm™2

mg = 6nnrv;

(when Fy is negligible)
3 6\ 4 5 -6
10 x(lO ) ><§><10><Tt =6x1xntx1.8x107° x10 xVq

10%x10712 x%xlo —6x1.8x1075 xV;

-2
%=27 xVq
-2
=20 _12345x10m /s
3x27

10.(24) p; - p, =4500pa
1 1
Py +EPV12 +pgh; =p, +EpV§ +pgh,
1

Py =Pz = EP(Vg ‘Vlz)

4500 =3x750x(v§ -vZ|
2

(v% —vl2 = 12) Avg = AV,

4V12 —vl2 =12 Ay = %xv2

3vZ =12 2vy =V,

(vy =2m/s) av2 =v3

(Vo =4m /) 4x4=v3 V,=4m/s

A, = rate of flow = 1.2 x1072 x 2

=2.4x102m3/s =24x103m3/s

11.(20) r =0.1x103m =10*m

Po = 1O4kgm’3

2 _ 2
/Zgh =Vr; 2 hzw

9n
4 ((po-pr )
2gh Z[ Po Pe} r492
81 n
4 3 2
o2 |07 =107 | 1 5-a1 10; h =20m
81 107>
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12.

13.(A)

14.(C)

15.(B)

Given, |=50cm \)w
mass(m) = 250gm () [ 0
) m X dx
mass per unit length = T axis of
rotation

Take element of 'dx ' from axis of rotation, having
mass dm = T—dx

Small force (dF) exerted by liquid

2

dF =dm~x~m2:'\|/|—dx~x~m

For net force at other end we have to solve for x =0 to x =1

|
IdF = )JEMmzxdx = Mmz {XZ}

oI | 2 o
M 5 12 1 2 2 2F
F=—0"x—; F==mlo“ = o =—
| 2 2 Ml
= sziTFI , given that co=X\/E
So X = 2=\/ 2 ; X =4 Ans
Ml Y250x1073 x50 x1072
. 2 3 4 3
Here Fg +T x2rr =mg; §rcr ><csg+T><2‘rcr:§‘rcr xpxg

%nr?’ xcg+T x2nr = %nr?’xpg © T x2nr =§nr3g(2p—c)

T="-(2p-0); r= 37T; Po_ 12
3 (2p-0)g 2p-c

9r =1cm ; r= Ecm
9
Gain in surface energy = [4nr2 x 729 —4n(lcm )2}5

4 75 x107°]

—an 722 1|5 cm? — A1 x8x10
81 1072

=32x3.14x75x1077) =7.5x107%J
A

150 ¢m

100cm 125¢em

Valve is closed Valve left open
ng =mgh

=(pyy X Ax0.25)x10x0.25

—103x16x10 4 xS x10x~ =13
2 2
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16.(2) P; =Py +%+?

Pl = P2 Pmm
1. r=2cm

1 1
= —yZ =z
6 3 r
2
17.(11) Using v = 2279
8n
9.8 2 .
We get n =?=1.088 N m™“ sec =10.88 poise
18.(C)
19.(A)
\ p — density of liquid =1.3g/cc

20.(25) For ball [, (Buoyancy force)
pp—> density of ball =8g/cc

mg
Viscous Force (F,)=mg-F,
FV =mg-vpg
P P
=Vp,d —Vp|g =Vpbg[l—'} =mg {1—'}
Pp Pp

F, =0.3x1073 xlO[l—g}
8

Value of x =25

Class - XI | Liquids
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VMC

Vidyamandir
Classes snce s

IIT JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Properties of Matter

Class - XI | Physics

JEE Main 2021
1.(A) AV =VAT =a3(30AT)
(- Y =30)
2.(D) 21,3 = _ 9Kn K = YN and
Y K n n+ 3K 9n-3Y
Option (D) is correct
3.2) stre_ss _y N F/7A _y N
strain AL/L
L 1
So, AL oc — = AL, =—AL; =0.02m =2cm
d? 2
4.(D)
5.C) K(Bulk modulus)= -2
v
m
—=p = m=pv = O=pdv+vdp =
%
Now, K= AP = dp _P = dpzﬂ
dp p K K
p
6,-6 06-6
6.0) +—=—2
Ry Ro
R2
R,0, —R,0 = R0 -R;0,
R
R0, +Ry0, = Ry0+R,0 \\\\
R,0, + R0, _
Ry +R5
7.8) Kl -lg)=T; : T _ (. -1g)
Kl -lg)=T, " Ty (,-1lg)
Tyl3 =1p) = Ta(y ~1g)
Tyxly, =Ty xlg =Tyl = Tolg
8.(C) Hydraulic stress Py +pgh ~19.6x10°N/m?

Thermal stress is developed when both the ends of the rod are fixed and the rod is heated or cooled.

hydraulic stress _ 19.6 x10°

=1.44x109N/m?

hydraulic strain 1.36x1072

—pdv =vdp

jan]
%)

[a=]

[a=]
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«—L —pa+—L —» <+ 2L 5
9.(D) Lk K, =] K |
Rl + R2 = Req
L L 2L [ L }
= T At T AT oA v RTh =—-
Ki1A KoA KA KA
1 1 2 2 K
- 1.,1_2 2_Ki+Kp K = 2KiK2
K1 Ko K K K1K2 K1+ Ko
10.(32) Given2Al, = Alg
2f , __Flg . ‘a_ 1l
Ay A 16ALY] (g 32
11.(A) ap >og
So length of A should decrease more and since both A and B were welded together bimetallic strip will
bent towards left.
12.(2) & % TC Q; %
200°C — — 100°C
2 9, 2
R
125°C
D
Q,+Q,+Q3=0
T-200 T-125 T-100_, _, 2T ~400+T -125+2T -200 =0
R/2 R R/2
= 5T -725=0 = T =145°C
Heat Constant = — &Y _145-125 20 _,,,
thermal 10 10
13.(C) - Loss of gravitational potential energy = mass x specific heat capacity x change in temperature
9.8x63
mgh =msAT = AT =— =0.147
4200
14.(40) Stress on w; wire
F (20+10+m)g
(jl = —-— wl
A 8x107 20 kg
o (10+20+m)x10 w,
1.28x10° =~—— 1 10 kg
8x10~' |
1.25x10%x8x107 =(10+m )10 pan
1.25x10%x8x107" =(30+m)10
1.25x8x10=(30+m); 100-30=m; m =70
) o (10+m)g
Stress on w, wire 1.25x107 =~——2—
4x1077
1.28x4x10%x107" =(80+m)x10; m = 40kg
So maximum mass of pan without breaking the wires is 40 Rs.
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15.(B) MS,(6)+MS,(-4)=0 —— 3S, =25,

MS, 6 + MS,(-4) =0 ——» 35, =25, - 9S, =4S,
MS, (T ~10)+ MS,, (T —30)—>§(T ~10)= T +30

AT - 40 =-9T + 270

13T =310; T =g=23.84°c
13
16.(c) 20-T _,_T-30
5 3 T T
150 - 3T =5T -150
Ta a
T =LOO ; Stress =1 v
8 A
24 102 - 300 _ 30 50
n 8><17:><r‘2
r2=i; r=£m =12.5cm
g2
17.(8) dI _ Rl _Tdx
Ay Ay
I
AL :J'dl =J.V|V_—(I,;X)dx %
S y $dx
I
2 l-x
AL W [y X2 oW
1Ay 2 o 2Ay
_ 10x0.2 5,10
2x0.01x2x10*
18.(500) We know,
B-_2P — p--29n
av AV
\Y \Y
= h:_iﬂ Given, ﬂ:_o;s
pg\ VvV v 100
8
h=M B =9.8x108 N -m?
10° x9.8x100
= h =500 p=10%kg-m~3

19.(8) Al =laAT

AY Al AYlaAT

tension (F) = I I

solving F =8x10°% x =8

20.0) H=2"%
R
__fh—-n
4nk (ryro)
_ Ank(nrp)
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Al Mg/4 5x10%x 9.8

21.(A) = = =2.60x1077
*) [ AY  1(1-0.25)x2x10'" x4
22.(B) Q =I°Rt (1)
also Q =mSAT +mL -.(2)

mass of ice = pAH

solving t = 35.3 sec

| Al | I -1
23.(A) —=—; — =
AY T AY T
| P [ I |
Also, — =2 - 1 _2
AY Ty Ty Ty
LT, —I,T
— . _1'2"2'1
= WTo =Ty =11y =ITy = LT, -1, T =1(Ty=Ty) o | =
271
24.(D) Constantrate = R
For A; Rx3:m.SA.120
S, 3
For B: Rx6 =m.55.90 = B S,
Sg 8
. : _ Y,A
25.(A) Equivalent spring constant for wire 1 =k; = ——
L
. _ _ Y,A
Equivalent spring constant for wire 2 =k, = o
kiks Y Yo,A qu_A

So, equivalent spring constant for combination = = =
ky+ky, (Yp+Y,)L 2L

_ 2Ny,
eq
Y +Ysy
26.(A) Form Newton law of cooling

5T o =T

t - mean sur )

61-59 _, (61+59 .
4 2
1 "

=~ =k(60-30) ;
5 =K )

1
60
51-49 | (51+49 ). 2_1

t 2 t 60

(50-30) = t=6

27.000 E_yAh L g YA
A VL L

Comparing with F =kx < magnitude form

K=YA
L

—AP.E = AK.E (as stone is released from catapult)

-6 9
lkxz =£mv2; &(AL)Z —mv? = 107" x0.5x10 ><(0-04)2 _ 20 v2
2 2 L 01 1000
4
v2 205x29 4 16x104x102 = 4x102: v = 2x10 = 20 m/s
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28.(5) Strainin 1m track =a AT =107°x10=10"%
. 1 . \2
Energy in 1m track =5xY x (strain )" xvol

2
_ %xlollx(lo*“) x(lofz)xl -5J

T-25 65 -25
In =In

65 - 25 75-25
T-25 40

40 50
T =25+32=57C

30.(D) Incasel
ALy =L —|1, where L is original length
T,L T.L .
y=-—1 -1
AAL;  A(L-1y)

Where A is cross — sectional area.
Similarly in case 2

3 ToL .
Y _7A(L—I2) ... (i)
From (i) & (ii)
T _ T o -Ta-Toh
L—Il L—|2 T,-To
JEE Advanced 2021

1.(9) T,=0K

T, =200K, e =1

dT dQ 4
—Ms — = — = ceAT
. dt  ° 0K
_dT _oAT?
dt Ms
te T¢
oA dt = — J' d%
S 5 TT
cA 11 1
te — — o =
ws 177 T? TisJ
GA t,—0) - 1 1 1
Ms 3l100% (200)3
A, 1 1 1 ]
Ms "2 3((50) (200)3
(200)* -(100)® 43 _23
4 __(@00P200°® _ 28 _ 56 _1
t, (2000 -(50° 4%-13 8x63 9
(50)3(200)3
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Properties of Matter

Class - XI | Physics

JEE Main 2022
AV
_3x1010 %2
100
= 6x108 Nm 2

2.(B) As both slabs are in series rate of heat flow will be same in both

80°C
100°C M, M, 0°C
-
16cm 8cm
AH KlA(lOO -80) _ KA(80-0)
At 16 8

20 _
Kyx>=80K ; Ky =8K

3.(C) i[;msz =msAT

= i[;xl.SXGOZJ =0.1x420 x AT

~ (32,3600 |=42aT — AT = 3%3600 16 07ec
4\ 4 16x 42
_ —kt
4.(16) (T4 -To)=(T_ -Tole
From 60 — 40
40 = 60e K6 (i)
2 o6 _ky6-In2 = 6k=Inl5
3 3
From 60 — 20 ; 20 = 60e K12
1_ek2_ng =tk
3
t,= "3 . 6~16min
In1.5
5.(31) Heat rejected per minute
= 50><(540)+50><l><(100—20)
- 31x103%cal ;31
surface area 3/2
6.(D) Volume =V, = [fj
Vg =8x10% cm?® AV =Vy(3a)AT =1.2x10° cm?
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7.(C) Maximum heat lost by copper block = MS(T -0)

Latent heat required to melt m mass of ice = mL
Equating both 5x0.39x500 =m x 335

m = 2.9 kg
20
8(25) SlOpe = ﬁ
-4
Stress at 5x107% is 20x5x10 ©
10710
-2
_ 10 108 N/m?2
1010

Energy density = % stress x strain

=%x108x5x10*4 ~2.5x10%

= 25000 =25 kJd/m3

9.(6) Elongation is due to its own mass.

Alocg; 107 10

6x107° « g'

-4
L:LO', g':6
6x10° ¢

dm

Am
10.(42) ECAT :[ m JX H combustion

2><103><4.2><40=CL—T><8><103

= dm =429 min~t
dt

11.B) Q =mSAT +mL = 0.4[;mvzj = v2 =[SAJZ+LJ

2 _125x200+2.5x10%

Or v=500m/s
0.2

L —L=—P— ()

L, L= ()

L, -L
Divide —1—— =% — 2L,-2L=L,-L
L,-L 2

L=2L,-L,

13.(21) Equivalent resistance of the combination

4 25 65 65 16 5

— =— = =

KA (2K)A Kg A Keqg 4K 4K
=22 220y [14 2 |k a=21
21 21 21
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14.(D) d =dg(1+aAT)
6.241=6.230[L +1.4 x10™>(T - 27)]
6.241 =1+(1.4x107°)(T -27)
6.230
LOOI76-1_1 57, 1-1527%C
1.4x107°
15.(5) Ml=ﬂ= F; =5cm ; Al = 4FA;£ = Fzé
AY  aréy 6rY aréy
16.(60) (g(L+agAT)* —(;(1+o;AT) =lg ¢
LgogAT = £;0;AT ; lgog =004
0 -5
¢ = BYB _ 40x1.8x10 —60cm
o 1.2x107°

17.(90) Heat absorbed by x gram ice = Heat released by 300 g water

18.(B)

19.(A)

XL =mSA0 ; X x 3.5x10° = 300 x 4200 x (25 - 0)
X = M - 90 gram
35

Heat energy is being tranferred to the ice cube through the Box.

We assume that the ice cube first fits in the box.

So thermal current = Z—T L

Kib A6 2Kbh A6 2KIh A6 dm
2. + + = L

t t t  dt

2K A _dm
t dt

(Ib+bh +Ih) L

Solving CL—T = 61x10’5kg / sec

(Breaking stress remains same)
A_R

a; az

Property of material

20.(25) The extension of center of mass assuming whole

21.(C)

stress

[ = thickness

weight to be acting on it strain = L2
C
Ay(Extension) = Mgl
AY 2
Putting the values Ay =25 x10%m =xx10"% = x =25
L Me
Thermal resistance, R = —
KA
L e
1
Let R; =——=9R,
KiA 450°C D:I 0°C
L R
C
Then R,=—2—=R, My
K2Az
At steady state,
450-T _T-0 = 450 =10T = T =45°

9R, Ro
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22.(48) £ G x¢
at

18x10% a
= Ax
25x109 x15x1072

6
125

x1073 = Ax

48x107% = Ax

11 3 2
Y. A X X T X 4 x

23.0) k
)t 1 3.2
11 32
v.a 11x10 xnx(1.4x10*)
k, =—2—=
I 4.4
1011 1 1
—— =+ = +

Keqv. Ki Ky 3.85x10° 1.5386x10°
=259.74x108 1+ 649.94 x1078
Keq =1.099x107% x10°

F =KequXo =1.099x10° x1.4x10™> =1.538x10% =153.8 ~ 154

24.(C) Strain = % -1

=Y x1=F =YA

>

F=2x10x10"*
F =2x10'N

25.(30) Stress = %:Y x Strain

Strain =i
AY
2 2
mV 2(5)
mg+—— 20+
_ r_ 0.5 =20+100=30X10,5
AY 4x108x10Mt 4x10°

26.(A) Young's modulus depends on material of body.

27.(50) ————10kg+— -0

-5x108 x107%

T
Breaking stress = M&X — T
g Area max

=5x10*N
At breaking stress linear velocity will be maximum
2

_mv
max R

4
v IR _ [5x107 %05, v =50m/s
m 10

T

Archive Solutions | JEE Main & Advanced | Page 9 Class - XI | Properties of Matter



Vidyamandir Classes: Innovating For Your Success

VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Gaseous State and Thermodynamics Class - XI | Physics
JEE Main 2021
1.(C) (a) isothermal (i) temperature constant
(b) isochoric (iii) volume constant
(c) adiabatic (iv) heat content is constant
(d) isobaric () pressure constant
2.(A) (work),g =nRT In [\\//2] {isothermal process)
1
=nRT In2
(work)ge =PAV {isobaric process}
= Py(Vy —V3)
=Py (V; -2V;)
- Lévl (v Py2vy =PV,
_ —nRT
2
(work),e; =0 {isochoric process}
(work),o; =nNRT InZ—% =nRT(In2-1/2)

3.(D) Due to the collision of the molecules with the walls, the molecules exert a force (and hence exert a
pressure) on the walls. In the process, the momentum of the molecules changes since they experience

an equal and opposite force.
4.(C) Itis not mentioned whether 'T' is the temperature at A, B or C.
Assuming that ‘T' is the temperature at A,
PV, =RT
Work done in A to B,

Vg
Wuag =RT In == =RT In2
Va

Work done in Bto C is zero

] APV
Work done in C to A, Wep =—
1-vy
Py, | 4 (2V1)
St la 1 PV, RT
1-vy 2(vy-1)  2(y-1

So, net work W o =Wy +Wpe +Wep

=RT {InZ— 1 }
2(y-1)
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5.(400) The rms speed depends only on temperature.
T
3RT 2: 72: @ :>V2—7 :@m/s
™M T v T, V300 NERCINE

6.(D) duU:dQ:dW =nC,dT :ndeT :nRdT =C, :Cp

N o

:ZR:R =5:7:2
2

7.(3600) % o %RT

2
= 1MV Mv2-4x900=x; x =3600
3R
8.(B) Rotational energy obeys maxwell’s distribution.
For a diatomic molecule

Rotational energy/mole = RT

Translational energy/mole = %
9.(B) PV% = Constant
nRT Vy Constant
T
So, —— = Constant
v
T T \% T
1 2 . 2 2 _
So, = : T,=T, v = J2
\/\71 \/;2 1
10.(208) n-W _1_52 - T=208
Q 4 T

11.(26) %”1RT1 + %nZRT2 = %(nl +N,)RT

PV +P,V, = PV ; 2(4.5)+3(5.5) = P(10)

25.5=P(10); P =255x10"t
Rounding off = 26

12.0) U=3pv+4; du_3dv)
dT dT
du
du =nC,,dT; —=nC
Pv = nRT ; PV = nCV =3nR
Cy =3R; = f =6 since Cv=f7R
PV 2/3
13.(Bonus) V = KT2/3 = K[—R] = V « P2 = PV Y2 _ constant
n
For PV* = constant, W = NRAT
-X
Here x = 21 = NR(90) =60nR
2 (3/2)

As number of moles is not given, so answer cannot be found.
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14.(25) Given diatomic gas, Q —% =AU = ?

15.(B)

16.(B)

17.(A)

18.(C)

19.(C)

20.(C)

21.(C)

22.(C)

25
or

Since Q=nC

Hence x =25

y:l+g:1+i
f 30
1 16

15 15
y=1.07

y=1+

n:Y£:1_IL
Q Th
1200J

Q

Q =2400J

=n—RAT
Q 8

=nERAT
2

Thus C = 25R

= -
process 8

AT

process

1400

800

Heat given = Heat taken,
NFy (T =T) =nxF2(T -T3)

=

=

=

T

anlTl _anlT = n2F2T —n2F2T2
anlTl + n2F2T2 = anlT + n2F2T
anlTl + n2F1T2 = (anl + n2F2)T

_ anlTl + n2F2T2

anl + n2F2

PV =(n; +n, +n3)RT

16

n, =— =0.5mole
32

28
n, =— =1mole
28

44
Ny = — =1mole
44

5
PV = —RT
2

2v

5RT
or P=

Heat and work are path functions

f+3+3+2x2=10

_10R
2

Cp =C, +R=6R

Cy 5R

Cp _6R _

P=c, “5R

PV — PV,
y-1

1.2

2(100 x2-200x3)=-500J
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23.(D) As per law of equipartition of energy.

24 (D) PV7=constant
VAP + V7 IAVP =0
Dividing by V77
VAP +yAVP =0
AP AV

P \Y

Entropy of system = %(”1 +Nn,)R

2S, 2S
L s R ] R=S,+S,
2 fR fR
3RT
26.8)  Vims =Ty
8RT . Vins 3z
Vv, = . Jmms _ 97
M \% 8

av

-23
T _ 1.38x10 x 300 ~102x10%m =102nm

27.(B) Mean free path, A = K > >
J2rd?p \/Ex3.l4><(0.3><1079) x1.01x105

d :Molecule diameter; P: Pressure; T: Temperature.

T T
28.(-113) n=1--2 = 60 _,_ T2 = T, =(1-0.6)x400 =160K =-113°C
T 100 400
29.(A) PT® = constant
= KV =T* (i)
kY _ 473 .. (i)
dt
T - . dv 4
Dividing (ii) from (i - =_=
g (i) (i) var o1 !
P P
30.B) PV =MRT or P =P RT LS B
M M Tipr Typ,

Py _ P,T;  45x300 _my

—== = (As volume is constant)
p, PT, 76x266 m,

_ 45x300x185
2 76 x 266

3PV 1
31.00) Vims =7~ N
. VHZ,rms _ 32 _a
VOZ,rms 2

= 4xVg, rms = 4160 =640m /s

=123.54kg

VHZ,rms
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32(D) Vrms = E ; Vrms oc i
LY W

V, >V, >V,

33.B) p,, =P, +—

34.(C)

n =2
CO,

T=400 K
PV = nRT

p ~ 3x8.3x400

- 24.9x10°Pa
4x1073

35.(C) Qu —Q¢ «W = input energy

Ty -Tc =35 W =353/s

QH
263K =T, 298K =Ty
Q. To 263 w
W T, -T 35
H™'C
-
= Q¢ =263 J/s
36.(500)w =300 - 240 =60J
Efficiency (n)
T,
® 60 1
T‘l = = — =
Qinput 300 5 300J
For minimum temp of hot reservoir engine should be cannot
®
T, 1_, 400 400 1
e T, ' 5 T, , T, 5 240dJd
400 4
—— =— =T, =500K T,=400K
T 5
P q v
37.(D) P ap; J.—P = —aJ.dV = P=pPe
dv P
Py 0
Now, PV =RT (. n =1mole)
P +Vd—P=£ (. d—T=OasT is maximum)
dv dv dv
pvIP _o: p_apv -0
dv
vl
a
Pel P
Thus T =Y. -0 " _ "o
R aR aRe
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M
T T
l=1__L N L3 (i)
4 T, T, 4
T -58 T -58
on-t_ (=58 T, -58 1 ...(ii)
2 T, T, 2

Solving (i) and (ii) we get
T, =174C

39.(25) for diatomic gas,

AQ =naTC, = /RNAT
AU =naTc, = 2NRAT
2
Hence, AU = L =25
W  AQ -AU
X =25

40.(500)Avg. translational kE = ng
k.E of electron = eV
now, ng =eV

T =773.9
In°C, T -273.15=500°C

m,

41.(A) Number of moles of O, = 3

N

Number of moles H, = %

—x 300
3

Using ideal gas equation PV = [% + Mo } 25

— 200x10° x1000x10°° = [% +%}25x100

my 11 im, x25x100
m, 32 2

2 m 1 1 .
L= —=x—+=1m, ..(i)
25 |m, 32 2

:>2><102=|:

m; +m, =0.76

my|1e M| 78 ...(ii)
m, | 100
{ml 1 1}
R 7_*_7
I . 32 2
(i) divided by (ii); LT2>2 <) _ 2,100
[ml } 25 76
—+1
my
my . X +16 8 . .
Let assume — =X,———————=—;76X +76x16 =8x32x +8x32; 76X +1216 = 256X + 256
m, 32(x+1) 76
960 -180x = x =22 16
18 3
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3/2
42.(480) P, = (%) 200kPa =1600kPa

P2V, —PV; _ (1600)(300) - (200)(1200)

‘Wadiabatic‘ = y-1 0.5

(10*3) - 480J

2 2
43.(C) y=1+= =  y-1== p—
f y-1

44.(C) T t=Tip?t

1 2 5 1 2
vy=l+t—=—=y-1=—
! f 3 ! 3

T |23
Tl(AIl)2/3 _ T2(AI2)2/3 - T_l _ {%]
2 \1

45.(B) At high temperature and low pressure , a real gas behaves as an ideal gas. For Cp -C, =Rin astate P

gas is ideal. So, Tp > TQ

T
46.8) n=1--C =1 (given)
T, 6
T~ -62 T
and E:l— C :1_704_%
3 Ty Ty Th
1.1 6 T, =62x6
3 6 T,
Ty =372K or Te =99°C
47.(25) - Mean free path
A, d2n 2
x:%; e 1LY ] :(3] =0.25 =25x1072
J2rd?n Ay dZn, (10

48.(C) Vibrational mode = 4
Total degree of freedom=3+3+2x4 =14

8
C,=7R ; C,p=8R ; v=2
w _MR(T-Tp) 1x8314(10)
y-1 1/7
49.(A) {n=1—L]
T
o =Q|1-—
T
Q,=Q =Q|1-j1 ! =Q !
27E T ) n
T3
No = —?
T T
Sl
2 Tl T
=0y ; 2T1+T3=3T
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50.(B)

AQ = AU (as work done is 0)
AQ =nC AT

=4 x ER 50° -0°
57500

AQ = 500R

51.(100) For cyclic process, heat absorbed (Q) = Work done (W)

52.(B)

53.(C)

54.(B)

= [Area under the P -V curve ]

3 -3
TC{ 40 -20)x10 }{ 40 -20)x10 } 3 -3
_ ( ) ( ) _ nx20x10° x20x10 Joule =100x Joule

4 4
PV =nRT
PV . .
T =nR = slope = straight line
PV o« T
2 2 23
PV =nRT = 2x1=nx0.0821x300 = n= Ntotal ~ x6.023x10°°.
24.63 24.63

~ 4.9 x10%2 molecules
(not there in any option) Gaseous state and thermodynamics
The given kinetic energy per molecule is not correct for the given temperature. NTA has given answer

taking that value 2x107°N :gpv = g(leof’) 1073)

2
N = SX10% g 5 q0lt
2x107°
NRAT
Wan =
AB T,
NRAT
W =—
BC 1_v
Since, AT is same for AD and BC, s Wuap =Wpge

55.(17258) PV, =PV, = PV =nRT

56.(B)

Vo
dv
w =.[PdV =I’IRTI—
\V

Vi

W =nRT |n\\j—i =(8.3)(300)(In2)J =(2490)(0.6931)J

W =17258x1071J

/3k T
B
Vims = m

1
Vrms“\/ﬁ
My <Mg <Mg
Vp >Vg >V

1 1 1
Va VB V¢
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JEE Advanced 2021

1.(C) Process 1
P = constant
Volume = increasing

VT

Temperature will increase

AT =+ve; AQ =nCp AT =+ve
Process 2

V = constant pressure = decreasing

P o« T Temperature = decreasing

AQ =nC, AT AT =-ve AQ = -ve
Process 3

P=C and Vol = decreasing

PoT T = decreasing
Process 4

V=C P = increasing

PoeT T = increasing

AT = +ve AQ =nCp AT = +ve

2.(A) 3.(B)
V, T, V, T,

initial 1 mole 1 mole

c=2R || c=2R

Q
4
3V T,
A%
final 0/2
Ty
Initial C,, =2R
Cp 3
C,=C, +R=3R; =P _=
PV "o, 2

1/2
V, T
For the right chamber the process is adiabatic ; TOV(%/2 =Tg [70] N T_R -2
0
Work done in right chamber = -AU = -1x2R x (\/ZTO —TO)

Work done in left chamber = — Work done in right chamber = 2(\/5 —1) RT,

v 3/2
Final pressure POVO3/2 =P [70] =P = Z\EPO

For the left chamber
PoVo (2v2P ) (3v5 7 2)
To T

=T, =3V2Tg; AU =1x2R x(32To - To ) =2(3V2 ~1)RT,

Using 1° law for left chamber

Q = AU + AW =2(3V2 ~1)RTg +2(y2 ~1)RTq = 2RTy (442 - 2|

Q - 4(2v2 -1JRTy; %:4(2\/5—1)
0
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Gaseous State and Thermodynamics Class - XI | Physics

JEE Main 2022

1.(A) Statement -1 Standard result.
Statement -2 Q = AU +W For adiabatic process: Q =0

gas
Since work is done on the gas Wgas — -ve
. AU =—(Wgas)=+ve L Te >T
2.(B) C f 1|R C R
. =| —+ -
P2 Vo2
2
So P -|1+2
V f
3.0 16 8 128 8 4
. n = — = ; n - - =
Ha " 2 % 32 2
nRT (8+4)(8.314)(273)
PV =nRT ; V=—mo, V=
P 10°
V =0.27m3 =0.27x10"0cm3; V =27x10% cm?

4.(B) For carnote engine

T2
n=1--—+%=
T
300
Casel: —=1-——
4 T
So, T, = 400K

Case Il : New efficiency is increased by 100% means new efficiency become double.
T 1 300
2 1

L 2 L
300 1
L 2
T, = 600K

So, change in temperature of source
— T, —T; = 600 — 400 = 200K

or change in temperature increment is 200°C.
5.(12) We know

Vocx/?

Case | :
= T =127+273 =400K

v o /400 ()

Case Il :
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For speed to be doubled
v'=2v
V' 2%
V' 1600  ...(ii)
= So, T'=1600K
fnRAT

= Extra heat required AQ =

= For diatomic molecule f=5
= 0.56kg =56gm

= 2 mole of nitrogen

5x2x2x(1600 -400)
= AQ = > =12000 =12 Kcal

_w
Qin

When 1 = efficiency of carnot cycle

6.C) n

W =work done
Qj, = heat input

T W 400
= 1-——=—— = W =5000|1-—— |Kcal = 3000 Kcal
Tsource Qin 1000
Q
7.(2 o=—
2 7
3
Q =3+AU AU =—Q
4 4
3Q
nCVAT =—; nCAT =Q
4
CV 3 4 3
—=— C:—CV:—x—R:ZR
[+ 4 3
8.(B) v 3RT
: rms — M

v 2RT 3
PV m Vims = Evp

9.(250) Since vessel is closed, the process is isochoric.
T, P
SO, _2 = _2
LE
% age increase in T will be same as
% age increase in P.
Hence, 0.4% of T = 1K

0.4
——T-1K
100
=T = 250K
T, 273 100
10.(A) n=1--2-1-""_-"""4100
T 373 373

1 2 5 m
11.B) —xmxV< =—x—xRxAT
2 2 M

Mv2

5R

AT =
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f
12.(D) Average kinetic energy per molecule = EkBT

As argon is monoatomic, its f = 3
As oxygen is diatomic, itsf=5

3
Required ratio = —
5

No option matches
180J 324K

T
13.540) 22_-Tc nhdil = T, =540 K
Q Th 300J TH
14.(B) pV =nRT
100 (103 )(2000 xlO_G)
n= =—=0.08
25 25
— |(300)
3
Ny (2)+ng(82)=0.76; nyy +16n5 =0.38
Ny +nNg = 0.08; ny +16nO =0.38
3 1
15ng =0.30; Ng =——=—=0.02
150 50
ny +n0=0.08; ny +0.02 =0.08
nH:O.OG; nH:nO:3:l
15.(16) Ty =527°C = T, =800K
T, = 200K
_ T -Ty _ 800 - 200 =§
T 800 4
W=Q 9 12000kJ
= X = -
ab *M ab 3/4
_ 6
Qap =16x107J
nR
16.(A) PV =nRT; \Y, Z[?JT
S| nR
ope = —
P
l .
Slope « F o P, >P,
o kgT
17.(B) Average Kinetic energy per molecule / degree of freedom = T

Gas molecules freeze at 0 K (not at 0°C)

Remaining options are correct.
18.(1400) Process is isobaric

W =nRAT =400J

R 400 x1.4
AQ = nCrAT =n——AT = T =1400J

&

x300 =3x8.31x300 =7479J

19.(7479) U =nC, T =2x
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20.(B) Total heat = Work done by gas + AU

AU =0 for cyclic process

40 +(-60) =Wcp +Wpp +Wge /_f
= -20 =Wcp +0+(-50) ¢ A

= ~20+50 =Wgp

= 303 =Wcp

3RT
2LE) (Ve - o

. 3R(2T)
When it was O, molecule (Vrms )0 = m
3R(2T) .
(Vrms )0 = W ; (Vrms )0 = 2(Vrms )02

22.(C) n =no. of moles =2

V = const

R
AQ=nC,, AT ZZXSXEXAT

8.3
=2><3><7><20 =498J

Q T 500 x 225

23.(102) L=1 - T1,=-""""""-375K =102°C
Q Ty 300

24.(D) ,p isobaric (W7;)

isothermal (W)

Adiabatic (W)
>

A
Area under P-V graph is work done by gas
W3 >W; >W,
25.(8) P;=2x10'N/m?
PiVp =PV,
Given : V, =2V,

PV, = Py(2Vq)

7

P. 2x10
= P,=—2t=""-10"N/m?

2
After isothermal process, the gas expands adiabatically

PoVY =Pav] = PoVJ =P3(2V,)!
7
L

6 2

= P3—2Y 217=3.53><10 N/m

26.(A) Only statement | is correct and Option A says statements | and IV are correct.
(@47 +273) 300 5

T 447+273 720 12

_ 320 900 45

Ny=l-——=———=—
1220 1220 61

27.(8) ny =1
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n, 5 61 61
— =—x—=—-~0.56
n, 12 45 108

fnRAT 7x3x8.3x40
28.(B) AU = > ;AU =f

AU = 3486 Joule

29.(C) PV = constant

1 2 1 2 5
=1+—; =14 —=—
! f ! 3 3

Y 5/3
v v
PVY =p|—|; pv¥3_p|
8 8

573 p’

v/ _pl o pl

g5/3 32

Cp Cy
30.A) —=1+—=>—-=
Cy n Cp (h+2)

31.(A) For option B
Q = cAT?
(283)% 1

(293)* 1.15
(A) and (C) are theory based

3RT
32 . (C) VrmS = T

Temperature and Molar mass are same

Vims Of both sample will be same
PV =nRT ; Pan

P. n

1 _71_q.4

Py ny

33.(A) As two Carnot engines are connected in series
in case 2, so the heat rejected by first Carnot
engine is always taken as heat injected in
second Carnot engine:

In case 2:
200 2
Q 200 29
Q; 300 3
Q 100 Q
3 _ :>Q3:—2
Q, 200 2
Q 1 2
= Meg =1-—>=1-—=—
Q1 3 3
In Case 1:
N 100
300 3

1
34.(B) As per maxwell law, each degree of freedom has EKT average translational energy associated with it.

CH, has 3 translational and 3 rotational degree of freedom.
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35.(C) 1 =(

36.(D)

(i)

(ii)

So

U]

T
1—_2]x100
T1
T2
When n=50%=05=|1-—%| = T, =0.5T;
T1
- 50x 30
When 1) is increased by 30%. It becomes | 50 + % =65%
T, -40
= 0.65=|1- =T,-40=0.35T;
T
4000
0.5T, —-0.35T; =40 = 0.15T; =40=>T) =——; T, =266.7K
15

Average momentum of all particle = zero always at any temperature.

Particles moves in random direction at all temperatures.

n v [3RT
rms — M
3RT, 3R (2T
So, V=209 and V, = M:ZV
Mg [Mo]

37.(C) 0=nc AT ()]
3RT
Vims = T Hence to double rms vel
T, = 300K, T =1200K

15
Now 0= EXEX&SXQOO = 9360

38.(750) Given

W =P (V, -V;)=150=nRAT e (D)
n(f +2)R -
Q=nCpAT :TAT =5nNRAT ... (i)

= Q=150x5=750J
39.(4) For adiabatic process,

Tv?1 - constant
m Yt
T|— = constant
d
T d1~7 = constant = Tld%_y = Tzdé_Y
40.(3) At constant volume,

nl(CV)lAT +n2(CV)2 AT = (nl+n2)(CV)miX AT

n,(C,). +n,(C 1X3j + 3Xi
(C ) _ 1( V)l 2( V)z _ 2 2
V/mix Ny +n, 1+3
o® 18R
or, TR:T = o=3

1
41.(B) Area under graph — E(S)(SOO) =450(J)

3KT
42.C) Vims = — =15mm / sec

Ty, =4T,
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Simple Harmonic Motion Class - XI | Physics
JEE Main 2021
1.(B) New angular frequency = o, = K
M +m

2.(D)

3.(C)

4.(A)

5.(D)

6.(B)

If new Amplitude = A, then using conservation of linear momentum:
M(Aw) =(M +m)A o,

M

= An :Aﬂx
M +m

®n

=AX£X/M+mXM Al M
M k M +m M +m

The frequency of the SHM depends only on the mass and the springs, not the orientation of the

arrangement.

1/2
Therefore, the frequency, f = Zi[&j
T

m
2 2
2 2,02 2 v X
Ve =w (A% -x) = +—=1
A2w? A
An ellipse.

T= 275\['J = 2n\/§ =2 5 g=2n°ms?

If the mass is displaced to left side by a small direction x.

<+ <+
Fy=—2kx F,=2kx
—
X
Fo—dkx; a=--2K5
m
T=2n/ % or T=m |
4k k
; ) dy
y = Asin(ot + og); v=a=Amcos(mt+mo)
A . 1 A 5\
att=0,y= —; sinw, == Oy =— Or —
y=3 072 076 6

But v is along negative y direction att = 0.
_5
5"

*Note : In the question it is mentioned that the particle is moving along x-axis but time-displacement

cosw, should be negative ; g

is given for y-axis.
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e A
7.© |F|-me®R;  Ll-o?R; 0=2E
m T

where T is time period. T=0.1 x 12 = 1.2 seconds

Frl _(2xV?
PRI _[2%] 036 =9.87N
m 1.2
8(A) i:i_’,i:i_*_i I:Kl:KZ:I
Keqw Ki Ko Ki Ky
K
1
Mo ="

m m m
Toow =2 =2n | =2 x| 2n |—
2

9.(A) At any general position x = x w.r.t mean position x =0

F =mg’'cosb=m xg 1—E X X
restoring R (R _h) mg'sind N
> ;-0 07 mg'doso
R 2 S
Where R-h=,/|=| +x '
2
mg
or Frestoring = [RJX = Kx

10.(C) Velocity position graph for particle in SHM.

2 2
|:V=c0\/A2—X2:|; v +X—=l

A202 A2
11.(B) Fact
12.(3) x =Asinot and v = Ao coswt = v =oVAZ - x?
Vmax

v=%=m\/A2—X2 = x=i% Thus, x =3
13.(7) In terms of angular displacement particle will be at % after completing half oscillation since

5 1 1

—_—

8 2 8

) ()
half 1 eight
A L 0 . -
For half oscillation At; =T/2 and from mean position to % position At, = w/6-0_ :I:LZ
(0]
Thus total time taken = At; + At, = AN =2 a=7
12 B

14. No option matching

Amplitude, A= Aoe’bt/2m

6=12e7500
= 60b=In2 = b=%=l.16x1072 kgst
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15.B) Ao, = Ay,
AKy = A\ Ky
A [K;
A VK
16.(B)
k :mo)2
A
X =t
V2
17.(2)
18.(B)
19.(6)
20.(1 or 4) Angular frequency 2w
bt
21.(C) A=Aye2m; b=20g/s,m=500g
Aq bt LS
> =Agpesm = esm =2
= 2 _in2-0693 = -2093x2m _0.693x2x500 5 g5sec
2m b 20
A
22.(2) x5,=5x2 lsin(2nt)+lcos(2nt)} =105in[2nt +£]; 2= 10 =2
V2 V2 4 AL S
23.(B) x =x,sinat

PE. = 1kx2

= 1kxgsinzmt
2 2

PE.= 1kxgsinzmt
2

24.1) y, =10sin [3nt + g]

. 2 . 2
Yo =5(sm3nt+\/§(3033nt)=5 ES|n3nt+

3
cos3nt

1 . \/E T .T . T
=10 Esm3nt+70033nt =10 cosgsm3nt+sm§cos&ct =10sin 3nt+§

So ratio of amplitude of y,toy, is 10:10=1:1

So the value of x =1
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25.(8)

26.(D)

27.(D)

28.(C)

29.(A)

30.(C)

T =27 }ﬂ
K
1

(P-Emax =3 KAZ

K = 100N/m

When,
P.E.),. .. = sssscevefesesspeos
= KE.=P.E. = P.E.=w ly M.P.
2
1kg
This happens at A
A T T T E.P
Ly =— Lt=—=—
\/E 8 X
X =8
U, =10
%mmZAZ =10, here A=2
o=1 also co=\/?:
am
g —?
1
mg — FB pVg _vag
Jeffective = m = oV
3
Jeffective = Zg
41 |
| =l+—=—=; T=2n|—
New 3 g
.
Thew =27 > Thew =T
g
(c)
(d)
1. .2
TE EKA =PE +KE
2
KE :lmv2 - Zmo?| AZ A
2 2 4
KE=1K3A2-3TE mo?=K)
2 4 4
3
(KE)y ZZE
But E =KE a0 = “moa?
(KE)y = —ximmzaz = me?a?
2
But (KE)y = —mcoz(az —y2) = —mcoz(az —y2) = Zmo?a?
2
2 2 3 2 > a
ac-yc=—a“ ; = = ==
y 2 y 2 y >
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31.(C)

32.(2)

33.(C)

34.(A)

35.(D)

36.(10)

1 5
m=—Kkg ; A=——mm

2 100
T =0.2sec

27
w=—=10n rad/s
T

i T
At time t=—
4

PE = max = K.E Max

1 2
=Em|Aco| =.62J

\Y; =W\/A2 —x?
2w =w+AZ - 22

A%_4=4
A% =8
A=2

| .

I—>46,
.

0%

x = Ccos(wt - ¢)

2 cm

Ta\ﬁ

att=0, x5=C cos¢ ()]

v =—o sin(ot - ¢)

Att=0, vy=Cosing ... (i)
from (i) & (ii)
2
v,
C= /x%+—g : tanc]):v—o
® X0

2 2
\% %
A= |—+x2 \/—12+x1 =
o) o)
2 2
\% \%
= —1+xf:—2+x§ =
2
o) ®
2n vf—v%
= n=—-= =27
T x2 - x2
2 1

kik, kxdak 4
Ko g krak 5
1 T K2

k+4k 5

—— =10rad/s [m

reduced ~

mim;

m,+m, 0.2+0.8

=0.16]
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37.(D)

38.(C)

39.(C)

40.(1)

41.(C)

42.(C)

43.(2)

2m

2 /2
s_ 2 |2P 322
3\m

2m

p =Fvy =mav
= av =£ = vdv =£dt
m m
2
\%
= Ivdv =£J‘dt = —=£t
m 2 m
2 2
VI N S flas - [22 [
m m
9m =mV, +2mVg ()]
9=V, +2Vg .. ()
9=Vg -V, ... (i) A
18-3vg m—p‘)m/s
Vg =6m/s

Collision between B and C is completely inelastic

\V
7'3:VC = Vo=3m/s

In case (a): change in momentum =mu —(—mu) =2mu

In case (b); change in momentum =mu cos45° —(—mu cos45°) = \/Emu

:>Ratio:«/§:1

K =100N/m m =100g Al = 0.05m
h =2m

Let velocity of ball when it leaves the barrel of gun be 'u’

By conservation of energy for ball

1

u =O.5«/1— =gm / sec

For horizontal projection from height to ground,

d=u @_\/ﬁ 2x2
g 2 10

d=1m soAnswer=1

Conserving momentum

F)gun = Poullet

=0.004x50=0.2kgm/s

0.2
Vgun = 4 =0.05m /s

=K AI2=£mu2 ; u=AI\/E=O.05 &
2 2 m V400x1073

Word done =mg xh xcos180° =80x9.8x0.8x(-1) = -64x9.8 = -627.2J

_2R y

(-R.0) (R.O)
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Simple Harmonic Motion Class - XI | Physics
JEE Main 2022
1.(B) Aswe know, V1o = Ao
= Ao = Ao, (since both have equally maximum velocities)
M2 ke M
Ap oy \my K
/9.1 3 A _3:2
22Tz TRt
L
2.(C) T=2n|—
g

L 6L 6
T =2n =27 —=\/:T
g+g9”/6 79 7

3.0) x :Asin(wt); = Asin(ot)

N | >

sin(wt) :%

b1 271 T
ot=—="—t=—
6 T

T =12t = 12(3) = 36sec

4.(B) X =sin 1ct+E
3

dx T

— =V =7nCoSs| it + —

dt 3

T .
v(att =1s)= -5m /s; |VE1.57m/sorl57cm/s

5.(1) Time taken from A to

6.(700) v=w,/AZ —x?

V=wyAZ —x2 =3y (After velocity is tripled)

A 6
— =—=1sec
2 6

o| -

A2y 2
2

= 9=
A2—x

A2 _25-9(100-25) ; A'2=900 —225+25=700

A’ =+700
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7.(C)

8.(A)

9.(D)

10.(B)

11.(2)

12.(16)

¢ =99.4 cm

3m m Ty
T, =2n|—; Tp=2m|— — =
2k 3k Ty

At a height h = 2R from earth surface
GM GM g

Geff = =—==
T 3RZ 9rZ 9

| Ix9
T =2n |— =2n
g

«Q

2 2
\% \%
—2=a2—x2; —+x%=2a%
(o) (o)

v2 x?2 .

> +—2:1EII|pse

o“a a

In figure (a)

Spring are in series combination

kg 2k
9 Kk +k, 3
T = 211\/E =3 secs (given ..(1)
2k
in figure (b)

springs are in parallel combination
keq =ky +ky =3k

T, =2ng=& (2)

Equating (1) and (2) x = 2
m; =900 gm

m¢ =my +m, =900 +124 =1024 gm

Momentum by body =mv
=MoA
k
=m,[—A =+vmkA
m

Conservation of momentum

A Mty
Az Jmy

A, [1024 32 16 16
A, Voo0o 30 15 16-1'

3

NG
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l
13.(C) Given, T:Zn\/:
g
l T "4
nafl Tl
g Ty g 6

2
3
"4
Hence g.2
g 9
GM
Rax2 4 R2 4 R
R+x? 4 _ . x="_3200Km
Gm 9 (R+x)%> 9 2
R2
_du . .
14.(2) F=d—=—4x4sm4x=—16$|n4X:—64X
X
Now -ma?x =—64x ; mo? =64
64 m =
0=y, T = 27 |— = Hence k = 2
K

15.(A)

Oeff = 0COSQ

14 14
T =2n =2n
Jeff gcosa

| T
16.(5) T = Zn\/: =-1_ 92 g — apparent gravitation acceleration
g T Vo
g 49

901=9;, 09, =0-——=——

5 5m
9
10 |45 [a 5
— =\ —= =, T =10,/— =5+5sec
T g 5 4

X =5sec
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Wave Motion Class - XI | Physics

JEE Main 2021

1.(A) Torepresent a travelling wave, a function must be reducible to a function of (x —vt)

Here, x is the distance along the direction of propagation, t is time and v is the wave speed (a constant)

2.(8)  Frequency of sound heard due to own horn = f,

Frequency of sound heard due to the other horn, f = f, [C _(_V)J = fo[c +VJ

o— -—0
So, beat frequency, fB =f- fo = f, [C +v —1J

c-V
- [ 2 676222 | _gHz
c-vV 340-2

3.(1215) k =1, © =30

k=9 = V =9=30m/s
v K
-3
p=0.135g/cm =M =1.35 x lO’Zkg/m
10%m
v =f = T=pv?=1.35x102x 900 N =1215x102N .. x =1215
n

4.(C) 340-f =5
f =335Hz

5.(2) v=1/l :>d—vx100 =£d—TxlOO=£x4=2%
M Vv 2T 2

6.0) A= ? ~0.03m

0=2nf =2x3.14x 245 =1.5x10°

3
Ko ®_15x10°
\% 300
V.
7.(4) V= E;V2= B = A [Pz ... (i)
P P2 V2 P1
3V, 2V
Same frequency pipes for both = f =—L1 -="2
d Y PIP 4L 2L’
4LV
= L' = 2 =ﬁL p—l = X =4
3V, 3 \po
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8.(2025)
V -V
f=f, 0
V +V,
180 = f0 M
340+ 20
f, = 2025Hz
9.(1) K =1.57
2nh =1.57
A =4cm
& =1lcm
4

10.(1210) V, =36km /hr =10m / sec

Vy =72km /hr =20m / sec

10 ¢
20
x y
f, =|1320=( 340420, ¢
y 340-10
1320

x33 = fy =1210Hz
36

11.(34) Given f =250Hz (tuning fork)

(2n -1)v
4L
For shortest length

f= (Frequency of close organ pipe)

n =1= f = fundamental frequency

\
f =— =250
4L

= ——=250 [V =speed of sound]
4L

340 340
L= =——=0.34m =34cm
4x250 1000

Length of shortest closed organ pipe is 34 cm

12.(7)  Ypet = ALSin0+ A, sin(0 +¢)

= (A, + A, cos¢)sin 0+ (A, sind)cos6 =asinb +b coso

T Asi
Ynet = VaZ +b? sin(0+ p) B=tan*19=tanflﬂ
a

A+ Ayc080

Aes = \/Alz + A5 +2A/A,cos¢ where ¢=kx, ¢=6.28x3.5= 2‘rc><g =7n

=|A-A,[F12-5=7mm
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13.(10) Given,
pu=9x10"%kg/m
T = 900N

v- Lo |99 _i000mrss
u 9x107*

Given, one of the resonating frequency
f,, =500 uz

- n-Y _500 . (i)
2

and also,

f, ., =550Hz

So, (n +1)% _550Hz ... (ii)

From (i) & (ii)

n+l 550 .o
n 500
Substitute the value in equation (i)

10X 500 . 1-2Y
2 500

| — V_ _ 1000 —10m
100 100

14.(132) Apparent freq. heard by this person on the wall will be

The same frequency will reflet back so freq. heard by the person is the car itself will be

VAV VY

f x f, = x f
\% 1 V-V, 0
330 +v, 330 +v,
500 = 22 Ve 400 ; 29FVe _ S
330-v, 300-v, 4
vc=&m/sec =$x§=132km/hr
3 3 5

So ans is 132 km/hr

15.(Bonus)

Given Y = att=0.Ifweput x =-1

a+xﬁ
Weget Y > o
So this does not represent wave.

Correct question should be Y = att=0
1+x
Y = 71 att =2sec
1+(x - 2)2

However NTA may claim amplitude to be at x =0 at t =0 and amplitude to be at x =2 at t =1sec.

Even with given functions and hence ans 2m/s
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JEE Advanced 2021
Vv
1.(AD) f = fs[ ]
VvV —-Uu
1
(A) U:0.8V f:fo E :5fo
(B) u =0.8v f =10f,
5
©) u =0.8v f==f,
2
(D) u=0.5v f =31,

Since the resonant frequencies in a one end open pipe are f,, 3fy, 5fg,.......

Hence resonance will be observed in A and D.
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Wave Motion

Class - XI | Physics

JEE Main 2022
1.(A) A =5;A,=3
A8 =27(1.5)=3xn

Anet = \/Alz + A3 +2A1A, cos(3m) = |A - Ay| = 2cm

4n
2.(5) A =lOcos[?]=50m

3.(80) 2[L] LA L, =4L, = 80cm
2L, | 4L,

4.(152) f, = fy; f1, o, faunnn, oo
fg: fg+4, fg+8,......... fo +4x19

Given fy5 =21,
= fg+4x19 =21, = fg=4x19=76
5.(A) Observer

i d . source

fr=f @ = E(f); %change = [ f ; f ](100) = [2—1](100) =20%

(v) s
6.(D) f f,-—f 40
: beat = '1 2= 12
1 1 40 1 1 40
= —_— == Vf————|=—
Mo 12 4.08 4.16 12
40 4.08x4.16
>V=—x—————=707.2m/s
12 0.08
7.(50) V =v,
vV 340
= — =——=1meter
v 340
First resonance length
Al

Iy =—=—=0.25 meter = 25cm
4 4

Second resonance length

3L 3x1

Iy =—= = 0.75 meter = 75cm
4 4

Third resonating length
5L 5x1

I3=—>= =1.25 meter =125cm
4 4

The minimum height = 125 - 75 =50 cm

fo0 =2fy =152 Hz

Archive Solutions | JEE Main & Advanced | Page 5
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8.(B) Maximum particle velcoity v=Ao

d O aw= a2 o 2% 5
and v. =—; W = = =— 0r =——XZT =0T
wave Kk k 4
V 336 .
9.(104) h=—=——=84 (incm)
v 400
. A 84
At first resonance ; —=/(+e; —=20+e; e=1
4 4
3" resonance length
A ) 5(84) )
522£2+1, T:£2+l, ﬁ2=104cm

T 2
10.(15) v=,|— =T =pv
i

LUFE T wll  m VAL
AY AY AY L AY
2 (10x10_3)><60><60
AL = -
AY 2,10 %x1.2x1011
6x6
= * ><10_5

=15x10°m; x =15
11.(B) Given that

/3RT & yRT
M M

32,
27 y-1
Equivalent degree of freedom
f=n1f1+n2f2; 4=2x3+5n; N2
ny +n, 2+n

12.(60) AR = \/Af +AZ +2A1A, cOSH
3A2 = A2 1 AZ 1 2AZ%cos ¢

=C0S¢d; ¢ =60°

N | P

V £V,
13.(200) v =vq v Doppler effect
s

V
100 = UO[ ]:> car approaching ...(1)
V -
Cc
50 = vg = car receding ...(2)
V +V,
V +V
= c. 2V -2V, =V +V,; V =3V,
V-V,
50(V +V,) 50(4V,)
vp=—"T"™—"—" =
0 v 3v,
200
vo = 2o Hy

Archive Solutions | JEE Main & Advanced | Page 6
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320-5
14.(20) Fyirect =| —5— | o

320
jtjircclion 18 kln/h -/rlcﬂcclcd y
. - «— hill
Source observer
(rest)

315
o x 640 = 630 Hz

320+5

freflected = ( ] x 640 = 650 Hz

Beat frequency =]650-630|=20Hz

15.(A) Vax =20 =Vyyave
(O]
= 20=— = k =—
k 2
2n 1
— == (A =4n)
A2
n |T
16.3) f=— |—
21\
. . (n+1) [T n T o, o LI
— == 7 |- - |— = = —_ ==
n+l-n 2 po 20\ 21\
T 1 2700
= p=—x = =3kg/m

4% (s0f® 4, (30 x10_2)2 x(50)?

17.(C) General wave equation can be written
271X

(2
As:- Yy =yqg sin| —t -——
T A

| 2n Xt
=y, sin| —| —t — x
Y =Yo AT

Comparing with given equation

A
? =400 m/s or Af =v =400 m/s
330+10
18.(340) f'=320| ——— |=340Hz
330-10

10.0) f (40 {1 1} 40
: beat =1~ T2 =—— SV ——— =
12 Mo Ay | 12

1 1 40
>V——— | =—
4.08 4.16 12

40 4.08x4.16
=>V= _—

=—x =707.2m /s
12 0.08
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ch Vidyamandir
Classes sce s
T JEE | MEDICAL | FOUNDATION

Solutions of ARCHIVE - JEE Main & Advanced

Electrostatics Class - Xll | Physics

JEE Main 2021

1.(C) Net restoring force on the proton,

2

2q X

F_. =2Fcos0 = .

t
ne 4 e(d2 +X2) (d2 +x2)1/2
2

As x <<d, Foet qix

21 g, ds

1/2
2
Therefore, the angular frequency, w = — 9
21 €y md®

uN
QF cos30°

2.(A)

mgs QF

Op..
é A]n‘?()o
‘/\}"Irr
N COSEOO
a= mgsin 0 — QF cos 0 — n(QE sin 6 + mg cos 0)
m

3.(A) As we know, charges are symmetrically placed about the centre of cube. Electric field due to most of
the charges will cancel out each other for eg: |:EB + EH =0, ED + EF =0, EC + EE = 0,:'

Since charges at A and G are of opposite sign their electric field will not get cancelled.

E,, at O= EA + EG (where O is centre)
- 1 0 . .
FE. Y i
T (g3 E[+Q H+Q
2 E E G
+Q ' +Q
__20 il @
3ngga’ EQ —————— D+Q4'
—_— B "_ '

Direction of E, will be towards OA4 +Q C+Q

net

_ 1 /o - A —

Unit vector along OA=———=(i+j+k| or —(X+)+2)
Flieh) o 5

- =2

B 0

=———=(X+p+2Z
et 3\/§nsoa2 g )
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4.(226) We can add 5 more squares around the point charge to aomplete a cube. Because of the symmetry of

the situation, the flux through each face of the cube is

660
Q 12x107° 9
So, ¢ = =—x4n(9x107)
660
= 7271x10° = 72(3.14)x 10° = 226.08x10° Nm2/C
5.(1) FE<|>Eji+2E,jIN/C
. =|—Eji+—E;,j
5 95 0
J.‘
A
E, 0.8
A
2 -
02m »E 0.6
> X
Z i 5
0.3m
o 02%xE,x0.6 2 6
vz T 0 T~ - 0.50
0y, 0.3xEyx0.8 3 8
a:b=1:2
a=1
IN k
6.128) 1 _o; K9 _y
r R
Volume = constant
4 4
_ﬁR3 = n—TEr3 = R-= (512)1/3r
3 3
k(512
R=8r Loy B9 oo 198vo.
8r
7.(D) Flux associated with the shaded region should be same as that of the flux associated with area PQRS.
A
\Z
’ R
Q
v
______________ ls_'_________.’
- P
£y

If we put seven more identical cubes so that the charge can be assumed at center of the bigger cube.
brgRS = 54—
PORS " 24¢,

8.(36) Because they were identical so charge on each sphere will be 1 nC after contact.

9 -18
So. Fe 1 9192 _9x107 x1x10

- =36x10°N
dney 2 (0.5)2

Archive Solutions | JEE Main & Advanced | Page 2 Class — XII | Electrostatics
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9.(20)

mg

From diagram Fe = mgtan 6

9, 2
9x107X47 _ 109,106 x10x 21 ; =20
(0.2)2 0.5
10.(B) Electric field due to element charge length dx; +
dx T+
dE - 1 (dQ) + e _
4n g, (a2+x2) ¥ I dEgind dE
M e Q- +dEc
Component of electric field due to elements of r a—E L _‘Qg 2Ryp” dBcost 0s0
wire along the perpendicular bisector will get x I dEsin® dE
added to give resultant electric field. dr -7
+
L/2 L/2 L2 g a
E o= J. dEcos(9=2J. dEcos(9=2J. .
~L/2 0 o 4™ (a2 +X2) Ja? +x?

L/2
Lf2 1 (9 a 2 9 |1 x Q
- J.ZX —dx 3/2 T = 2
> dn ey \ L (a2 +x2) dneyg L |a \/x2 +a? o 2\/§n € L

11.(A) Conceptual

12.(243) Let charge on one small drop be = gq
(radius 1
kq .
—=10V (given) [metal mercury]
B
. 4 5 4 3
Then radius of one large sphere = 27 ><§Tcr = ETCR
= R=3r
and total charge on bigger sphere = 27q = Q
2
KQ*> U r
U, = PE of metallic charged sphere = 0 =—L= Q|-
2R U, q) R
Kq® 1
U, = PE of metallic small sphere = 2—q = (27)2 xg =243
r
13.(640) Q=E A= %x 4x10°x0.4 =640 Nm2c™!
14.(12) F = kq12q2 + kq12q3 + kq12q4 Foeens © (where g, =1C and all other charges are 1 uC)

n p) T3

=9x1o9x10‘6[1+i+%+i+ ....... ooJ =9x103[§J -12x10°N

6 64
ox =12
15. (@. NOT clear) K K
k 2 k 2 ”~ .V o N
16.(6000]F — 4q 3 — 4q 3 L o sosesbassaipsnda q
(I+x) (1-x) X
x<<Ilm
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qu

—Afa®
_ k"

a=

kA1
Com (1+x)? (-x) m

1076
2P, P.
17.B) E =—" E =-2
z r3 y r3
E P,
tan37°=—Y=-2 =§
E 2P 4

18.(C) tanf = L.

mg
K 2
Fe——4_
2
x
K¢* .
tan0 = zq ~sin0
x“mg
2
X _ Kq mg
21 x*mg

) 1/3 )
x:{Kq ><2Z] . x:{ q°xl

mg 2nggmg

G, gives (2)
C
Gy gives (4)
C,
20.(A)
Al-g) (] T? )
+
29) ¥
l t
+)g O
B G
I I (2q)
I l
(2q) l (@ -q)
E F H
kq/2L*
J2kq
LZ
2
I 1
Net E field =3[ 2 - —
12 2
2
I
ZL(Z@_I)
212
21.(A)

]1/3

19.(D) Question has not satisfied which part is C1 and Cz

kq/L?

£
m
2 9
W:\/4kq :\/4><9><10 ><1():2X3X108:6()00><105rad/s
m
1

2

3

kq/2L7

kq/L?

Archive Solutions | JEE Main & Advanced | Page 4
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q T g-q
PP »eo

_ Kq195 _ Kq(Q -q)

r2 r2

ar_y
dq

d
agla(@-a)=0
q(0-1)+(9-q)1=0
-q+Q-gq=0
0=2q=0

_9
=5
Q=2q

-6
22.(1) L -8uc/gm=-12"C_ g 103¢c /1Ky

m 103kg

Time taken by the body to reach the wall
L \/ 2d \/ 2x.1
gE/m  \8x1073x100

t=lsec
2

Same time taken by the body to return to the position form where it was released so time period T = 2t

=1sec

23.(D) F=q|:2><9><109><3><106 _2><9><109><3><106:|

10x1073 12x1073

4=q 2x9x10%x3 11
10 12

4= gx2x9x3x100 x
60

q= %x 10°8c =4.44uC

24.4) AD=p

p= it+ij'+ilﬁ .(efxsinyf—efxcosy}'+22k)
ox Oy 0z

=2
q=2x2x10"2 =4 nC

25.(D) Considering outer shell as conducting, graph will be as shown. Best possible match is option -4
E

26.(D)
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27.(C)

R
Field at point P,

E=-2

2e, (1 —cose)

28.(D)
dEsin8
dEsiné
Electric field due to small element charge at an angle 6 both sides from bisector line;
k(d 1 Rd6

= ( 2Q ) "2 2Q 2

R <o [ 2n R] R

3
Component perpendicular to bisector line will get cancelled.
T T
0= -
3 t 1 9 (Rdo)
E,. = J' 2dE cos 0 = 2 x J' x oS0
4n e, 2m R2
0=0 6=0 0—R
3
= —SQ [sin GT/S = —3\/5 —Q
4n? € R? 0 8 n? € R?
29.(B) 20uC -5uC
Ae B x *C
5cm
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K K
i:& = 20 =i = 2x=5+x = x=5
rl2 r22 (5+x)2 x?
30.(D)
Y A
P 1
2

> X

¢ =0, +¢,, fluxtheough rest of
! the surface = 0
0 as E=150y?j

4 - 150 (0.5 (0.5)

€o
g=8.2x107C

31.(D)
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JEE Advanced 2021
1.(1.73)2.(3)
2
-0 4 QW3 C B
[— | — | —————>]
% X R
V at B:
KQ
KQ V3

(2+R+x)=x+R
\/§(x+R)=2+R+x

W3-Dx+(W3-)R=2 .. @)
V at A:
K9
KQ =\/§; 3x'=2-x'
2-x' x'
S x'+x=R
3+1
2 +x=R
\/§+1

2+ (W3 +)x =3 +1)R
W3+DR-2
X =

\/§+1
W3+DR-(3+)x=R ... (i)
Using equation (i) and (ii) R=+3m
x=(\/§+1)\/§_2=\/§+1=1m: b=3
\/§+1 \/§+1
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VMC e

T JEE | MEDICAL | FOUNDATION

Solutions of ARCHIVE - JEE Main & Advanced

Electrostatics Class - Xll | Physics

JEE Main 2022

1.(D)
F 1m 4
Foet g’gf < g’gf 1m
B 1m q
o k@@ ke
12 1

Frot = 2 x F x cos 30°

ol

F g |1
2.(B) By gauss’s theorem,

(¢E)total -4

<0
q
(0 )es+(0r) oy o
E(Z“R2)+(¢E)ﬂat = %

3.B) mg=qgE

(0.1x1073)(9.8) = 4.9x10°g

2x107%
=q
10°
q=2x10"2cC

4.(A) For the charged particles to remain in equilibrium, the electrostatic force should be equal to frictional

force

Archive Solutions | JEE Main & Advanced | Page 9 Class — XII | Electrostatics
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5.(A)

6.(C)

8.(B)

Kq2
> —=umg
L2
K
= L=q|—
\ nmg
7 9x10° 9
=2x10 =12x10“m=12cm
0.25x10x1073x10
anzﬁ
Ex2nrl = {by gauss’ law}
€0
2
R
E= p.
2£0r
2 2
mv R
_gE = pRTq
r 2¢eqr
2
1 R
—m2 =P i
2 480
E = ZL is independent of distance from the plane sheet.
€0
7.(198) Let each small drop has charge g and radius R.
kq .
— =22V ...[)
R
When all the drops combine, volume and total charge are conserved.
4 4
27| —nR3 | = —nR*3
3 3
= R'=3R
Also, q'=27q
kq' k(27 9k
Thus, v' - <4 _ K279 v =29 _9gx22-198V
R' 3R R
=5 puC
4 a Q=64 xq

9.(B)

4 4
64><—17:r3 =—TCR3
3 3
= R=4xr
Gy Q anr?

—= = X = 01

S 4-1‘CR2 q

There can be cases where net force on a dipole in non-uniform electric field may be zero.

-
AP

OE
E.g. Where there is a maxima of electric 0_L:O = F =0 field.

Correct Option is B
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10.(A)
l:_‘;I
A E,
q/a 450
P 151
q q/2
1 2 1
Enet = \/5 q/2 + q 2 = 2
dney a 4n €y (\/Ea) dneg a
9><109><(8><10_6)><2
11. =
(B) E, 2
4
8x10™° o -8x10°
& ] »
S 2— ;
K = >
. 576 x10°
= 0= —
d2
4 576x103
= 64%x10" =—————
d2
90
= az=—
10
d=13m

12.(D) By Work Energy Theorem :
= WE =AK

1
—gE x(displacement)=0— E mv?

mv?  100x107%x200x200

displacement (d) =

=0.5m
Esino Esin®
E

13.(D)

9" az 9

Foet = (2Esin0)q

=2

2gE  2x40x107°x10°

|

V2

_t —

i

2

Archive Solutions | JEE Main & Advanced | Page 11

Class — XII | Electrostatics



Vidyamandir Classes: Innovating For Your Success

-1
2 3/2 3 d2 3/2
2 2
X< +— Q-] = x*+— x2x |x
4 X 4
a2 5
=0; x“ +—|=3x
23 4
d
X2+
4
2 a2 d
X< =—; X =——
4 242
—-0v —-ov 2
14.D) E=—; E=—=—(3x9)
or dx

E =-3(2x)=-6x

At point (1, 0, 3)

E =-6(1) = -6Vm ! E=6Vm! along —x axis
15.(B)

As they are connected by an conducting wire potential of Both spheres is same

V) =V,
K ko
n b))

Now ratio of Electric fields on surface
k9,

E, 2 r, 10 2 . . .

—_—= == = — = — (for mutual interaction to be ignored value of d should be large)

E, K9y n 5 1

E|Ey = 2:1

16.(45) No. of electric field lines per unit area = electric field

For uniformly charged solid sphere,

-
p="rr
380
At surface, r=R
R
p=Pt
380
R 2x6
- 2*°  _0.45x1012nc!
35  3x8.85x10 12
-45x1019N /C
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17.(17) Net electrostatic froce on A in the resultant of Fr &Fp
B 0.6 uC

2 2
Fp =4 F&+Fp
_ 9 x 100quA
(A
_ 9x 109 x agda
B~ o
(BA)
putting the value of F» & Fg and solving we get F, =17N

a
L
18.A) sy O
P KQqy  KQqqg
net 9 - 9
(a—x) (a+x)
KQqp, X2 x V2 ) KQq 2x 2x
Foet = 2 1-— -1 1+— ; Foot = > 1+ —-1+—
a a a a a a
1 4x
mg)2x: ><Qq0><— ; W= ﬂ
4neg a2 a nsoma3

r
19.(1) Electric field inside along cylindrical volume having uniform charge distribution is = P
2e
0
2e
E-—P" x50
2 €y p

20.(B) q+qy =4

k
Fe d199,
r2
qq =g = 2uF

nw _BE 1

21.(6)

ek . 0
22.(B) ay=—, t time to cross =—=—=0.5sec
v

1
m 2

Vy =ayt, VX =2m/s

Archive Solutions | JEE Main & Advanced | Page 13 Class — XII | Electrostatics
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23.(C)

24.(A)
25.(B)

8m 0.5
el — |xO0.
Vy eEt e 1
tan 6= —*= = =2; O=tan "2
V, mx2 mx2

Using gauss Law : Considering Gaussian surface of radius x.

x
J.41rr2p (r)dr

Sﬁﬁ;.azo—
€0

4npg {x?’ x4 }

X
4m 3 r
4ﬂ:x2E=ﬂJ.r2[———Jdr —
g0 4 4R

o) 4 R

3
47pHX X
anx? < E =p—0{1——}
4£0 R

E(x)=M[ —ﬁ} ;
4gg R

r r
E(r) =20 {1 - —}
480 R

Both the statements are correct.
Let charge be q on both sphere and distance be r

I
o

r2

Further, C is placed in contact of A,

So, charge on each will be g .
Then Cis then placed in contact with B
So, new charge on C and B will be ZT = e
3 3
Now A q C i B il
2 4 4

_—

1 |l
8

3kq® 4 9kq® 4
= X — = X —
8 2 16 ;2
3F 9F
2 4
9F 3F 3F
Fnet=—-"=-""
4 2 4

Archive Solutions | JEE Main & Advanced | Page 14
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Solution of Archive - JEE Main & Advanced

DC Circuits Class - Xll | Physics

JEE Main 2021

L.A)  i=og+Ppr

dq 2
= —=ay+pt
5 %o B

15
= g= j(a0t+Bt2)dt

15
= q—|:(x t2+[3t3}
=|og—+p—

2 3 0

2 3
20x@+8x@
2 3

=11250 C
2.(D) Current in the circuitis [ = 61—_04 = %A
Applying K.V.L Fi X By %
Vo +Ey,+81=V, * '
6V, 20 4V, 8Q

Vx—VyZ—(Ez-i-S[) Iy
VeV, =—(4+1.6)V
Ve-V,=-56V

v
3.(5) Current, i = —
R

FR

So, i =(10x1073) (5x107) (0.5x1073)2

= TC(EGT‘Q)

~1257x105A
=1251 mA
=531 mA
4.(Bonus/1) If polarity of known battery is changed, the answer is 1
E; _¢380 1
E, ¢760 2
a=1

Otherwise, no Null point would come.
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i R
52 1-%2_2

LR 4 i +iy =6 > i =2A
1

6.(C)

E o C
After rearranging the circuit
R R
A B
R R

Wheat stone bridge circuit
So, R,5=R

7.(300) Work done by battery= QV = 20x15 = 300J

rR=PL

8.(A]
(a) y

Volume=LxA4=125Lx A
1.25

1.25%x1.25=1.5625
9.B) Att=0
E I5E 5E

o~ 6x9 :5_4_E
6+9
At f =
5Q 50
A I A Lo o— |
E 50
10 4Q = =B
1Q
| sommmn—1
40

Archive Solutions | JEE Main & Advanced | Page 2
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, E 10E

1 =

” E_{_é 33
2 5

10.(A) I=neAvyy

= 10=nx1.6x10"19%x5x10%x2x1073

1025

n=———— n =625x10%°
1.6x10"

=

11.(4) s =1 +T1y

)
rl +r2

2
s=np= (rl +r2) =nnry

r; r.
n=-L4+2,9
N
Forntobemax, n =rp =>n=4

l

12.D) R= pz also, V =iR

Now,

13.(3) Net resistance in the circuit is 7kQ

21 3
So, current = —x10""A
7

=3 mA
This current will pass through 5kQ resistance
3E

R+r+ry T r,

— W Fw—

2E E

14.(B) i
V,=2E-in =0

2E

SE n=0

R+ n+ry ' MM
2R +2n +2r, -3r1 =0
n
1
R= 5 - r2
15.(70) Let the voltage required be x
Then the current through battery = x/10

R eq of parallel combination = gg

Thus applying KVL we get

100 X 170
7 10
x><¥=170 = x=70V
16.(48) As we know,
2: 6 2= 1 ;. x =48
x 72-x x 72-x

Archive Solutions | JEE Main & Advanced | Page 3
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17.(4) In parallel combination,

__RR
“ R +R,
l l
L_Plzxﬁhz_ 6><3 L ) _4
Peq o n = = © Peq =
2A l 6+3)A

(py +py)
Ap1p2

12x6 4 6x14
18.(10) R, = 216 +5+ YT
+ +

=40+20+40Q =10Q

19.(A) Maximum emf is potential difference across AB.

llfl T

_, 500cm L

v

450 cm

|

i

6V 200 K
= R,p =0.1x1000 =100Q

6

6
= I by battery of emf 6V = ——— = = AV,rn =R,rxI =100 x
Y v 20+100 120 AB — TAB 120

= 5volts
v2  (100)?
20.(80) Ry, = ="

YWY

100 V 100 V

200V

The bulb will give the same power when potential difference across it becomes 100 V.

2
200 v2 (100)
V=V = - 100volts .. R =Ry =— = ~——— = 50Q;

P 200

21.(D) Since balancing length « emf
g, 250

g +8g o 400

81+82=E=§

€] 10 5
5 3 or LB
g 5 gy 3
22.(D)
2!0\/
L
il
5 5
—— o ——————
A >
2 V,
>
Vi

Archive Solutions | JEE Main & Advanced | Page 4 Class — XII | DC Circuits



Vidyamandir Classes: Innovating For Your Success

10/7 20 = 10 x 20 = ‘;—Ovolts

17107745~ 45
23.(45) here assume current as
By KVL in outer loop
9-12i-4i=0
16i=9

81':2:4.5 =45x107!

1
Vy oc—
As A is decreasing
Vo is increasing
Also E zd—V
dl
But by ohm’s low
dV =idR
dl
dV =ixp—
Paa
_dav _ip 1

e = FEo—

dl — dA dA
Electric field increases
25.(D) 16=Ry(1+a(l15))
20=R;(1+a(100))
5 1+ a(l100)
4 1+a(ls)
5+750=4 +400a
1=325a
a=.003/°C
26,(1) At t=3.2 seconds

27.(C) 1=J.A=JA cos60°

Gravi
= 5=J><0.04><l:J=250‘y
2 m2
Also, J =E
p
= E=Jp

=250x44x10°8 =11000x10°8

=11x10°V /M

Archive Solutions | JEE Main & Advanced | Page 5 Class — XII | DC Circuits
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28.(B)

| ! Lig

Applying KVL in loop FABEF

140 - 20i - 6i; =0

or 10i + 3i; = 70 )
Applying KVL in loop BCDEB
~5(i—i;)-90+6i; =0

~5i+11i; =90 ...(i)
Solving (i) & (ii)

i =104

_1.7x10°x0.25

29.(B) R
3x107°

cu

2.6x10°8x0.25
Ry=—"—"=%
3x10~
=1.42 mQ
=2.12mQ
R

R
R,, =—4 Al -0.85mQ
9 R.,+Ryup

=0.25

30.(15][ E J5=1.25 =
5+r

2
E =1 = E =0.5
2+r

5+r 0.5

= =9

2+r 0.25

= E=1.5V
_ALA

31.(8) ——
Req pl pyl

1 nd® p,+p,

R 4l pp,

eq

L nd’R,, (P +Py)  3.14x4x10°x3x63
4p,p, 4x12x51x107®

=97m

32.(B) Circuit is equivalent to
40 80

0.60
2.2V

R, =16+0.6=2.20

e

Archive Solutions | JEE Main & Advanced | Page 6
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P= =2.2W
eq
33.(D) Option 4 — 2Q and 4Q in parallel = 2x4 =%
4 46
Req =§+6+8=?Q
34.(B) 500 W, 100 V
4 200 R
R= 10 =20Q
500
2
200 x 20 =500
20+R “
200 200V
20+ R
R =20Q
35.(C)
5V, 10 5V, 100 bHV, 1Q 5V, 1Q 5V, 1Q
|1 | L |1 | L i
| I I T l ] | |l | I
Y
R

i_5+5+5+5+5

5+R
If the cells are connected in parallel combination
5.5 5 5 5
SHIHT 4+ 4+
1 1 1 1 1_

= =5
€4 l+1+1+1+1

1
r o =— - _
€4 141+1+1+1 5

l+R
5
Now i=1i' = 1+R/5=—+R
Or R=1Q
36.(20)
2y 10Q ntimes
| ——Annn AN
' 100
10Q2
i 1002
e | F—wwA—r
100 100 n times
20V

-2

10n +10
I - 1020

—+10

n
I'=20I

20xn _ 50 20 N n<20
10+10n 10n+10

Archive Solutions | JEE Main & Advanced | Page 7
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37. (B) As per color coding mnemonic:

R =7500 £5% = (7500 + 375)Q

R 2R
2R R
When switch is open
R 2R
2R R
3R
Rab =

38.(9)

When switch is closed
2R

R
—W—
2R

R
Rx2R 2RxR 4R
= =+ = —
2R+R 2R+R 3

Rab

(Rab )open 9

2
4R

9
(Rab )closed 8

The value of xis 9
39.0) 1, WA

R,

0.98i 50
(0.021) x Rg =(0.98i)x5

2Rg =98x5
Rg =245Q

40.(3)
3Q 60

30 30—

3Q 60
As we know R o L
R,, =3Q

Archive Solutions | JEE Main & Advanced | Page 8 Class — XII | DC Circuits
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41.(6) we have to find the voltage difference V, -V = ?

Solving circuit
40 150

| 1Q
12V
x 20 20 A 6Q B
y
4Q 64
oA
|
| W
1Q
12V
On solving above circuit
iy =2A
x=1A
y=1A
Vap =lap Rap
=x-6
Vg =6V
v2
42.(4) Incasel, P =—
R
2
In case 2, P, =2x v
R/2
P:P,=1:4

43.(A) B 2

cC 2 A A
WA O A
2 3 3
Re
B B B

44.3840) J2 _ [IZT [sz [tzj
Hy \L R )\ 4

Hy = (2]2 (gj@jugzw — 3840J

45.(D)

OB < I .

Archive Solutions | JEE Main & Advanced | Page 9
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10-V; V,-V; 0-V
1,727 "1, L_o .. (1)

100 15 10

10-V, V-V, 0-V,
2, 17% 2-0 ... 2)

60 15 5

Solving (1) and (2)
V;=0.865V and V, =0.792 V

Vv, -V,
Current = % =4.87 mA

46.(B) H =i%RT

500 = (1.5)” Rx 20 )
When i =3A
H, = (3" « Rx20 oo (i)

2
(2) H, (3) x Rx 20
2,2 N T 7 4 o H, =2000J
(1) 500 (15 xRx20 ’

2
47.(2500) H =i?Rt; 10x107° :(2“073) Rx1

= R:%XIOS =2500Q

JEE Advanced 2021

E E
17.(3) Current in the potentiometer wire, i = = 3R
0

2

n+Ry+ & n+
2
For null point potential difference across the cell must be —.

- l E E l
=>-n+E-| — i=— >—=iln+—-
1 100 |F0' =73 2 1% 700 70
E E [ 72 RO] 1 2 [ 18RJ
> —=———n+— =>—=———|n+—R,
2 " +ﬁ 100 2 2 +3R, 25
2
72 72
= 2r +3Ry =47 +£RO = 3(50) =2n +£(5o)

=150-144 =2n =>n =3Q

Archive Solutions | JEE Main & Advanced | Page 10
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T JEE | MEDICAL | FOUNDATION

Solution of Archive - JEE Main & Advanced

DC Circuits

Class - Xll | Physics

JEE Main 2022

200
1.(C) ———WW——

200
1 1.5V r ]

] ——AWW—

i4

] 300

But = v=10i = 1.2=10[ = r+20=7_

r+20

2.(25) —=—

l, =50cm
, -l =75-50 =25cm

3.(B) A and B will be parallel in series with C = R

25 25 1
4.(25) I= = =—Amp
R+R, 20+30 2

. . iR 1 20
Y = potential by radiant =? :EX_:H//m

balancing length = 2.5 m
E =y xbalancing length =1x2.5=2.5m

5.(B)
S
421/3
—>——>—@7—
1 I/3

21 I
—S=—G=G=2S
3 3

25 = r=5Q

Archive Solutions | JEE Main & Advanced | Page 11
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6.(450) (2)2 R(15) =300 = R=5Q

Energy developed = (3)2 (5)(10) =450J
7.(2) Req =2.5Q
14

Req

i= =2A

8.(A)

g=—=—=R=1p-n

9.(D)

Y
A 4

Coil expirimence deflection 6
I=K6

Where K = figure of merit

I y= Kn

IGS
=1 (G)
G+S Y
G+9S) nK(G +S)
=
Y s S
10.(300) As the length is doubled, area of cross section is halved (volume constant)
21 1
= & -4 L 4R
(A/2) A
Thus, new resistance is 4 times old resistance
-R

I=1

% increase = [ ]x 100 = 300%

pl pl? AR  2AL AR 2AL
11.(C) R="—";R="" ; — ===,  =X100=
A % R L R

12.(C) n=R+Ry=100Q

x100 = 0.8%

I, =1 1IR3=5Q
r3 =Ty + R, =10Q
r, =131 R5=5Q 50
I5 =Ty +Rg =10Q
5Q

Ig=T5| IR, =5Q 502

r7=r6+R8=IOQ

r8=r7||R9=5£2

Archive Solutions | JEE Main & Advanced | Page 12 Class — XII | DC Circuits
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i 72Q
(c)
I N

13.(B) I

8Q
72i =8(I-1i)
o8I I
= i=—=—
80 10

I

Percentage of total current = 10 100 =10%
I

€ r
14.(8) ———1H——W—

r
1-

3 r+8-r r+4-r
£— ¢ _lr=2pG - Tr+8_2 :>(—)><2=—3
r+4 1- r 2 r+8 r+4

r+4

=16(r+4)=12(r+8) =r=24-16 =r=80Q

15.(48) R =4mm

d

j=4x10%4a/m?

2
R
I=jn|R?-—
4

3 2
I=4><106><Tt><—><(4><10_3)
4
I =48nA

. r [ 2 1 9 6, 3 3\2
16.(12) Current is outer part from Etor: jlar® ——nr® | = j—nr® =1x10 ><—><‘n:><(4-><10 ) =121 A
4 4

= x =12
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17.(3)

&:0

For R, to be minimum
€d dm

m=,|— = x=3
2

18.(10) Whetstone Bridge arrangement:
R 4
—=—=R=2Q
3 6
_6x9 54 .. 36
“ 6+9 15

mgH = PxN

=
54 /15 54
19.(B)

10%

x40x10=PxN

N =50

20.(8) 2= R(1+a(10-T))
3=Ry(1+a(30-T))

For absolute temperature T = 0°C

2 1+10a

—= = 2+ 600 =3+ 30a
3 1+30a

300 =1

1 -1
a=—=0.033°C
30

1 1 1
21.(8) R =R{1+—+—+—}

2 4 8

R 8+4+2+1
eq s

15R

eq 8
R =1Q

174
I =

Req

3

" 15R/8

3x8 8

" 15R  5R

8 8
I= =—

5x1 5

a
I=—

5
a=8

AAAAA am

AW a/m

6
x15=10A

Archive Solutions | JEE Main & Advanced | Page 14
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22.(15) If the Heat is H.

v2 v2
H=| —|(20) and H=| — |60
Ry Ry

where R; & R, are resistances of two coils.

When both coils are used.

v2 y2 H H
_+_
20 60

23.(144) R=Slope=tan 45°=1

pl RA 3.14x(1.2x1072)?
== p=—=
A ¢ 31.4

R

- 144x10°0-m =144x103 Q—cm

15
24.(10) i=?=5A

Vg -V, =15-5x1=10V

25.(A)
il
o
vi
20
E E
i =iy ; r+1:_’ 2+—=r+1
2+ —
1=—:; r=2Q
26.(8)
2000 ©
500 Q 600 Q
|
| I
20V
500 x 2000
R,, =600 + ——————— =1000Q
q 500 + 2000
20 1 1
i=————=—A .. V = iRy = —x400 = 8V
1000 50 50

Ry = Req of voltmeter and 500Q

0
t=H = t=T=15minutes.

Archive Solutions | JEE Main & Advanced | Page 15
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27.(136)
E
J=—
P
I E
A p
1 E

28.(4)

29.(4)

30.(D)

1.7
F=1.6x10"19 ><7><10_2 -0.8x1021x1.7

F=1.36x10"2!

F=136x10"23N

By nodal analysis
2V o
1
2V
0e—] WW——@ v,
4V “
1
4V
oe—| W—e v,
oy 1kQ
6V
0e— AW——e——o V/,
V()
Vo-2 Vy-4 Vy-6
02 Yo=% Y-6 _,

1 1 1
SVO =12 = Vo = 4volts

1'cd2

Eight wire in parallel, then equivalent resistance is

Each wire has resistance = p

=r

r p/
8 2nd?
Single copper wire of length 21 has resistance
20 x4 l
R=p ~ = P
nd?  2nd?
= d; =4d
Equivalent resistance between 10kQ
10 MW
Aand Bis = ?+15 kQ
55 MW
- ko ey % 10kQ
3
Potential difference between the points 15A B
55 —WW—<¢—eA
A and B =15mA><?kQ =275V 5kO

Archive Solutions | JEE Main & Advanced | Page 16
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31.(18) E « ¢
E 0

1.2 36

- - ; ly =54cm
1.8 Iy

Al =54 -36 =18cm
32.(A)

40 40

4Q 40

I =10 ampere

P 40 P 2
33.20) —=—— = == (1)
@ (100-40) 9 3

P+x 80

P+x 80
= =
@  (100-80)

a —% ...(2) P+x=4Q

4 x 3P

From, eq. (1) and (2). P+ x =

P+x=6P

5P = x =[x = 200

34.(A) Effective circuit (External circuit is Balanced wheat stone bridge)

4Q
I—I\M_
6V 2Q
35.(20) E = Potential gradient x null point length
_3 4 xR . .
20x107Y = ———«x ; Solving above equation R=20Q
(780 + R)x 300
36.(A)
r I WA, I_ I
L L
q 1 % 2
I
—
‘ll!m
R
7= 280
R+q+@
) 2e0n
Given, ¢g5—In = 0 = gg—————=0 =
R+n+ry

R+r+1p=2rn =

R=n-ry

Archive Solutions | JEE Main & Advanced | Page 17
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37.(2400)
R S 56kQ S

100-1 1 70 30

3
S=—x5.6
7

S =2.4kQ
S =2400 Q
eE
38.(B) Vg=—r1
m
As TT=1d

So with temp V,; ¢ now

I =neAV,
vV ! v vV v \s
= —_— = ; = ; oL —
d neA RneA d pLne d L
39.(40)
40.(A) Let initial length is Ly
Then, final length becomes L +2Lj = 3L
L I? .
As R=p—=p— (where V =vol"™" of wire)
A 1%
2
Roriginal (LO )
4 60 3
41.(780) x 20 x =20x10 = R =780Q
R+20 300

20Q

M 20
42.(C) Cell 1 w R " =5Q

V2
0 R Ry 2

Cell2 —L-T1_
Hy v2 R, 3
Ry
43.(14) Py =1Ryq - PR
1 2
2 .
Feo=I"Reo W 100W  60W
220
=— ... (i)
Reo+Rioo -

From (i) and (iii)

2
220
Pioo=| 5——=—| oo

Rgo +Ryp0
here R (220)2 R (220)%
ere = ; =
60 60 100 100

Solving P, o =14.06
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l 14
44.B) R, +Ro, =p;—+py—
1t g P1A PzA
l l
=—+
c1A o©5A
‘(1 1 12/
—_—t— = ——
Alo; o9y c A
51+G2 2
G109 c
26,09
(51+(52
1 1 1 1
45.(2) =—4+—+—
eq 9 9 9
Req:SQ
(1%
I=—=2A
3Q

46.(A) Constantan and manganin are used to make standard resistance coils as they have high resistivity and
low temperature coefficient of resistance.

47.(B) Let length of X be x
& length of Y be y

2
I 1 15
also R=p—x_:p— = Rxl?2 = R = Kki2
A | volume

Wire W has length 2x
2
R, =k(2x)
2
Also, Ry, = 2Ry =2ky

9
Thus, kax? = 2ky2 WM==

@ | %
I
N | =
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Vidyamandir Classes: Innovating For Your Success

VMC e
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JEE Main 2021

1.(D) Series connection C G
) —
Cequialent(i) = E Case (i)
¢
. | |
Parallel connection [
Cequ[alent(ii) =2C — —
Cp _C/2_1 ||
Cuy 2C 4 C
Case (i1)
€
2.(A) g
e
/B
/
’
0.
P
o
Because electric field is velocity perpendicular to it is constant.
So, V] cosa =V, cosf
1 2
So, RE, _ 7A myi
KE 2
2 %mV2
2
_ [Vl] _cos®p
Vy cos? a
3.(Bonus)
15 C,C
C +Cy = i et
4 C+C,

ccC, CC, CC, 4

1 15 x2+1 5

— 4+ XxX+2=— = :7/4 = 4x“+4 =T7Tx =
X 4 X

D=49-64<0; No real Answer

4x%2 -7x+4=0

Archive Solutions | JEE Main & Advanced | Page 1
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4.(2) l=2cm B C

b=§cm
2 A'—' c
0 C.2C AB

- X € _
d C+2C DC
= XS 2. = X€ _2 S0p, o x-2p
d 3 d 3d
x=—x2x—cm2=20m2
5.(864) g = CV

q=14x10""2x12 Coulomb
q =168x107'2 Coulomb

When dielectric is inserted, charge remains same.

The mechanical energy with which the dielectric oscillates is U ¥ -U;
_qP(k-1)
2 kC

168x10 1% x168x10 1% (7-1)
2x7x14x10712

U=12x10"'2x12x6J
U=864x10"12J
U =864pJ

6.(A)

i,

il
'

1 1
G G

|
|
¥

Q-

KegA
3d
4

Where C, =

I
S
b

o
MQ|

2

1 3d d
—_— +
C' 4KepA  4goA

4KegA 4K
d(3+K) 34K

0

7.(16) Q;=10x2=20uC,Q, =0
Charge will be distributed in proportion to capacitance
2 G+

(9, +9y) =%x20=16 e

Q
@]

2
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_ gA  8.85x100 885 _
8.(161) C,, = 4 - 5.05 _£:161
d; +—2

I

9.(2) Initial AV, = % =10 Volts = AVg

AV,
R
SR_g
R pA
A 2
10.(3) C- deo = 0650X ~3¢,
ha & == +0.5
[k +d2] (3.2 j
d/2
1 dx 1
11.8) — - j " [log, (e +hx
) (eo +hx) A KA[ ge (<o +hx)]
0
d
1 j dx 1 [ d
1 ——[tog(<q +ie(d - x))]
— — d/2
Co  glc0 th(d-x)|a -KA /
11 1 2 ep +kd /2
_—=— 3t —=—lo el —
Cqq C Cy KA <o
o KA KA
oo eo +hd /2 2 ey +hkd
2log, | 0" L2 | 2log,| S0
€g 2
E ..
12.(A] Einside — outside
K
Einside = Eoutside ~ Einduced
%% _ 9% _ B _
KAgy Agy  Ag £ qo[
13.(D) Initial condition
2CV —-2CV
cv
cvidi-cv
KC
q —4h
2C
q —4>
KC
From conservation of charge
q1 + qr = 3CrV

Let final potential be }'
(KC+20)V'=3CV
-4
K+2

KA

1 [eo +kd/2]

€0

Archive Solutions | JEE Main & Advanced | Page 3
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C, = 3kegA
2d

C, = SkegA
3d

1 1 1 1 d 2d
+

3d

eq
_ 15key A
‘" 34d
15.(B) As we know,
—z/RC)

qg=qo(l-e
q @(l_e—[/RC)

= 50=100(1-¢"'RC)

- - 1
_1_RC otre 1

2

= =

N | —

C Cl Cz C3 k80A 3k80A 5k80A

. t=RCIn2=10*x10"°x0.69 =0.69x107*s

V. keAV 1
pcy d p kg,
A

cv 2x107"% x40

1%
16.(A) i=—-=
a) R

= x10"”% =0.9x10 %A

“keyp 50x8.85x200

1 1 d/2 d/2 6gA/2

17.(A) —

= + s
Cloq Ki20A/2 KyegA/2' 2% d

KiKy gpA N gnA _ A K Koy
K] +Ky

4" K +K, d 2d d

18.(A) V,, =E-ir
i:g:lA
Vp =5-1x1

-4V

9B = CasVaB

4x4
Can = =2uF
aB =y M

Qup = 2uF x4 =8uC
Charge of 4uF = 8uC

19.(A) Q,:095:05=2:4:4=1:2:1
Let V=1

6x12

Cpq (inbrach1-2) = uF = 4pF

= Q, = Qg = 4uC

= Ceq (in branch 3 - 4) =2uF

= Q, =2uC

and Ceq = Cleq + CZeq

1
+7
2]

Q=4uCbp 121

11— I—LP'Z

3 F’JH
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¥~

20.(100

e

W
oy
Il
z

A
AMA

o

-\

C = boyF

Current through capacitor will be zero
i-2 _10°a
3R
L Vg =iR=2V
5. Q@ =CV =50uF x2V
Q =100uC

21.(B) Here V, :%: 8l - e V/RC)

c 100n
——wwww—y
It
20v

-6
2-920[1-e-10
RC

Solving, C =0.95uF
22.(4) C=200uF

V =200 volts

K=2

AU=éCV2(K—1)=%><2><10_4><4><104J=4J

JEE Advanced 2021

1.(1.33) At steady state

At steady state current passing through capacitor is O

Then current in circuit I = %

1
I=—Am
3 p

Potential at point A=V,

Potential at point B =Vg

1
V,-1|=|-1=V,
A [SJ B

1 4
Vy-Vg=l+===V
A B 3 3

Charge on capacitor Q = C(V, —Vp)

-2V

Archive Solutions | JEE Main & Advanced | Page 5
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4
X =1x—uC
3“
X =1.33uC

2.(0.67)
1€) A 2€)

I
\ 24
by -

| uF

1 ]

B !
At steady state current through capacitor = 0

2

2
I=—Am
3 p

Potential difference across capacitor = Potential difference across 1 Q resistor
2
Va-Vg=1=2V

Charge on Capacitor =y = C(V, -Vg)

=1><§pF=O.67 uF

Archive Solutions | JEE Main & Advanced | Page 6 Class — XII | Capacitors
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VMC Vidyamandir
Classes snce s
T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Capacitors Class - Xll | Physics

JEE Main 2022

1 2
L)y =E(10C)V

1
Up =E(1 5C)V2 Where C is the capacitance without dielectric

U.f —U.i
% change = x100 =50%

(e}
F=q—=10N
€0

If one plate is removed
+

+
(o)

+ > —

+ 2¢

+

,_qo _F

280 2
10

F'=—=5N
2

3.(D) Dielectric strength = Maximum electric field between capacitor plates that a dielectric could bear a

without any break down

36x107 % -9
K EO KA EO
- 7x1076
3.6x10" = ——¢
K(30mx107%)
7 7x1076
3.6x10" =
Kx107* x7.5(4n &)
7x10°8x9x109 63
K= = -2.33
3.6x107 x10°4x7.5 3.6x7.5
2
44 veo = veg’ = dy =129
2C

=4q5-¢=2 =129-q=2 = g=10C

Archive Solutions | JEE Main & Advanced | Page 7 Class — XII | Capacitors
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5.(6)
ek
34 N % 1
\_| ¥
Ceq = 6uF
s . €0 A
6.(A) Initial capacitance =
As there will be no electric field inside metal sheet hence effective distance between plates will be
reduced by thickness of metal sheet
. __SA4A
New capacitance = ¢'= ————
d-d/2
2ey A
! (0]
= =2C,
C'
—=—=2
Co
7.(A)
Cy 4 >
c,—— (0} (@pu— =1
Cy
Initial Final
a1 _ 9
CV=q +qy; —=—"2
1V =d1 142 c, G,
&) CiCyv
Cv=Gg—=+4g; qg =
C, Cy+Cy
8.(C) When put in electric field, both center displace a little & a dipole moment arises.
1 1 1 1 6+4+3 13
9.(A) =t —t—=— =
Ceq 10 15 20 60 60
60
60
Q: eqXV=ELLFX13V=60HC

10.(C) C _A% e (Given)
. 0= 2 =4p

+— —>

AEO
C = =8 uF
d/2
KA
) = ——0 _3x2x4 uF =24 uF
d/2
GG 82
€ c+Cy 32

Archive Solutions | JEE Main & Advanced | Page 8
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11.(125) C, =50x10712F Vv, =100V
-12
Cy =50x10712F V=0
C, V] +C,y V. 50x100+0
=M = V:—
C) +Cy 100
V =50V
Loss :Ui_Uf

1 1
= —Cx100%2 -2| —Cx502
2 2

1
- Ec[1oooo - 5000]

1
Loss = > 50x10712 x 5000 x10*9nJ

Loss =125nJ

12.(23) All plates are in parallel connection

_%0A oA %A _ sOA[3+5+15] 23654

“@ 5 3 b b 15 | 15 15
13.(100) Q; = 5uF x 30V
.\
5uF| _|[10pF
_El _Ez

Q; =150unC ..()

After closing switch : Lets assume final potential to be V.

9 =(15)v ...2)

150uC =15V

Final charge on Cy = 10uF x10 = 100nC

Q2
14.0) - E=—_ E = Ege 2/"
2c
E _
70—E0e 2t/
2t )
n2 =— ... (@)
T
Q= Qoe_t/T 5 % = Oe—t2/r
(n8=-2
T
t
3/n2=-2 .0 (i)
T
W 1 25, 4 1
(@ 3 ty ty 6
Q 1 1 5
15.(A) @=cv = V=— > V@ = slope =—=———=5x10
C C 2x10°6

Archive Solutions | JEE Main & Advanced | Page 9 Class — XII | Capacitors
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16.(A) Here C| =4mnenRy

Now new capacitance of the

system as shown in figure

_ 4'7'C£OR1R2
R2 i Rl 6

Given that
4 R{R
MZHX‘I-TCSORl 1
RZ_RI =
R
_ 2 _n
Ry - Ry
R2 _ n
R n-1
17.(6) Initially
Q,=Cx18
1F
G
A F
3
CQ2—3CX18
[
||
E=18V

Total charge on plates Q = Q; +Qy

Final condition

3¢V
Charge conservation
Cx18+3Cx18=9CV'+3CV'

4x18 =12V
V'=6V
18.(A) C_,,=1+2+4+3
() C,y 14
Ceq = 10uF —
2uF
C,, =10x1076F —
q
4uF
q=Cqu —
3uF
q=10x10"%x20 L
q=200x10"% coulomb |

| I
=200uC
20V
19.(60) The capacitor shown in figure is made up of two capacitor C; and C, connected in series.

gne,. A ene,. A
0°r, o°r.
— 1 — 2
(1 —, ( —z

5] ty

Archive Solutions | JEE Main & Advanced | Page 10 Class — XII | Capacitors
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Since C; and C, are in series so charges on both capacitor is same.

¢ (100-V) =Cyv V = voltage of foil
805 A 808 A
— 12 (100-v) = —22Vv

b ty

3 4
—(100 —V) =—V
0.5 1

4
E(mo-v) =TV

300-3V =2V
300 =5V
V =60 volt

1 2
20.(C) E, = E.2CV

1 5 1 (V3 1 26cv?
E2=E(5C)V +E. =—

5 2 5
(Voltage const) (Charge const.)
B _5
E, 13
21.(10)
10V
a ‘ Il } MWW b
! 10Q
<A 10002 I
c MW d
—
i
| | AAA,
e | I vy f
L1pF 2009 :
, 10 1
=
100+10 11
. . 100
. P.D across the capacitor =V, - Vf =V,-V,=ix100 = Tvolts
. _g 100 -6
~. charge on capacitor, @ =CV =1.1x10"" x N =10x10""C
22.(240)

Ceqv. =C+Cqy =

5x8.85x1012x4x1x107% 8.85x10712x7x4x107%
= +
4x1073 4x1073

Archive Solutions | JEE Main & Advanced | Page 11 Class — XII | Capacitors
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8.85x10712 4
-—————[20+28]x107* =1.2 ¢,
4x1073

1 1 2
. Energy stored = ECeqU_V2 = 5 X (1.2 EO) X (20) =240 ¢,

23.(A) As per given condition,

24.(A) Here C =

25.(C)

(40)(40k)
(40 + 40k)

Gives k=1.5

4k£OA C - 4enA |
) 2 -
3d d
C,Cy _ 4kC
C+Cy 3+K

I 3d/4

net ~

Id/4

q; — 49
v__2
c

q; — 4y

2C

Archive Solutions | JEE Main & Advanced | Page 12
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VMC e

T JEE | MEDICAL | FOUNDATION

Solutions of Archive - JEE Main & Advanced

Magnetic Effect of Current Class - Xll | Physics

JEE Main 2021

B
1.(B) F =quB = = = F « 4 where p = momentum
m m
. e e 2e
S.Forceratio= —: —:—=2:1:1
1 2 4
1 1 1
Speed o« L ~Speedratio =—: —:—=4:2:1
m 1 2 4
5 2 3/2
iR ) B, {R +(0.2) }
2.(B) B=—— S Bot—+— ;. —=8= .
2 2 3/2 2 2 3/2 32 2 3/2
Z(R +X ) (R +Xx ) {R2+(O.O5) }
2
. 2 R +0.04
Take cube root, and squarlng(Z) = —
R? +0.0025
= 4R?+0.01= R? +0.04 = 3R% =0.03 = R? = 0.01 S R=0.1m
3.(C) B =pon Iy,
= B=41x10"7 x500x10° x5T
..B=nT
1 I 1 1
4.(D) B=L+Q+L=L(2+n)
4nR 4R 4nR 4nR
5.(C) Conceptual
6.(None)
Statements B, C, E are correct. So, none of the given options are correct.
7.(C) As we know, r = mv.
qgB
2mpkp
Cp_N2mk T, 1.B .E_Z\Impkp _1_mpkp
qB r,  J2mk, 1 mk, m,k,
2-B
k_P - my = 4 =4-1
ke, m, 1

8.(D) Work done by magnetic field (magnetic force) on moving charge =0 [ F1 \7}

o L

9.(D)

b
Current per unit area
I I
na? nh>
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At any x less than radius

Ze

|
|
1
a b

L) )
Ho —5 X X
Bx)=—a~ B(x)=-P
2nx 2nx

Slope (1) > slope (2

2m (K
10.0) R-"W_ 2m (KE)
qB B
Ta
ra m

)
E)
q
my(K.E.)

11.0) 1o ik

my da

4
q

o

ot |

myv Ry
= = —

et =1
qB R,

1
2
2 1
X —X
3 1/2
Ri:Ry=4:3
12.(8) Given,

m=9.85x10"2 =n>x1072

5 1
=—=—s¢ec
10 2
T=mBsin0 = mBO for small 6
Also, t=10
mBO =1Ia
o =—— = implies ®" =—
I I
T:2—n:2n L
) mB
-6
T= 27:1/—25“02
nx10"xB
1_2n [5x107

- T:>B:16><5><10_4:8mT

2w

13.8) BN :“oN"[ rz]é

2(a2 + rz)% 2a

2

as r<<a, B=BO[1—3r
2a

2

Ne—

b _2
vy 3

v

m /(9')
/

v
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14.(543) In each revolution AE =2eV
1 1 (cY
In Nrevolution AE=2N eV ==mv% ==m, | =
2 2 Ple
m_C2 5
_ p __1.67x9x10 —543.62
4eV x36 4x12x36x1.6
e
15.(3) 1 =m x B where m= ﬁazi = ﬁil
4 4 1005
B=20x10°T 0=90°
r=mBsin9=x/§x1075Nm = x=3
16.B) R- W _Y2mk
gB  gB
Where k is kinetic energy
R_mag 1,33
R, m,q 2 2 4
R <R, Lighter ion will be deflected more
17.(3)
Side length = 3a Side length = 4a
No. of turns = 8 No. of turns = 6
o3, i
p.l—SXLXTa K, =bxixa
)
o 2v3ia _ L y=3
b 6ia> B
18.(D)
L x
[e) = dN _ N
k dx (b-a)
b b i N
B—J'“ole_J' OLb—aJ _ _MoN , [b
2x 2x 2(b—-a) a
a a

19.(C) B, =B
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sin0, =

20.(B) a/2 = tan 60°

_a/2 a
tan 60 2\/5

d= x1072m

a
2V3

B= 3><|: Hot (sin60 + siHBO)}
4nd

1077 x1.5 2x+3
=3x X

9 Py 9 «—a/2—»
10
203"
3><1077x1.5><\/§><2\/§=3x10,5,1,
9x1072
JEE Advanced 2021
1.(4) rzi“‘zmquroc m
gB q
L on_ |mfg)_ [320)_,
Iy my | q 4 (1)

2.(AB) We can consider the two loops to behave as two bar magnets for analysing the magnetic field.

For I; — North pole is towards + z axis

For I, — North pole is towards - z axis

® ,O
[

Since field will be L to x-y plane, option A is correct

Since figure is symmetric, so B will depend on r.

Hence option B is correct.

At center
I
B, = Ho 21
2n R
I
B, = Ho o o
2n 2R

B, > B, hence ®

Very close to B;, field will point outwards.

Archive Solutions| JEE Main & Advanced | Page 4 Class — XIl | Magnetic Effect of Current



Vidyamandir Classes: Innovating For Your Success

O

It will be zero at some point.
Option C is incorrect.
In between magnetic field will be inwards

Hence option D incorrect.
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JEE Main 2022

1.(A) In magnetic field force is perpendicular to velocity
So, w=0
AK.E.=0

Both statement 1 and 2 is correct and 2 is correct explanation for statement 1.

ol
2.0 Beenter = ?

I
So, B=10" .0
2r

2
Ir
= B . ..= Ho

s 2(r2 + x2)3/2

pOIr2

r2 3/2
22+
4

uolr243/2
B )3/2

2 (5r2

uolr? x8
253/2,8

3
B . =Y |__ ... (i
axis = [\/g} (i)

3.(D) r= =

=1:\/§:1

4.(B) B=

5.(A) B« ni

mv 1xv
6.(C) R=—; Rp =
gB 1xB
4xv 20 R
0 = =— @ -2:1
2xB B Rp
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2 -7 2
I 2x107 " x(5
7.6 105N =" 10 em, 1075 = 210 XB 10
2nd
1 -8
d =2x25x = d=50x10"3m
10~
d=50x10"tem = d=5m
2mik
8.(2) Radius of charge particle r = 5
q
2(2m)k 2(m)k
For deuteron, Tq=\——— ; For proton, r, =
eB p eB
TqiTp = \/5 01 ; x=2
— 21 . -
9.0) B =-2=1(-k)=-2x10"5kT
4rn n
—_— 2 _5 ~ - _— —_— 51 2 4 _5 -~
By =—x10"°kT B=B, +By =10°k|-2+> | =——x10""kT
3 3 3

F. = q[V X B} - 31{(2{ + 3}) x (%x 10‘5](%)} — 47x107D [2} —3{} = 4nx1079 [—31’ +2j’}

mv V2m x K.E.
10.(10) R =2 _ P _ NEmXA-A
gB ¢B gB

\/2><1.6><10_27><24><5><103><1.6><10_19
1.6x10719x0.5
11.(D) For r > R (outside point):

-2x4.89x102m =9.79cm = 10cm

Using Ampere’s law : B(21tr) = upl ——— E
- .
p=tot -~ R
2nr T = _B;
For r < R (inside points): B — ¥
= .
B(21tr)=;,t0 x0 e
= B=0
i X
12.€) B=-0 _2x107 x—— =x1076
2nd 0.2
F=iBl= xxxx10"8x1
F
T=x2><10_6=2><106 * *
x=+2=1.4 <+«—0.2—

13.(C) K.Ef =4K.E; = vy =2y;

mv rf 2
As r=—= ~=—
qB 1
i .
14.(B) :
4cm  4cm
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i
B=B,+By; B=2[H—O]
2nr

i

300x10°6 = 4| 20 |1
4n )r

i

4x1072

3x107% =4x1077 x

3x1074 =109 xi; i=30A
15.(C) Magnetic force L velocity of particle
Statement 2 : incorrect.

Statement 1 : correct

gB  1.6x10719x1x107%
16.(C) Frequency = =

2nm 2><‘n:><9><10_31

160
x 108 Hz

18n
160x7
T 18x22
280

x108 Hz

x 108 Hz

-2.8x10%Hz
2mik
qgB

17.(B) Radius of circular path R =

18.(B) B, =2x—>

When it is rewound into 5 turns [-2(2nr)=5(27r5)]

-
New radius = ?

B i 25 pgoi
SO,NOW —2=5XL=_&
B, 2r 4 r
2 —
5
B 25
So, 22 _ Y
B, 4

19.B) B-= (22 + 3})

—

aE—4}).(2E+3}) -0

200-12=0
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20.(B)

21.(B)

22.(A)

23.(B)

24.(D)

20=12
a=6
po N, I
By, =———2n
X" 4r R
N,=200 N,=400
X Y
=“0NXI
X 2R
noNN, I
0y R =R,]
Y 2R

B, 2R / 2R J Ny
By 200 1
B, 400 2

K magnetic

ﬁelectrostatic = (—e)El% = eE(—l%)(along — zdirection)

= (—e)(Vf X Bj’) = eVB(—l%)(along — zdirection)

The given answer comes upon balancing electric and magnetic force but here both forces are along

same direction.
So Lorentz force is not zero.
(There is error in giving directions of the field)

E 1 5
V=— and K=—mV
B 2

E=VB

/ZK
E=,|—xB
m

E=192000V / m=192kVm!

mv gBR 1 4
R=—=v= S K.E.=—mv
qB m 2

2

36x1.6
= x 10713 Joules

2

2m 2x1.6x10727

m

1.6x10713

=18x————x MeV =18 MeV
1.6x10719x10°
06 NAB
Current sensitivity = — = ——
I K

1
So Soc N and S o« —
K

2 -19 -2
1 [qBRT (4BR) {1.6><10 x1x60 x10
X = =
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25.(A)

mg sin 0

F, =ILB

For minimum I,

F,,cos6=mg sin6

(ILB)COSG =mgsin6
mgtan

= ~ 5

~ (0.45)x10x1

I=—-+-— =30A
0.15

I

26.(C)
60° 609

Fgp =i(£)Bsin 60°

5 3
:10[—](0.5)x§ =.216

100

= —HOI

27.(C) Have B, 2
R

HoIR? HoIR?
2(x2+R2)3/2  98R3)

By =

B
Hence, —=

By

. i
28.3) B-_r0'_ [”—OJ[ﬂ]n
2R l4an)U R

8
1

1077 x(6.28i) x 102

37.68x107% =
5 x 10_2

i=3A

L 314
=—=———cm

2n 2x3.14
Or R=50cm

29.(11) R

|n] = i(zR2)

50 )2
=14x3.14 x
100

=10.99
=11
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i
30.(A) Force on wire Y = Holily. x 1
2nd

4—‘n:><10_7><3><2
= %05

271 x5 x 10_2
-12x1078

—1.2x109N towards wire X
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