System of Particles and Rotational Motion

SYSTEM OF PARTICLES AND ROTATIONAL MOTION

Q7
EXERCISE-I (MHT CET LEVEL) M.V, + M.V,
Ven™ "M, + M,
Q1 (] . PN
The coordinates of C.M of three particle are _ 200x10i +500(3i +5j) _ 5f+§]
700 7
o = MuXy +MyX, + My + X
m, +m, +m, Q.8 @
V., =0, because internal force cannot change the ve-
_ My + My, +my+y, locity of centre of mass
m, +m, + m, Q9 ()
herem =m,=m,=m P2
KE=—
Sox:(x1+x2+x3)m:2 2m
m+m+m
Q.10 (1
_ (Yo +ys)m 5 P=P=20N.S
m+m+m 2
. : ~KEg= (20
so coordinates of C.M. of three particle are 2x8
22 =25
V=300m/'s
Qu (@
Qz (2 Areaof F-tcurve=A = Impulse.
Centre of mass shifts towands heavier side Impulse=dP =A=mv-0
vz A
Q.3 © LVE
o MuXy X, +MeXg
o m, +m, +m, Q12 @
_ m(0+PQ+PR) PQ+PR P=v2mE
- 3m T3 S Pa/m (if E=congt.)
Q4 @ L B LS
Fea=0 R Mz
" Ve =Uy =0
Q13 (2
Q5 (@
2
E= L S ExcP?
2m

i.e. if Pisincreased ntimesthen Ewill increasen? times.

Q6 (¥
_ mg+m,g B
& = m, +m, =9

Prysics 1



System of Particles and Rotational Motion

Ap=2mv cos© =2 x 3 x 10 x Cos 60°

= 30 kg m/s
Q1 @3
015 (b
Q16 (9
Q17 @
L
~V e
210=300x 21 M o 7kg
- dt = q IS
Q18

Fromv =ro, linear velocities (v) for particlesat different
distances (r) from the axis of rotation aredifferent

Q19 3

=27 ™

t
_ 1200x 2z
~ 60x20

a =21 Red/s?
Q20

05 Ty _12x60x60

(o B Ts - 60

s _ 720

Oy
Q21 ()

e:(%;‘”jxt {--a=uniform}
Q22 ()

T 314 314,00

a 47'5 4)( 314

Q23 (3
Q24 (4
Q25 (2

Iz = IX + Iy
Q26 ()

Q.27

Q.28
Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

IX+Iy= IZ=MK2
0.5 =2xK?
K=50cm

©)

For toppling about edge xx’

At the moment of toppling the normal force pass
through axisxx’.

Fmin % = ngOI’ I:min = m
4 2
&)

@

Asweknow, t ischangein angular momentum.
20 .

so, T =— Sl units
3

@

@

T=TxF

7 =8 +10j+12k

L2

as, KE=—
2l

if L = constant,

then KEOC%
as I,>1,
so (KE),<(KE),

&)
|E| =mvr L

@
For solid sphere rolling without slipping on incined
plane, acceleration
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Q.36

Q.37
Q.38
Q.39

Prysics

gsin®
R?
For solid sphere dlipping oninclined planewithout roll-
ing, acceleration

1+

a,=gsino
Thereforerequiredratio = a_
2
1 1.3
. K? 27
— 1+—
1+R2 5

@

As the disc is in combined rotation and translation,
each point has atangential velocity

and alinear velocity intheforward direction. Fromfigure

V.« (forlowest point)

VIR

=V—-Rw=v-v=0
and acceleration

r 3
v

v=R®

V2 V2

=—+0=—
R R

(since linear speed is constant)

@
Q)
©)

2
Low? (l+ %J =mgh

2
v 2gh
1+k?/R,)

Kr>K.>Kg

SO VR >V < Vg

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q7

Q8

Q.9

System of Particles and Rotational Motion

EXERCISE-Il (NEET LEVEL)
4

Centre of mass is a point which can lie within or
outside the body.

4

self explainatory
@
Centre of massis nearer to heavier mass
@
N RIR)
4 o

il A_Zr10) R

_ MX,+m+2R+mR _3mR _ R
Xoom = 3M REVER

_ MmXo+mxo+ m«/§R _ 5
ycom - 3m \/5

R
_ . . R-—— .
Co-ordinats of com|s£ \/éj.ltlsai
€)

com is a point while the whale mass of the body is
supped to concetrated

©)

Comwill moretowards heauy body it will betoward of

@
Body at rest may possess potential energy.

3
If initial velocity of systemisnot zero then centre of
mass moves with constant velocity.

@

By conservation of linear momentum
mlvl = m2V2

100 x 30=(100+200) v

v=10m/s




System of Particles and Rotational Motion

100 kg
Q

Q10

\Y,

com

m, +m,
m, =2kg
m,=4kg

2x2+4x10

Qu (@

Voom 30

_5v_5,
3y 3

Q12 (1

mit +m,T,

Tom =

m, +m,

_my, +m,v,

_ 20+ 2v+10xVv

200 kg

v,=2m/s
v,=10m/s

10(?+]+I2)+30(—f—]—|2)

40

_ —20i - 20j - 20k
40

Q13 (2

Q.14

Q.15

Q.16

Q.17
Q.18
Q.19

@

P=P

0= RB+h

P-R

K.E. of 40 kg mass is 96J rule

2
1

2m

So 96 =

1

P2 = 2x 40+ 96

P’ =80x96
R _F
K.E. of other = om,  2m,
_ 80x96 192 ]
T 2x20

@
Here imv+ jmv = 2mV

. V a ~
ThatisV=§(| +])

V=x
H =5
ence 2

SO,V=—ms

NG

4

P=P

Q=R+R

B~

K.E. of 40 kg mass is 96 Jule
Plz

2m

P12= 2 x 40 x 96
P12 = 80 x 96

<o 96 =

2 2
2 _p

K.E. of other = om,  2m,

~ 80x96

= =192J
2x20

@
(1)
(1)

If mass=m

2 :%.[Herev:ans‘l]
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first ball will stop

=v=0

s0% K.E.=0(min)

In other casesthere will be some kinetic energy
(K.E. can't be negative)

Q20 (1)
Y
b= ?
mov P <45
o X
A
\
O2m

Initial mometum of the system

p, =mx 2vf+2m><v]

= \/(mx 2v)% + (2mx v)?
(magniatude)

=22

Final momentum of the system=3mV
By thelaw of conservation of momentum

22mv = 3mV
2.2
= \/3—\/ = Vcombined

Lossin energy

AE = %mlvf + % m2V22 _%(ml + mz)vczombiﬂed

AE = 3mv? —gmv2 = gmv2 =55.55%

Q21 ()
Q.2 @
A B

Initial linear momentum of system= m, v, + myV,
=02x03+04xv,

Finally both balls cometo rest

.. find linear momentum=0

By thelaw of conservation of linear momenum
02x03+04xv,=0

Prysics

Q.23

1

Q.24
Q.25
Q.26

Q.27

Q.30

System of Particles and Rotational Motion

Vg =— 0'20X40's =-0.15m/s

@)

- (m, —em,)u, . m,(1+€e)u,

m, +m, m, +m,

(m—e2m)u1+2m(1+e)><0 _
m+2m m+2m

= 0=m-e2m

= e=1/2

©)
3
@
@---‘---- WM ) - - mp

u;=6m/s

m,—m
v,=| —=——21u
! [ml+m2j !
Substitutingm, =0, v, =—u, +2u,
= Vv,=6+2(4)=2m/s
i.e thelighter particlewill moveinorigind directionwith
the speed of 2 m/s.

u,=4m/s

2m,u
+ 272
m, +m,

)

Asm, =m,therefore after elastic collision velocities of
masses get interchanged

i.e. velocity of massm, =-5m/s

and velocity of massm, = +3m/s

@
@)
O.5><vp+m>< 0=5.05v

V005 _
v =75 =10
1
Em(vf)z
=2 =(10%=10*
Em(vi)z

@
After explosion m mass comes at rest and let Rest (M
—m) mass moveswith velocity v.
By thelaw of conservation of momentum MV = (M —
MV

(M—m)

myv = V




System of Particles and Rotational Motion

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

4

By the conservation of momentum
40 x 10 + (40)x (-7)=80 xv = v=1.5m/s

@
Due to elastic collision of bodies having equal mass,
their velocities get interchanged.

@
©)

Initial momentum of the system= mv—-mv =0
As body sticks together
final momentum=2mV
By conservation of momentum2mV =0
V=0

@
Initial momentum= P = mvi + mvj

oy

Final momentum=2mxV
By thelaw of conservation of momentum

2mxV = \/Emv

:V:L

V2

Intheproblemv =10 m/s(given)

10
V="-=-5/2m/s
J2

@
@

0=ot
0 27X3OOOX1
60
€
0=25_" rad/s
60 30
€
o 27t><600_a><80
60
2n

a="L="rad/s
8 4

2
0:(21'E><600] —2><£><9
60 4

0= 4rn? xlOO:ge

6 =800 x rad
800
No. of ratution N = —— = 400
2n
Q40 (@
u)—@; =—ot
dt
= 60rad/ sec. x 5sec. =300 rad.
360—300=60rad
Q42 (2
I =2[5(0.2)?+2(0.4)1
Q42 (O
Thetheorem of perpendicular axesis applicable only
for 2-D objects.
Q43
For solid shpere
2 2(4
| ==MR?*==| =nR% |R?
5 513
176
p="2oR"
105
Q4 (3
As disc is lying in the x-z plane, so applying
perpendicular axis theorem :-
| +1 =1
X z y
30+1,=40
= 1,=40-30=10kgnv
Q45 (1)
=21k

h=2moR

Ratio of moment of inertiaof therings
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Q.46

Q.47

Q.48

Q.49

BHEES
A, )\ R, ) 22nR )\ nR
(A = linear density of wire = constant )

= —1:n—13: (given)

me>  me>  me?
Sol=I +l.=1=I,+1, = + =
172 17272 12 6

@
| is depand and al feacture (1) (2) (3)

S
According to problem disc is melted and recasted into
asolid sphere so their volumewill be same.

4

Vi =VSphere = TCRzDisct = §RR3Shere

Disc

6 3

= TERzDisc (%] = ﬂTl:RsSphere [t%u glven:|

Prysics

= R3Dist: = 8R33)here = RS)here = %

Moment of inertiaof disc
1 5 .
I pise :EMRDisc = | (given)

A M(R,)? =2l

Q.50

Q.51

Q.52

Q.53

Q.55

Q.56

System of Particles and Rotational Motion

=Z|\/| (@)2 :M(RDiSC)Z =£=|_
10

5 2 10 5
)
2
Disk > 2
2
Ring —» m&
| . ma”
Square laminal-H>| ——
6
¢ a

ma’ _ a’
Four forming asquare of side 2a— ?me 4 4

So that moment of inertialeast about square lamina.

@
L=1+1, 1,=2l
@
ﬁ 2
| = 2Mr _ Mr2
° 2
@
@
M.l.=mr2=4x12=4kgm?
@
Solid updinader about its axis like a disc
|- mR?  20x0.04
2 2
=0.4kgx m?
@
For particle =1+l
=mr 2+ mry2
=m(r2+r?)

=2(3?+22) =26 unit
For particle2, m[1%+ (—1)?] =2 x (2) =4 unit




System of Particles and Rotational Motion

For particle3, m[12+ 12] =2 x (2) =4 unit I=1+1,+1,
Forp§rt|clg4, m(0)=0 . MLZ  ML2 2
Total inertia= 26 + 4 + 4= 34 unit. =—+——+0=—-ML
3 3 3
Q57 @ Q61 (1)
. f 2
Given, Isolidspherezlhallow sphere S0, I=mx(ﬁj x4
2 2
= ng=§M@ P -
&7/
K_5 m
= ;3
also, | = MK?
WhereM =4m
= 5.3 { }
r, ,
/
S0, Mx—x4=4mxK?
Q58 (3 2
/
K=—
V2
Q62 @
s I P
R
R

Q
Applying parallel axistheorem

log=1¢ +MD?

2
= = M; +M(R)? :gMR2
Q59
Q63 @
A
|
|= mL’ Y m¢ aa)
3 (2a,10;<
0,0) m
Q60 (@ (a,-a)
y m
M, L
| = ma2 + ma2 + m(29)?
X
M, L Q64 (4
M. L Torgue can be taken about any point in sapce.
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Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

Prysics

@
Frequency,
o, = 21N =40r rad/sec

=0,

n=20Hz

t=10sec

SO, (uf:(ui+oct
0=40n+a %10

S0, o =-4n rad/sec?

Now,

x102N-m

1=Ixa=5x10°x4n=2n

@
dL
T=—
ot
@
P=7%.0=(2 +3]+4Kk).(i + 2) +3k)
=2+6+12="20 watt.

@

given, o, = 20 rad/sec

=0

| =50kg-m?

t=10sec

_o-o, 0-20

oc= T 10 = —2rad/sec?

and t =1 oc =50 x 2=100 kg-m¥s’

=100N-m
@
=l
2 2
o m( L) oML
2 2 2
7=l
R oA e
S L
T lou |1 2 2

@

Q.72

Q.73

Q.74

System of Particles and Rotational Motion

[0} ‘____/

By work energy theorem

L 1m2 ,
nmy_—=-———o

2 23

W=

39
L

)
o = constant
Mr?o = (Mr?+2mr3)w’

, oM
(D =
M +2m
@
-
Initid And

Applying conservation of angular momentum :-
|l(,01= IZO‘)Z
27

= lix—=lo,
T

— 100x % =[100+50% (2)*] x ,

. 21
on solving, ®, = 0 rad/sec

@
T, =0;
from conservation of angular momentum
L =l® = constant
Il(Dl: (|1+ IZ) 0‘)2
600x 27
1T 60

400x 27 40
=20m, , =400 60 :3_75)




System of Particles and Rotational Motion

Q.75

Q.76
Q.77

Q.78

Q.79

40
% 207:=(|P+|Q) 3

40
6x20m=(I,+1) 3  (Givenl,=6)

After solving that we get |, = 3kg m?

@

1Ico2
fo__ 2
L2+ tmv?
2 2
2
wherev = or and |=|:§mR

@
@

mgh P INEIRE
2 2

wherew =v/r, | =2/5mR?

1 k2
E.==mv?|1l+—
T2 { RZ}

k2
for Ring RZ =1

1
E = 5 mv[1+1] = 2E

@

Kinetic energy of ring,

= K=4x103Joule

Q.80 (2
Final speed only depend's on initial height but time
will depend on length and inclination of plane.

Q81 (O
K2
Fraction: KRotation — R7|2<2
Total 1+?
2
For disc, — =—
or disc, RZ -2
1
S0, fraction =L=1:3
1
1+
2
Q82 @3

As person is coming towards axis, it's distance from
axis decreases. So M.O.l. also decreases.

From conservation of angular momentum

as | decreases so, o increases

EXERCISE-I11 (JEE MAIN LEVEL)

Q1 @

Q2 (9
Centre of mass of two particle system lies on the line
joining thetwo particles

Q3 @
Let x be the displacement of man. Then displacement
of plankisL —x.
For centre of massto remain stationary

M _
3 (L=x)=M.x
M
= M/3
:: X Iﬁ H ]
L—x X
Q4

Centre of mass hits the ground at the position where
original projectilewould have landed.

10 MHut Cer COMPENDIUM



Q5

Q.6

Q7
QS8

Q9

Q.10

Q.U

Prysics 11

mR R
T —2mX13X1— Z

*. Distance=R + B = ﬁ
.. - 4 - 4

@

1><2+1><6
= 2

Vem= ——%—="m/sec-

1+1/2 3 Q.12
@

_my, +m,v,
Vem= m, +m,

_ m(21)+m(2))

T Tem 2m

_ m(i+j)+m(0)
m 2m '
Vn, hassamedirection asof a_,
.. straight line.

2
8 Q.13
Vom=V cosO
-mO+mv,
2m
"V, =2V cos0

V cosh =

vCcosH vcosH

T 2
Q.14

g\

(Sp))eed is constant so K.E. — Constant
Gravitational potential energy change.
<~ Momentum= my

-+ Direction of y; changes

.. Momentum changes

@

Herenet force=0

means momentum is conserved.

P, =P

0= _p1+_p2 = r)lz_pZ Q15
p’ K_m

K.E. =K<

2m

@

System of Particles and Rotational Motion

m v
O—-)

N\ &

Initial momentum of body = mv
& final momentum of body =—mv
Changein momentum = 2mv

©)

Iﬁ:na :O

then p = conserved
p,+p,+pP; =0

[33 == (ﬁl+ﬁ2)

m\73 = —m(\71+\72)

A =_[(3f+2])+(—f—4])}
V, = —2i +2]

@

F, =0

then p = conserved

P =P
m,v=m,(0) +(m,—m,) v,

m,V
V1T (ml_mz)

@
Vv, = 4/2gh = {/2x10x10 = 10v2

1 1
k2= Zkl:sz: Zvlz

v
"'szfl =5J2

|AP| = Hmv, —(mv )|=m v, —Vv,|

3 15x107
AP|=50x 103 x = x 1072 = =
|[AP|=50 % 1073 x 2 X >

J=AP=1.05N-s.

@

mv, + mvj +2mv, =0

_(vi+v) _

3 2

Y+t =
5 (+))=-

Si<

1 1 1 V2
= — 24 = 2+—2 —.
k= 5 Mvak S mvis S 2m=5




System of Particles and Rotational Motion

_3mv?

AR

Q16 (3
From momentum conservation
mu=2mv
_u Q.20
—>v= 2
from energy conservation

2
% X 2m % (gj =2mgh Q21
u2
=h= 8g
Q17 (@
Ininélastic collision, dueto collision some fraction of
mechanical energy isretained in form of deformation
potential energy.
.. thusK.E. of particleisnot conserved.
In absence of external forces momentumisconserved. Q.22
Q18 (@ Q.23
0.5><vp+m><0:5.05v
vV  0.05
- — 2
v. = 5 =10™
1
Em(vf)z
=7 =(1032=10".
=m(v,)?
> )
Q19 (@
Q.24
h h gh
22 —= — ==
SVE—U +2g><9 6+2g><4 >
h
Cy= [ Q.25

m, + m,

loh _ my2gh .
Also, o = =2m, +m, +m,;
m

S
S,

©)

If e =1and m; = m, then after collision velocity

interchange
@

G>Vo]
V=5
V,=Z,
Vel. of Sep =Vl of approach (.. elastic)
.. 20+5=V -5
=V =30nV/sAns.
V==Vt 2V) Lomp>>m,
v, =—(20+ 10) =-30 m/sec.

@
@

mu = mv, +mv,

) A l-e
as solving have I Bl 9
V2

1l+e
@
0—> —>vV
1% Collision
A B

2nd Collision
Velocity of By = mv+4m(0-v) 3m
ocity o v——5m =75
3v/5

A B
After collision of A and B.

A B

©)
5

5
5X10:§(0)+E(V1) =V, =20m/sec

12
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System of Particles and Rotational Motion

m m
KE=1x2(20)* - Lx5(10)’ 2 8
2 2 2 (2
=500—250=250J. &
Q26 (2
I,=1,+1,
Ei:lmuf+lmu§
2 2 Y, 2 / 2
(m/2)| - (m/2)| - 2
) _u-u, L= 2) . 2) _m
m(u,—Uu,)=2mu = u= 5 = 3 3 =
1 2m 2 1
Energy loss= EXT(Ul—Uz) —Em(uf+u§) Q32 2
Q271 &
Ap=0.1(6+4)
=0.1x10=1NS
Q8 @ | I P
@, =3000rad/min Moment of inertia about
3000 _ 2,
®= 6o rad/sec = (50 rad/sec) diameter of spherel = g
t=10sec Moment of inertiaabout tangent at their common point
o,=0
o, = 0, + ot Il:(gmr2+mr2Jx2:Hmr2|l:7|
0=50—0. (10) 5 5
o = 5 rad/sec?
Q33 @
0=, t+ 1.e Moment of inertiaof disc
2 mr?
1 about diameter | = 2 =2,
- = 2
6=(50) (10) + > (-10) (10) =8
0 =500-250=250rad
Q29 (3
V=R
V =10x0.2=2m/sec.
Q30 ()
[ I
Moment of inertia about the
R axisthrough apoint on rim.
2
L=""mr2=10
_ 2
1= [dmr Q34 ()
I=r2J.dm=r2m=mr2 N . 2
Moment of inertia of solid sphere I, =gmr1
Q31 (3 >
Moment of inertiaof hollowsphere |, = 3M"
2 2 2 h S
—mr°==mr —=,|=
m * 3 27 \3
PHysics 13



System of Particles and Rotational Motion

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

@

_ MR?
S22
(pasing through 0)

A
?\/I).O.I .about C.O.M. isMinimum
=1, +Mx?
| =2x2—-12x + 27
dI
™ =4x-12=0
=>x=3

@

1=l =—xa
2

o = 0.25rad/sec?

@
1=la
T = constant = » = increases

@

o)=(o0+oct

100=10+0(15) = o = 6 rad/sec?
T=loo=60Nm

@

=la

2=1%x2 =|=1kgn?
|=MR?

1=M(2)?

1
M ==k
49

@
t=|0c=(mr2)oc

r mr? T
Now, T, = (2m) Z><(l=7><(x =1 =5

(©)
F=4i —-10]
F=(-5i -3])

Q.43

Q.44

Q.45

Q.46

Q.47

T= ?Xr:
=(=5i —3])x (4i —10])
=50k +12k =62k

©)

torque of a couple is aways remains constant about

any point

@

Torgue about O
Fx40+Fx80—(Fx20+F x 60)
In clockwisedirection

= Fx40

@)

Initial velocity of each point onthe rod is zero so

angular velocity of rod is zero.

Torqgue about O
t=la
m¢? 20(1.6)>
20g(0.8)= 3 o= 20g(0.8) = Ta
39 _
= =, =a=angular acceleration
3.2
<«—0.8m—>

159 ® *

= o= O 1’
20g
Q)
Torque about B
2N 4N
1 N
A ] B
x 3-X i
6N (3-x)
2x3=6(3-X)
6=18-6x
6x=12
X=2m
@
F
l 3al4
mg

XX’

For topling about edge xx’

3a a

F = =mg-
mln.4 mgz

F

min.

_ 2mg
== -

14
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System of Particles and Rotational Motion

Q48 (4 Total KE = %Im2+%mv2
1
—lw® =1000 1 1 3
2 ZMV+=mp® = = mv?
4 T2 Ty
o =10rad/sec
1
Ratio=
znleozfzgrad/sec::@rad/min 3
T T
Q49 (3 Q54 (2
L odl 4A,-A, [3A, B
T = — = =72 2V
dt 4
Q50 Vv
A
When A point travels ¢ distance then B point 2/ so, 2/
length of string passes through the hand of the boy .
= L = (mvd) = constant becousev = const. andd = Q55 (2
const.
Q51 (¥ gsin®
L=Io a= k2
®'=20 1+?
1(1 - 1
Z =1 P (P
2(20) =g le” For solid o K2
o or solid sphere = 7 =
2 T4 2
For hollow sphere= 3 mR2=mk?2
I
r~(3) ¢
"2 A
I Io R 3
Y s __ L
L—IO)—820)_4_(A) &)ks<kH
thena,>a,
Q52 (3 (so speed of solid sphere is greater then hollow
L sphere)
external torque 7o, =0
Il(Dl:IZ(DZ 56 1
when he stretches hisarms I Q (ﬁ)
so I, <L, F =Ma
then (o, > »,)
so, (L = constant)
Q53 (2
2.2
KE=2 10 :L{EJ A
2 )R
Tave
4
Puysics 15



System of Particles and Rotational Motion

F FRR _ - -
= V'= 1002 + 752 =254/42 4 32 =125mis
|=MR?
MR?isthemoment of inertiaof chin pipe. Q5 [0003J]
057 @ N'Lﬁ 4X£:N'L
Astheinclined planeis smooth, the sphere can never i
roll rather it will just slip down. | Apemn] & |
Hence, the angular momentum remains conserved §
about any point on aline parallel to theinclined plane —GWSUUUB—:
and passing through the centre of the ball. Vi | A B I_’V2:O-5

by conservation of momentum

EXERCISE-IV

le1: m2V2
2(v.)=6(0.5
Q1 [0036] V( —1)1 5 n(’1/S )
1 - .
FogAt=AP=m(v;—v;) =m \20h, +1/29h1J by Energy conservation spring potential energy =

. m[,/29h2+,/29h1] s %mlvf%mzv%
e At -

Q.2 [0019] 1 , 1 )
Area=mv—mv, =52(1.9)"+26(0.5)" =225+075
—42=2(v-2)
21=v-2
S v==19m/s or U=3.0J Ans.

Q3  [0190] Q6  [0020]

(50+50+95+5)x2=195v +5(v +4) e MR 20

50 50 2

[ - _-)25 ]— 2m/s a a
v=19 oR
(= 4m S 1 oc(
- 4m/S - urd = LS
1.9%x100x1=190

o =50rad/s?
Q4 [0125] oaR=10m/s?
NB 3mv=FT S=%Xath2:%X10X22:20m ]
Am(vx) =FT =3mv
g 0100
v Q7  [0200]
V=", andv, =v 5
4 EMRZ(D:EM(B) X'
5 5 10

16 MHut Cer COMPENDIUM



System of Particles and Rotational Motion

©'=100 Qu (9
Q12 (2
Q8 004 Q13 (4
g-T=1xa Q14 (2
a Q15 (1)
> Q.16 (9
T PREVIOUS YEAR'S
1g
MHT CET
a Q1 @
T-f=05— Qz (D
2 Q3 @
Q4
a a
T +f =Mr2&=05, = — Qs 3
2 4 Q6 @
a a Q7
2T=— OT=-; Q8 (@
2 4 Let 2kgmassbeplaced at x =0, therefore 4 kg masswill
a b5a besituated at x = 9.
g:a+Z:7 Oa=8m/s? MX, +M,X,
Therefore,x =7 —
acceleration of hoop = a/2 om - My +m,
Q9 ool _0+E9_ 36
K.E__=PE, . 2+4 6
loss gain . .
Thus, centre of masswill be situated at 6 m from 2 kg
1 -, 1(v 2 mass.
> mv< + EI Rl = mgh
Q9% @
) 5 Q10 (2
1 AN 3ve 1 2 Qu @
2 Rz ™49 )72 Q12 @
Q13 (1)
Q14 (2
- | e 18(0.5)2 — 1kgm? Q15 (1)
2 2 Q16 (3
Q17 (9
Q.10 0158 Q18
M Q19 (9
_ ARV, ¥ Q20 (2
160=80x 12+ 60 x 12+ 12><2 Q21 (1
Q22 (2
Q23 (9
M Q24 (2
=200 = ? =M :600kg Q.25 (1)
Q26 (9
v Q27 (I
Q ~ @) 028 (1)
0x60x60x—1+80x1 20 Q29 (I
X, = = =0.1m Q30 ()
60+ 80+ 600 200 31 @
Q32 (4
I =1 +Mx2=1_=160-200x (0.1)?= 158 kg m? Q33

Prysics 17




System of Particles and Rotational Motion

Q.34
Q.35
Q.36
Q.37
Q.38
Q.39
Q.40
Q.41

Q.42

Q.43

(@)

()

2

(3)

@

@

(2

@
Given,r=60cm=0.6m
m=1kg

o, =3rev/s=2nx3rad/s
o, =1rev/s=2nx1rad/s

t=30s

T P

orque, t=la =1 =mr

=1x(o.6)2x—2“(3)_2”(1)
30

=0.15N-m

@

Given,F= (3?+2]—I2)N

r:(f+]—l2)m

. Torque, T="rx F:(iA+]—I2)><(3iA+2]—I2)

~

Kk

w = —
N B e

=i(-1+2)-j(-1+3)+k(2-3)
t=i-2j-k

[ =42 +(-2)" +(-2)°
=1+4+1=/6N-m

@)

@

We know that

. . 1, ,
. Rotational kinetic energy, E=E|co

1500 = %xl.Zx ®°

3000
=, [—— =50rad/s
= ®7V 12

Also, o = at

Q.45

Q.46

Q.47

@
Initially, the moment of inertiaof the systemat A,

2
MR+ MR :(2m+M)R2
2 2

Finally themoment of inertiaof the systemwill become

MR?
I, =
2
By conservation of angular moment about O
L,=L,
= Lo, =10
I, [2m+MJ , 2
= W =—0= 2 X
I 2 MR
= [1+2—mj03
M

©)

Because kinetic energy K, and retarding torque t are
same, thereforein accordance with therelation,
Lossin kinetic energy = Work done by torque

=1.0

T.21N

So, both ring and disc stop after completing equal
number of revolutionsn.

©)

Aswe know, torque, T =la.
Also T =FR
. R?
Foradisc, | = m2
Now, fromEgs. (i) and (i), we get
FR=la
2
- FR-MRT O poMRo (-:azﬁj
2 t 2t t

18
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System of Particles and Rotational Motion

NEET/AIPMT Substituting thisvalue of tin egn. (i), we get
Q1 @ TRy
R =(V,-v) 2=
[Vo—vy |
I'SY% 2 .
pv R-f _(V-V)
em or =

-] Vo=V

Se
<Y

Q3 @
2m T I
V' h M
Let v beveoacity of third piece of mass2m.
Initial momentum, p; =0 (Asthebody isat rest) The situation is shown in the figure.

] - . . - Let v be the velocity of the ball with which it collides
Final momentum, p; = mvi +mvj+2mv with ground. Then according to thelaw of conservation
According to law of conservation of momentum of energy.

B =Py Gaininkinetic energy = lossin potential energy
1
. . o1 1 .
O=mvi+mvj+2mv ie Emv2 —Emvé =mgh (where m is the mass of
o Vs V2 the ball)
or V==5175] o v-v2=2gh .. (i)

Now, when theball collideswith the ground, 50% of its
energy islost and it rebounds to the same height h.

2 SIECIE ™)
Vi= ||l ——=| +|—=| =—f%= - —|=mv° |=mgh
2 2 J2 1001 2

Total kinetic energy generated due to explosion

The magnitude of ¥ is

1
or —v?=ghorv?=4gh
1 , 1 5, 1 2 4
==mv°+=mv° +=(2m)v N . . .
2 2 2 Substituting this value of vZin egn. (i), we get
4gh—v > =2gh
1, 1 , 1 v Y . 2ah
=Emv +§mv +§(2m)(ﬁj or v2=4gh-2gh=2ghorv = ,/2gh
Here,g=10ms2andh=20m

2
= mv? +m7v “3m2 LV =+4/2(0ms?) (20m) = 20ms™

2
Qz
. . . . 4 3 9
Let the particles A and B collide at time t. For their Q ® ZE
collision, the position vectors of both particles should
besameat timet, i.e. 1 )
RVt =T+ Vst [ S a— [
or B —T,=Vyt—Vyt = (V, — )t Atrest ™.
....... 0)
2 1
T—T v
A|SO7 |F_‘]__?2 |=|V2—Vl|'[ or t: |a I;Zl
2= V1|

Let v’ bethe speed of second block afte the collision.

Prysics 19



System of Particles and Rotational Motion

As the collision is elastic, so kinetic energy is
conserved.
According to conservation of kinetic energy,

2
EMVZ-FOIEM v +EMV'2
2 2 3 2
2
2_V 2
or Vi=—+vV
9
2 2 .2
2 2 Vo 9y -v° 8,
VEe=vi——= =—vV
o 9 9 o9
o V'= §V2=ﬁV—2—\/§
9 3 3

=P B

= (Dfxf - pfy]) - (pixf - piy])

A

iA(pfX —pfx)_J(pfy _piy)

= —2pfxf=—mvf [ - pfx—piy:O]

Massof bullet, n=10g=0.01kg Here, p, = p,, =P, cos60° = S
Initial speed of bullet, u =400 ms* ) ]
Massof block, M = 2kg - Impulse imparted by the wall = change in the
Length of stri r’lg | =5m momentum of the ball = mV.
Speed of the bullet on emerging from block, v =7
Q.8 (Bonus)
Centre of gravity of abody isthe point at which the
ERRrRrRRITTy iy total gravitational torque on body is zero. Centre of
| mass and centre of gravity coincides only for
I symmetrical bodies.
= I:a:I h=10cm 2 Hence statement (i) and (ii) areincorrect.
m,u M.O Bierance =01lcm myv A couple of abody produces rotational motion only.
Before éollision After collision Hence statement(iii) isincorrect.
Mechanical advantage greater than one means that
Using energy conservation principlefor the block, (KE thesystemwill requireaforcethat islessthan theload
+PE) 4ooee = (KE+PE), in order to moveit.
1 Hence statement (4) is correct.
N Eva =mghor,v, = ,/2gh
Q9 @
V,= {/2x10x0.1 = 42 ms? Epergy trar?sfered toB initial energy of B= zero
Using momentum conservation principle for block and Final velocity of
( mu)beforecollis'on_( Vl mv)after collision B Ml + M 2 2 M 1 + M 9
=0.01x400=2,/2 +0.01xVv
_4A- 212 = 1 1
=vV= 001 =117.15ms* =120 ms" M,=2M u, =0
Q6 v, _2(4M)u 4
Masses of the ball are same and collision is elastic so B™ &M _§u
their velocity will beinterchanged after collision.
1 2 1 4 2 2
Q.7 (@] E|\/|2VB EZM 3 u
Givenp =p.=mV =
i 1 2 1 2
Changein momentum of the ball 5 MUy 5 4Mu
20 Mut CeT COMPENDIUM



Q.10
Q.U
Q.12

Q.13

Q.14

Prysics 21

8 Q.15
Fraction of energy lost = 9
@
@
@
2m 2m '
—<m _zm v
5 5 m/5
= <O O/
m v v
By conservation of momentum:
_2my o~ 2my oA o m_,
m(0) = ?(—VI)+?(—VJ>+€V
=V =2vi+2y
=>V= (2v)2 +(2v)2
=22v
@
10kg 20 kg
10m
< XCM >
20x10 _ 20
XCM = =—-m
20+10 3
©)
When thestring iscut, therod will rotate about P. Let o
beinitial angular acceleraiton of therod. Then
L2
Torque,t=la= Toc ()]
Q.16

2

3

)

(Moment of inertiaof therod about oneend =

IAAREAY
9
Q

AAVARAN
%-
Mg
L/2 L/2

L
Also, t= Mg~ ...(ii)

Equating (i) and (ii), we get
L ML? 3g
2

Mg— = ==
92 o ora oL

System of Particles and Rotational Motion

@

Thekinetic energy of therolling object isconvertedin
to potential energy at height

) {3_j
4
So, by the law of conservation of mechanical energy,

we have

llvlv2+1|m2:|v|gh
2 2

2 2
EMV2+E|(lj :Mg 3L
2 2 (R 49

2

1|V—:§MV2—1MV2
2 R? 4 2
1v: 1.,
—|—==Myv or
2 R?2 4
1= 1 MR?

2

Hence, the object is disc

@

Here,

mass of thecylinder, M =50kg

Radiusof thecylinder R=0.5m

Angular acceleration produced in the cylinder,

N

T

a=2revs?=2x2nrads? = 4nrad s>
Moment of inertiaof the cylinder about itsaxis

| = 1MR2
2

If T isthetensionin the string, then torque acting on th




System of Particles and Rotational Motion

Q.17

Q.18

Q.19

cylideris
T=TR
Ast =la
TR
\ a:E:}MRZ oT=
2

MR 50x0.5x 47

=157N
5 5

@

Acceleration of the solid sphere slipping down the
inclinewithoutrollingis

adippi_ng: gsino
..... 0]

Acceleration of the solid sphererolling downtheincline
without dipping is

a . gsin® _gsnB 5
rolling — 2 i
1+L2 :I.-i—E 7

R 5

gsin®

. k2 2
.. Forsolidsphere, — =—

Divideequation (ii) by equation (i), we get

a'rolling _ §
aﬂippi ng 7
&)

For the conservation of angular momentum about
origin, thetorque z acting on the particlewill be zero.

By definition, 1 = FxF
Here, T =2i —6]j—12k and F=ai +3j+6k

A A

i j kK
i=|2 -6 -12
a 3 6

=1(~36+36) — j(12+120) + k(6 + 6cx)

=—j(12+12a) + k(6+60)

But 1 =0
12+1200=0 or a=-1
and 6+60.=0 or a=-1

@

Q.20

0§
B

T
"~3

X ‘ (L—x)

Moment of inertia of the system about the axis of
rotation (through point P) is

I=mx*+m, (L -x)*

By work energy theorem,

Work doneto set therod rotating with angular vel ocity
o, = Increasein rotational kinetic energy

W:%Imé :%[mlxz +m2(L—x)2}o§

. dw
For W to be minimum, Y 0

ie, %[Zmlx +m, (L-x)(-1) ]w§ =0

ormx-m,(L-x)=0
(- 0,%0)
or(m—-m)x=m,L

m,L
orx= my +m,
)

Here,

Speed of the automobile

5
v=54kmh* =54 x 18 mst=15ms*

Radius of thewhed of the automobile, R=0.45m
Moment of inertiaof thewhed about itsaxis of rotation.
|=3kgm®

Timeinwhich thevehicle brought torest,t =15s
Theinitial angular speed of thewhed is:

1500

= —— I

v 15ms™ 1500
=—=—= 1= —— 1
o, R = 045m 5 s 5 rad s

and itsfinal angular speed is
o, = 0 (asthe vehicle comes o rest)
.. Theangular retardation of thewheel is

100
. 0+=— 100
= =——rads?

t 15 45
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Q.21

Q.22

Q.23

Prysics

The magnitude of required torqueis

100,
= = 2\ | —rads
=1 (3kgm)(45 j
20
=3 kg m?s?=6.66 kgn’s?

&)
Given,r=50cm=0.5m,a=2.0rads? »,=0
At the end of 2s,
Tangential acceleration, 3 =ra.=0.5x2=1ms?
Radial acceleration, 8 = o’ = (o, + at)’r

Net acceleration,

az\/at2+af2 — V12 + 8 = /65 = 8ms 2

)
Time taken by the body to reach the bottom when it
rollsdown on aninclined planewithout dippingisgiven

by

K2
1+—9

Wy _V R
t 2
° 1+k—$2
R

_/§X§_JE bt >t
N2 7 V14 47 s

Hence, the sphere gets to the bottom first.

©)

Here m, =m,m_ =2m

Both bodies A and B have equal kinetic energy of
rotationk, =k,

1 - 1
= —lyon ==lgog
2 2
2

op _ls
= 2 =
(’OB IA

System of Particles and Rotational Motion
Ratio of angular momenta,

La _1a0a =Ii>< s

Lg lgog g Ia

[Using egn. (i)]

= Ii<1
g
(o 1>1)
o Lg>L,

2 2 1 2
=—mR =—-mR
Here, | 5 A 5
2 2. 2
ESPhere= ng X s =£XE=E
5 4 5

Ecyiinder émRZ % (20)?

@
Here, (1 +10,=1
Centre of mass of the system,

_ m; x0+m, x 3 m,/¢

/61 -
m; +m, m; +m,

m,/

fZ:g:gl:m +m
1 2

Required moment of inertia of the system,

K,

13
"~3

— ) —e— [, —

/2

2 2
=(mym; +mym;)——
(mg+m,)




System of Particles and Rotational Motion

Q.26

Q.27

Q.28

2
_mmy(my +my)e”  mym, /2

(m+m,)2  m+m,
@
. , M
Mass per unit area of disc= —
nR
Mass of removed portion of disc,
Lo
: Ch
M'= M XT R :M
7'cR2 2 4

Moment of inertia of remove portion about an axis
passing through centre of the disc O and perpendicular
to the plane of disc,
+M’'d?

) —
I'o=1y

=—X—X| — —

2 4 \2 2 32 32

When portion of disc would not have been removed,
the moment of inertia of complete disc about centre O
is

4 16

1 .52
b_ZMR
So, moment of inertiaof the disc with removed portion
is
2 2
@
m=3kg,r=40cm=40x102m,F=30N
Moment of inertia of hollow cylinder about its axis =
mr2=3kg x (0.4)? m?=0.48 kgm?
Thetorqueis given by
=la
wherel = moment of inertia
In the given case, t = rF, as the force is acting
perpendicularly to theradial vector.

¢ FF 30 30x100
COTT T M2 mr 3x40x102 3x40

o= 25rads?

@)

Initial angular momentum=lo, +lw,

1 M (RJZ M (RJZ_MR2+MR2_3MR2

Q.29

Q.30

Q.31

Let o be angular speed of the combined system.
Final angular momentum =2l ®

.. According to conservation of angular momentum
(O] + ®y
2

Initial rotational kinetic energy.

I(ol+|0)20roo =

1
E= = 1(of +®3)
2
Final rotational kinetic energy.

2
E = %(20@2 :%(20[7} :%I(ml+w2)2

Lossof energy AE=E —E,

= lzl((x)l2 +(o§)—£ll(oof + 05 + 20,0,)
[ [
= Z[colz + 03 —20)1032]—2(031—0)2)2

)
Work done required to bring them rest
AW=AKE

2
lo

aw=2
T2
AW o | for same (1)
. . 2 2.1 2. 2
WA'WB'WcngR 'EMR ‘MR

1 =4:5:10

N

2.
::
=W >W, >W,

@
According to law of conservation of linear momentum,
mv+4mx0=4mv2 +0

o realtivevelocity of separation  v/4
Relativevelocity of approach %

e:1=0.25
4

@

24
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System of Particles and Rotational Motion

mR? (2)(130)2 16

2 2 10t

t=la= (ij(—ij =-2x10°N.m
10* 800

T=(F-T)xF Q35
f A a I work done=AKE
F—T = (21 +0j—3k)— (2 — 2] —2Kk) 1 1 3
A (KE). = Zlo® +=mv? = >mv?
=0i+2)-k b2 2 4
2
i j ok =§x100x(20x10*2) :§x100x4oox10*4:33
=0 2 -1=-7i-4k-8k
4 5 -6
Q36 @
Q37 @
Q32 @4 Q38 @
7, =0
ex =0
dL Q39 (@
SO’E_O
i.e. L = constant ;
So angular momentum remains constant. :

1 2
Ki==mv = mR?2
2 |, =

1 1(2 2
K, +K, ==mv?+Zlo? = =mv? +=| Zmr?
2 2\5 I
k= [—
m
_ 2
10 ko L[R2 5
K 5 k, \I, VmR?/4 '
t = —
0K +K, 7 Q.40 (1)
®=0,*at
Q34 (1) 0@,
(x_
2n i t
c00:3rpm:3><arad/3ec:E
(3120—1200)
2_ 2 =—————rpm
o =wg+2x<6 16s
2
1920 2=
2= = =20 e s
0 (mj +2(a)(2nx2n) 2022
=4nrad/s
1 2
o=———rad/sec
800
PHysics 25



System of Particles and Rotational Motion

JEE MAIN
Q1 €)
AX. = m,Ax, + m,Ax,
N m, +m,
0= 10%6+30(Ax,)
40
AX,=—=2cm

Q2

Q.3

Q4

Blocks of mass 30 kg will to movetowards 10 kg.

(19

- e

Pi=Pf —>» VSR

Considering Only Horizontal direction

(75v) +0 = 50(/50R ) + 75%

75(v-—j 501100

v=10m/s

6

R=P
60xv=(60+120) x 2
60xv=180x%2
V=6m/s

@

Ratioof masses=1:1:2
i.em:m:2m

From conservation of momentum

A / =

m 2m
<o s
30 /s
m
i 40 m/s
P=P

Q5

Q6

Q.7

0=(-30i —40))m+ 2mv
= 3014400 _ 157 4 50 s

[vI=25m/s

[2

me.

3m

m—'z“.m

3m
m(3i) + m(3j)
o™ = 3m
Reu =f+]
IR|=v2
X=2
(€)

Applying constant retardation equation

(%}2 =Vv?-2a(4)

8v?
9x8
And now 0?=V?2—-2a(4 +x)

o[ 2

8+2x=9
2x=1

a=

0
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QS8

Q9

Q.10

Q.U

Prysics

So, =8
@

_mu+m,i, _1(?+2]+I2)+3(—3f—2]+l2)
o m+m, 1+3
I

[2i - j+k|=4/2)2+ D%+ D% =6

@
dp

according to Newton’s second law of motion: F= I

. Ap
And averageforceif F= s

HereAp=2x0.15x 12=3.6kgm/s
F=100N

Ap 3.6

F 100

——=0.036s

(12

Impulse = changein momentum
=m[v—(-v)]=2mv
=2%04x15=12Ns

Q.12

Q.13
Q.14

Q.15

System of Particles and Rotational Motion

=-20x0.05

@

0, =%a(1)2 =%= 5 rad, o =10rad / sec’

0, =%a(2)2 =20 =2x10=20rad

5. 0,—6,=20-5=15radian

)
@
Ktotal = Krotational + KTrandationaI
1 1
Ky ==lgm®” =mv2,
tota 2 2
v,,,=Ro for purerolling
I = 2 mR?
2
K et =1|6mc02:£>< g R? VLFZ" = mvim
2 2 5 R
Kga = V2 + 22, =2,
5 2 10
1
K Rot g chm — E
KTotel 1 mvczm 7
10
@
Solid sphere

Apply pardle axistheorem

com :EMR2
5

Tangent com

+ Ma&?




System of Particles and Rotational Motion

EMR2+MR2

Hollow sphere

Apply paralel axistheorem

col

3

Tangent

com

I, = 2MR?

+M&

:EMR2+MR2
3

=§MR2
3

Ring

(\A

Perpendicular axistheorem
I =1 =1
X 'y

I =1 +I
z X y
MR2=1 +|

Disc

2

_ MR?

Q.16

Q.17

Perpendicular axistheorem
=1 =1
Xy

I =1 +1
z X y

=1+]

_ MR?
4

@

9o _g2_p
dt

Idm=2t3—t2
10

®=10+2t3-t>
dé

— =10+2t3-t?
dt

0
jde=10+2t3-t2
4

0 4 3
J'd0=10t+t—-t—
" 2 3

4 3
0=4+10t+-1
273

@

_ mgsinéR?
= (11 mR?)

mR?

For solid cylinder | =
2 .
= —gsind
a 39
. 2 .,
For solid sphere | :ng

5 .
=—Qgsin®
a 79
Velocity when they reach at - ground
v2=2as {u=0}

vV =.2as

28
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Ye_ & {S=Diplacement of COM, S= Same}
3

System of Particles and Rotational Motion

| MR

2

5
+MR= MR =,

Q18 [9
Initial 4 2
m
R
m 3
m
By MEC—
mg(ZR):%Idiscmz-'_%lpanidemz SO,|=|1+|2+|3+|4
2
1 ,| mR? - MR JrEMR2
mg(2R) = 5 ©° +mR? 2 2
2 2 )
2 =3MR?, PuttingR = 3
W
? 2 ama’
l=—,— Sox=3
w2:§—§: 0= % Q21
Given F=|(dm)e’x
— Lfm 2
w-afX - [ ~[i[(axJox
2
16x _ |80 _m.L
3R 3R 2
2
Xx=5 _ mo-L
2
.19
ek o= |2 JF
| 2
: _ } JE
O | O 0.25x0.5
A _ V6VF
ML =4 JF
| = o = MK? Lyo
ko L _ 1093 Ik
2~ Jax 3 =
Q20 (3 Q2 @
2 Netlossin PE=GaininKE
MR
|1:|3: 4 129h—3gh_13V2+£12V2+1[12r1(1)2
2 2 2 r
PHysics 29



System of Particles and Rotational Motion

Q.23

Q.24

9gh = %[3+2+12]v2

f=N,
N,=mg

N, x/sing = mgécose

N, =9 cotg
2

o=(12t-32) 342
279
o =4t -t

9O _g_p

dt

3 t3

t
(0-0)=2t"—— = w=2t"-—
3 3

For direction change ® =0

3
2~ 0= [{=6sed]

2 5 1
0=2(6°-—

30 12
0=144-108
0=36

(6)*

36 18

L
No. of rotation = o om o

K 18

soX -2 k=1
T T

MHut Cer COMPENDIUM
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Gravitation

GRAVITATION

Q.1
Q.2
Q3

Q4

Q5
Q6

Q.7

QS8
Q9

Q.10
Q.U
Q.12

PHYSsICS

EXERCISE-l (MHT CET LEVEL)

@
@
@
Gravitational constant = G
Fr> N-m?
mm, kg*

N —m?

kg®
The value of G is constant and it does not depend on
the nature of medium in which bodies are kept.

Unitof Gis

@

Changein force of gravity

M
GMm G353 M
TR R

M
(Only dueto mass ? dueto shell gravitational field

iszero (insidethe shell))

_ 2GMm
- 3R
@

@

Because acceleration due to gravity increases

Q’_M(EJZ_(&XET_E
g MR M 2R 2
:g’:gzg—'28:49m/s2

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

asv, « Rfor &amedensity,\\;—A =2
B

©)

Gx100 Gx10000 10 100 1
X’ 1-x)> 7 x 1-x 1M
()
1+— 1+E 4

@
Changein potential energy in displacing abody from
r,tor,isgiven by

AU:GMmF_i} _ _
2R 3R 6R

1 2

(1 1) GMm
m -

@
Gravitational field inside the shell is zero, so no work
required.

@

Ve:\lzgeRe;sz\lzngm

Ve _ |9 Re _ -

Vm \/gm € & \/ﬂ
4

Py
oD

|
®\<Q|§,Q

X
11
o
=X ]
N @
I J
o ®




Gravitation

Q.19

Q.20
Q.21

Q.22

Q.23
Q.24

Q)

Conservation of energy

0= vz - _SMm
2 (R+R)
Lvo [oM
R Q.25
We have escape velocity
[2GM
V,=,[—
R
v = 2GM | 2GM v,
and, 7y [(R+h) \(R+R) <2
Q.26
. 1 Q.27
Sl == Q.28
V2 Q.29
S
&)
Geo-stationary satellites are also called synchronous
satellite. They always remain about the same pathon Q.30
equater, i.e., it hasaperiod of exactly oneday (86400 Q.31
sec) Q.32
r3
So orbit radius | T=2r,|— | comes out to be
GM
42400km, whichisnearly equal tothecircumferenceof Q.1
earth. So height of Geostationary satellitefromthe earth
surfaceis42,400-6400=36,000km.
@
Energy required AE=E —E Q.2
1 ([6M ) oMm ( GMmj
— AE==m - - -
2 R+2R (R+2R) R
_GMm GMm+ GMm GMm
~ B6R 2R R 2R
@
@
For geostationary satellite Q23
r3
T=2n o - 24 hour
Q4

x 24x 3600

2 _ \/ 6.67x10 " x5.97x10%
21

= r=42400km

.. Height above surface of earthis
42400—6400=36000km

=6R,

Where, R,=6400km

@
Time period of communication satellite T_= 1 day
Time period of another satellite=T_

3/2
T, [
?z(r_] =@ T =T x(9"* =8 days

C Cc

)

@

@

@

dA_ L _
a om Constant
)

)

@

EXERCISE-1l (NEET LEVEL)

@

1 F
Foc I’_2 . If r becomes double then F reduces to Z

©)
Centripetal force provided by the gravitational force
of attraction between two particles

- mv? Gmxm
ie =

@

k represents gravitational constant which depends
only on the system of units.

@

The value of g at the height h from the surface of

32
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2h
! — 1__
earth, 9 g( R ]

The value of g at depth x below the surface of earth,

Gravitation

if uand 0 are constant then R oc 1

Rm = ge &—i R Re
R, g, R, 02~ "m=g, =R,7R
g’ = g(l_ ij I e 0.2
R
on Q13 (1)
Thesetwo are given equal, hence (1— —j = (1— ij
R R g=—-nGpR
Onsolving, weget x = 2h
9 _Pe, R
Q5 = 9cPR=749 "% "R,
4 g _R
QZETCPGR.pr=conStantthen g_lzR_l 6_5 R, R -5
2 =1 3 R,” m g e
Q6 @
Q14 @3
Q7
Q8 (@ _ mgh
True weight equator, W = mg observed weight at T 1+ h/R
equator., Substituting R = 5h
1 1 3
w :m :gm Weget AU:m_gh:Emgh
1+1/5 6
At equator, latitude ) = 0Usingthe formula,
mg’ =mg—mR @ ?cos’ ), Q15 (@
U= GMm
3 _ 2 2A_ 2 -
gmg—mg—mRm cos” 0= mg - mRw r
—11 22 24
5 , _ 779x10% - 86710 x7.4:><1o x 6x10
= mMRw’ =-=mg ==
5mg 5mg =r=38%x10m
2g)” Q16 M
o= 5R Gravitational potential at mid point
-GM, -GM
12 = 1, —"2
_[_2x98 ~| =78x"rad/s gz d2
5x6.4x10 oG
-2Gm
Now, PE=mxV = ——(M,; +M,)
Q9 @ d
Q10 @3 [m=massof particle]
Valueof g decreaseswhen we go from polesto equator. So, for projecting particle from mid point to infinity
eQu @ KE=|PE|
Acceleration dueto gravity at polesisindependent of
the angular speed of earth N %mVZZZGTm(MﬁMZ) =v=2 /w
Q12 &
) Q17
Range of projectile R = u'sin20 If missile launched with escape velocity then it will
escape from the gravitational field and at infinity its
PHyYsics 33



Gravitation

Q.18

Q.19

Q.20

total energy becomes zero.

But if the velocity of projection is less than escape
velocity then sum of energies will be negative. This
showsthat attractive forceisworking on the satellite.

@

-GM
Potential at the centredueto single mass= ———=
9 L/V2

m
r?(due to all four masses

@

The escape vaeloccity from earth is gien by

Ve =+/20R; ....(1) The orbital velocity of a satellite

GM,
(Re+h)

where, M_ = mass of earth, R, = radius of earth, h =
height of stellite form surface of earth. by teh realtion

GM = QRS

revolving around earthisgiven by Vo =

gR
(Re+h) ™
Dividing equation (i) by (ii), we get]

Ve y2Re+h)

Vo (Re)

So, Vo = (i)

) Ve
Given, Vo = E

2, 2Reth)

Ve Re
Squaring on both side, we get

4 2Re+h)
Re

or Re+h=2R, ie,h=Rg

@

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

vV, =R,|=Gnp " VeOCR\/E
()
GMm mv?
r? r
r
@

_ |GM |
V= Tlfrl>r2 thenv, <v,

Orbital speed of satellite does not depends upon the
mass of the satellite

®
GM
V, =
\(R+h)
®

A we know, orbital speed, v

orb

2nr

JGM 2nr Jr
" Timeperiod T v /_GM

ord

T2 _ 2nrr 2_47c2 3
JGM GM
2 2
::I;:éb::K:>GMK:4ﬁ
r
@

T oc r¥2, If r becomes double then time period will
becomes (2)%2 times.

Sonew timeperiodwill be 24x 22 hri.e. T = 482
hours

©)
Areal velocity of the planet remains constant. If the
areasA and B areequal thent =t,.

@
Asper Kepler'sLaw of orbits.

34
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Q28 (@

Q29 (1) 03

Angular momentum = Mass xOrbital vel ocity xRadius

= mx[ (;M }XRO =m,/GMR,

0

Q30 ()

Tocrd?

EXERCISE-I11 (JEE MAIN LEVEL)

QL (@
Inhorizontal direction
_—G\/émm o sz o
Net force= F €0s30° — yoe cos60
——————— U
\\2d
A
‘\ Q4
A
O
» R
d (m)
Gm* Gm?
T e 0
invertica direction
Net § _G\/?’»mz . GV3am*  em?
et orce = T, cos60° + 3P + d Q5
c0s30°
3G’ J3aem?  J3em?
= 2adf T 32 T 8P

3Gm? |1+8+3 3G m?
=\/_ m [—}zf m along SQ

o 24 2d*

Q2 (@ Q.6

@

N s

= (Fz - Fl)

F2 = mgH2

1
3
«Q
—
il
N
0| T
N
——

Fl = mng =mg {1_ 2H1}

l
T:(Fz_Fl)E = R

4~ (R,+h)?

GM, GM,

4R’ (R +h)?
R +h=2R
R.=h

©)

mg (Hl_HZ) 4

Gravitation
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Gravitation

Q7

QS8

Q9

Q.10

G'\gr:consiant = doc=
R
@
GM, GM,
9= R?Z (5R.)
4 3 4 3 .
—7nR —7n(5R
3" Re p: 37I( )P
Re2 (5Re)2
p=5p’
@
GM
g= R?
@
dv = —Edr
k
= —dr
r

Integrating both sides
[v]\vl =k k[fnr]:11

r
v-v, = k/n d_.

r
\Y; =vi+kfna

©)

Q.11

Q.12

Ans.

Initial total energy = Initial kinetic energy + initial

potential energy

GMm

-_ l 2 _—
—Em(O) + R,

1
Total energy, when it reachesthe surface of earth = 2

, (_GMmj
mv+ |~

Applying energy conservation,

@
By geometry,

a2
X*+ — =a&andF, =F,
4

4
J3a
X=—
2
Gm? 4 Gm?
FH:F: n; = — >
n X 3 a

@
Initial kineticenergy = 0

Initial potentia __Gm om
nitial potential energy = — —— — —
Fixed
.\
a
N
[
a/
./
Fixed
_26m?
T a
- 2Gm*
Total initial energy = — a

1
Now, kineticenergy = > mv?

Mut Cer COMPENDIUM
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2Gm*> Gm?

, 4Gm?
Potential energy = — a2 " a2 = - a

1 4Gm?
Total energy = 3 mv2 — a

2Gm* 1

Ans.

Q13 ()

Q14 ()

ngRip ngRgp

gA: ;gB:

R% R:

R,=2R
= 0,=29,
V_=.2gR

(VeS)A: \/ZgA Ra = 2\/ngRB

(Vs = V20sRs

Va
£ _
Vg

Q15 (3

_ [26m
Vo= [
2GM
V=KV, = K25
e R

1 2GMm
Initial total energy = 5 mv2—

R

Q.16

Q.17

Q.18

Gravitation

_EszzeM 2GMm
T2 R R

1 2GMm
Final total energy = > mo?— ——

Applying energy conservation :

1 2GM  2GMm 0 2GMm

=~ mx2 -

2 ™R R X

-
-
e .

PHYSsICS

37




Gravitation

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Ans.

S-

v (Move tangentialy)

- .

.,

@

w,=50x10=500N
w,=50x5=250N
Hence option A is correct

@

Q.26

Q.27

Q.1

Q.2

Q.3

Q4

PREVIOUS YEAR’S

[0008]

Gv 112
V= ?_\/E:Skmlsec'

[0004]
W, +W, =4K =0

W, —mV =0

4
Wext=2x - =43

[0023]
_ 2n(a)3/2

JGM

_ 47 (a)®

T
GT?

so M

Putting values we get
M =2x10% kg

[837.33]
Theparticlewill perform SHM

e

38
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Gravitation

2 +3GM?% 1 3M? 8GM
- |8 A2_R_ 3R ==x erel :>Vre|:—
- R 4 4 d 2 4M d
2 8GM
:AZ_R_:§R2 Vig = d =n=8Ans.
4 4
A2 - R2 Q-8 [m]
A=R T ZTE(a 3/2 M 47'52(3.)3
=—F 0 =
n n|R v GM GT?
t= 3w 3\g Putting values we get
=2x10% kg
3.14
=73 x 800 = 837.33sec. Ans. Q.9 [0004]
QS [m] W@(t+Wg:4K =0
1 W_-mV=0
w.rt. COMK.E.=  (redmass) v, 42 e e
2 ' 4
Wext=2x < =4]
mr 2
w.r.t. COM Angular momentum= 7 Vig
.. Equating energy Q10  [00]
2 2 (a)3/2 4 2 3
ilm, Gm* 1m Gm* T_2mMa)" " _4n(a)
V2 V2 = o M =
22707 0 Tope” VGM GT
(Herev, isrelativevelocity | tolineasv, along the _
linejoining is zero when separation is either min. or Putting values we get
max.) M =2x 10 kg
Angular momentum conservation
mr, mr Qi @
_0 V.= — v According to kepler’ law, the angular momentum of
2 0 2 ' planet is constant.
Gravitational force actsalong thelinejoining the earth
_ Vo and sun.
rel r
solving 3r2—4rr,+1,2=0 Q12 (4
r L GMm
) _ _lo Binding energy =
T =To Mmin = 3 2r
o= 1 GM
ratio=3 (ans) Kinetic energy = —mv2 Tm
Q.6 [3000] GMm
Total energy = —
271:R 2r
=——— = GM =3x103sec=3000 Q.13 (3
Orbital velocity, Vo = G—Mxi
rbital velocity, Vo = rJr
Q7 [g . orbital velocity isgreater whenr issmaller
-GM x3M l
_ |1V =0 Q1
d 2 A personsittinginan artificia satdlliterevolving around
the earth feels weight less since the gravitational pull
PHyYsics 39



Gravitation

Q.15

Q.16

of earthiscancelled out by centrifugal force of circular

motion.

©)
Factual.

Q)

(a) Total energy is always conserved. and negative
(b) Angular momentum is always conserved.

(c) Net Torque about sun is always zero.

(d) Linear momentum is not constant as the direction

of velocity changes continously.

PREVIOUS YEAR’S

MHT CET

Q.1
Q2

Q.3

Q4

Q5

Q6

Q7

QS8

Q9

Q.10
Q.U
Q.12
Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19
Q.20
Q.21
Q.22
Q.23
Q.24
Q.25
Q.26
Q.27
Q.28
Q.29
Q.30
Q.31
Q.32
Q.33
Q.34

4
©)
4)
3
@)
@
@
@)
©)
4
4
2
@
©)
(1)
(1)
©)
(1)
4
4
(1)
©)
©)
(1)
2
4
2
4
4
4
©)
@
Q)
)

According to Kepler'sthird law, time period

T2 = 4rn? ad
GM
where, aisthesemi - major axis

Q.35

Q.36

Q.37

o0 -U3

| 76x86400x 365x 6.67 x 2x10*
4x3.14x3.14

= a

=27x102m

Alsoin caseof dlipse
2a=perihelion + aphelion
= Aphelion=2a- perihelion
=2x2.7x10"- 89x10%
~5.3x10%m

@

According to deduction of Kepler’sthird law and with

the help of Newton’slaw, thelaw of periodisgiven by
47

o ="

r3

GM

Where, r is the radius of orbit and M is mass of the
planet or star.

Assatelliteisvery close of theplanet, thusr =R
Alsomass(M) =density (p) x volume (V)

=T=2n

4 s
=px—mnR
P*3

)

According to conservation of energy,

Total energy of asteroid at 10R_ = Total energy of aster-

oid at surface of earth

=U +K =U,+K,
-GMm 1 .,

+=mvg =
10R, 2

omm, 1

e

9 GMm
- —
10 R,

1 1
+=mv; ==mv
2 2

where, v, = escapevelocity = 11.2 km/s

= V= % x(112)" +(12)°

=2 «(112) +144=16 kms™
10
©)
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For timeperiod of asatellite, we canwrite

3 1/2
TAT_ 2 (L) g
v /GM GM
r

According to question,

Gravitation

= vi=20R .. (i)

1
Kineticenergy, KE= > mv? [using Egs. (i) and (ii)]

1
(KE), 2™ 2gr
2_°_2R_

= 2
2 (KE) 1.2 OR
6400+ 36000)°
24— 2y 8400+ 35000)° 2
GM Q41 ()
Thevalue of acceleration dueto gravity dueto rotation
V2 of earthisgivenb
' (6400)3 g y ,
and for spy satellite, T =2 GM g'=9g-Ro cosd
At equator, $=0
'~ 0— Rw?
LI ﬂ 2 V:\/>ei ght ofgpers?)n atO;quator mg’ = mg—mMR®?
24 | (8400+36000)° ) ’
_ _ 2
=T =(24) x (0.4) = 5 mg = mg—mRo
=T =153h
2_ 29 29
= =—=0or®=,[—
038 (3 ® TR PTVER
Thevalueof acceleration dueto gravity dueto rotation
of earth NEET/AIPMT
g =g—w’Rcos?A 01 ©)
Atpoles, L =90°
o g,= g—0’Rcos’90° =g o B
At equator, A = 0° perihel |0M/_\IVC
g,= 9-®’Rcos’0° = g— R A 3 c
gp_ge:g_g+Rco2:Rw2 lv\l\_/aphehon
Q39 (3 Point A is perihelion and C isaphelion.
The acceleration due to gravity in terms of density is So,V, >V, >V,
given by So,K, >K, >K_
4
=—nGRp=gxR
IR Q2
I _ RuPn If Universal Gravitational constant becomesten times,
g, B R.P. thenG'=10G
g, 1 p. 5 So, acceleration due to gravity increases.
Here, g_e ~ g ad o 3 i.e. (4) iswrong option.
1 R, 3 R 5
—=—x—= = 3 3
= & R, 5 R, 18 RS
5 work done= u; —u;
o R = 18 ° -GmM  -GmM
“(R+h) R
Q40 (3 . o . Now h=R
For a satellite moving in an orhit close to the planet’s _emM GmM  GmM
surface, W= + =
2R R 2R
2
mv =mg Gm
R Now 9= RZ
= vi=gR .. (i)
mgR? mgR
The escape speed of satellite, v, = /2gR SOW:W:T

PHYSsICS 4]



Gravitation

Q4 (@

d
gatadepth d= 9(1—Ej
a="

2
-9
9=3
., W
W =—
2
w'=100N

Q5 (@

Q6

Q7

Q8

Q9 (@

. Gravitationa constant =[ML3T-
Gravitational potential energy =[ML2T7
Gravitational potenital =[L?T7]
Gravitational intensity =[LT]

Q10 (@

_F
|g =m
= 60x10° =50N/kg
JEE MAIN
Q1 (@
m d m
d d
m d m
U __Gm2x4_Gm2x2_Gme4\/§
d J2d d
2
U= -G%[(Mﬁ)mwx/im]
Qz

R 2
M%=M R+h

9_o RY
3 g[R+h]

Q.3

Q4

Q5
Q6
Q7
Q8

1__R
\/§_R+h
R+h= /3R
h=(V3-1)R

=0.732x 6400km
=4685km

@

AccordingtoKepler's 3law

2r=h

m = mass of earth

(At surface of earth)

Effectivé acceleration gye o opayity (stheresulian ok



Q9

Q.10

Q.U

Q.12

PHYSsICS

Gravitation

g & ro? whosedirection & magnitude dependsupon 6. "V = V=12 km/s
hence assertion is false.
When 6 = 0° (at equator), effective accelerationis Q.13 (2
redialy inward. We know that
(Time period)?a (Radius of orbit)®
@ 2 s
Sinceitisuniversal law so it hold good for any pair of N o) (R
bodies. T, R,
Thevalue of g at centreis zero R =3R
So, Statement | and Statement 11 aretrue. 277
r_oR
©) T2 27R
GivenT, =2T,
We know that Time period of Revolution = T? =27x49
T ocr? =T, ~36hrs.
T (1 ¥ Q1
[—Aj = [AJ - Gravitation d=13m
TB r.B
Gm?
2 3 F0: d2
T, f .
8 ® F=F+2 %00545
=4 =r
o3
® F=F, |13
2
F= GT Gm® 1+ L
r F - d2 \/E
o THE)
F= 5
r
8
F==F
9
@
km
Ve =12—
(A) s
1
I’B = E rA
Density " 4(Density), Q15 (1)
Py =4p, ,
g (R
262 R? g (r
v = |2GM _ 3 P
* VR R 2
R 2
= =0l —— 4R
V.=R\p 9'=9| 5 - g(_]
2 R 5R
CVew e [Pa _L g 1o,y
" Ve Ta\Pa 2 2
43



Gravitation

§x100%=%x100=36%

g

Q.16 (1)

2h
—gl1-2"
o-gf1-2')

o g(l_ 2><32j _g(%9)
6400 100

Q.18

m9=m9  100=979 100
mg g
5 %0
_~ 100,500- L x100-1%
g 100
Q17 ()

Escape velocity of a body on any planet of mass M
and radius R is given by following equation -

/ 2GM
V. = R where G is universal gravitational

constant.
Let projected velocity of body be u.

rhen u= 1 25
3V R

B Q.19

L et the maximum height attained by the body be h.
Then appying law of conservation of energy,
EA = EB

K,+tU,=K,+U,

1 , GMm GMm
==mu - =0-
2 R R+h
1 1 2GM GMm GMm
= —MXx—X — =_
2 9 R R R+h
- GMm GMm _ GMm
9R R  R+h
—-8GMm GMm
= _ —
9R R+h
=8[R+h)=9R
=8h=R
:h25=ﬂ=800km
@
Earth\ 3r
0 4m
4r
3m
T - —CMm
2r
TE, LN
TE; mg 1,
A4
33
TE, 16
TE; 9
@
. 2GM
Escapevelocity Ve= R
B B 2GM
AsV=)V =) R
. 1 GMm
Initial total energy = - mv2— (1)
2 R
:lmxz.ZGM _GMm
2 R R
. 1 2 GMm
Find total energy = Em(O) R~ (2

44
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Gravitation

By energy conservation (1) = (2)

lmKZZGm_GMmZO_GMm
2 R R X
1 1 A2
—=———Hence
x R R
= R
1-A°
Q20 @
GM
g: R2

M = constant g < R’
A
100—g =_2 AR 100
9 R
% change=-2[-2]
% changeing=4%
increase by 4%

Q21 @

Q22 (1

3
= —mgR
2 g

:%xlxle 64x10°
=48MJ
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Mechanical Properties of Solids

MECHANICAL PROPERTIES OF SOLIDS

Q.1

Q.2

Q3

EXERCISE-1 (MHT CET LEVEL)

@
Maximum possiblestrain =0.2/100
_ F
Y x strain
_ 10" x100
(7x10°)x 0.2

©)

SA

=7.1x10"*n7

¢

a0 i )

wire (1)

I

\Vifi‘e )
As shown in the figure, the wires will have the same
Young's modulus (same material and the length of the

wireof areaof cross- section 3A will be = samevolume

3
aswirel).
F
; _ A G
ForW|re1,Y—g....(l)
/
FI
. 3A ..
F 21 _— s
orwire2, Y ﬂ (||)
5
3
o F L F L
rom(and (). A" Ax T 3A” 3Ax
= F'=9F
©)
F

Z 50 % 10—6 . 250%x9.8 % 2
Al T 0Bx10° 50x10° 05x10°

/ 2 2

Q4

Q5

Q6

Q7

Q8

Q.9

Q.10

Q.12

Q.13

Q.14
Q.15

=19.6x10"° N/ m?

©)

For a perfectly rigid body strain produced is zero for
the given force applied, so Y = stresg/strain = o

@

Yougs smodulus of wire doesnot vary with dimention
fowire. It isaconstant quantity.

@
@
©)
©)
@

2
=/>0=¢ -1
!
0
6mmx=30° _ 0.18°

S
@

Compressibility of water, K= 45.4x10 Pa!
density of water P= 10°%kg/m? depth of ocean, h=2700

INY
mwehavetofindvz?

Asweknow, compressihility,

1 (aV/V)

B

(P=Pgh)

SO, (aV /V) = KPgh

=454 x10-" x10° x10 % 2700

=1.2258 x 10?

@

@)
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Mechanical Properties of Solids

Q10 (3
EXERCISE-Il (NEET LEVEL) Graph between applied force and extension will be
straight line becausein elastic range,
Q1 @ Applied force o« extension
FL 1 but the graph between extension and stored elastic
|=WZ>|OCK energy will be parabolicin nature
AsU=1/2kx?or U o« x°.
Qz (3
FL Lo, oL (dY) 1 1p 1 B @ N _
I = AY | oc L L_X a1 7252 = 8 Attraction will be minimum when the distance between
2 T2 ! the moleculeis maximum.
Attraction will be maximum at that point where the
Q3 B . . . du
positive slopeismaximum because F=-—
_mgl 1011 o dx
CAY  1L1x10%x10° T
Q12
Q4 @ - mr'o
C =
Becauseduetoincreasein temperatureintermolecular Twisting couple 2
forces decreases. If material and length of the wires A and B are equal
and equal twisting couple are applied then
Q5 B 4
Breaking Force oc Areaof cross section of wire (nr?) ool O _[R
If radius of wire is double then breaking force will e, (n
becomefour times.
Q13 @
Q6 & Y=2n(1+0)
Y isdefined for solid only and for fluids, Y =0 24n=2n(1+0)=12=1+c=0=02
Q7 @ Q14 (2
Force 0 4x10™
- =—=———x30°=0.12°
Stress= I Angle of shear ¢ C 10 x
Inthepresent case, force gpplied and areaof cross-section
of wires are same, therefore stress has to be the same. Q15 (3
Stress Isothermal elasticity K, =P
Strain =
Sincethe Young's modulus of sted wireisgreater than Q1 (3 i ] o
the copper wire, therefore, strain in case of steel wire Adiabatic elasticity Ka. = yP
islessthan that in case of copper wire.
Q17 (2
A 1 AV
Q.8 @ =W I?V l. :>E oc v [Ap = constant]
Intheregion OA, stress « straini.e. Hooke'slaw hold
good. Q.18 (3)
Area of hysterisis loop gives the energy loss in the
Q9 @ process of stretching and unstretching of rubber band
As stressis shown on x-axis and strain on y-axis and thislosswill appear in the form of heating.
sy tan® slope 1
So elasticity of wire P is minimum and of wire R is Energy stored per unitvolume=§ x Stress x Strain
maximum
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

2

1 1
=5 x Young's modulus x (Strain)? > yX

@

1/ YA
U==| —|I%I. . 2
Z(L j S Ul
u, (1, (10
U, l, 2

i.e. potential energy of the spring will be 25V

@

WziFll

2
. Wl (Fis constnat)
w11
W, L, 2002

@

W:lexlézlmgl
2 2

_ %x10><10><1><10'3 ~0.05J

@
Dueto tension, intermolecul ar distance between atoms

isincreased and therefore potentia energy of thewire
isincreased and with theremoval of forceinteratomic
distance is reduced and so is the potential energy.
Thischangein potential energy appearsasheat inthe
wire and thereby increases the temperature.

@

Increasein energy = %x 20x1x107° =0.01J
@

. 1 L \2
Energy per unit volume = > x Y x (stra n)

costrain = E
Y

EXERCISE-IlI (JEE MAIN LEVEL)

Q1 (I
d=4mm
Y =9x 109 N/m?

F—AYA—E
oy

1
=p(2x10°)?x 9x 10°x 100 =px4x10°x9x10"=360

pN

Qz (¥

T Al ELONGATION
= Y & | aresamefor all then

1
For sameload r a W

Q3 ¥

AV AP 1x 10°

- = 7
V T B T 125x108 10

Q4 (9
On heating volume of substance increases while mass
of the substance remains the same. Hence the density
will decrease

Q5 4

K—AY K'-ﬂ-8K
T T2 T

%xSKxAZZ
==—=U=16J

u
2 1 kxar
2
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Mechanical Properties of Solids

10°

EXERCISE-IV (= ——%—— =5m
2x10°x10
Q1 0010
Q6 0012
Sress:@ :@_M:p We know that
Aree A A FoAl Al
8x 108= (8 x 109)l (10) Sy m_ A
A I A I
Q2 0030
T_memma nam—éYA—I
T=mg+ma g |
800(g+a + . 3
L_Ll) T T _ 1(0.6x107%)%x 2x10Mx1.6x10"
<107 A - 10x32
1
= — = U 0.361
3 x24%x108=8x10 _ 0 X} 102=36 7~ 113
. 8x103 40 .. closest mass= 12 kg
=+ = =
’ 200 Q7 020
a=30m/s? F-T=3a
T=2a
Q.3 8 T=25x10°x4x1038
I T=100N
’ —>F T=2a
100=2a
F oA a=50N
A Y T F=5x50
! ¢ F=250N
F oA Q8 (0
A, =y / Work doneagainst theinter molecular forcesof attraction
Al +AL,=10mm isstoredinthewireintheform of elastic potential energy.
F¢ . F/ 10 Q9 (@O
Ay 4Aly mm For a perfectly plastic body, restoring force is zero. So
stress strain curve is straight line parallel to strain axis.
F N Fl 10 F 8 Young modulus= slope of curve=zero
=10mm= =8mm.
Ay 4Ay Ay
Q.10 (1)
Q4 200 - 1
P,+Hpg=3.7x10° Compressibility = K
Hx1.8x108x10=3.6x 10° AP
36 K- AV _p
H=—— x102=200 - *
18 v
Q5 5 Qu (@ . . .
Mg=PA ;A issectional area Inaglassy so]ld or amorphoussolid, thevanou;bonds
Algg = 105A between particles are not equally strong. So, different
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bonds are broken at different temperature. Hencethere
isno sharp melting point.

Q12 (@
Volumestress
Bulk modulusof elasticity = Volumestrain
Shearingstress
Modulusof rigidity = m
Potential energy of stretched wire
:%Yxstrainzxvolume
9 3 1
—_=—
y n K
Q13 (3
PREVIOUS YEAR'S
MHT CET
Q.1(2 Q.2(1) Q.3(1 Q4(2 Q503
Q.6(4) Q.7(4) Q.8( Q.9(2 Q.10(4)
Q.11(2) Q12(1) QJA3(1) Q144 Q.15(2
Q16(2 Q17(3) Q.18(2 Q.19(1) Q.20(3
Q212 Q24 Q23(4) Q244 Q.25(2
Q26(3) Q27(4d Q28(3) Q293 Q.30(2
Q314 Q32(1) Q.33(2
NEET/AIPMT
Ql
Wirel:
a -(-)—»A, 3 F
Wire2:
a o—F
3A, 1
Forwirel,
F
Al =(ﬁj3l i)
Forwire2,
F_yA
3A I
F/
=Al= (WJ' (il)

Fromequation (i) & (ii),

a5 ()

=F=9F

Q.2

Q3
Q4

Q5

©)

St 1 —ﬁ' St —w
ran L’ ress A

1 .
Energy = 5% stressx strain x volume

:—><—><£><A><L
L

2

(©)

@

In stretching of a spring shape chargestherefore shear
modulus is used.

Y

copper < Ysted

JEE-MAIN

Q.1

Q2
Q3

':

©)
Given B =3x 10 N/n?

_ AP
T AV/V

AV
=(-) Bx—
AP=(-) v

2
- 10 5 ———
3x 107 100

=6x10°Nn?

(29
©)

|
m )

AL=(L,-L)

B
7|v
LT

em |

AL=(L,-L)
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YA AY 01 01
= —AL =01
F L N2 2 2
F— KAL AY =0.1xY =0.1x0.199x 104"
For (A) AY =1.99x10%|..[x =2
mg=K (L,-L)....(i) =2x10%
For (B)
2mg=K (L,—L) ...(ii)
Q6 (&
(i)
FromEq. 6 SILIIIILIIII S,
2 L,-L
1 L,-L ]
ds
L=2L,-L, \
Q4 O
Stress =y x strain F Al
Accordingto Hook’slaw, — = Y—
F_yM_ ,, FL A |
?_T: yrr? Net pulling for.ceon the elemental masswill be duethe
mass|ower toit.
e e Ol
vV W
Al .
—L=1= A, = AL F (Forcedueto lower weight)
2
m
Af,=5cm F=7Y9
Let elongation in this elemental massbed (Al)
Q5 ) Then,
L=1m
AL=04x10°m F_ a0
d=0.4x10°m A I
VAL Tl Ay
=(04x10°)
= A=Y g
40 IAY
Y=
7(0.4x10°)’ |= jl mgy
0LAY
40x7 ma
Y = 22x64x10° <107 =%jydy
Y =0.199 x 102 N/mP °
AY _AF AL AA L A(AL _mg[v?]
Y F L A AL IAY | 2 )
:A_L+2A_d _ mgl
L d 2AY
_002 , 001 _ 20x10x20
04 o4 - 2x0.4x2x104
=25x10°
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Q.7

Q8

Q9

(48)

n=25x10°N/m?
Area=60cmx 15cm
=900 cm?

F 18x10*

~Area  900x10°
=2x10°

Stress Q.10

_ Stress _ Stress

Q X
()

25x10° =

6
2x10 <60
X

5 5
:M:le 4><%=48><10740m
25x10 10

Q.11

v &f15 cm

60| /

60 cm

@

GivenAl, +Al,=1.4x10°m
O

Al,+Al =14x107

O

F(3.2)
22

7(1.4x10*3)2 « 2x 10" Q12

=1.4x10"° Q13

F(4.4)
2 2
7(1.4x10*3) x1.1x 10"

(22) e

OrF(5.6) =8.6x10?
SolvingF=154N

22
=1.4x1.4x 1.4x10? x -

@

Let ustakewire (2) and now

FL L(F
Y=——or=—7|"_
AAX A AX

2x2
PuttingvaluesY = ¢, 155 (2X10,3)2

SolvingY =2 x 10"

©)
AL
e

=2x 10" x 104(

201
L

=2x10°'N

(30)
A =4mm?
y=10" N/m?

[=05m

mbody:Zkg
g=10m/s’

stress

strain=

F
= Ay
F =tensionin string

m\,2 v =5m/s
+ mg

F=
l mVZ
[

2x5°
0.5

f= +2x10=120N
) 120
Strain= 4x10 °x10%

=30x10°

(1)

Y dependson material of wire

(50)

2 2
T mv :10><v = 20\
! 0.5
T, = Breaking stress x Area
=5x10¥x 10“=5x10*
20v2=5x10*

V= ,/%104 =50m/s
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Mechanical Properties of Fluids

MECHANICAL PROPERTIES OF FLUIDS

1
EXERCISE-1 (MHT CET LEVEL) or 3x10° == x1000(25¢ - ;)
600=24v} =V =25
Q1 -V, =5ms
Q2 @
Q3 @ Q15 (2
Q4 Q.16 (1)

Iceislessdenser thanwater. Whenicemelts thevolume .17 (1)
occupied by water islessthanthat of ice. Duetowhich g 18 (3)

thelevel of water goes down. The net force acting on the gate element of width dy

Q5 adepth y from the surface of thefluid, is.
Retardation of ball due to buoyant force
dy =(po + pgy—o ) x1dy

PwVy—PsVy 04-1
=2 —2= g = pgydy

PV 0.4 Lo
Torque about the hinge is
=-15¢
Approach velocity of ball =./2gh Y—
vZ—P=2ax
= 07-2xg(9)=2(-1.50) x P
x=6cm dy A
Q6 @ 1.
Q7 &
Q8 (@ «—F
Q9 B
Q10 (2 —
Qu (@ |
Q12 ( B
Q13 @ dr= pgydyX(E - y}

According to principle of continuity Net torque experienced by the gateiis

v 10(m/ s) x 2(cny’

v, = A1 )_2 (2 ) _gom/'s Tna=IdT+FX£

A 25x10“(cm”) 2

Q14 (O ¢ ’ ’
According to Bernouli’ stheorem = ng ydy(E - y] +Fx 5= 0
0
R +%,ov12 =P +%pv§....(i)
_P9

According to the condition, = F_?

P-P- 3><105,% _5 i.e., TheforceF required to hold the gate stationary

i P9
From equation of continuity, 'S 6
Alvl = A2V2 ng (4)
A A B Apparent weight
0, a0 TM =V(p-o)g=Ixbxhx(5-1)xg
From equation(i) =5x5x5x4xgDyne=4x5x5x59f.

Q20 (1)

1
P-P==p(V -V
v ZP( 2 1) Fraction of volumeimmersed intheliquid sz(BjV

()
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27
Q.28
Q.29

i.e. it depends upon the densities of the block and liquid.
So therewill beno changeinit if system movesupward
or downward with constant velocity or some
acceleration.

@

Bernoulli’stheorem for unit mass of liquid
Pilve_ constant
p 2

Astheliquid starts flowing, it pressure energy
decreases

1, R-P, 1, 35x10°-3x10°
2 P 10

5
:szwzvzzloozv:lomls

@

From the Bernoulli’ stheorem

R-P,= %p(vg -vi) :%xl.?)x[(lZO)z —(90)2}

= 4095 N/m? or Pascal

©)

_2AT 2X X (0.05)2 x 73x107
d 0.01x10°®

= 36.51 ~ 115newton

F

@

AW = sx AA=0.06x 47 (1} — 1}
=0.003168J

®

W = TAA = 4zR?T(n%3 - 1)

=4x3.14x (1022 x 460 x 103 105%-1]
=0.057

@
On increasing the temperature, angle of contact
decreases

(1)
(1)
@

. . 1
Capillary rise, h o .

= hisgreater if radiusissmaller

Q.30

Q.31

Q.1

Q.2

Q3

Q4

@

Viscosity isalso termed asliquid friction. Dueto
viscosity, the adjacent layers of aliquid resist, the
relative motion between them.

@

EXERCISE-1l (NEET LEVEL)

©)

As the both points are at the surface of liquid and
these pointsarein the open atmosphere. So both point
possess similar pressure and equal to 1 atm. Hence
the pressure difference will be zero.

©)

. M M
Volumeof ice =F,volumeof water =g .

_ M M 11
. Changeinvolume = ——-——=M| ———
p © p G

@

Due to acceleration towards right, there will be a
pseudo forcein aleft direction. So the pressurewill be
more on rear side (PointsA and B) in comparison with
front side (Point D and C)

@

Pressure = hpg i.e. pressure at the bottom is
independent of the area of the bottom of the tank. It
depends on the height of water upto which thetank is
filled with water. As in both the tanks, the levels of
water are the same, pressure at the bottom is also the
same.

Mercury
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At the condition of equilibrium Qu (@
Pressure at point A = Pressure at point B N
P,=P,=10x13xg=hx0.8xg+(10-h) x13.6xg Pressure at the bottom of tank P=hpg= 3X105F
By solvingwegeth=9.6cm
y gwedg Pressure dueto liquid column
Q.6 © P=3x10°-1x10°=2x10°
L et specific gravities of concrete and saw dust are p, and velocity of water v =./2gh
and p, respectively.
According to principle of floatation weight of whole 2P 2% 2x10°
sphere = upthrust on the sphere V= ?l R 400 m/s
4 3 3 4 3 4 3
—n(R*-r’)p,g+—=nr'p,g=—nR’x1xg
3 T3 Y3 Q12
=R%p, —r’p +r*p,=R? As speed of air abovewing is greater,
R? B .. pressureissmaller abovewing.
= Rz(pl_l) = rs(pl_pz) = = pl—plz
U Q13 (2
3_ .3 P H 90
R-I_pi=pp=py+l Horizontal rangewill bemaximumwhen h=—=— =
r3 pl _1 2 2
45cmi.e hole3.
R-r®)p 1—
:>( _ ) 1=( pijﬂ Ql4 @
P2 PL=1) P2 Upthrust — weight of body = apparent weight
Mass of concrete_(l— O.BJ>< 24 _, VDg-Vdg=Vda,
- 1) 03 D-d
Massof saw dust \24-1) 03 Where a = retardation of body -~ & = (Tjg
Q.7 @ The velocity gained after fall from h height in air,
Y 2gh
Vpg=-—09 g .
2 Hence, timeto comein rest,
g ng(czdensity of water) _v_ Zgth
2 o (D-d)g (D d)
8 2
Q @ Q15 @
. p Soap helps to lower the surface tension of solution
! N oC — ’
For streamline flow, Reynold's number Nr n thus soap get stick to the dust particles and grease
should beless. For lessvalue of N, radiusand density and these are removed by action of water.
should be small and viscosity should be high.
Q16 (O
Q9 o) Weight of spidersor insects can be balanced by vertical
d,=2cmandd,=4cm .. r,=lcmandr,=2cm component of force due to surface tension.
From equation of continuity, av = constant
Q17 @
T=Ty(1-at)
" V—Azﬁz—ﬂ:(rB)2 :(Ejz =v, =4v
v a, n(r)® \1 A 8 Q18 (3
T T
Q10 @ 0 Z
If the liquid is incompressible then mass of liquid —\ —
entering through left end, should be equal to mass of
liquid coming out from the right end.
S M=m +m,=Av =Av,+15A. v
=>Ax3=4x15+15A.v =>v=1m/s Weight of metal disc = total upward force
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26
Q.27
Q.28

Q.29

Q.30

= upthrust force + force due to surface tension Q.31

©)

=weight of displaced water + T cos6 (2r r) 2T cosO 1 h2 o2
= W+ 2T cosO h=—""—hae=-=>-2=-1_-=
rpg r r, 3
@
3
, (.r,=r,r,=+500 ofr:—rj
_F_ LOQ =01N/m ( A 2
2l 2x10x10 New massm,
2
® O B -0 TR 0 B
Energy needed = Increment in surface energy o Z:th_n(zrl ‘?,hl p—2 nr]_hl p—2m
= (surface energy of n small drops) — (surface energy
of one big drop)
= NVAr?T —4nR2T = 4T (N2 —RY) Q¥ (©
h:M: hml:&:izg
@ rpg r r, 3
When two droplets merge with each other, their surface
energy decreases. 3
W =T(AA)= (negative) i.e. energy isreleased. (( hL=rr= +50% ofr = 2 rj
) New massm,

Work doneto increasethe diameter of bubblefromdto D
W =2r(D? -d*)T = 2r[ (2D)* - (D)’ | T = 62D°T
)

5\ LY Q.33

W =8aT(r? —r?) =8rT (—j —[—]
( 2 1 ) |: \/E \/;
Q.34
W =8><TE><30><§ =720eg
Y

&)
W =8nRT". Q.35
- Woc R2(T isconstant)
If radius becomes doubl e then work done will become
four times. Q.36
&)
This happens due to viscosity.
@
@ Q.37
@
©)
Angle of contact is acute. Q.38
@
Both liquids water and alcohol have same nature (i.e.
wet the solid). Hence angle of contact for bothisacute. Q.39

nr ;th:n(grljz(ghljp:g(nrihlJp:gm

©)

Concept of excess pressure
)
1
i AP oc —
Since R

2

As soap bubble has two free surfaces.

@
rhdg
2cos0

2S
Pressuredifference = hdg = - cos6

©)

r’=r2+r

r=5cm

©)

-3
Ap= 2T _ 2x70x107

=140 N/ m?
R  1x10°
(b)
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EXERCISE-I11 (JEE MAIN LEVEL)

Mechanical Properties of Fluids

Q10 (@

RN 10°% = +135x10°% = =rx1
F=[rgh] [A] 5 5
=(1000) (10) (6) (10) (8). or r=35x10°kg/m?

Q2 (2 Qu (3
W, >W,_ asmassof water inAismorethaninB [36-rv]g=[48-r,v,]g

PA:PB
= 48
Areaof A =Areaof B 36-p, 36 g-|48-p|2|lg
or P,Area, =P Area, 9 Po
o F=F,. Solving, 0:3.

Q3 2 12 (3
GivenA=2x10%h=04m,r=900Kg/m* © ,(Ag weight = Buoyant force
F=mg=Vrg=(pr*h)rg mg=[100x 6 x 0.6 g] + (100 x 1 x 4)g
=2x10°x0.4x900x% 10 . m=760gm.
=72N

Q13 (2

Q4 (1 W-vx1xg=W,
F=mg W-vxxxg=W,
F=10N = W—(W-W,)xx=W,

W-W.
es @ = Wow,
At same depth pressureissame. SoratioP, : P,=1: 1. -t
Q14 (2
Q6 (1 V=A/.
mg myg N Alpg K/ N
= + — =
A, T A, ow 3 3 P
Solving, m,=3.75kg. K =2pAg
Q ! (3) /’—L\i
. 3
Givenm=12kg, A =800 cn?, r = 1000 kg/m?®
P=rgh ] TKX:ﬁ
3
mg
— =rah ;
L i
1210 =1000x10xh 2 h
800x10° 0 0% 80 ~ Sl
1200 v
h= 80 - 15cm b
Q15 (2
Q8 g)_ gorvg=0 Apparent weight (W, ) =W -V p,g
b Since, Wapp- (Ram) > Wapp- (Shyam)
Q9 (1 = Wy > Wignam
' i Therefore, from given passage shyam has more fat
mg=60 0) than Ram.
mg-rvg=40 . (i)
mg-pVg 2 Py Q16 (2
mg ~3%p ~ V>V, = W 9 SWap
. , (SinceW__ =W -V p, Q)
wherer, = density of the block and r, = density of the Hence(Z)app'
liquid.
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Q17 (3
R=vt

2(H-D)

= /29D 9
=2/D(H-D) .

Q18 (2
Fthrust = pa.\/2
Fnet = F1 - Fz = ap[ZQ(hl - hz)]
= ap(2gh)
oo Foch

Q19 (O
Al Vl = A2V2
nR2dh/dt = nr?v (i)
v=,/2gh (i)
from equation (ii) put thevalue of v in equation (i)

R=0.08 m

S

0.16 m

h=

r=5x10"m

)4

nR2dh/dt = =r? /2gh
R%dh
j—t J‘rg\/ﬁ = J-dt
2 %dh .
rz\/z—glﬁ - ‘([dt

on solving
t = 46.26 second.

Q20 (2
AV =AYV,
0.02x2=0.01xV,
V,=4m/sec.

1 2 — 1 2
P, + E pV,* =P+ E pV,

1
4x 104+ > % 1000 x 22

1
=P,+ > x1000x 4% = P,=3.4x10*N/m?

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

4)

Force exerted by the water on the corner

= changein momentumin 1 sec

= J2 mv

mv
mv T

—
=J2pvL

(3) / Na

H
f
H/2
v l
Force=pa (,/29h/2)2

. pagh
acceleration= oNaH =g/N

@)
pAV2=1000 x 2 x 10x (10)
=20N

@

_ L3
AV =AV,(Given rT E)

V_z A_l T 3
©)
Z—\::AJZgh

2

After the portion A is punctured’ the thread has 2

options as shown in the figures.
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Clearly, dueto surfacetension , the soap film wantsto 4s
minimizethe surface areawhichishappening in option Now P_—P, = ry
(ii)- :
Hence the thread will become concave towardsA. -+ S0gp bubble has 2 films

andP_=P,-- sameairisfilled

Q27 45 _ )
We know that surface energy = P+ —— =R, +pgh ()
U =T xArea o
Here. as 2 films areformed because of ring. so get o= pgr
U,=Tx2x(A) 4
Q32 @

N
=5 m x2x0.02nm?.=0.2J

Q28 (@
Inthesatellite, g, becomes zero but the surfacetension
still prevails. Hence the water will experience only

surface Tension forcewhich will pushit fully outward. Equating pressures on the shaded portion :
do o _ 4o
Q29 (2 norn TR

Water will riseto aheight morethan hwhen downward .
force (mg,, ) becomes lesser than mg. getR= z_ 1r
2 1

soinalift accelerating downwards, g, is(g—4,). Hence

capillary riseismore. Q33 (2
On the poles g, is even more than g. Hence the

capillary will even drop. @E
A

Q30 @

. 4 4
By equating volume: gnR3 = 8><§Trr3

getr=R/2.

4
Now pressure differencein A = ?G

4
andthatinB = — =2x pressure differenceinA.

By balancing forces R/2
Tx(2¢)x(cosP) =d x £ h g

2T cos6 Q3 O
weget h= xdg - A

Q31 (¥ VAN ﬂ
SR
y ' initially

— 46.
Pa=P+ ;P

B

4 .
=P, + EG {P, = atmospheric

pressure} .
Clearly P, > P, ; soair will flow fromAto B.
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Q.35

Q.36

Asr decreases; pressurewill become moreand hence
moreflow of air fromAtoB.

Ultimately bubble A collapses and B becomes bigger
insize.

@

Before

l
®

P,
After @
Lets say, initially, the pressure due to air inside the
bubbleisP, .

4T
= P, -P=—
ar r

Flinal ly, the radius becomes half ; so volume becomes
3 th and hence pressure becomes 8P, .

So, 8P, —P, = AT ii
BPPE s e (i)
Solving (i) and (ii)

B 24r
getP,=8P + T

@

When the excess pressure at the hole becomes equal
to the pressure of water height ;then only water will
start coming out of the holes : [atm pressure on both
sidesis samg].

2c
= phg: T

he 22
=% prg

2% 70x10% x N
m

= 1ooor';%x[0éljx104 «x10 ~0-28m.

Q.37

Q.38

Q.39

Q.1

Q.2

=9 1oan  (1260)

v, =0.02m/sec.

. Time= 0.02 =5sec.

EXERCISE-IV
[00s0]

1=,/2ght

1.
h=Zgt
29

t:\/% p1=1/29(1—h)x€

P h=05m=50cm

[000g]
AN, =AN,
3x30=Nx3x10"7x0.05
8
3x10 - N
0.05
N =6x 10°

60
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Q.3

Q4

Q5

Q.6

PHYsIcs 61

[2379] Q7
AIVI:AZVZ

10x5=5xv,

v,=10m/s

Py V_12 V2 V§

P9 29 Pg 29

P 25 2x10° 100
exv 2
10T 207 104 20

104 =25-125=23.75

p,=2375x 10°Pa
[0800]
In both cases, Weight = Bouyant force

Q8

2 2
pVa=p, |3V )9 =p,= 3Pw

5v
PeY9=pg | 5 /)Y

Initially,

After wards,

= ZPw =Py *

w
oo

— 4 - 4 = 3
= Poil=5Pw =g x 100 =800 kg/m®.

(5]
30—(25+X,) =5-X,

Q.9
32
V=— 04 =80cc
A =16cm?
kx,+103x 16 x 10 xx,x 10=32x 103x 10
X, (48+16)=32x 102
32
Xo:a cn=5mm
(0400]
P x6x10°g=6009
mg+600g=P, x1000g
m=1000—600=400gm

Mechanical Properties of Fluids

(0004
_2s_ BdV
P=" ="y
4
V= 57‘5!’3
dV =4nrrdr
2s 2
D — :Bx 4Ldr
r 4/ 3mr®
2s  2x0075 0.15
Or= 35 = 3x125x10° = 3x125 <10°=4Al
[0073]

App.wt. =weightinair

/

s
.
-
-
e
-~
-

mg—B+Fsurface:mg
:B:Fsurfaoe
103%x3x1.5x0.2x10%x 10
—sx 2 xoesx 22 .5
100 100
9x10°3 9000
ST o X¥100= o, Nm
~7259mN/m ~ 73
(8l

Mg—T-6mnr,v=0
mg+T—6rnr,v=0

4 m
— n(rl?’ + rzz)x pg g
3 v 4
67m(r1 + rz)
2 2y — T
v= 5 (r2=ryr,+r,9)
Mg




Mechanical Properties of Fluids

T=Mg—-6%nr, x < (r2—rr,+r2 ~—

9

Paper pins have pointed ends.
Smaller the area greater the pressure which is required
for punching through the surface.

4 . Q.14

=3 nr3x pg— 3 P9 [r3—r2r,+r,7r]

4
=g [r2r,—r,2r] Q.15

2
4 2| r —rl
= 3nrgr1 2 r,

2 3 n
r,=2r,
M
—_— :8
m
Q.10 [50]
4
6rnnrv=B= 3 3P g
_2,Rg
o'
2 (0.9)2x1.75x1000 ,
=— x =50 poise
9 0.7
Qu (I

As per the Bernoulli theorem, when wind velocity
increases the pressure decreases over the wings and
increases under the wings. This pressure difference
provide the necessary lift.

Q12 3
Cloth has narrow spaces in form of capillaries. Small
angle of contact makes coso.
Larger duetowhich capillary risewill be moreand the
detergent will penetrate more in the narrow pores of
the clothes.

Q.13 ()

1
Pressureoc ——
area

@

Open-tube manometer is used for measuring pressure
difference.

1 bar = 10° Pascal

)

(8 Bernoulli’s equation — Principle of mechanical
energy

(b) Continuity equation — AV = constant

P
(© Pressurehead—>@
V2

(d) Velocity head — 2_g
Q16 (3

Viscosity = [ML-T-]

Terminal velocity =[MOLT]

Surfacetension=[M1L°TZ]

Surfaceenergy =[M*L2T]

PREVIOUS YEAR’S

MHT CET
Q1P Q24  Q3(1 Q4(1) Q5@
Q.6(Bouns) Q.7 (1)  Q.8(4) Q.9(4) Q.10(3)
QI (2 Q1238 Q13(2 Q.14(4) Q.I5(3
Q16(1) Q173 Q18(33) Q.19(1) Q.20 (4)
Q21(1) Q222 Q23(1) Q243 Q.25(2
Q26(4) Q273 Q28(4) Q293 Q.30(3
Q31(1) Q32(22 Q332 Q3:4(2 Q.35
Q36(3 Q374 Q38(1) Q39(2 Q.40(1)
Q41(3 Q42(1) Q43(3) Q44(4) Q45(3
Q46 (2) Q47(2
NEET/AIPMT
QL (9

V = /2gh =/2x10x2 = 2x3.14 = 6.324m/ sec

M:Av:(2x106)x6.324:12.6x10*6

it

Q2 @

Pressure inside soap bubble Ry + %

pressure at a point Z, below surface of water
=R +pgZ,
P, is atmospheric pressure
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4T
2 az
R pP9Lg

AT
L
poR
_ 4x25x107°
% 103x10x1x1073
Q3
Q4 (@
Q5 @
P:PO+£
R

= R increases and P decreases

JEE MAIN
Q1 (39
Qz
_ pvd
Reynold’'s number is given by T
Q3 (300
TN
40le

250 1
P, +——+pg(40x10?) = P, + = pv?
°* 05 pg( )="F, SPY

+ 1000%10% 40 _ 1x1000>< Vv
100 2

V=3m/s
V =300cm/s

500

Q4

49m

4
d

v =./2gh =/2x9.8x4.9m/ sec

.. Total time taken by the ball to reach the bottom of

thelake=t +t,=4sec

Q5

Q6

Mechanical Properties of Fluids

49="1x08x t?
2

t =1lsecandt,=3sec

since the ball is drowning with constant velocity

d=vxt,

d=+2x9.8x4.9x3m

d=9.8x3m=294m

(24
A
A,
vV, v,
P,
P,
A
A =1
22
P,—P,= 4500 Pa

1 1
P +Epr +pgh =P, +§sz2 +pgh

1
Pl - I:)2 = EP(VZZ - V12) (D)

And  AVS=AV,
—V,=2V, (2

4500 = % x 750% 3V,

V,=2m/s
Volumeflowrate=A V =24 x10° m*s*

©)

5x10°N
/-H-l\ (1)
I\_"/'V
10m
15m
¥ Ly
5m
\ 4 \ 4

PHYsIcs
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Q.7

QS8

Q9

Q.10

Applying Boroulli equation

1 1
P, + pgh, + > pv,? =P, +pgh+ > pVv,?

5x10° 1
n(1)? =1000x10x10+0=0.01 x 10°+0+ ExlOOO
X V22
v,=17.8m/s
@

Water

oc
Oil

0c>90°

For water oil interface

()

F,+F, =mg (v = constant)
Fv=mg-F,

= pBVg - p|_ Vg

= (pB_pL)Vg

Q.11

., 0.3x10°
=(8-1.3) x 10" x WX:LO

6.7x0.3

x107? (g=10)

67x3 ~
x10™ =25,125% 10+

Ans. 25.125
) Q.12

Areaof cube=6a=24n? a— side of cube

@=4 = =V,=2'=8

AT=10°C

1
a=50%10% 5

Weknow for solid materialsy = 3a
Soy=3x5x10%4=15x10%°C

AV =V, y.AT

AV =8x15x10%x10=1200x 10*m®*=12x 102 x
(1?2 cm?

AV =12 x10*cm®

Q.13

|AV =1.2x10°cm’|

@
Initial diameter of ring=6.230cm
Final diameter of ring should be

equal to diameter of bangle
= Fina diameter of ring=6.241cm

Us ng% =oc At

or
For diameter

A_D:oc AT
D

A D — changein diameter
A — Initia diameter

6.241-6.230

=1.4x10%(T - 27)
6.230

= 0011 _ 1.4x10°(T - 27)
6.230
11x10°

6230x1.4
= T=152.7°C

=T-27=

(20)
Differenceof their length

0,10, const

Al,-Al, =0

Al, =Al,

0, 0 ,AT=00,AT

40 x 1.8 x 10°= 7,(1.2x10°°)
¢, =60Cm

©)

If the electric field isin the positive direction and the
positive chargeisto theleft of that point then theeectric
field will increase. But to theleft of the positive charge
theelectric field would decrease.

If thedipoleiskept at the point wherethe electric field
ismaximum then theforce onit will be zero.

@

Diameter of Bigger drop=2cm
SoRadiusR=1cm
Surfacetension=0.075N/m
Apply conservation of volume
\Y Vv

initid — " final

il7tR3 = 64><i‘r7tr3
3 3
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3 R R
ﬂ:r3:>r=1cm r= =5
4 9

Gain In Energy = {64[Area of small drop]- Area of

Bigdrop} x T ~ | 75x10° N 1LY
{64% e dn®) T Uy =729[TA]=720| = S | 4n| <x10

_ 107 Y 22 -4
=4n x104{4-1} x0.075 =9x942x107J
=28x104] Gaininsurfaceenergy =(9%942-942) x 1077
=8x942x 107
=75x10%]
Q16 (2
il S pressure difference
bbbkt kbl Al O AP=P +P,
L TP AT 4T 4T
Sx2nr=mg-F, E_r_l+r_2
\%
=Vp g—gg E—l_{_i
2
Sx2nrzvg(2p_cj 1 11
2 el e
R 3 6
SXZTCTZETCYSQ(Zp_Gj R=2
3 2
_ 3k _p
9(2p-0)
3(7.5x10'kgm/sec’xcm) '
- ~=r" (Im=100 cm)
(10m/sec®)(2p—oxkgm?®)
B 3x10°
2(2p-0c)
Q17 (B
. 15 ,
J2p-o v =290 mp)
9 n Tt
Q15 @3 (p, = density of air, p, = density of rain drops)
Initial surfaceenergy = T.A
. 18 (100
75x10° N Q . L
U, = 2= —x[(4n(lx10’2)2)} Using Newton'slaw of viscosity
10 m
=75x103x 47 x 104=942 x 107 - av
But " dy
'olume). = (volume
(Vi ) =( J Assuming velocity profilelinear with respect to depth
4 4
§nR3=729(§TCf3] (r=find, R=initial) F_ A

A_nAy
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Q.19

Q.20

Q.21

36x1000

3—102 %X ——
=103=102x hx 3600

36x1000

10°x3600  100M

=h=102x

@
F,=m-F,

m
=mg-| —xd
o{ 3 Jo

(F, = Buoyancy force)

©)

Dimension of pressure x time

_ force
Area

xtime

_ [MLTﬂ
7

=[MLT

x[T]

) ) ) dv
Dim. of coeff. of viscosity F=A prtl

f dz

n=—_—x—

A dv

MLT? L
T ]
=[MLT
A istrue because

forec
Areax vel.gradient

Risfalse coeff. of viscosity =

_ Force
Reason R : Coefficient of viscosity ~

4

Fv=6mnrv,

v

V,

t

Mg=4_inr3pg

velocity gradient

Q.22

Q.23

4
6nnrv, = gnrspg

i‘r Tr pg

VI
3 6mr

B 2x10? x10°x10
9x1.8x10°

=123.4x10°m/s

(20)

ball

liquid

If the speed if ball does not change after entering into
liquid that means the speed attained by ball was equal
to terminal speed

2r2
2gh =——(c-p)g
9n

r=01x10°m
g=10ms?

= +/2x10x%

n=10"°Nsm=

2 —001x10 (10° —10%)x10

2 10°

20h = 9 ——x9000x10

20h = 2x107° x10* x10°

=+20h =20

= 20h = 400
=h=20m
=20

(11)

Asthe bubbleisrising steadily the net force acting on
itwill be zero (Because of density of air thevalue of mg
can be neglected.)
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B
Tv

mg
F = 6mnRv

4 _,
So,B=F = ?R pg = 6mnRv

PutingR=1mm=10°m
p=175x10°kg/m?
g=10m/s?
v=0.35x102m/s

10 .
n= 3 =1.11Sl unit =11 poise(CGS)

Mechanical Properties of Fluids

Q24 (X
F, + F, =mg (v = constant)
Fv=mg-F,
:pBVg_pL Vg
:(pB_PL)Vg
=(8-13 x10+3XMX10
=(E-13) 8x10°
6.7x0.3 _
= %107 (g: 10)
67x3 _
= x10™ = 25125 x 10
Ans. 25.125
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THERMAL PROPERTIES OF MATTER

Q1

Q2

Q.3

Q4
Q5
Q6
Q7
Q8
Q9

Q.10

EXERCISE-l (MHT CET LEVEL)

@
Thermal stress=Y aA0
=1.2x10"x1.1x10°%(20—10) =1.32 x 10" N/m?

D

Let final temperature of mix be T°C

Heat gained = Heat lost

m C (T-0)+mL, =m,c, (80-T)
1 336

12 T+1.°2-1.1.(80-T)
2 42

SSPE L
42 2

=
@

The change of state from liquid to vapour (for gas) is
called vapourisation. It isobserved that when liquid is
heated, the temperature remains constant untill the
entire amount of the liquid is converted into vapour.
The temperature at which the liquid and the vapour
states of the substance coexists is called its boiling
point.

@
@
@
©
@
@
% _ @ . 6000 = 200x0.75x A0
R

@

High conductivity isdesired to ensure greater transfer
of heat to the food.

Low specific heat is required so that temperature of
pot rises even with small amount of hest.

Qu

Q.12

Q.13
Q.14
Q.15
Q.16
Q.17
Q.18

Q.19

Q.20

&)
390x A(0—6)
/

Here @ istemperature of thejunctionandA & ¢ are
area and length of copper rod. Heat

46x A (6 —100)

/
I n series combination, heat current remains same. So,

390xA(0-0) 46xA(6—100)
/ - /

3900 = 466 — 4600

4366 = 4600 = 0 =10.6'C

@

E_o(T-T) (600 ~(300)

E, (T -T5)  (500)" - (300)

@

@

©)

@

@

Q)

©)

According to the Stefan-Boltzmann law states that
power radiated by aperfectly black body is

P=AcT*
S Poc T4

Heat current infirst rod (copper) =

current in second rod (steel) =

4

4
Stefan’slaw for black body radiation

Q=0ceAT*

Q
O'(47TR2)

14

Heree=1
A=47R?
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Q.21

©)
According to wien'sdisplacement law,
AT = constant.

1
Ao =
=T

.. Wavelength of radiation emitted by body depends

Thermal Properties of Matter

= mcA0=P_t-PR

coil Loss

= 2x4.2x10° x(77— 27) =1000t —160t

t

42x10°

=t =500s=8min20s

upon the temperature of its surface. Q.7 )
02 @ Utensi| should havelow thermal resistan ce [R = Ki}
Q23 () - .
Q24 (@ and low specific heat so that heat lossis less
Q25 (1)
Q26 (2 e O
Q27 ‘ ¢
Q28 (3 R, _ KA, _ Kn(2r)? _9
Q29 (9 R, , 2 8
Q30 (I K,A,  Kn(3r)?
Q31 @
Total energy radiated fromabody Q = AscT* AT 1
= Qoc AT* oc 17T (- A=4mr?) [=p =lcg
2 4
Q ([T 8\’ [(273+127))" L _R, 8
=5 T 1 =31 Yomeen [ 1 O ,7R, 9
Qo o) Ty 2) | (273+527) . Ry
Q9 &
Q32 (@ i . Radiusof small sphere=r Thicknessof small sphere=
According to Wein's law A, T = constant t Radius of bigger sphere = t/4 Mass of ice melted =
A 4 (volume of sphere) x (density of ice) Let K, and K, be
my 0 L .
= Ay =2, ,=>L=—T= mXTl = §T1 the thermal conductivities For bigger sphere.
m, 0
4 ﬂ71(2 ) pL
P (T.) P (43T,) 256 K,4rn(2r)?x100 3
Now Poc T = 2=| 2| => —= =— =
>\ T R T 81 t/4 25x 60
For smaller sphere,
EXERCISE-Il (NEET LEVEL) 4
K,x4nr?x100 3™ P-
Q1L @ =
Increasein tension of wire= YA oA t 16x60
=8x10°x22x10"%x102x10*x5=8.8N
K_8
Q.2 (©)] K, 25
F=YAoAt=2x 10" x 3x 10° x 10° x (20-10) =60 N
Q10 4
Q.3 @ QU
R R
Q4 @ T 0°C 100°C
Thermal capacity=mxc
=40x0.2=8cal/°C R
Q5 (@ 0°C 100°C
Resultant temperatureis0°C whileicewill not melt.
R
Q6 ()
Heat gained by thewater = (Heat supplied by the coil) A _ , = 00-0_X0
— (Heat dissipated to environment) b ' 2R R
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100 200 Q.

wwwRI2T R A,

Q,=Q,=10cal.
50 200
—x(2) = —xt
R x(2) R x1,
tz—Emm
Q12 (@
T, T,
R, R,
. T, T,
Equivalent thermal circuit  '“WW—AMWWA—
R, R,
20 L ¢ 2K K,
Ra=RitRe= LA T KA KA = KTK K,
Q13 (3
T, T,
R,
R,
Equivalent thermal circuit
R,
T, A AAAY T,
— R2 =
MWV
1 1Jr 1 Kg*2A KA 2KA
R R R =2 =—t—
Req 1 R, 4 ! Y4
3
- Keq :EK
Q14 4
2
o Ke A, \r,) 4 4
Q15 @
Temperature of interface : QZM =
K, +K,l,
300K
Kx0x2+3K ><100><1: - 60°C

Kx2+3Kx1 5K

Q16 (2
By Newton'slaw of cooling

Q.17
Q.18
Q.19
Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

@‘92=—kF£i9£—94"(n

t 2
A spherecoolsfrom62°Cto50°Cin 10
min,
62-50 62+ 50
= —k -0
10 { 2 0 } (2
Now, spherecoolsfrom50°Cto42°Cin
next 10min.
50-42 _ 50+42_90"($
10 2
Dividing eq", (2) by (3) weget,
56_e°=OAGO=104
46-0,

Hence6,=26°C

@

(©)

@

@

Because of uneven surfaces of mountains, most of it's
parts remain under shadow. So, most of the mountains.
Land is not heated up by sun rays. Besides this, sun
raysfall slanting on the mountains and are spread over
alarger area. So, the heat received by the mountains
top per unit area is less and they are less heated
compared to planes (Foot).

@
@

4 4
E_(L) S E:[—Zn’“o J = E,=16E
E, \T,) E, \273+273

E,_ T E
ExT = g Ty = By

, 16
()

4
E_(% z_(420+273j“_(@j“
E, (T,) T 1 T T

= T=2¥x673=800K
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Q26 (9 Q5 (4

Liquid having more specific heat has slow rate of Vot = Voesa = D-
cooling because for equal masses rate of cooling Volumeincreases but mass remains same.
%oc%- Q6 (3
ym<yAl pm >> pac
Q27 @ AV <AV, So completely Immersed
60-50 60+ 50 Ap,, < Apy, SoW,>W, [.- Displaced
0 K -25 ..(0) mass of alchol isless]
50-6 50+ 6 Q7 (¥
= K( —25J ()

10 2 PAV =nRAT AV = nR AT
Ondividing, we get N P
i_@ 0=42.85°C AV—VAT
50-0 0 - ¢ T

Q28 (3 1
Infirst case So,y=?
60—40:K 60+4O_10 0
7 | 2 . Q8 (3
In second case AL=AL, +AL,
_ _ (BL)or, At=LoAt=(2L) (2a) At
40-28 40+28
=K -10 ....{ii) a+40 5o
) -2 ‘T3 T3
By solving t = 7 minutes
Y SIS Q9 (1)
On heating the expansion will take place hence both
EXERCISE-III (JEE MAIN LEVEL) the distances will increase.
Q1 (9
GivenL =1mm, AL =6x 105mm Q10 &4
o =12x10°%k? ao°c
then V, =20A; V,, =30A
AL =La AT Now at time Ty read 120°C
6% 10°mm=(1mm) (12x 10) AT So.V', =A(120)=30A (1 +y,T)
AT =5°C andV’ =Ah=20A (1+y,_T)
Qz (3 . 120 30
| =CMR? Dividing " 20
dl =2CMRdR =2CMR[RaAT] =2alAT
Qu @
AL
F=AY — =AYoAT mco

mcG:miL >ms=

L
F_ [AYaaT
=Ky~ oA QL2 (4

Fromthe datagiven

Ya S\Pa(BV) =(12V) s,
=>fa 0 Sy _12p, _EXZOOO_
Q4 (3 Ss 8, 2 1500
A+, AT) +0,(1+a,AT) =1,
b= L+ 0+ (Lou+ LoL)AT Q13 @
dT 1
= M S dO=msdT = =< = —
L=+ 1) {1+ R AT | - dQ d0 = ms
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Q.14

Q.15

Q.16

@

36° O

(36-T)2K=TK

T—E—24
=3 =

AT =tempdiff =36—-24=12

(€)
AT 700-100
W= R, T R +R,
WhereR =R +R.= 0.24 . 0.02
e R ™ 2T 9% 400 T 0.15x 400

Coatin

g 100°C 0.2 mm
/7 2.4 mm

700C°

Copper

. _dQ _AQ _amL
H™ dt ~ At~ At
Am

AL ITH whereL =540 cal/gm ; At = 3600 sec.
@

. dr dT 1

= kA dx — dx K

. iand A are samefor both the layers.

i =—KkA (dT/dx)

i and A are constant hence slope

dT/dx =—/(kA) is—vebut

Slopeoc (1/K)

Hence in air slope will be more — ve due to very less
conductivity.

Q.17

Q.18

Q.19

Q.20

Q.21

L]
Y 8
(4]

M los

oD

o kA(90-20) kA(20-0)
loc = lpg = gl = 52

@
The heat current is equal to required latent heat of
fusion per unit time.

. dmice kA(lOO)
j=— L =—"

(0| S !
dm, /L,
- —. - 1)1
S
i =—kA dT/dx

Slope dT/dx =—i/kA is—ve but due to radiation loss
because of not lagged, aswe move ahead current i will
be less. Hence slope wil be more —veto less—ve.

@
T

p

_100+0_ .,

AsT,>T, soflowisfromPto Q.

T, = 30;60 _ 450
&)
dm 100
iti i= — = p—
Initialy i p» L, =knR 7
H d_OCkR2
ence ~ 7

Fromgiven condition

dm, k( (2R)? J

a4l 2
dm,  kR?
dt ¢

Mut Cer COMPENDIUM
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dm, Q27 @
- dm
dt 2-0.2 . . 1
A o= =
01 dt Usingrelation . oc T
A
Q22 (1) Ts s 35069

Req. is same for both the rods and same temperature Tys Ag, O10
samedifferencesoi, =i,

2 2
023 (1) Q28 (u)' o
P =g eAT* sing formula
snce T,=T P=oeAT!
P = ; eAgl's“ P.=¢,0(1) 6, 'andP,=¢,0A 0,
Hollow Solid Now P, = pQ
) @)
T T €q _
MH < MS 8— 9Q = GP
So, P,=P,at t=0 P
dT ceA
i —_— = =T -T2 29 @
cooling rate ( dtj mS[ s] Q @
sinceM, <M, so cooling rate will be different since i= ms@ =msk (50°—20°) =10 W
cooling rate is not same so both will not have same dt
temp at any instant t (except t = 0) (D
35.1-34.9
Q24 (3 and — -~ =k(35-20)
_dT, X(J&J Q)
dt dt from(2) & (2)
eAo(T ~T¢)  xeoAy(T*-T¢) 02 10 .
= m,S = m,S 60 ~ ms(30)
ms=1500J°C
A,mg r\ (3rY
X=——=|— | X|—
= 7 Am (3 r Q30 ()
If the body coolsfrom 6, to 0, then using formula
=x=3
0,-0, 0,+6,
Q25 (2 - = oc(—z 0,
Initially thetemperature of the substanceincreases and
then phase change from ice to water occurs & this 75—65 75+65
process continues. 5 2 -2
Q26 (&

2=K(70-25) = K = —
=K(0-28)= £ =75

Area= jydx = jd—ExdxzjdE

da
65—Xx 65+ X
-k -25
(b“ Now 5 ( 2 j
—E= 4= —
Area(l)=E=cT'=0 x] 2(65—x) =5k (65+x—50)

4 4 2
Afeal_(KzJ 1 [;sz 130-2x=5x = (15+x)
_— | — = — =|
Area, |\ A 9 (M x=57°C

A \/—
M3
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(5.671x10?)

EXERCISE'IV T'= 4TC(O 05)2(5 67)(10_8) =10%
Q1 [0023] A=4nr?
0.065 = T=1000K
Otlz
30x100 06 [1000]
0.035 p \4
%= 30x100 P=cAT*, T= (aj = T=1000K
Al=1,a2AT +(30-1,) o, AT
00582 | 0.065 0| 0.035 Q.7 (000 ‘o
= N - =
038=1% 3000 * 0~ 3000 84=oT" (2nr)
1.74=0.065 |l +1.05-0.035l, r=10°m=10 mm)
0.69=-+0.03l,
l,=23cm;l,=7cm Q8 [0060]
140 % 1(80—T) =10x 80 % 2+20x 1 (T-0)
Q2 [0200] 140x 80—1600=160T
AK:(X[AT T:6OQC
Al
— =aAT Q9  [600]
l By conservation of heat energy
T . i m, S, AT,=m, S AT
WIA T T ATy T _MuSuATy _ (60)(420010)
) M= SATA - 140x30 00K
4x10 00°C
1445 Q.10  [0004]
2x10"x10 25(1+6.96x 106 T) = 25.04[1—2.5x 105 (100-T)]
25+174x 106 T =25.04—626x 104 +626x 106 T
Q3 [0 0.0226=452x 105T
Ad=doAT ~ 6x10*=1x12x10°x AT T=50°
0.230) (100-T) =my, . (0.092) (50
AT=50°C=T,=70°C Man (0:230) ( )= Meang (0.092) (30)
21 x 570 x 50=m x 540 x 4200+ m x 4200 x (100—70) 10ms|oh
__ 2Ax4500x50 1 Mg
" 540x4200+4200x30 ~ 4 I
Q4  [0o0] F-dcim
AV=AV, —AV 5
=V(y,—v)AT forT=F=C
9
v =(18-2.7) x 105 AT = (15.3x 10%) AT =gl+32
AT (AV/V) . gT:—?:Z
==
15.3x10 T=_40°
Q5  [1000] Q12 @ .
According to Kirchoff’slaw,
E:GATA e):E)aJ
dt =€ xa
Bute =a
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Q.13

@
Rate of loss due to radiation

Qouc T

4
Tl

Q

Thermal Properties of Matter

1+1T, 6
=—=5T,-6rT, =1
= 1+1T, 5 2 !

1

= r=——=0.005/°C
200

- N Q5
Specific heat varies with the temperature The fractional changein time period isgiven by
Q14 (2 AT 1 _ TaAd
Water evaporates at all temperatures T EaAe = AT =
Specific heat of water is highest among all liquids. Here, T = 1day = (24 x 60 x 60)s= 86400
a=1.2x10%°C, A0 =20—-15=5°C
Q15 (2 .
Factual AT = 86400x1.2x10™ x5 —26s
2
Q16 (1)
(8) Stefan’sBoltzman law
E=ST*
.6 2
(b) Kirchoff’slaw, 8 7 53;
€ :NE}"& ol Q.8 )
(¢) Newtor'slaw, For the principle of calorimetry,
% - (0-0,) ms AT =mgsAT,
_gaox S
(d) Wien' sdisplacement law, 540, (80-T) =540 %=, x (T - 0)
A, T=b where, s, is speciffic heat of water.
160
PREVIOUS YEAR’S T= 700 =53.3°C
Q9
MHT CET Let mass of the bullet be m gram, then total heat re-
Q.1 @ quired for bullet to just melt down
'2 . Q,=MCAT + mL
Qz =mx (0.03) (327- 27)+mx6
Q3 (@ =15m-ca
Q4 ¥ ) =(16mx4.2)J
Given, h, =50cm T,=50°C Now, when bullet is struck by obstacles, thelossin its
h,=60cm, T,=100°C _ mechanical energy
Letthedensity of thegivenliquid at STPbe p,, if both
vertical columns balance each other, then their pres- = l(mxloﬂ)vz
sure should be equal. 2
i.e, p=pgh The energy absorbed by bullet,
= p,gh, =p,gh
s e szlevaxlO’3
p_hy 100 2
= p, h, _ 3 ., 10
If r be the coefficient of absolute expansion of liquid, B gmv x
__Po __Po Now, the bullet will meltif Q, >Q
=—9 and =0 2 1
then, P19 o TP T 10, 5
. FromEq. (i) wehave e, gm"z x107° >15mx 4.2
p =v_ =410m/s
0 min
1+rT, _h, 60
" 5 Q10 @
1 pOT 2 Q']J' (3)
i Q12 (2
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Q13 (B
Q1 (O
Q15 (O
Q16 (2
Q17 @
Q18
Q19 (@
Q20 (¥
Q21 (2
Q2 @
AccordingtoNewton’slaw of cooling,
Tl—TzzK[T1+T2_Tj
2 2 °
365-361 _ K {365+ 361 293}
2 2
_1
35
. 344-342 1 344+342_293 _10
Again, T gl T 2 ~7
t:Emin=845
10
Q23 (@
_ KA(T,-T,)xt
Since, heat transfer, Q = — 1
The equivalent thermal resistance in seriesi.e joined
end-to-end is
1 1 1 1 1
—_— = —
Kg Ky K, K K
1 2 K
—=—=K_ ==
= Kg K “ 2
0) K_ ) K )
The equivalent thermal resistance in parallel i.e when
they are joined one above another,
Kq =K, +K,=K+K=2K
(K )
QK
According to question,
Q,=Q,
2Kt, (K/2)t,
L 2
t, t
t:—lz—s . =
= 2 8 8 [..tl t]
Q24 (2

From Stefan’slaw, thetotal radiant energy emitted per
second per unit surface area of a black body is

Q.1

Q.2

Q.3

proportional to the fourth power of the absolute
temperature (T) of the body.

: E=oT*
Where ¢ is Stefan’s constant.
Given,E =R
= T,=273°C=273+273=546K
andT,=0°C=273K

El _ Tl4

T
BT

4
1

=E,= xE;

Q25 (@

The activity of aradioactive sasmpleisgiven by

_t _t
SN

Ao dt=1h
32an t=

A

Ao

Given, A

1 1 1

(- (3

1
2
2
60

—min=12min
5

1

TZIJ 2

1
or Ty2:gh=

NEET/AIPMT

@

V___ =11200m/s

On solving,
T=8.360x 10K

@
Weknow,
Arax T = COnstant (Wien'slaw)

So, }"maxl T = 7\'maszZ
S T=2or
4

:>T’=ﬂT
3

(7))

In adiabatic processAQ =0

P _

'R

256
8l

@

leu = Lou (14 ag,AT) ()

76
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Q5
Q.6
Q.7

Ca =L (1+ 00 AT) (i)
Equation (2) - equation (1)

1 1
Car—Cey = Lar + a0 AT = (Loy + Loy c AT)

Car=lew =L+ Leu+(Laoar = Loyt ) AT
When increases in length is not depend on tempera
ture.

deylcy = 0arlal
1.7x10°%88=2.2%x105%
0, =68cm Q3

(4)

@

&)

V =(no. of moles) (22.4litre)
mass

=—(224x10°md)
molar mass

45x10°
= IXY 20 4x 1023

=56 Q4

JEE MAIN

Q.1

Q.2

PHYsIcs 77

@

Areaof cube=6a2=24m?> a— side of cube

2=4 = =V,=2°=8

AT=10°C

1
a=50%10% 5

Weknow for solid materialsy = 3a
Soy=3x5x10*=15%10%/°C

AV =v y.AT

AV =8x15x10%x10=1200 x 10*m*= 12 x 102 x
(1093 cm?

AV =12x10¢cm?

|AV =1.2x10°cm?|

@ Q.5

Initial diameter of ring=6.230cm
Final diameter of ring should be
equal to diameter of bangle

= Final diameter of ring=6.241cm 06
Us ng% =oc At

or
For diameter

Q:oc AT
D

A D — changeindiameter

Thermal Properties of Matter

A — Initia diameter

6.241-6.230 _ 1.4x10°(T - 27)
6.230
= o011 _ 1.4x10°(T -27)
6.230
5
o T_27- 11x10
6230x1.4
= T=152.7°C
(20)
Differenceof their length
(2 _62 _ const.
Al,—Al,=0
AL, =AL,

0, 0 ,AT =0,0,AT
40 x 1.8 x 10°= /,(1.2x10°)
¢, =60Cm

3
%[% Mvzj = msAT

%xl.sx (60)* = 0.1x420x AT.......

(s=0.423/g°C = 0.42x10°J/ kg°C = 4201/ kg°C)

E><E><60><60= 42x AT
8 10

15x15x 3=42AT

225x3
42

AT=22_16070C
14

AT =

(31)

Heat rejected per/min=mL + mSAT
=(50x 540) +50(1) (100-20)
=31000Ca =31x10°Cd

©)

5kg —— T=500°C

5,=0397 oc
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e
L=385,

When block is placed on ice block then heat will
transferred from Cu block toicethen

|AH | = [AH
(ms, AT)=(m_L)
5000% 0.39x500=m _x 335

_ 25x10°x0.39  9.75 y
tee 335 335

gan

10°

Im,., = 2.9x10°gm = 2.9kg

Q7 A
m=2000gm/min
Heat required by water / min=mSAT
=(2000) x4.2x40Jmin
=336000 Jmin

(Z—T L] = 336000/ min

] dm
Therate of combustion =— =

——g/min.
a  8x10° g
=42gm/min.
Q8
125% 200+ Mx 25 10° = = Mv? X
X X X X - —_—
m m . 2" 100
V =500m/s
Q9 ()
lce T=0°C
120g
3009 T=25°C
L =Latent heat of ice
Heat absorbed = Heat transmitted
— mCDT- i
l/m xt /\ ™ chargeinto
~ temperature
mass of ice mass  specific
which has of water heat
been melted capacity
(M), e X (3.5% 10°) =300 x 4200 % (25)
(mic mdted:90
Q10 (@

Heat will be gained by the container through
conducting walls and with that heat theice will melt.

d AT
Heat gained by container = d—? =KA ~
Andtotal area=2(60 x 50+ 50 x 20 + 20 x 60)=10400cn?
X=1cm
K =0.05WmrtoCt
Now,

KA £ - d_m L
X dt
dm KA AT
=
dt L x
N d_m B 0.05x10400x 40
dt  3.4x10°x1x1072x10000

—61x10°kg/sec

(16)

T, —Ts=60
80—T,=60
T,-T.=40  T,-T,=20
T,-20=40  T,-20=20
T,=60 T,=40

=T,=20

80-60
6 _k®0)_5

60-40  Kk(30) 3
t,-6

10 (-6 _5
3 20 3
t,—6=10
t,=16min.

©)

d
(1) d—?oc K(T-T,) here—>T-T,=AT

d d
d—?oc KAT |f AT istwicethen d_? will be2times

2 locT,

4 4
h_Gren (w9,
I, (273+20)" 293

T, . 100 3
A

= n%:%xlOOz 75%

d
4 d—? o AT

Statements — A and C are correct

78
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Q13 @
N

According to given condition of steady state heat
current aresamein both metallicblocks, M, & M,

I, =1, (current are samein both rod) (D)

A =A

1 2

Formulaof heat current | = aQ = KA(AT) (2
dt L

K,A(100°C—80°C) _K,A(80°C—0°C)
16cm B 8cm
K,(20°C) _ K,(80)
6 8
=K, =8K,
K,=8K

equation (1) to

Q14 (2

25 cm—p

A
>
o
[*)
3
v
A

100°C K 2K 0°C

Areaof cross section = 120 cm?
Equivalent thermal conductivity

2

R,=R +R, R=——

L(Ll"'l-z)_ L, + L,
K, A KA KA

eq

L,+L, L, L, 4+25 4 25
_ == 4 < =—4—
K K, K, ™ Kg Kk 2k

eq

65 _105
K. 2K

eq

_65x2_130_26
@ 105 105 21

g 21 21

1+5 5
_:1+_
a 21

a=21

Q.15

Thermal Properties of Matter

©)

T, T T,
sed  [oome ]
> |
I 2
T,=450°C T,=0°C
A, 2 K, 9 L, .
A—Z—I’ K_l_I and L_2 1 (given data)
In steady state — 1, =1,
T-T T-T,
Rl RZ

_, (450-T)KA, _ (T-0KA,
I_l L2

T K, A L,

450-T =9><%><2=9

450-T =9=450-T=9T

450=10T
T=45°

PHYsIcs




