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Part One

**Physical Fundamentals of Mechanics**

1.1
1.1

1.2:

KINEMATICS.

Method : 1 (Relative approach)

—V
raﬂi

Motor Boat

\ -
[ a—

Y

D

Fixed point raft
—]

6km —>Y

—V

distance =2 x u

V = Relative speed of motor boat w.r.t. river
which is constant

Observer on raft see that speed of motor boat
w.r.t. river is constant because duty of motot

boat w.r.t. river is constant. Hence if motor boat

take 1 hrs in down stream journey then to
reach again at raft motor boat will take 1 hrs in

upstream joumney because riverisin rest w.r.t. -

motorboat.
Hence total time in complete journey = 2 hrs.
Motion of raft :

u = speed of river=speed of raft.
Then2u=6 = u=3km/hr.

Method : 2 (With frame of ground)
1hr

o —
/] s 2 )

”r-—

Ans

--—-
3

.
.
.

—_

6km

Motion of raft : u (1 +t) = 6 ———-——(i)
Motion of motor boat :
(v+u)yx1-(v-u)t, =6

v-vt +ut +u=6
v-vt,+u(1+t)=6

from (i)

v-vt +6=6

t,=1hrs.

putt, =1hrin(j):
u(1+1)=6=>u=3km/hr

Total distance travel by point is S.
Then time taken in first journey Is f,:

i
"l

Time taken in second journey Is £,

1.3

N W
I
<
+
<
N lu”

w N

t, =
2V1

+

Va

S _ S

L+, SI2__S
Vo Vi+V,

2Vy(V,+V,)

V,+V,+2V,

Mean velocity =

Mean velocity = Ans

Method : 1 (Graphical Approach)
tanf=o

Average Velocity

Displacement _ Area of trapzium
S TR Total time

l(At+1:)(1"m)ta.m9
2 2
T

%(At+ t)(‘c—At)m
V= 2

T

At=1:,/1—ﬂ
ot

Method : 2 (Analytical)
Total displacement

2 2
S=lw(1_m +M(T—N e T—N)
2 2 2 2 2
Time taken = Af

2 2
1 [r=BeY . o r—At)+l r—A{)
L5 22 2 S 3\ 2

T ' T

At=1 1—ﬂ,-
V Tt

V=

Ans
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1.4

1.5

2;)5
2
Average velocity = 20 0.im/s=10cm/s

Ans.
(b) Velocity will be maximum when slope of
S (t) curve will be maximum and it is seen in
straight part approximately.

st
Y e S "
04
10 14 >
v=l4-04 osm
14-10 m/s = 0.25m/s= 25 cm/sAns.

(c) Instanteneous velocity may be equal to
mean velocity when slope of line joining final
and intial point will be same as slope at point
oncurve. Fromcurve t,= 16 s Ans.

i
>

16s
approx

Velocity of B with respectto A:

Veea=V2—V

Position of B with respectto A:

Tg_a=rg—Ty=nh—n

@

>
Vo

1.6

Particle B will be collide with Aif velocity of B
with respect A is directed toward observer A
hence relative velocity should be antiparrallel
to relative position.

Then Vy_, || 74-
Vaa="Ts-4
V,=-Vi __h—h

Th = Ans.
=%l Ig-nl

Method - 1(Coordinate approach)

In Irodov, by mistake at place of north-east,
south-east is written. Suppose east direction is
x axis and north direction is y axis.

N
Vw—€=15km/<I
W+ 60° l > >E

S

Vs_g =30i;
Vy_g =—15c0s60i +15sin 60
Vs =Voe Vs

=(~15c0s60—30)i +15sin 60

|Vy_g |= /(=15 cos 60 —30)* + (15sin 60)?
=40km/ hr
) 15sin 60
tan P =—
|-15c0s60-30|
¢'=19°
Method - 2(Vector addition Method)

Weknow Vyy_s =Vyy_r=Vs_g

Wivs V-5 + Vs =2y g5 00s(180-60)
=40km/ hr
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1.7

A . I
30+15c0s60 ¢ 19" Ans.
Swimmer : 1
2 km/hr
d l
v 2.5km/hr X
Time to cross the river is t then
T .
2-5C059 .......... (I)
From figure : Sin6 = 2 = il
25 5
- cosO = 3
5
d
Putin(): t=— ... i
utin (i) 15 (i)
Swimmer :2
Q_x—)
2km/hr  ° !
d L
2.5 km/r |
Using trigonometry : x =d tané,,
Time to reach at destination point:
t=t, +toe (iii)
d
t, = Time to cross the river = 25
X dtan@,
t,=Time to walk on bank =E = U
2 4 i
Also tan61 = —2—5- = 'g ....... (iv)
Put values of times and tan 6 in (iii)
d d 4
t=——+—x— ...
25 u 5 v
. d_4d. 4
from (i) and (v) : 15 25 5u
u =3 km/hr Ans.

1.8

1.9:

BoatA:

Time to reach again at same point by boat A.

d d
1, =——+

V+W V-W

Also given V =nW
d d
t = +
nw+W nW-w

Where V = Speed of boat w.r.t. river
W = Speed of water w.r.t. earth.

BoatB:

Time to reach again at same point by boat B.

2d

Also givenV=nW

2d
S o
d_._d
Nowt—"-=nW+W an_W= /]
tp 2 2.1
nZwZ WZ Jn
t
A= _18s
ts n° -1

Method : 1(Analytical Approach)

X

T

N

d

Time to cross theriver: = ——
|V,, |cosB
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d
Then drift (x) = (V. sin6 =V, ) V_ cos6

Since V, , <V, . Hence this in not possible
that drift will be zero. We should have to
minimize drift as because drift is function of x.

- o dx
At maximum value of drift — =0

doe
dsec? e—i\—/\'—/'ﬁsecetane =0
sin@ = ﬁi = 1
' r-E 2
6 =30°

Angle made by boat with flow velocity of water
=30°+90° = 120° Ans.
Method : 2 (Vector addition graph method)

VA

m—r

6
V.

- V,_g=V,_, +V,_p Hence 6 will taken any
value between (0 — 180°) hence we can draw a

semi circle of radius of length |V, _, |.
Then there are some resulants as shown

B

<
=

And resultant is given by C,, C,, C;and C,,
....... C,. But for minimum drift resultant must
be tangent at semicrircle. Then

1
cos L =——=— .

2

1-E
o = 60° ;
Then 6 = 180° - 60° = 120°

1.11

o 9 '
\'A o

60°

Q@

Relative acceleration of particle (1) and w.r.t.
(2=g-9=0. '
Relative velocity of particle (1) w.r.t. (2)

v, =[VZ+V; -2V,cos(90-6)

=V, 4/2(1—sin6)

Where 90 — 0 is angle between two velocity
does not change w.r.t. time because relative
acceleration is zero.

Then

Distance between two particle at time tis

= V.t,2(1—sin 6) =22m

Ans.

Method : 1 (Vector application)

Initial velocity in y direction of both particle are
zero.

Hence vertical velocity of both particles at time t
will be same then: ;
V,=u+at

V , =gt

Velocity of particle (1) at time t: ¥, =—3i + gfj
Velocity of particle (2) at time t: ¥, =4i+g¢ ]

Since V| LV, = V,-V,=0
-12+g*2=0
t=40.12s

Henceinitial relative velocity=(4 — (-3)) =7
Distance between particles

V. xt=7xJ0.1222.5m Ans.

Method:2 (Graphical application)
Since V] LV, =>a+ =90

a=90-p
tana =tan(90 - 3)
tana =cot 3

tanatan =1

Page -4



1.142:

@ 4m/s

P > »X(+)

©)

I777777777777777777777

/
7\
2 N
Sms 22 ﬂ 4m/s

gt

<l

gt

tana =-g—t

gt
tan f =—
A 4

Putin (i)
)]

t= J0.12

Initial relative velocity=(4 — (-3)) =7
Distance between particles

V. xt=7xJ0.1222.5m Ans.

Method : 1 (Vector application)

Since particle A heading to particle B andBto
CandCtoA.
Now position of all particle att = dtis as figure.

\m
v

W

Again position of all particle att = 2 dtis as
figure.

Vdt

, Vet
WY

Vdt

Again position att=3 dtand soon ........

Since at any time all particle travel same

distance then at each moment of time,all
particle will be at equilateral tringle. Then by
symmetry you can say that all particle will be
met at centriod of tringle then path of each
particle will as :

Suppose at any instant of time, distance b/w
particle Aand centriod Pisr.

2B 1°

A 30°
—— a2 —>

Then line joing particle A and P make 30°

angle with side of equilateral tringe then %

will always constant and equal to v cos 30°
then

Page - §



dr

-4t =V cos 30°

(-)ive sin because r is dicreasing function.
Finally r = 0 while initial r = a/ /3 then

AP=2 sec300= =
= ~-secd =73

2 Ans.

Method : 2 (Relative approach)
Let distance between A and B attime tis r then.
At any instant of time, rate of decreasement of
distance b/w two particle A and B will be con-
stant as shown in figure.

v
V cos 60°
A
v
dr _ 38V
Then =—(V+Vcos60°) =~
0 at
j__z"\'/ = [at
3-3 0
t= 9—3- Ans.
\"

1.13:

1.14:

Suppose at time t, distancé b/wAandBisr.
Then rate of decrement of ris :

—dr

—_—=ay +
at v +ucos 0

0 t
J'r -dr=L(—v+uoosO)dt
' v
-] =—vt+u Icose At iiies (i)
0

Since J(:cosedt is not known then to find this

integration,we use rate of decrement of distance
between both in direction of x. Suppose it is x
then

dx

—=-Vcos8

at COsO +u

Od 1

jo X = L(—Voosew)dt
t

O=ut-V I cos0 dt
0

t
I coso dt=."£
0 \")

Put this valuein (i) :

ut
-1 ——Vt+u[v)

Ve
V2 -2

With frame of train :

With frame of train, train appear in rest then dis-
tance between two event is equal to /.

—_—
G —
B @ @A

Page -6



N
With frame of earth :
When event (1) will happen.
Velocity of trainis u, =u +at =wt.
Since event (2) will be happen after time t then.
Distance travelled by headlight (A) in time 1=
Distance travelled by headlight (B) in time =

1.5
=u, t‘ + Eat,

= wt(t)+%wr2

= Wt(t + i)
2

ven(?)

event (2)
©) ®

pe— s
:

-——
Twe (t+1/2)
Then distance between two events is

= t-w:(m%) = 0.24 km. Ans .

e

event (2
8 : ()

f—— ¢ —

——
wr (t+1/2)

It we want that both eventwill be happen at same
point then event 2 should be at position of head

light B.
Assume velocity of reference frame is v.

Distance travelled by headlight (B)in time t

(u+wt)r+%w-rz=l

T
- 4=
¢ wr( 2)

1.15

shaft
a=12m/;s’
2.7m

Pl

(a) For observer inside liftatt = 2s. velocity of

bolt=0
Acceleration of bolt w.r.t. lift=10+1.2=11.2
Then assume t time is taken by bolt to reach at

floor.

s= — at?

N[ =

2.7=%x11.212 t=07s Ans

(b) Velocity of bolt w.r.t. ground at t = 2 sec.

V=12x2=24m/s. .
Displacement(S) of boltin next 0.7 sec

1
- —at2
S=ut + 2 at’
1
$=24(0.7)- 2 x10(.7)?= -0.7m Ans
Distance travelled by bolt:
H
2.4m/s
0.7m
A
24x24
H= 29 - 0.288.
Distance travelled =2 x0.288 + 0.7 = 1.3 m
Ans.
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Method : 1 (Relative velocity)

— L[ —>
——> &
Vi

V,

Second figure is graph of relative velocity of 1

w.rt. 2 From figure
V, Vi
tan9=VT cos 0= V,2+V22
y_ V2 V,

e S = [ —_

tan 6 4V, ‘ Yy=€ v,
4LV

( -
BC= m
Shortest distance between two

CM=BC cos8 = [lz-l‘v’]L
Shortest distance between two
TAAA

CM= ———— Ans
\/v" +V2

Time to reach at minimum distance
AM AB+BM _

\/V, +V2 \M'Pvz

t,sec6+CMtan 8 _ Vyly + Vo0,
,‘V, +V3? Vi +Vvi

V,l,+V2l2
V2 + V2

t=

Method : 2 (Velocity of approach)

AV,
&
90-8 | |Vit
1
A AL o
“—Vt— v, O
. " |e
(- Vit 2
|‘r
B

At shortest distance velocity of approach will
be zero.

V,cos0-V,sinB=0

V,cos8 =V,sin®

A1
tan6 = A
Intriangle AB'O:
Vot—¢,  V,
el 7 T
wzt'lzvz= I V=Vt
_ L+ LV,
V,2 + sz Ans
Shortest distance between two
J(lt ‘Vtt)z +(Vot - (2)2
Put the value of t then
LV, -
Shortest distance = LAl 1Y Ans

W22

Page -8
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117

Method : 3 (Using formulas)

Shortest distance between two= | fj xF|...(1)

Relative velocity of 1w.rt. 2:

~

Unitrelative velocity: ¥, =

Relative position of 1w.r.t.2:

Putin (1)

17’=

Vi —
VARNA

F=-li+l)

Shortest distance between two=

Vi -V,

,/V' V

Time to reach at minimum distance=

LFl- [ni-v.j] [-1,+1 i
NZry s i

~

Vi-V,]j

[—11 +11_/:| -6V, |

VZ + V2

Ans.

V.er
V.

= \/Vn'

V1(1 +V2l2

t= V,2+V22

Ans.

Method : 1(Analytical Approach)

m

‘E;M:_[tm 6—C

A B
6
0

f

|
D

Suppose intial distance of person from point C
is m and at ponit B, particle turn in his way

Time to reach at point D :

m—ltan9+lsec6
\' Vin

Since T is function of @ then for minimum

timeT.
dT

"E‘O

1.18

4 2 né
- —sec‘0+—secOxtan0 =0
v MY,
secH =ntan6
sin@ = —1-
n
Then distance BC = /tan 0

s

BC= Ans.
n? -1

Method: 2 (Refration of light method)
We know that light travel via that path in which
time will be less.

medium (1)

medium (2)

— n—> 0

Using law of refration

sini speed in medium (1)

sin@ ~ speed in medium (2)

sin80 _ vV
sne
. 1
sin® = —

n

lengthBC =/tan6 = .
A b :

Ur
!l
N EE SV
~
2
Acceleration graph:
In time interval 0-1 sec ........ Slope is constant

hence acceleration will be constant and to

slope of curve 1m/ st

Page-9



119

Intime interval 1-3 sec......... Slope is zero

hence acceleration willbe 0/ s” .
Intimeinterval 3-6 sec......... Slope is constant
hence acceleration will be constant and to

slope of curve -1 mls®.
In time interval 7 sec onward ........ Slope is

s : 2
zero hence accelerationwillbe 0m/s” .

Displacement(x) graph:
Intime interval 0-1 sec........ Accelerationis

1m/ s? displacement curve has concavity
upward.
Intime interval 1-3 sec......... Accelerationis

om/s’ displacement curve has straightline.
Intime interval 3-6sec........ Accelerationis

-1m/s® hence displacement curve has
concavity downward.

In time interval 7 seconward......... velocity is
zero hence curve be straightline.
Distanc(S) graph:

Intime interval 0-1 sec....... Accelerationis

1m/ s* distance curve has concavity upward.

Intime interval 1-3 sec........ Accelerationis

0m/s® distance curve has straightline.
In time interval 3-6 sec........ Accelerationis

-1m/s® hence distance curve has concavity
upward becuase it is increasing function.
Intime interval 7 seconward ........ velocity is
zero hence curve be straightline.

6 -
4

5 -

4 a

3 TS

2 // N

I% /)

O <23 4 5 8| 7

v

(a) Mean velocity inirodov is misprint and it is

7R
mean speed then mean speed = s Ans.

2R
(b) Mean velocity = ~ Ans.

1.20

(©

L1
e

We know of =«f+210

from (i) and (ii)

o= 2(—?)7:

V=RW =R (E)J"R
T T
Average acceleration

2nR

= V,—Vc . =~ 2nR

T T =T

Itis one dimension motion because direction of

position vector r is same as constant vector 3.

F=5t(1—u‘)=a t—atzé

(b) Atinitial position time t= 0
r=0

At final position at time t
V=0

at(1-at)=0

]
RPN

Page-10



1.21

A @ >- B
[ < ———

Initial at returning point B velocity will be equal
to zero so that particle will be turn back at time t.

0= a(i-2at) > t=—m
2a

Then position B is at distance r then

1 1 a
r=a|—||1-a—|[=—
a(Za)( a20.) 4a°

Distance travelled in up and down journey is:

2 8. .a

4o 4a 2a Ans.
(a)

V=V (1-t/1)

j':dx =j‘;v° (1-%]&

12
x=Vy|t—-——
2 21:)

Afer putting valuesof time x=0.24,0and -4.0m
Ans.

(b)

Put x=410 ,V,=10and =5 in eqaution

tz

=Vp| t—-—
t2

=10 t——
+10 1({ s

t=1.1,9and 11s
(c)
Here we see that velocity will change direction
when it velocity will be zero.
V=V, (1-t/1)=0

= t=5sec
Distance travelled in 4 sec:
Sincet=4<t=5
Velocity will be one direction and then displace-
ment and distance will be equal.

Sl ¥ =1-i)w
x-Vo[t—-z—r) ( 2] 0

Ans.

Ans.

1.22

42
210 4-—— | = 24cm .

2x5

Distance travelled in 9 sec:

| t=<
A >
| | s
c
Whent<1t v=@v=0Qive
Whent>1 v=0Qive

Since particle changes its direction hence we will
calculate both up and down journey for distance
calculation.

Up journey distance travelled to time t =1t

T
AB=x=V°r(1-2—I)

Down journey distance travelled after time
t =1 will be BC

t
=Vot| 1-—
AC o( 21]

T t
- - Py |/ P
BC=AB-AC= [Vof(1 21) Vot[ o )]

Total distance travelled = AB + BC

A )

Vot Vot t
(LB Le T | L L
2 2 ° [ 21)

Distance travelled = V-Vt (1 - ZL)
T

(This irodov ans given is not right)

Ans.
(a)
V=avX =ax? o )
Differentiate w.r.t. time for acceleration:
U P 4L S IR 4
e W 2oy
Put value of v from(1)
- 1
a=%x }éax}é = ?uz Ans.

Since acceleration is constant; velocity will be :
V=u+at

Vv =%0.2l Ans.

Page- 11



1.23

1.24

(b)

1
S=ut+—at?
2at

@

~|»

Mean velocity <V> =

&

<V>= %qﬁ

Calculation of time

W == a‘[;

(@ ivesignis used to show deacceleration)
dv

Calculation of distance

w=-av
LA
dx

} v}édv = —axf dx
vo 0

3
vt
07 3a

(a)
=ati-bt?]
Compare this equation with
f=xi-yj

x =at

y = -bt?

Eliminating t from above two coordinate

=[]

Ans.

1.25

‘7=_l_=a|_2btf ......... (1)
V=ai-2bt]
Ans,
I\“,l =a? +2b%t? ®
a= 9—‘/- = —2b]
dt
a=-2bj
|5,=2b Ans.

(c)

Since direction of acceleration is toward y
direction then angle made by velocity vector with
y axis is known as angle b/w two vectors then.

a
tan (1—2—bt Ans.

(d) Vinean =

=ai-btj
I\—Imean| = va? +b2t?
(@)
x=at
X o
S St—(1)

y=at(l-at)......(2)
Put value of tin equation(2)
X ax
y=a=(-2)
a a

a

=X——

a

(b)

Position vector is
F=ati + at(l- at)}'
For velocity

ar _ .+ \
Ft=az+a(l—2at)j

dF
= ayl+(1-2ar)?

5

Page - 12



1.26

1.27

For acceleration

(a)

X =asinwt
o dx .
x = E— - amCOS(l)t---—(|)

y=a(1-cos wt)

d ;
v, = ?)t(- = ansin ot ——(j)

y
Squaring of both equations then add

v—,/vjr +V, =aw

Since velocity is constant in magnitude
Distance travelled intime tis='(aw)r  Ans.
dx- dy-

i i i V=—i+—
Equation of circle of radius a. at T at ]
(b)

Since motion is uniform circular motion.
Hence only radial acceleration is present
then angle b/w velocity vector and acceleration

. T
will be > Ans.

Method:(Comparing trajectory equation)
y = ax - bx?
Compare with equation of trajectory

2

WX
=xtan + ————

y 2u®cos? 0

then cos0=
1+a

tanf=a 2

Put value of cos0 = : inabove eq.
V1+a?

u= "%(Haz)

Method:2(Diffrentiation method)

y = ax - bx?
Differentiate w.r.t. time
Vy =.d_y_ = agi_b2x_d_x
dt dt dt
Vy =aV, —b2xVy.......ccoerrrrrenee. (i)
Atx=0
VY =aV,
Differentiate equation (i) w.r.t.
B\
a, =YL= d_vl__z,x%__z,vf
dt dx dt
a=aa-2bxa -2bVi
Atx=0
Givena, =0 anda =w
w=|-2b V2|
W=2bVZ . (ii)
Speed at origin will be :
R
¥ 2b
V,=aV,

v= VZ+V2 =,’%+%"’
V= ’%(Haz)

Page - 13
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1.29

90-0

we know

2usin®

V,cos a

(a) S=0iny directionintime period T
. 1 22
0=(V,sina)T- -?:QT

2V, sina
g

(c) Atmaximum height final velocity in y direc-

tion will be zero
2
V,,2 =uj +2aH
0? = (V,sin a)*-2gH
i VZsin’a
2g

Range(R) = V,cosa xT

2V, sina
=Veosa (T g

Ans.

V2 sin2a
R= _O_S__—
g
When H=R
VZsinfa _Vgsin2a
29 9

Voz sin? 2V(,2 sina. cosa
T2 9
o =tan" (4)=76" Ans.
(c)
x = (v coss a)t

X
=

V,cosé

Put value of t in equation (1)

2
. X 1 X
y=Yana Vo cosa 2g Vo cosa

x2

=xtan 0 - —5 00—
g 2u%cos? 9

(d)

V2
normal acceleration

Radius of curvature =

2

V,
At projecti {1
projection point R, e
Atmaximum height
A
V, cos a
V, g
o
R. = VZcos?a
A =
g Ans.
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1.30 Time to collide with incline

e 2u,  22ghcosa _ 2y2h
T gcosa | geosa | 4Jg

Length MO = (velocity in MO direction) x T

= (V2gh cosasina + J2ghsinacosa)x T

W, =gsina and w,=gcosa =(2J29hoosasinu)xzj_§h—
Here a is first dicreasing and then increasing. g
Proje‘chon of total acceleration on velocity vec- =8hcosasina
tor will be (-)ive then W = W, ¥ = -gsina Range(OC)=(MO)/cosa
MO (8h cosasina)
~ cosa cosa
an____ R=8hsina Ans.
geoso Method:2(Equation of kinematics)
gsin a7 —— F———— Time to collide with incline
3 w,
0 r .t 2u, 22ghcosa  2J2h
2 Tt T= = = Js
gcosa gcosa g
g sin o 4 Write displacement eqaution in direction of in-
cline.
1
1.31 Method:1(Analytical) S=ut +5at2

S= (JZgh sin@) 22k + l

2
\/— E(g sin a)[zi—zi]
g

Je

Ans.

2gh cosa R=8hsina

V.= J2gh 1.32

u?sin20

We knowR =

Just before collision

(240Ysin?
g

5.1% 10°=
8, = 32.5°.

2055

)

—— 51x10'm —>

Also we know that range will be same for
0,=90-31.5=59.5°
Then time of flight will be

2usin®

) 9
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From (). (i), (i) and V)

;o 2xMosas : ; i
= T30 =24.35=041min Ans. 2V _5__‘"(&;9_2)-] = 11s s.
~Tg |cos6,+cosb;
T = e 3
. \10 =42.35=0.62 min Ans. 134

(a
Method : 1(Using trajectory equation)

‘ss\'.’ }
ﬁ“‘ =V t b
20 i
2
> 45 =8, = —

) When particle will be at height y, angle made by

H] S = partidewimhoﬁzontalwillbeB
For both perticies coliision, X and y co-ordinate
must be same then v,
Particle (1) _ a0 =5
y=xtan &-;L (i) Since velogty in y direction is constant,time to
2V cos®y reachat highty:
Particle (i)
y
y=xme:__2g2_2 —® t= " (1)
2Vycos® 8,
T @
Equating both (i) and (1) o
2 Also —- =ay
xme,—_z_gx__z—=xmgz-% dt
e o0t Oy Pheron o From equation(2)
2V2 sin(@, - 8,)cos8, cos8, X -avg
x= =2 ) dt .

g cos® 8, —cos’ 8,

x [Fax=av, [ tet
Tmefcrpaﬁde(i):t,=m o o

X
Tine orprte 003, ety P
= Lt From equafion(1
At—ﬁ—tz-v Lcose, COSG::I -..(.N) )
Put value of x on (v): x=%[i:r
2 |V,
2v,[_sn(@,-8,) | _ o
= go m] =11s Ans.
&
Method : 2(Equation of motion) =\, Al
" Particle (1): o)
x=V,cos 0, (t+ A1) (i) &
y=V,sn6, (t+ ) - 59+ AF @) ’_dv‘
Particle (2) : T (3)
x =V, 05 8, (1) coereee(F6)
dx
y=V,sn6, (1) - ‘%Q’ RE—) Also we know V'=<Tl =ay
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1.35

Putin (3)
ady

a’=_dt— =aVv =aV,
a,=aVv, Ans.
Tangential acceleration = a_
=aVcos0
aVo(ay) _ a?y
a = - Ans.
T (V@) 1@y Vo)

Radial acceleration or normal acceleration :

‘aVy

a,=aV,sing = Ans.

Since horizantal velocity is constant and equal
to a then

V. _=xb

y

V,=(@t)b
dy

E=(at)b

Joydy = abL:tdt

_abt?

2
Put value of t from equation(1)

) Q(z)z
Y= \a

Ans
(b)
4\"
b} ok ‘
a=yv,
a,
L
o
a=0
d dx
=—Y -p— =
3,= g ~Pq -
a, =ab
Then normal acceleration
a, =a,,coso

1.36

a,=ab
Also we know

s
an —bx

a

a=ab [2 +(bx)?

V2 B (a2 +b2x2)312

a, a’b

b\ 312

a

R= E|:1+ (;—) :|
Method : 1 (Work - Energy Theorem)

e} ‘_hﬂzﬁf
%

is given by:

R=

Ans

Tangential acceleration

|W,|=a.T=acos6

N
&

Suppose at time t particle at posetion A and in
small time dt particle displace by ds.
Work done by force

dw= F ds== mlwr ds=(ma cosb) ds

= ma (ds cos 6)

Idw = Ima (ds cos6)

(Sds cos@)=x because it is summation of dis-.
placement in x direction.

AW =max

Using work energy theorem
1

AW = 2 mV?
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137

1
max = —2' mV?
V= JZax Ans.
Method : 2 (Kinematics)
‘Tangential acceleration is given by:

|W, |=3.T=acosf

We know that tangential acceleration is rate of

change of speed then.
dlv]_

gt - acos ]

vdv

a8 =acosb =

vdv=a(ds)cos 6
v x X
jo vdv = L a (ds) cos e—ladx

v2

Angle travel by particle is 6 then
6 =2nn

Speed of particle
v=Rw=at........ (1)

Radial acceleration
V2

a, = —R—

From (1) and(2)

1.38

a =4mna
Tangential acceleration

a= E—:a

Total acceleration= Jaf +al = \/a"’ +(4nnay

Total acceleration= a1+ (4zn)? = 0.8 m/s?

Ans.
(a)
N
R Given
a=a
att=0
u=V,
Atanytimet
2
asat g
Since ais rate of change of speed then.
Qv v
d R
v t d
[-vrav=[Z
Vo 0 R
(-)sign because V is decreasing
vVt
Vo R
V= V{’/ Ans.
1+ 2ot
R
(b)
A= Jaf +a? =a V2
2
v dv
a = —— —_—
TRV S
2
\'
-vdv= —
R dt

Where ds = distance travel by particle in time dt.

Vo v OR
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vV _ S
=R ThenV=V, &SR oy =a —=aly
2,28
a= ﬁ = M dv 7 -
R R o 2Th
2
2 2 [55-2SIR a‘s
a =V—\[-=————V°J§e av= =-E-
™ R R
Ans.
tana=—L= 2 Ans.
1.39 ¢ R
Method : 1
1.40
a,
i ’
g9 “\‘\"A
X
v=a/s
Squaring both side :
__— (a) ¢=asinwt
vi=a's
Compare this equation with v2 =u?+2a_S
de¢
1 IR w—"
u=0, a“:}az \ at aw cos wt
Hence motion is constant magnitude tangential Tangential acceleration = -a w? sin wt
acceleration.
Atanytimet a, =-aw?sinwt
o=l SV s
b2 " R R V2 a’w?cos? wt

Since we know that velocity vector and tangen-

tial acceleration is parallel then.

a
o
a,
a%s
_&%_R _25
tana= a, az . R
2
Method : 2
Vv =a’s

Differentiate this equation w.r.t time :

af=——

R R

= , 2 2
et = ay +3;

Now at¢=0 t=0
2,2
a‘w
A= R Ans.
3r
At ¢=ta t=—n—.—
2w 2w
Ans. a_ =aw? Ans.
(b)
For minimum value of acceleration,differentiate
equation(i)
dag _
dt #
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1.41

1.42

2
. a
2wsinwr cos wr — -1?4wcos3 wtsinwr =0

R
coswt=7—z

Putinequation....... (@)
a_=aw? ‘j1 [ R ¥ a? rR*
me ﬁa) R? 4a*

- RY
=aw? 1-(5) P

1
S= 2 at?
t2= £§
a
25T _ 4bs?
Then w,=b |7 "2
Radius of curvature:
v? 2aSa’ a’
- — I — R = —— An »
W, abs? . 208 .
Net acceleration:
w= a2 +w]
2
, (4bS?
R R ) Ans,
a
(a) Method :1(Conceptual)

y=ax?
Differentiate equation w.r.t. time

L) 2axg)i
dt dt
Vv, = 2ax \'A
Again differentiate w.r.t. time
a =2axa+ 2aV?

Atx=0,V =0 ThenV, =V
a = 2aV?
Normal acceleration=2aV?

v - NE
1
R=5s Ans.
Method :1(Formula based)
#Y %
(1+(—) J
dx
R=|——F——
d’y
dx!
y=ax?
Differentiate equation w.r.t. x
dy
—=2ax
dx
Again differentiate equation w.r.t. x
d2
=2

Put values in radius of curvature formula
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(b)
Method :1(Conceptual)

1N
NS

2.y

2+bz=1

o

Differentiate equation w.r.t. time
2xV, 2yV
a? b?

Again differentiate w.r.t. time :

Y-0

2xa, 2VZ 23, 2V2
+—=+
a2 a? b
At x=0 andy=b
2 2v2
2\2 Z)ay Y2 0
a b2 b2
As shown in figure
V,=0 andV, =V,

=0

2 2a
T2
a b

- b2
Normal acceleration= a_2V°

b,z
a ==V

2

0
Radius of curvature : R = =
n

Method :1(Formula based)

143

x_ ¥
a? e
Differentiate equation w.r.t. X

B 2D 0

a® b? dx

Again differentiate w.r.t. x

2 2
2 +.2_}_’.d_}_]+l(ij =0

=it ] = LT sissessesessaend 2
aZ bZ dxz bZ dx ( )
Atx=0, y=b from (1) and (2)
dy d’y -b
& d T at
Put values in radius of cun_latur_e formula
3

. (1)

- | b Ans.

a

A
\

Given that
Angular velocity of point Aw.r.t. point O

de
dt

Angular velocity of point Aw.r.t. point P

d(26)
_*2_ =
at at 2w = constant

= w = constant
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Since angular velocity of pointAw.r.t. point Pis w=at

constnat then. 0= 1 it
Wp = 2W and velocity will be perpendicular 2 o
to position of Aw.r.t. P Since particle taken n tumin its journey.
V=RW,=2RW Ans. 6=2nn
1 =
= — Whocenenneesd i
W, = constant ; 2m=73 L (i)
dWe 0/ .l
a o0 From /() 2en W
Tangential acceleration= 0 2mv Ans
Radial acceleration = R W,? = 4 RW? w== .
a,, =4 RW?
Direction is toward the centre. Ans. 146
o=at-bt?
144
do
=— =g-3bt?
W= a-3b
N\ when body is in rest then
a w=0
) 0=a-3bt
(] =
\ s
3b
4. =0
a a a (2a
- ~ bmtt-o0)- {3 (03] =5 (3)
. dé :
G =w=2at r a ( _2_a)
3b\3 :
dw b=y 22 22
—d?-=0. =2a Wm_ At = _a_ = 3 Ans.
Tangential acceleration 3b
a, =Ra=2aR
Radial acceleration Also
a,=RW2=R(2at} =4 a#?R W, =
a
© v=RW =R2at . Wm-=a'3b(§]=0
28R = — s (i)
t Wfl\ | —WI a
Now 0= ot =T—=={3b Ans.
a,= J;,z +a? =2aR f1+(2at?)? 3b
From (i) dw
v R T -Bbt
a,= ?]1+(2at2)2 =07m/s  Ans.
a
'1.45 | =-6b J?I
Since acceleration is constant. =2/3ab Ans.
1
t=5at 1.47
V=at Given that
vt a=p=at
£= 5 s [0) To find tangential acceleration : (a)
3, = Ra = Rat

Angular acceleration is constant then To find radial acceleration: (a)

0=—;-at’
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1.48

Ra%t!
® ="4Rat

t= S,Etana =7s

tan

Given that

Boc YW

B =Angular acceleration

B =kJw

Where k = constant

dw
-W oo =kJw

(-) ive because W is decreasing.

0 (]
j W2dw =—[Kkdo
W, 0

2wo% o
3k

0 =Angular displacement.

Also B =kJW

—-dW=k JW dt

- 1
J’° W72 dw =—[ kat
Wo 0

Average angular velocity :

1.49

1.50

%
3k[2w0 }
k
Ans.
(a)
Given that
W=W -aé ....... e (i)
Att=0
¢ =0
W=W,
d
Also E% =W, -a¢
[
oW,-a¢ Jo
-1 $
Ztn (W, - =t
s (Wo -2a¢) 0
[n_vvl:_a?. = _at
0
Wo
o= a (1-e®) Ans.
(b)
Put value of ¢ in equation (i) :
Wo —at .
W=W, -a [?(1-9 ) )] ,
W =W, e Ans.

Given that
B =B,cosd

dw
B =W'a¢—-BoC°5¢

j:w dw =[30j0° cos¢ dé
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2
WT =Bo Sin¢ )’T

yw =[RW 0 v
W =12, sin¢ Ans. (x.y)
- »X
1.51 U
(a)

3
/ﬁ V,_p=Rw=yw -
: V,=u+at=Wt
Velocity of point O =0
| P \v o yw- Wt=0
Q‘y' ' Then yw =Wt
t= ot
B W

yA

1
yBt P (xy v E w

o 9
e 1.52
U (a)
A

Instanteneous axis of rotation is passing through

that point which velocity is zero always. If we ob-

serve carefully it point must be at line joining AB. 5
Then. attime t:

V,,=RW =Rpt=ypt

Position of cente at time t:

b 17/ QO (i)
Net velocity of point P as instanteneous centre Since there i o
of rotation will be zero: : v ‘__:eo ere is no slipping at ground.
Ve=0 V. =RW whereV = i i
c = veloci L
v-Bty=0 = ity of contact point
v=pty Acceleration of pointA :
v . Qpp S0y F Qo poissoncsismssons (1)
= utin (i
t=Tgy putin (i) .
= : a = sz —
v . A-C R
X=Vgoo
By a._ =0
v2 Putin equation(1)
Yo Ans. %
a,s=Ro’= R Ans.

(b)
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1.53

(b)

To find distance, we have to find speed of a par-

ticle of rim at atme t
0=wt

Vo= W2 4vZ 2y vcos(n-0)
=2vsin6/2 =2Vsin (wt)/2
V,=2Vsin(Wt)/2 ... )
Time to one complets journey = 2n/w
Again from (2)

V=2 v sin wt/2

ds

a=2vsinwtl2

s 2n/w .owt
L ds = ZVI0 smT dt

8
S==" =R
w :

Acceleration of point C :
a=w 4
Velocity of point C at time t :
Ve=u+at=wt

Angular acceleration of ball:

=ac/ W
& = 4 "R
Angular velocity of ball attime t :

w=w, + at =at

(a)
Acceleration Calculations
For PointA:

Velocity of point A w.r.t. centre C :

w
V..=Rw =Rat=RtE=wt
Ve =V tV,=2wt Ans.

For PointB :

Ve =R =wt(-))

V. =wti

Vee=Va tVe=W(i-j)

Ve =Wty2 ~ Ans.
For Point O : '

Voo ==Wi
Ve =wti
Voe =V, V. =0 Ans.

(b)

Acceleration Calculations :

For PointA:
A a
" y
c
i X
a = (1)
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1.54

Where a, = tangential acceleration

a, = radial acceleration. =

For Point B:

1_)’

Adding (i) + (ii) equations:

2,2
. Wt 2. %
3. =|w-———|i+W
ag (w R) J

2
a =W, 1_{1__?\‘;;] Ans.

For Point O:

| %
n

Adding (i) + (ii) equations:

wit? -

ag.g R

wit?

ag.e=—5— Ans.

R

Velocity of pointA= 2v

v2

Acceleration of pointA= R

RN
N

A 2v
_ (speed)?
Radius of curvature =" o e leration
For point A:
2
R=E 4R Ans.
VZIR
For point B:
v2
Acceleration of point B = R

Velocity of pointB =v /2

Normal acceleration of point B:

v? Ll
a-= | °os 45°= R

(Vf)z =2J2R

JR

R.=
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1.55*

Method :1 (axis is rotating) y
Relative angular velocity calculation

W0 =Wyl

Wo_o =Wy
Wi_p =Wyl =W,

Wy = ,’wf +w3 Ans.

Relative angular acceleration calculation

y
g Wy c =w,cosei+w,sin0 k
04 Wep =W,j
Wy o =W,COS8 i +W,Sin Ok +wW, | ~n(2)
|Wio = Wf + wﬁ
- B Relative angular acceleration calculation
a =dWL2 =W ﬂ_w ﬂ (1)
1-2 dt 1 dt 2 TR
di K
Direction of at is toward Z axis and then this w,

rate of change of direction of x axis.

Here x axis is directly attached with obsever then

—>

™
-3

3 passing 1 unit
| di |=1xdo
Ldi|_do_
d dt 2 4
= i
= _ dt 2
ﬂ = —Wzk _ ) )
dt a=-w,w,sin8 i +w,w,cos 6k
But because with frame of this it is observed o
that direction of axis does not rotating then la] =ww, Ans.
X 1.56
dj 4 R
d—i=° w=ati+bt?
From(1) . T
Gy, =-WyWo K
An (@) _
Q2 = Wy W2 S.
b\
Method : 2 (axis Is not rotating) |w|=at,[1+ (;l) Ans.
Relative angular velocity calculation )
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1.57

~ W.p = wp cos0

cosl = —W—E
wp
alt+ 22
Vat? + b2t! Va? + 4b%t?
0=17° Ans.

cosf =

Method :1 (axis is rotating)
Angular velocity of cone calculation

We see carefully then x axis is rotating while y
direction is not rotating.

Angular velocity of disc with respect to centre
Mis:

- V -
Wi
M-0 OMI
OM=Rcota

WM-O =%tana‘j

Since angular velocity is vector quantity it
follow vector addition law

WD—O = WD—M + V_VM‘O

= V.- -
=—[i +tana j] oo (1)
W0 R[ il
[Wool== J1+tan e Ans.

Angular acceleration calculation
Angular acceleration (B) is

T odt
From equation(1)

f;:-[dl +tana— j{]

Since y direction is constant

g,
dt

di
Butfor =

dt
y axis
y axis
do "
z
|di|=do
di o0 _
at|"at v
.‘.’.':-—tanak
dt
ﬁ=-! \—/-)tanak
R/R
= -—-tanak
RV
|B|=-R—2tana

Method : 2 (axis is not rotating)

Angular velocity calculation

Y,

Angular velocity of discw.r.t. M :

Vv =V -
Wy =—=C0S0 | +—
D-M R +Rsln9]

Angular velocity of Mw.r.t. O :

W P .
e Roota] aal

Angular velocity of discw.r.t. O :

Wo-o = WD-M o Wm-o

~ Vv . N
Woo = EcosOl +%sln9] + %tana]
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1.58*

2 2 2
= \" V. \'
|Wuo |= J(Eoose) +(-§sme) +(Etan0)

N \'

W, =

| Wa-o | T Ans.
Angular acceleration calculation

- i dV‘-’(_).o
fui0’2 dt
- -V . (d8): V de \:

=—sinf| — |i+—cosf| — [j+0

%o R (dt)”Rws [dt)” ()

de '
pr is angular velocity of Mw.r.t. 0 :

d—e—y-tano.
dt R

= Y - V2 Y
3o = ?smetan a |+§cose tana j
o

< \)
oo = Ez’tan a Ans.

Method : 1 (axis is not rotating)
Angular velocity calculation

Y,

B

Attime tline AB rotate by 6 angle then

W, = W CoS0i +Wqsing K+ Byt ] (1)

|WP| = Jw2cos?0+w2sin? 0+ pZ t2

2
lv—vpl'= W 1+[i—°:} Ans.

Angular acceleration calculation

& = -W, sin0 (i) % W, cose[%%)h Bo
= —W,B,tsin0i+WoBo t cos0 k +B, j
| =i p3t+p3
|a|=p°,/1+wg 12 Ans.

Method :2 (axis is rotating)
Angular velocity of cone calculation

Y

VT

Here we take line AB along x direction

WP—A =w°i+‘3°ti ................ (1)
B3t
W, =w, [1+
| We_a I=Wq w2 Ans
_ dwe_ di dj -
& = gt ewa G Batd + o
d _
Here at =0
di 5
Bma‘ﬁotk
di  de .
Thend—t— at
L
dt 50‘

|Gl =Roy(1+938) Ans.
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1.2

1.59

1.60

The Fundamentals Equation of 161
Dynamcis
bF F
m-Am [W
m lw
(m -'Am)g mg
After Before

Where F is force due to air which

will be constant then before mass blast
mg—-F=mw............ (1)

When Am mass is taken then

F-(m-Am)g=(m-Am)w......... (i)
Adding equations (i) and (i)

2mw
g+w

Am =

Net pulling force on system
F=mg-km,g-km.g
F=ma

mg-Rkm,g- —-km,g=(m+m, +mya

MJ
27\ my+my +mg

Tension in string attached with m,
F.B.D.of m,:

a
—

]

— km;g

T-km, g
Put value of a1n (1) then

(1 + k)mo

- mz9 Ans.
mo + My +m;

(@)

Net Pulling force on system
F=m,gsina+m,gsina- k,in,gcos a—k,
m,g cos a.
Then common acceleration ais:

_ gsina_(m, +m,)—-gcosa (kym; +K,m,)

N m, +m;

F.B.Dofm,:

N = Nomal force between two blocks.

m,gsina+N-— k,m gcosa =m,a......... (i)
Put value of (a)in (u)
-k cosa
N = 2)TyMLg e
m+m,

(b)
For minimum value of a acceleration will be zero
and friction force will at maximum value then

_ [gsin a(m, +m, —gcosa(kym, +k,m,)]

- m, +m,

kym, +k,m,
m, +m,

tana =

Page - 30



Upward Journey :

Yo
o

9

2
We know displacement equation as

1
= —at?
S ut+2at

Also we know V=u+at then u=V-at
Put in above equation then

1
=\/t — — at2
S=wt 2 at
Where V = final velocity in above equation

Suppose time for upward journey is t then
V,=0,8=¢,a=gsina+pugcosa

1 .
l=5(gslna+pgoosa)t’ ..................... (i)

Downward journey : ‘
We know displacement equation as

S = ut*rlatz
- 2

u =initial velocity=0 m/s
S=/,a=gsina — pgcosa

1 ..
L= -:_;(gsincl-ugcosa.)(nt)2 ............... (ii)
Divide both equations as %)
i gsina + pgcosa _1_
gsina - pgcosa 712
2
V-["2'1]tana At
n +1

1.63

1.64

(a) Starts coming down

ng>m|gs§na+f.__
m,g>m|gsma+km,goosu

%’ sina+kcosa Ans.
(b) Starts going up
m,gsina>m,g+km,gcosa
sina> T2 +kcosa

my
%< sina—-kcosa Ans.

(c) At rest
Friction will be static hence ratio should be
between calculated above value:

sina -kcosa<% <sina+kcosa Ans.

To find tendency of sliding of block m,

Pulling force in clockwise sense
F=m,g=mmg=23m,g = 0.66mg
Pulling force in anti clockwise sense

F,=m gsina=m gsin30°=m,g/2 =0.5mg
Since m, g=0.66 m,g > m, g sin a=0.5m,g
Block m, has tendency to move down ward

Net pulling force
F=mg-m gsina-km, gcosa

Acceleration of system
_ mpg-m,gsina-km, g cosa
) m+m;
g|n-sina -kcosa
a= L ] Ans.
n+1
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1.65

(a)
Before no sliding between m and m,:
From F.B.D. of System :

fr=km.g F=at
m'

Acceleration of both block will be same
F at

my+m, m,+m,
Friction between m, and m, will be static then

—fr
o]

m,at
my +m,
For no sliding this required friction should be less
than maximum value of static friction

W, EW,=W=

fr=m, [w,]=

; m,at
e m; +m,

<km,g

- km,g (m, +m,)

am,
at
W‘—Wz— m1+m2 Ans.
m, +m
ift>km,g (my+my)

am

Sleeping between two block will be start then
F.B.D.of m,:

gF=at

ki
M —>w,
at—km,g
w, = m, Ans.
F.B.D.onm,:
—» km,g
N k_mz_g_ Ans
W, = T, .
km,g(m, +m5)
Assume t,= —————
9 am,
t<t:

-Slope of w, =Slope of w,

t>t):
Slo;‘)’e of w, >Slope of w, because acceleration
of block (2) will be more than (1)

F.B.D of block :

A

- 4 —

k = coefficient of friction

ma =mgsina-kmgcosa
a=gsina-kgcosa
Time to reach at bottom after starting with rest:

s—ut+1 at?
2

fseca= %(gsinu-kg cosa)t?

L
g(sina —kcosa)
{2 2¢
glsinacosa -kcos? a)
t= [ 2
Vg[sinucosu-kcosz a] (i)
To minimise t

(sin @ cos & — k cos? a) will be maximum
Assume
X=sina cos a -k cos?a)
dx
NOW—:
da 0

cos’a~-sinfa+2kcosasina=0
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cos 2a =-ksin 2a

Putvalue of k : a=49°

Put value of a in equation (i) :
2x2.10

trin = ,

\ 10[sin49° cos 49° - 0.14c0s% 49]

F.B.D. of block :

&

1
=tan2a=- X Ans.

10s

Ans.

N +T sin B =mgcos
N=mgcosB-Tsinp
fr=kN=k (mgcosB-Tsinp)
At just sliding condition:
TcosB=mgsina+fr

Tcosp=mgsina+k(mgcosB—TsinB)

mg sin a +kmgcosp
cos B+ksin ¢

For T, ,y=cos B + k sin B should be maxi-

mum.

Maximum value of cos B+ ksin B = ,f1 2

For this value % =0
-sin f+ k cosf§ =0
tan f =k

1.68

_ mg(sina +kcosp)

Tmln = m

>

a

<

m
TTrrrrrrririrriiri

()

p=0

Attime ¢, of breaking off the plane vertical

component of F must be equal to weight mg.

Fsina =mg

at,sina=mg

__mg

asina
Motion equation of block :
a, = Accelration of block
Fcosa =ma,

mV 1 m?g?
acosa  2a’sin’a

_ mg®cosa
2asin’a

at 2m

h= %
Idx: acosa Tutzdt
s 2m 0
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1.70

_m'g’cosa
6a’sin’ a

Angle made by force vector
a=aS
Motion equation of block

mg
3 Cosa=ma,

a, = g— CoSs a

Where a is acceleration of block of mass m

Method :1(Equation of motion blocks)

2m—Ww ==
k k
Motion of mass 2m
T-k2mg=2mw
T=2mw+2Kmg..cccerrmreumeane (1)
Motion of motor
T-KMZ=Ma ..ooeeeerneersennae )
Adding both equations
2mw+2kmg-kmg=ma
a=2w+kg

Accelerationof 2mw.r.t. m
8, .»=32m~am

.mWHa
=w+2w + kg = 3w + kg

Suppose in time t both blocks will be met then

1 2
S =—at
2

1M

1
(= 2 (3w + kg)

t= {_2_’_ ns.
3w +kg

Method : 2 (Equation on system)

On system,tension will be internal force then

k2mg -k mg =—2mw + ma

a=2w+Kkg

Accelerationof 2m w.r.t. m

Ao~ 2m —8m

a,,. ,~W*a

=w+2w + kg = 3w + kg

Suppose in time t both blocks will be met then

Method :1 (Observer inside lift)

g-—m shaft
2T
T T 1 Wo
T
m Al
m,
mg
mg

For observerinside elevator

_ Net pulling force along with pseudo force

Acar =
= Total mass of system

= Mag+ MW —myg— mWy
tcar
m, +m,

a

a, = (m; -m,)(g+wo)
- m, +m,

Butans inirodov is given in vector form

a‘_a
m, +m,

a =(m|-m2)(§_wo)

Tree — Ans.

m, +m,

Page - 34



Accoleration of m, w.r.t. shaft or ground

a B 0,

L
1sahaft o

= (my = m, )(9 - W) .
my +my 0

(Mmy =my,)g+2m, W,
m1 + mz

al-lhlﬁ =

Ans,

Since tenslion Is real force then from all frame It
will be same
Force equation on block m,

T—m,g-—m‘w0=m,a‘u

T—m‘g—m‘w°=m1W
m, +m,

- 2mym,(g+w,)
m‘ + m2

T

Forced applied by pulley on ceiling

_ Amym,(g+wp)
my +m,

2T

Forced applied by pulley on ceiling as vector
form:

4mm,
my +my,

4mym,
my +m,

-2T= (-9+Wo) =

(@-Wo)

Ans.
Method :2 (Observer on ground)

I

Force equation on block m,

1.72

Force equation on block m,

From above three equations

(my, -my)g+2m, w,
my+mj,

Wy=

_(my-my)g+2m, w,
f-shah m1+m2

a

But ans inirodov Is given in vector form

_ (my-my)g+2m, W,

a1-|h.ﬂ = m.«+m Ans'
1 2
Acceleration of block m, w.r.t. car
a,.., = W—-W
- (my —my)g+2m, Wy
a = (m, —m,)(g+w,)
tcar T
my +m,
But ansinirodov is given in vector form
o o (me=m)G+i)
e my +m,
8, = {1~ M2 KO~ Wo) Ans.

my +mj,

Motion of body (2)
nmg-T/2=nma
2nmg-T=2nma......... (i)
Motion of body on incline plane
T-mgsina=ma/2.......... (ii)

From (1) and (ii)
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1.74

- 2g9[2n-sina]
an+1

a

Equation of motion of m,

Tem(2g2) L -

Equation of motion of m,

m|g "T/2=m1 31 ....... i

Equation of motion of m,

mg-T2=ma, ...

From (i), (ii) and (jii)

_ 4mym, +my(m, -m,).g

1 4mm, +my(m, +m5)

Method :1 (Equation on system)

Friction will act as internal force then

Motion equation on system

Mg-mg=Ma, +ma,... (i)

Motion equation of m

Ans.

Relative acceleration of m w.r.t. M

a, =43,
Since length of rod is ¢ then

¢ =% (@,+,) C........(ii).

From (i), (ii) and (i)

2mm¢
fo——os
r (M-mjt

Method :1 (Equation on each mass)

Motion equation of m
fr-mg=ma, ...ccccevurennnnns (i)
Relative acceleration of m w.r.t. M

a, =a,+a,
Since length of rod is ¢ then

1
£=5 (a;4a) L.......(ii).

From (i), (ii) and (iii)

_ 2mm¢
© (M-m)t?
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nmg mg

Motion equation m

M—T=Ma, ccverrernraes (i)

Motion equation 7 m

]
2T—nqmg=nm — ...... (i)

2

From (i) and (ii) a,

_ 202-n) -

n+4

Relative acceleration of 7 mw.r.t. m

_3x29(2-n) _3g(2-n)

. .. 9
T2 7T 2 72 n+4
_1 5 13g2-n),
1—2a,l_2 oy t
‘e 2(n+4)!

3g(2-m)

1.76

a 2T

7l ]

| oo

TTa

2]

9

Motion equation of (2)
T-mg=ma...... (i)

Motion equation of (1)
nmg=2T=nmall......... (ii)
From (i) and (il)

o 20-2)

T n+4
When body (1) travel h distance then in same
time body (2) travel 2h distance in upward
direction using constraint relation as accelera-
tion.
String will be slack when body(1) travell h
distance and strike on ground.

V2 =128 (2h)sscoom (lii)
After that body(2) will be as projectile motion in
air and continue moving in air in upward direc-
tion untill final velocity becomes zero.
Suppose body (2) travel x distance in projectile
motion then
V2= 20K sssissisusiasid (iv)
From (jii) and (iv)
2ah
X= g
Total hight travell from ground
H= @ +h= St
g n+4

F.B.D. of wedge

Nsina =nma,
F.B.D. of rod

mg

mg-Ncosa =ma, ... (ii)
For constraint relation
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M —t—p
Q;

a sina =a, cosa....... (i)
From (i), (i) and (iii):

a a3
' 1enootia

o 9
% " lana+n cota

F.B.D.ofm

N I—-v a,
= 4 m
| v
mg

In y direction
mg-KN-T=ma, ...ccceeue (i)
Inx direction
N = M 3, cevenrninsnnnns (ii)
F. B. D. of wedge

In x direction

1.79

T =N = May i @i

Uslng constraint relation

X, +X, +X, =const

—a, +0+a,=0

LI TRORIRI (iv)

From (i), (i), (iit) and (iv)
mg __ 9

a

T 2meMekm L, M

Net acceleration of block of mass m

(I=,’al2 +a’2 =a,\/§

a= o2
i oo BR
2+k+— Ans.
m
F.B.D of bodies on frame of wedge:
<+«——ma
K [@m
a
m
mg
*®x ™
kmg
kma
mg

Since system is stationary on frame of wedge
hence:

mg = kma + ma + kmg
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1.81.

.- 9(1-k)
= 7k

F.B.D. of block (2) with frame of wedge:

<
v

» MW
fr

1 — W
o

SIS TTTANT77777777777

v
mg

mg

At maximum acceleration w block will have
tendency to slip up the incline then

fr, will be maximum and direction on block will be
down the incline.

fr, = kN=k [mg cos o + mw sin q]............... (1)
Since block is under rest with frame of wedge,
then equilibrium equation of block along incline.
fr,+ mg sin a = mw cos a

From equation (1)
k (mg cos a + mw sin a) + mg sin & = mw cos a
g(1+kcota)
~  cota-k el

Method : 1 (Equation on system w.r.t. ground)

™

)

F.B.D. of System

m,
> ——2,

2 Ao«

a, = acceleration of bar w.r.t. incline.

Since no force on system in horizontal direction
then

0=ma, +m(a ~a,co8 a]...c.cceu. 1)
F.B.D. of bar w.r.t. wedge

m.g
Equation along incline from frame of incline
m,a,cosa+m,gsina=m,a, ... (ii)
From (1) and (2)
m,g sina cosa _ g sina cosa
my+mysinfa M g2 A
m;

Method : 2 (Equation on block w.r.t. wedge)
F.B.D. of bar

With frame of wedge, bar has zero acceleration
perpendicular toincline then

Equation along incline

N+m,a, sina=m,gcosa......... (i)
F.B.D. of wedge

Equation along x direction
Nsina=m,a, ... (i)
from (i) and (ii)

_Mmygsina cosa _ gsina cosa
my+mysinfa My o2 Ans
n :

Ch
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Using constraint relation
XX, =
1% const.

a —02=0

1

F.B.D. of System

a, = acceleration of block w.r.t. incline.
Since force T on system in horizontal direction
then

T = Ma, + m(a, — @, 08 Q).......... 2)
F.B.D. of block w.r.t. wedge

ma,

mg
Equation along incline from frame of incline
ma, cos a + mgsin o — T=Ma, ..ccouuvuveeee. (3)
From (1),(2)and(3)

1.83

mgsina

= = —
1= = om(1-cosa)+M

(a) With constant velocity v

v
B
v
A

We know average force is equal to:

. AP
I Wi

At

Suppose particle is initially at point Athen its
intial momentum is
E =mvi
After quarter circle it will be at point B then its
final momentum will be
P, =mvyj
Change in momentum
AP = 13, -P= mv]’—_mvf
Time taken in journey is t then
T
=R
Al
v

Average force will be

= AP my-mvi 2mv? . -
g A, = {_]—i)
At ER ZR \
2
v

o= 20 . A
o= 2| 22

(I?) With constant tangential acceleration
Time takenin journey ist.

v=wt
B

u=0m/s

We know average force is equal to:

5 AP
" At
Suppose particle start from point Athen its
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Intlal momentum Is
B o= 0f

After quarter circle it will be at point B then its
final momentum wil be

l.’, =my) = mu;(;
Change in momentum
AP = i;, -P= mw, g
Average force will be

. AP mwif A
F=—= s mw, j
At

B l=lmw M= mw
wx| =MW, )| = mw,

A

360x1000

v =360 km/hr = 3600

=100 m/s

Apparent weight Is reading of normal reac-
tion now

Atpoint A

mg

mv?

N—mg=?
2

mv

= + —
N=mg R

70[100] 2
= = 7
709+ 500 0g+

=70g+140g=210g=2100 N=2.1 kN
At pointB

70x100x100

1.85

mv
= -—R—— ............ (l)
Putvalue of m, Vand R
N=15kN Ans.
AtpointC
mg
N+mg=mv¥R
N=mviR=-mg....c.... (i)
Put value of V, m, Rin (ii)
N=0.7 kN Ans.

()

Tangential acceleration (a)
mgsin® =ma,
8,=gSsing ... (1)
Radial acceleration (a)

Energy conservation

mgécos® = %mv2

]

o= ‘/af +a? = gVsin? 0+ 4cos? 0
3= 9y1+3c0s%0

Force equation in radial direction at this instant

2
T-mgcos0= %—

Ans.

T-mg cos 0=2mg cos 0
T=3mgcos0
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(b)

Component of velocity iny direction
V,=vsing

v, = ./29!0059 sin@

v’y=29toosesin29 ............... 1)
For v, maximum V2 will be maximum
Then x = 2 g ¢ cos 6 sin? § will be maximum

dx
T 0 =2 g ¢[—sin? 8+2cos? Bsin 6] =0
2cos?0=sin29

2 1
tanb= 2, sing= B cose=F
From equation(1)

V2y= 29eix_2.

33

|—l

T=3m900$9=3m9( 3J=m9J§ At qm

()

If no acceleration in y direction then
a cos6=2asin6
2 g cos?0=gsin?6

tan0 = 2
1
cos 0= 73 Ans.

Since ball swings in vertical position then at
extreme position o

Only tangential acceleration is prerent

At extreme position

a=gsinb ) o
Lowest Position only radial acceleration is
prerent

At lowest position )

Using energy conservation

1
mg [¢ - ¢cos 0] =5m‘/2

v2=2g¢(1-cos6)

2
v
Radial acceleration(a) = T 2g (1-cosH)

According to condition
av = al

g sin 6 = 2g (1-cos 8)
sinf+2cosB=2

oo 2
cos -5

9=53° Ans.

Particle will break off sphere when normal
reaction will be zero. At this instant force
equation in radial direction

mgcos 0 = ﬁ
V2=Rgcos ... (1)
Energy C
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1 #
mg(R-Rcos 8) = 2 mv?

From equation(1)

1
mgR ( 1-cos 6) = Eng cos 6

1-cos()=c°Tse

30059_1
5 =

o 2
cos —3

From equation(1)

2
v2 =Rg [3]

= |25
V-J? 5 Ans.

Top view

s~

Al

Spring force =F = A ¢
N = normal reaction on sleeve
Since no acceleration in tangential direction

Nsin® = yA ¢ cos 0

1.89

Equation in radial direction
NcosO+ xA€sin® =mrw?
N cos 0+ xA £ sin 6= m ( £+ A¢) cosec 8 W?

From (i)

ﬂ-ﬂ(cose)ﬂm ¢sin®

sin@

ﬁ.’%‘&@%uA 2sinB= m ( ¢+ Al) cosec 8 W?

sin

xA €= me+mALw?

kmg

k= k°(1—%)

Where K is friction coefficient

Suppose cyclist is at radius of r

Then friction provide centripital force to motion
on circular path.

Page - 43



1.90

For maximum value of v , v should be maxi-
mum. .

2
r
Assuming vZ=x=k.g [' = Ejl

For x will be maximum

9 _o
dr

2r R
kog[1-E:| =0 r= 2 Ans.
From equation (1)

R R]| kR

V2 mfiop] 2| o DO
max 09[2 4] 4

1
Voa = 5KoGR Ans.

Tangential and radial both acceleration is only
provided by friction because friction is acting as
external force.
Here maximum value of friction = kmg
Velocity of car after d distance travel
vz=2wd

2 2 2W‘d
R R

ar= Tangential acceleration = W,

a, = Radial acceleration =

F

'_=mam=mw, 1+ R2

This force is provide by friction then

1.91

4d?
k mg=m w, 1+ -Ez—

Squaring both side

. (1)
y=asin |

k = friction coefficient
Centripital force = LU

R

Centripital force will be provided by friction
Atlimiting condition

* Here all value of v even maximum value of v

should be less than kRg

For v maximum R will be minimum

We know speed is constant. Also we are
seeing that radius of curvature will be
minimum at maximum point of curve because
curvature is small at top.

Calculation of radius of curvature
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Atminimum value of curve radius:

X
sin— =1
a

From equation(1)

2
vi<k el—-g v < u,’k—g Ans.
a = Va

1.93

F.B.D. of differential element of length di

a = very small angle I

1
sina=a m
AR
e () T Yir T
vala,
T L
(dm)g b
Equation of motion :

2T sina — N cos 6 = (dm) Rw?
2T a~Ncos8=(dm)RwA........ (i)

Nsin 8 =(dm)g
_ (dm)g
B sin@

Put value of Nin (i)

(dm)g
sin@
2T a—(dm) g cot 6 = (dm) Rw?

2Ta- cos 0 = (dm) Rw?

2Ta- — (R2a gcotf = (R2a)—— Rw?

mgcotd _ mRw?
2n  2x

T
T= - Rw? +gootd
= 25 [Rw” +goot6]

. _
T=m_9{wte+RL] X
2n g

Since there is friction between pulley and string
hence tension in both side of pulley will be differ-
ent.

Divide (1)by (2)

T2 _my(g-a)
T, m(g+a)

Relation between T, and T,
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mia=a
(52

When string start slipping
m
a=0m/s and ;1‘*“0
Putin (8)
. e’ =,
Taking In of both side
‘ 1 Ans
Take a differential element that substend a very e iy *
small angle 4@ (b)
Force equationin y direction m
1 g —2 =
d Putvalue p = —¢nn, in(8) and n
(T+dT)sin7°+Tsind—2°=dN e ™
dT can be neglect w.r.t. T and sindf = d@ el — T\[ g- a]
g+a
do
P89 L8
E 2 Mo _g-a
LEC [T, | RE— 4) n g+a
Since there is slipping then friction will be kinetic
fnct_lon between pulley and string. —_— n-ng A
dfr=pdN n+ng
From(4)
O = TAOrrrre ®) 194
Force equation in x direction
de
(T+dT)cos%-TcosT=dfr . Y
Since 0 is very small >
sindd = do v, v,
cosdd = 1 o o X P
AT =dir cessisassinssisnsad (6) R z
From(5) z ~
dT=pTdo
T. ™
J' g = [udo
L] 0 Hence velocity along y axisis not responsible
for circular motion, only velocity along Z-axis is
w2 e i - responsible.
T, "
= VG
T,=T,e~
V, =V, cos
;—2 Sl 1) T i
! K= mVZ cos? o s
From (3)and (7) R g .
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195 We know AP = Impulse intime t

AP = Ith = j—mgdt
0

= 0

»|x Aﬁ = —mgt
- (b)
— V. §= Vpgcos(90+6)
x =asinwt ~Vy. 9= Vpgsin®
d?x -
=z =" aw? sin wt _V°'g=V°sin0
y = b cos wt
2V, sin®
d Y el
ay=d—ty-=—bw’c:os.wt:> L g
51\0! =axi+ay] 2—\-/0.5 s
& -2V,.g -
=—aw?sinwt | -bw? coswtj T =._£7°—9—
9 g
F =M Momentum change in complete journey
F = -mw?[asinwti + bcoswt ] ..cc.ueenee. (1) AP=-mgT
F=xi+yi=asinwti+bcosmi ................... () - V.5
AP =+2m 2=
From (1) and (2) 9
F=-mrw? Ans.

Method : 2 (Kinematic)
(a)

where 7 =xi+yj position vector of particle

y
F = mmw?
Vo

=@ +y?

F = mw? x? +y? Ans. 0 =
1.96 Y a o=

Method : 1 (Impluse equation) Vo = Vo cosBi +V, singj

(a)

V =V, cos8i +(V, sin - gt)j
Where V, =final velocity vector then

Aﬁ =m\-/f —m\7°
V - “
’ AP =-mgtj
m A8 l'g’ (b)

V. 8= V,gcos(90 +6)
~Vp. G= Vogsin®
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1.97

-V,.3
0-9_y, sing

_ 2V, sing
g

T

T= g ‘= —2\70.§=
g g’

Momentum change in complete journey
AP= -mgT

aP = +om X9 Ans.
g
m
—_——
ﬁ:ét(t—t)
(a)
F=mw
mw =at(t-t)
at(t—t
)
m
w = linear acceleration
_ dv a 2
=—=—[tt-t
W dt m[ ]
v - [t=x t=t
‘FV=E{jum-jﬁm y
m
0 0 0
. )
v 5Fﬁ_ﬁ}
ml 2 3 s
g3
m
=3
-'=mv=i;— Ans.

Id\_/ - %[ittdt—j[ﬂzdf]

1.98

1.99

AL
“mi12
4
_av Ans.
12m
Fo ciup = 3Y
a:;smwt at
Vv t
Iw=iﬁmmm
m
0 0
v=-5-[1—ooswt]
mw
S E t
j’ds=_°f[1-qosm1dt
mw
0 0
S=F—°[t—isinwt]
mw w
F <
S=—-?[tW—SII"IW!] Ans.
mw

2n 4n 6;: 8'1! Wt

Distance will be increasing function w.r.t. time.

Calculation of time for first time stop
Intial and final both velocity will be zero
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TdV = I:—"j‘coswtdt
m

0 0
Fo
0 mw sin wt
sinwt=0 wt =n
T
t=is Ans.
w

Calculation of distance travell before first time
stop
Intial and final both velocity will be zero

}dV F°j wt
=—|cos
0 mO

F
V= s sinwt .......... (i)

jds =—E°—j[sin wtdt
0 IS

Fo
mw?

S= (1-cos wt)

Putt= % in distance equation

2F,
mw?

S= Ans.

From (i), velocify will be maximum when
when sin wt =1

S Ans.

(-)sign because

velocity is decreasing

[ av _ —Ljdt
V m
Vo 0
(n[l] = _.E
Vo m

V= Voe-; .................. (1)
When V=0 m/sthen t - Ans.
(b)
F=rV
v
a=—
m
dv v
Vo - ) sign because
dx m (-)sig
velocity is decreasing
s
v
dV = —Ljdx
Vo :
r
V-V, =-—X
S m
V=V, —Lx )
= Vo S nsomesmonstan

At final position V=0
Put this value in equation (2)

X= —T— VO Ans-
(b)

V,
PutV= 70 equation (1)

3‘3

V,
?0-=V°e

V,
PutVs= -;;l equation (2)

n m
X= (\I0 - .Vi)r_n_
nj)r
.. Displacement _ x
Average velogty= Time =1
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Vo-V)_h
vo-ﬁ)m t= ( vV, )'{n Vo Ans,
n)r Vo(n-1) Vo

Average velocity= =
?(n(l]) nen(n) 1.102
Ans.
1.101
Calculation of distance travell
;-_h-: Suppose at time t distance travel Is x then
—V" — F = mg sin a-kmg cos a
9 v - F = mg sin a — axmg cos a
mw=mgsina-axgcosa
Where w = acceleratlon of block
F o V2 w=gsina—axgcos a ... 1)
=-kv?  wherek is any constant yav gSIN &= 8X g COS luvvununnrrnns )
—kv? o
a= — . -
m
9 J‘vdv = I(gslna—axgcosu)dx
J'dv - { 0 0
==t
wY' Mo ax,2goosa.
0= ( g sin Q)Xm— ——2—
1|Vt
VIiv. m 2gsina
0 Xn= agcosa
1.l .k 2
“V, V m Xp =~ tana Al
_ Calculation of maximum veloci
[ V\‘;VVJ% g () e e ind
0 dv _
Calculation of constantk e w=acceleration
gz XV From (1)
m O=gsina-axgcosa
gsina=axgcosa
dv  —kv? 1
s x=—tana
dx m a
From(2)
—kv2dx 1
vdv = Vimax ;tlnu
v . I vdv= I (gsin a-axgcosa)dx
,[ mdv ,[ - 0 0
vV =- Kk VZ 2
% L me = g sin af ~tana |- 29952 Ligng
2 a 2 \a

mlnv!-=-kh V. = gsin?a g|
o max TOOS(X Esnutanu Ans.
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1.103

1.104

K = friction coefficient
Block start sliding when
F=at =kmg

After this time , block start sliding then

Suppose acceleration of block after sliding start

is w then

mw = at - kmg

Assuming t=t, + At............. (2)
mw= a(t, + At)-kmg=at, +a At—kmg
From (1)

mw= a At

a[dv = % _!Atd(At)

S a At

.. 2
j'ds - 2mjm d(at)
0 0

a 3

.

s 6m( )
From (2)

a 3
= (t-t
8 6m( 1)

Upward journey of particle

v=0

A

AV,

A 4

Both mg and air drag will act in downward
direction as below F.B.D.

Ans.

1.105

ma = mg + kv?
Sgs X2
a=g -

vdv _ mg+kv2
T ds  00m
—mv dv = (mg + kv?) ds

0 ¥ n
;[mr;:k‘\,/z =-;[ds

2
m
he"rn KVy +mg
2k mg
Downward Journey of particle

Jr=wv
v ¥ mg
Fou= mg'- kv?
ma=mg- kv?

_ mg-kv? _ dv
m ds

omg-kv? ¢
=M Mg
"2k mg-kv2
From(1)and (2)

h

ﬂln m = LUl
2k mg 2k

_mg
mg—kv?
Vo

Kv§

1+ —2
mg

V=

(@)

Position vector of particle at time t when it
rotate by 6 angle

F=rcosdi+rsing |

=cos0 i+ sin0 j

P
0 =wt
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F =FF =F(cos@i +sin 8])

1.106
F
= —[cos6i +sing])
m
v 1 i
-_F A N :
I V= ;j (coswt)dti +;I(snnwt)dtj
0 0 0
\/ F . - .
V= —[sinwt i +(1-cosw) ]
v, F - 2
| | B m\/(smwt) +(1-coswt)’ K = tan a = friction coefficient
When=W = =net tangential acceleration
_Iol- & o w, = Acceleration in x direction
Speed—|V| X msm“% Ans. Acceleration in velocity direction
(b.) W, mgsinacos$—-kmgcosa
Distance is calculated by speed - = m
ds W, = g (sin a cos ¢— K cos a)
—=V= —sth =9
dt /2 Put value of K=tana
. W, =gsina[cos ¢- L ) FE— (i)
Ids _2F Isin wt A dt Acceleration in x direction
0 mw o W_mgsnnu—kmgc05acos¢
x m
_ 2F 2 wt|t Putvalue of K=tana
=T 2% W, =gsina[1-cos ¢]......(ii)
From (i)and (ii) : W_ ——W
4F wt dv (Ve
s 1-cos— —
S mwz( cos 2) ....... (1) dt Tat
V, =-V +Cues (iii)
Velocity of particle will be zero for successive Att=0
stops V,=V,andV, =0
. V,=0+C
_ - wt c=V,
e ] From (i)
==V, +V, .l (iv)
wt Also from fi igure
snn—2—=0 V.=V cosé...... v)
From (|v) and (v)
2n V,
t: — = _0 .
w Ve 1+cosé Ans.
1.107
2n .
putvalue of t = g in(1) .

4F
= — (1-cosn)
mw

8F

S= mw?
_ Distance _ 8F/mw’
Average speed = Time  2rn/w
4F
= Ans.
Average speed s S
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Where mw,= Psuedo force because observer at -
i sphere
2

mV, -
—2 =mgcosB,—m w, sin 6§,

V2 =Rgcos 6,—Rw,sing, ......... 0]
Using work energy theorem equation
W, forces = K - K

wpmodo + ng = Kl » |’(I

1
m w, Rsin 8+ mg [R- R cos 6] = Emvg

Tangential force on system is F, then

= |(dm)gsin6 = | (ARdB)gsin® i
be I( )gsin I( )9 Vg =2wyRsin 6, + 2gR [1-cos 0] ......... (i)
From (i) and (ji) :

L]
‘ 2
F = ARgI sin06de V2 =2R[__VO_] +2gR
° R
F =—ARg cos@|" R
t g 0 Voz =29 '5

M
I
>
Pl
Q
-—
|
Q
o}
w
7 TR
|~
[ Siesm— |

,2 Rg
vV, = 3 Ans.

Put value of V,, in equation (1)

cos 6, = 2
3|:1 + ]
_ MRg ¢ (n)
a‘ = _m' 1—005(‘R—) .
Where n=—2 Ans.
= MRg ¢
Y’ 1‘°°5(§ 1.109
R 14
a= %— [1 - cos(ﬁ)] Ans Ve
2
1.108 0 F mv
- —
«— T +
" 1 K
/‘\ GNenFmr_":),F—F
R ' Where K = Constant.

k Ve acoviarstlon A particle is said to steady if we displace particle
away from origin, particle want to regain its posi-
tion and also it we displaced particle toward ori-
gin, particle want to regain its original position.

At time of break off, normal reaction will be zero. Then from rotating frame have same angular speed
F.B.D. of particle from frame of hemispher ‘ as particle using centrifugal force
.B.D. - B K
net ™ r "
Atequalibrium F,=0and V =V,
2
e 2, 7 0 Em Q)
0, R

r" r
If we increases r then for stable equalibrium

v\
]

NI
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1110

Fret <0
mv§ K

r+dr (r4dr)
mV¢ (r+dr)'f -K(r+dr)" <0

mVvZ (. % -n
—0[1+9£J ..i(prﬂ) <0
r r " r

Using bionomial expression
mvZ(, d
() ()

<0

K r r
_mvoz_ngﬂ_E K _dr

+—n—<0
r rr ¢
From(1) '
—£+n£<0
r r
n<1 Ans.
4

m(R sin 8w

4/

At steady state
mg sin 8 =m (Rsin 6) w2cos 0

—

cos 6= Rw?

Case (i)
If Rw? > g thencos e=-|;\i—2 is defined and

only one equilibrium position will be exist and will

be steady.

Case (ii)

If Rw? < g then cos @ is not defined, here only
cos 0 = 0° will be equilibrium position because
tangential fore along arch of ring due to mg will be
greater than that of centrifugal force and object
will come at lower position of ring.

1.111*

1.112%

w

Here point A is target and distance between A
andBis x,=1km=3$
Since horizonal velocity of bullet is v then time

in whi iz t= 22 =2
in which targetkill : t = 7=

Because horizontal velocity is not afficted by grav-
ity.

We know that earth is non inertial frame and itis
rotating about y axis with angular velocity w. A
frame attached with point B of earth, if we see the
there is required corilious force from this frame,
it provide corilious acceleration

[Bogr | =1 2W x V| = 20VSING eorrunrrennnnne )
This direction is perpendicular to the plane of \y

and V.

lamrl t2=

Now displacement (x) = %

L SR
X= 2(2mVsm¢)(-\-/-]

1
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1.113*

If a particle on rod OA moving with velocity V to-

ward centre and also rotating with angular veloc-
ity W.

2

dt?

Radial acceleration(a) = -

Tangential acceleration(a) =r a+2V xW
Velocity of particle relative to rod OA
In questions radial velocity is constant and equal
o e S L=
0 en —5 =0,
V dtz
Then radial acceleration (a,) = 0-rw?
Since w is constant

Tangential acceleration (a)=0+2y"' w

Foot =-mmw?i -2m W k-mg j.

Foot = {(Mrw?)? + (2mv'w)? + (mg)?

Foot =m‘,g2 +r2w4+(2v'w)? =8 N.

Ans,

w® s ,\w
(0N [0] 1

A

DB

r -V

Coriolis acceleration(a_ )=2VxW =2VW
Radial acceleration:

dr .,
a, = F -w
Since there is no force along radial direction
a=0

1.114*

v r
IVdv = jrwzdr
Vo 0

V2o VE = R w?
Ve= V2 + 2w

V= V2 +r2w?

Coriolisforce (F) =m [2V W] =2m V2 +2 w?

V. 2
- 14| 2| =
F=2mrw? +(wr) 28N

Ans.

CONCEPT:
Velocity of particle w.r.t. with the help ve-
locity of rotatory frame

Net virtual or fictitious force from non-iner-
tial reference frame X' which rotates with
a constant angular velocity @ about an axis

translating with an acceleration Wo will be

it =MW + MR +2m(V X &) ......(2)

where R is the radius vector of the point
mass relative to the axis of rotation of the

K' frame. Where V is relative velocity.
(@)
Suppose velocity of particle w.r.t disc is V then

acceleration of particle with respect to disc is a
then

V2
A= — s
R (3)
Calculation of V:
\W
Hinge 1 )

When particle will be at furtherest distance from
axis then it will at point P,

According to question, net virtual force at this in-
stant will be zero.H
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1.115

F’,,,,,,,‘,, =-mW, + mRe* + 2m(l7 X d'))uﬁ
Here Wo =0 Then

0=m2Rw* +2mVw

V=<-Rw
From(3)

a= Re? Ans.
(b)

When particle will be at r distance from axis

F;nzrllul = -’"pVo +mk(02 + Zm(VX(T))

F, . =mRo* + 2m(l7 x a';)

F,

inertial

= mll?co2 +2(l7xc3)|

|ﬁh¢rﬂall = mJ(rwz )2 o (2Va))z —4rV e’ cos

Here 2Rcos@ =r

"
6=—
Ccos 2R

r ) ;
Putvalue of cosf@ = R in equation (4)

Since surface of sphere is smooth then there will

be no effect of rotation of sphere on particle from
inertial frame
At time of break off

mv
B s i

mgcos0 = — (i)

Using energy conser vation

%mv’ =mgR(1-c0s9)......... (i)

From (i) and (ii)

2
cosf = -5
From(1)
2B (3)
3
(a)
F Y
r
8r v

Centrifugal force (F ) = mmw?

r 4
=mR cos O w?=mR W? 1—3

5

=mRW? 9 Ans.
(b%)
Coriolis force (F )= 2m(¥, x @)
If reference frame fixed with sphere then velocity
of particle from the frame of sphere will be
V, =rwk+Vcos6i - Vsingj
@=wj
Feo = 2m(r wk +Vcos@i - Vsinei)x wj
Feo =2m (—wzri +wV oosﬁl?)

Feo = 2mw J(wr)? +(Vcoso)?

Feo = 2mw\/(szin 82 + zgTRcos2 8
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1.116*

1.117*

2 2 89
Feo = —=mw*R_[5 +
co=73 " 3w’R Ans.

(a)
Magnitude of lateral force will be given by coriolis
forces because coriolis force will be parallel to

e
N

Feis =M [2VxW|=2mVWsin¢  Ans.

(b)

Fiperiq = mR@" +2m(V x ®)=0
—2Vx W = tw?

2v=rw

Angle between w and v must be parrallel

to eachother sothat cross product become zero
hence train must move from east to west

2v=rw

V=%chos¢ Ans.
L 244 X
Hl yp
rot
& (
E

Suppose at time t particle at position P which is
X unit below from starting point.

Let velocity is V then

V=gt

Coriolis acceleration

a,=2vw=2gtw
dv&:zgtw
dt

Vj'o dVeo = 29jtw dt
0 0

Xco 4
I dxcg = wg'[t2 dt
0 0

wgt?
xCO T 31
2h
Put t, = ’— in(1)
g
5 i 2wh _2_!1
o 3 g
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1.118

1.119

Law of Conservation of Energy,
Momentum and Angular Momentum

df =dxi+dyj+dzk

dw =Fdr

2 3
w= jadx + j4dy =3+4(-5) =—17 Joule
1 2

Ans.
OR
Work done of constant force
AW = FAR
F=3i+4j
AR=1i -5]
AW =3-20=-17J Ans.
V=ayS e @ .
dS=a s2dt
IS% ds ajdt
2 S=at
§= 8% (ii)
Putin (i)
a a’t
v a(j.,_" =7
2
11 [at
wmb‘”:K’-k.:‘z‘mV =5m 2
ma®t?
A== Ans.

1120

1121

A
N

T=as?=k—)

Calculation of tangential force (F)

Work done by force=Work done by tangential
force (F,)

Aw= F, 05 = OK woerrenesnimes —— (i)

Where dk = Change in K.E. in short time.

dw dk

Fi= g ds

Differentiating equation(i)
F,=2as -
Calwlauon of tangential force (F))

%mv2=asz

mv2=2as?

o >

—f ——

Using work energy theory

W, =k -k

Wi+ W, + W, =Kk

Snnce pamde is solmy moving then

k=0

k, =0

W +W_+W, =0

W =— (W +W, )
==(- mgh * W

Calculation of work done of friction
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1.122

A ATk

Wiion = Z (—pmg cos 8) ds
=—ZXZpumg (ds cos 6)
=-—umgZ (ds cos 6)

Inirodov p =k

W, =mgh + kmg¢ = mg (h + k¢) Ans.

vjo

£=50cm

K= p=0.15

We know

w =k -k
w

all forces
+W._ . =0-0=0

friction

WF":im="W

Soppose velongity at point B is V, and distance

between Aand Bis ¢, then
V’, = 2[g sin 30° - pg cos 30°] ¢,
On horizontal plane
V2 = 2(ug) £ o (iii)
Onincline plane
From (i) and (jii)

9¢, \[3-

ngt =—2—'H911—2'

(i)

2ue

1=1—\/§p

¢

W, =mg¢,sin30=mg ——~ =0.05J

)

From (i)
W -

=a

0.05 Joule

1.123

 —
> ryn—{ m, |
<+——km,g

Condition for sliding of mass m,
kx, = km, g — (i)

F
—_ m, m,

K
Now using work energy equationon m,

1 1
Fxo‘i kxg -k, gx,= ‘2"”1"2 0

2
v
Fo e R o
2% X, 2xo
LI ML T i)
x %, 2 Y s
From equation (i)

X, is constant , for minimum value of F, v should
be minimum and equal to zero.

1
Em,vz-yo

kx,
F .= TO +km,g
From (i)

km
Foa™ —o Tkmg

1.124

When 1 £ portion of chainis hanging, chain start
sliding

m
(nt)Tg = u-r-?-(l—ql)g
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1.125

Suppose at time t only x portion is at surface.

Work done by friction in next dx d|splacement

dw = fr (dx)

W= J.p xgdx
t-nt

W = “Hmg., 2
2 [£-ng

Put the value of 2 from equation (1)

mgé(1-n)?
2(1 2 g¢(1-n)
W=- -n(—12:n—)mgt Ans.
(a)
Mean power of force
_ Networkdone - AV_V
avg — Time At

Work done by force mg will be 0 because net
displacement in y direction =0

_Networkdone= 0 _
el pONr = Time Time

Ans.

(b)

Instaneous power of force at time t
P= FV =-mgv,
=-mg[V, sina-gt] Ans,

a, = Tangential acceleration ;
a, = Radial acceleration

)

- 2
w, = at

2
i =at?
R

v2=aRt?
VL O 2= YN )
From(1)

dv
= e— = R
a, ot Ja
F,=ma= M AR eeererenerenas (2)

We know only tangential force provide work then
Instantenious power of force =

P,,=EV =maR (taR).
P_=maRt Ans.

inst

(b)
j'ds:Ja_Rjtdt
0 0

{2
S=—4aR
2

Average power (P“) = M

AW =FS
Where S = Distance travelled by particle

- (mJa_R)[g‘/ﬁJ N math2

AW maRt2 _maRt
L 2t 2
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1.128
(a)

Time taken by particle to stop is t, then
v=u+at
0=vy,—-kgt,
Vo
17 kg
Work done by f,

m V,
o —

Work done by (f, )=k, — k =0- % mv?
1

th\hn = -2- r“v()2

Average power (P, )= %V—

12
-—mv3

Wideu 2
<p>=—Tnclon __<£ ___ ___mV,
t, Vo 2MVo kg

kg
1.129

Vo 0

v = (V2 - agx?

Power of force(P) =Fv
=ma=m a Xxg

2 2
v =4Jvg —agx

P=m axg"vg P T S (ii)

To maximum value of P

Lo
dx

2
Vo

X2 —=—— =0
ag 2

Vo

x=\/—2__g-'

Put (ii)

2
Pz-m;—o- ga , Ans.

m

* —» X

«—I—>
—
rl
z

From frame of rotatory axis , centrifugal force on
body when body is r distance from axis of rota
tion, motion will be straight line.

F =mmw?

Method : 1 (Basic approach)
For minimum work done , straching is made very
slowly then net foece on system is zero.
Then mass moment of system will be conserved.
Suppose x, elongationin spring (1)and x,in (2).

. k, k, F
@ @

Using mass moment conservation
R R sl (i)

o = kit
27k, +k

_ kpAl
1Tk, 4k,
Minimum work done by external agent
=Total Store Energy store in springs
1
T2

1
koxZ + Ekzxg
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2 2 _ Ymax =AU=E
E:lk,[ k,Ar] A [m(] _ _gm( > ] = Ans,

k
2 [k, +k 2 °|ky+k
e B 1431 (@)
1 A
E=- kqk3 +kok?
2(k2+k1)2[ ] U-_=-ay—-tl
e r
E=g 9Ny Ans. T S B 1)
2 (k1 + k2) e
Method : 2 (Equivalent spring method) Forequilibrivm
L . _Z_U -0
“ '(1 + k2 r r=ry
1 Differentiate equation(1)
E = =Ko A2
2™ Y 2ardibr? o, )
1 Kk dr
=——12 _pp? Ans. ;
2 (ky +k3) = ~2ary +br, ™ =0
1.130 2ary™ =bry™
]
b
For stable equilibrium
h 2
g =0 ive
dr -
Differentiate equation(2)
d’u
) a2 =6ar*-2br®=6ar*-2br®
F 2(ay-1)mg
p =2 (1=ay) MGein, (1) Put the value of % =
Fw(up) =2(1-ay) mg; mg
=mg( 1-2ay
g (1-2ay) 1 [2_
' a? b

vdv
o= gy -9(1-22y)

- =[%a]'°[%-2b]
jvdv=Ig(l-2&y)

2a'3
0 0 ] i
[b]b

y2
o=9[""'°""°‘a_""2£ ~ e
Then equilibrium is stable Ans.
1
Y™y ®)
4 For attractive force(F)
Half of ascent = 22 duU
Work done by pulling force- Fe qy =—2r+be
Yo For maximum value of attractive force(F)

W= j 2(1-ay) mgdy dF -0

0 dr
Wi 3mg Ans. 6ar*-2br3=Q
Increase in P. E. Due to gravity e—a -2b=0
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1.132

Ans.
»
Ans.
(@)U = ax® +BY? s It))
For central forced
E=kF where K is any constant

7 = Position vector of point of application of force
From (1)

- (2(3)
ox oy
F = —20xi — 2By | = ~2(aXi + BY]) srreervene- @)

Suppose position vectoris T = Xi +Yj
This is not seen in equation (i) hence it is not
central force.

(b)

Method : 1
We know equipotential surface are
perpendicular to direction of force.
Hence equipotential surface will bein perpendicu
-lar direction of slope on force.
From(i)

Lo )
dx; oax

Slope of equipotential surface
mm, = -1

Slope of force =

dy  oX
ax By
Ipydy =—Iaxdx

bjydy:—a[xdx

Thisis ellipse.

Ratio of semi axis : % ===

Method : 2
Equipotential surface is that point at which po
tential is constant then

ax? + By’ =C,

X2 y?
T
a B

Thisis ellipse.

Ratio of semi axis : 8 L —JZ = Ja/— Ans.
T

If force is constant magnitude
| E | = constant

F=-2 (axi+py])
| E 1=2Ju®x® +B%y2 =C,

a?x? +p?y? =C

N

X
A
e

This is surface at which magnitude of force is con
stant which is an ellipse.
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1.134

" 2
Ratio of semi maser axis = X’ = %

e

Ans.

If force fields are potential or conservative then

\7xf—:=0
FOI’E:ayf
i j ok
ﬁxl—::i i a
X oy oz
ay 0 0

=i(0)+}(0-0)+k(0-a) = -ak
Hence force is not potential.

For F, = axi +by]

ox oy
ax by

o Rl =

=i[0-0]-j[0-0]+ k[0-a] =0
Hence force is potential.

a, =gsina+kgcosa

This is retardation.

VZ=u?+2as

Final speed will be zero.

0=V3 — 2 (g sin a + kg cos a)S
, V6
" 2[gsina +kgcosa]

W, . =AW =-f x§=—(Kmgcosa)S

Vo
= -[ 2[gsina+kgcosu]][ngwsa]

-KmV{ cosa
"~ 2[sina +kcosa]

e -mVZK
friction ™ 2(K +tana)

Velocity at pointA

%mvj =mg(H-h)

Using equation of trajectory :

2

gx
m ............ (2)

When particle is at point A,

y=xtan6-

0=0;y=—=h; u=V, ;x=S
Put valuesin (2)
_es?
2v2
From (1)

h= g__ st
2 (2g)(H-h)

S?=4h (H- h) = 4hH - 412
S?=4hH-4h7 ... 3)

[4H-8h]=0
H

Putvalue of hin (3)

’ H H
Smax= 45[“-;) =H Ans.
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1.136

[oe)

4

When particle are at bottom point , it velocity will
be V,=4/2gh.

Suppose when particle reaches at point B, leave
contact with surface.
Then at this point N = 0

e T O

V, =/2gh

Force equation In radial direction

mv2
mgsin@= —=
2 R
V2 =Rgsing ....cc.... @i)
Energy conservation equation
%mvz =%m V2 +mg(R +Rsin6)
V2 = V2 +2gR(1+5in6)
From (1)

V2

2gh =VZ +2gR[ 1+=2
g Rg

2gh=VZ +2gR+2V§
Given that R=h/2

h
2gh=3Vg +297

Ve = %'3 ................ (ii)

Put this value in equation (i)

é—gh:RgsinO

%gh:-g-gsinO

At maximum height after leave circular track ,
motion will be parabola and at maximum height
only horizontal velocity present

Vv V, cos (90 - 0)

Horizontal

= V,sin0
From (ii) and (jii)

V__should be as at maximum height tension will

min

be greater than equal to zero
Then force equation at that point B

2
.mTYc=mg

v, = o

Using energy equation

gt =Va,—4g¢

Vinin = ,ISgt Ans.
Force equation at point C '

mvV2
¢

T=

energy equation between Aand C

1 1
EmV,2 = Emvrfﬂn -mgR

v =3gl
Putin(1): T=3mg Ans.
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Since initially tension will be perpendicular to ve-
locity, it does not work and hence speed remain
constantin magnitude hence we have to find to-
tal distance travel by particle before it strike again
to cylinder.
Attime = t
Suppose in next time dt particle traveled ds dis-
tance than

ds = (£, ~R0)do

en-:
S
J'o ds= [ (e-RO)O . )
0
¢
Where 6ax =ﬁ°‘
From (1)
R 62
S= eoemax - 211.13)‘
_ & RE3
R 2R?
_ 6§ _ReG
R 2R?
6
2R

Time to strike while speed Is constant

<lo

2RV,
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1.140

Total lossin P. E. of sleeve
= Gain in elastic potential energy of chord

mg (e+x)=%kx2

2mg £+2mgx=kx?
kx?-2mgx -2mge=0

= 2mg+ J4ng2 +4k(2mge)

2k

x=ﬂ[1+ ,1+2ki]
k mg

L

Ans.

LR

mg

mg
K=x= e =Spring constant
0

When bar A is breaking off the plane then
normal reaction will be zero.
Force equation in y direction

Kf,[cosecH-1] sin6=mg

k¢, -mg mg
] e = 0__. = 1 .-
s k(o klo ................... (i)
Engergy equation
Lossin P.E.

= Gain in K.E. of both block + spring energy

mgé, cot® =(%mv2)x2+ %k/,’f, (cosec 8-1Y

From (i) and (ii)

19g¢,
= |J— Ans.
V=\"22

Elastic string behave as spring.

Let assume elastic constant of string is k,
Elongation of spring=Ax = I, s ec -/,
Spring force =k, Ax

=K (£osech-¢5) =K Lo(seco-1)........... )
For equation in horizontal direction on block
of mass m at time of slipping

k, Ax sin 6 =f = KN

Where K=coefficient of friction

k, Ax sin 6= K (mg - k,Ax cos 6)

kmg

k= Axsin®+k Axcos 9

o kmg
k= (sin® +k, cos 8)Ax

g kmg
- (Sin9+kc059) eo(sece—‘l) ......... (2)
F.B.D. of bar

String force

Since bar is moving slowly.
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W+ =
VWV::;=W' +WW+WW-0 .......... 3) =lw2m( " 2) +l mzlgw4x
From(3) 27 p-mw?) 2 (-mwy
sitig = W iiiauqsirassessumsssesed 4) 1 mw?e3y [x+mw2
Wi = =W, = — -;—k,sz 2 (x—mw?)?
2

m
Assume : N=—"—

1
wstring =_2|: kmg ][%(we-nz 4

(sinB+koosB) ¢, (secO-1
' 1( mw? 02y 2
=5[_2—J(—_7[x*"‘w ]
1

4 mw
X

Wi = kmg ¢ [ 1-cos@
2 (sin@+kcosB)cos

Ans.

1142 | w=%{’"¥2}(1_:§_:2_}2 {1+"’;"2)
X

m
A
B w = 1néGx(1+n)

—r — 2 (1+n)

Suppose at time t sleeve atr ‘distance from 1143
pointA
Acceleration toward pointA

_ (dr .,
anet—_ [W—I’W J
Fnct=mam( ' Ia 13
; - m, ,

2
2(r—tg) = m[%#\_ﬂz] RTEY )

Ans.

= (my -m,)g

. . my +m,

Since system start rotating slowly
2

dr & Suppose acceleration centre of mass is Wt
v = — — 0 and constant then — =0

rodt dt* e
Form (i) x(r—£o) = mrw? ¢ m+m,
o I Ll ) L Bl
T y-mw? Wc-(m"”“z m, +m, 9
Work done by external agent
= Increse energy of block (sleeve) + P. E. of m, —m, 2
spring , W m) y i

Speed of sleeve =V = 1w
Then using energy conservation equation
Work done by external agent

1 .2 1
= V —y(r—2¢
2”' +21( o)z

2
P T ) o L B
2 27| x-mw
1 [ m2edw!
=—-ﬂ"lr2W2 = L 2
27 (x-mw?)y?
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m,

Given that m,= %

Since there Is no more particle other than m,
and m,,

2
Then COM will be in rest then

- y o
ﬂ'l; 4 X
& —® e M
cm
m,y =mx
m, N
< y=mx
y=2x
x_1
y 2

Distance of both particles frm their centre of
will be constant and its ratio will be 2.

Let distance between COM of ring and axis
of rotationisr.

Then force equation in y direction
Tcos=mg

Tz ——

cosh
Force equation in x direction
T sin 0 = mrv?
From(1)
(—n—‘g—)sin 0 = mrv?
cosf

gtan6

w2

r=

1.146

Acceleration of com %, = wW?
Force equation in x direction
fcosa —_Nsing=m{w......... 0]
Force equation in y direction

Since motion of com is horizantal circular
motion

Acceleration in y direction (&,)=0

Ncosa+f sina=mg............ (i)

From (i) and (ji)

f=mg [sin a+ﬂcosa] Ans.
g

(b)

From (i) and (ii) For no slipping

N=mgcos a- méw?sina
For no slipping

UN> f

2
pN > mg[sin u+w—loosa]
9

u(mgcosa —miw? sina) > mg[sin a+ﬂwsa]
g

Inirodov pu =k
g(K-tana)
e J!(1+Ktana) Ans.
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m1 nlz
*— v, o—\V,
» X

K frame

Let velocity of k' frame is V then

From this new frame k'

Velocity of m, = V,-V

Velocity of m,=V, -V

Kinetic energy of system from K’ frame:

Ky g
v

For K, minimum

0= [-%zn,(v, -V)]ﬁL[-%(z)mz(v2 ¥ V)]

V;+m,V.
v = MVa+maVs
m, +m, Ans.,
Kinetic energy from this frame:
Put value of V in equation (1)
1 mm, 2
= | —/——|(V,-V,
2 2(m1+m2)( 1 2)
1 2
K. = ‘EP(Vi -V,)
m;m
=—1 2 Ans.
my+my
1.148
y’ :15 .m,
¥ om,
v ,:,4 om,
— X'
z/
y

Inertial frame

Let velocity of frame (k') is V w.r.t. inertial
frame

Giventhat Vgn =0

Itis possible when velocity of comis equal to
velocity frame k'

Vemk = \

Assume m +m,+m,+m,=m

Kinetic energy w.r.t COM=E

Velocity of COM with frame (K) =V

We know that total kinetic of system =
Sum of energy of system w.r.t. com + K.E. of

COM from K frame

- 1
K=E ""é'm(vem-k )z

5 A o
K=E+—=mV
*2

Va

y

We know that kinetic energy of system in
frame of COM

1
KE.= ShVe
Where V,_, is velocity of one particle w.r.t.

other
Vg1 = Vyi = Vi

Ve = ,/v,z + V3

mm,
u =
m, +m,

_ A _mym, 2 \2
KE.= 2[m1+n\2)(v1 +V3)

E=on(VZ+V3) Ans.

N| =
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1.151

- -~

v, n DI
N\
N,

-
S ———— ————

On system force is only gravitation field.

& . m,V; +m,V,
om m, +m,

m1 + mz =m

Acceleration of COM

5 — ml§ . m2§

cm _W_ 9 = Constant

. Velocity attime t

V=u+at

Ve Vo O csiommsionsiad (1)

Momentum attime t
From (1)

P=mV
P=mV,,+mat P=P,+mat
Where Py =mV,,

Ans.
Since acceleration of COM is constant
then we can use

S =ut+—at

S=Vit+—gt Ans.
4™

77

’

Since dispacement of bock m, is zero untill

contact with wall break , wook done by Nor
mal reaction of wall on m, will be zero
Hence energy will be conserved

1 2 1 2 1
s =—m.(0P +—
S0 = Zmy(0F +2

myVZ = x(x)?

—x | X
Vo =x %1,

X,
my x0+myX /“2

2
m,Vs

V. =
o m, +m,
x‘/m X
Vem = 2 Ans.

my +m,

1.152

Method (1) (Non inertial frame)

¢ —
X
[ - TO0 ST | — F
Suppose at time t,elongation in spring is
r then

F.B.D. of m,

| : ’—J ZHHHWU Y
xr

m, °

F.B.D. of m, in frame of m,

a,=

<——m,—z
4—‘_—-l—'

Net force on m,

m
F =F —[xr+ xrm—fJ

=—xr(m‘ +m2J+F
m,

Because at maximum elongation or compres
sion relative velocity will be zero

V=0 ;Vi=0
0 Fd rﬂIl
IVdeZ- L j ("“*mz)dr
_ ax my+my )
0 = max 2
my m,
- _2F mm,
T =0 OF i = myx (My+mj)
@
Minimum distance = ¢,
2m,F
Maximum distance = ¢, + : .
. (my+m,)x
(b)
Ifm =m,
Minimum distance = ¢
Maximum distance = ¢, +-§
Ans,
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Method - 2 (Work -
FBB o (W rfr energy theorem)

<—m—

W =k =k,

Here K,=0and K,=0
W'O""G+W +WF=0

psuedo

max

1
21 mox‘mzx I 'm—dr"'Frmax =0
0

2F mm,
fax=0 oOF r T CE R

Wnimum distance = ¢,

Maximum distance = &+ ﬂ—— .
(my+m,)x
(b)
Ifm,=m,
Minimum’ distance = ¢
Maximum distance = ¢, +§
Ans.

Method - 3 [Reduce Mass Concept]

X

m, —F

Reduce mass of system
m;m,

= my+m
1+ My

{f- r—’ili
L y

At maximum elongation final velocity will be
zero. Using work energy theorm

pF 1.2 .

= Xlmax =0

mz max 2 x max

2F mm,
Toax =0 O T ™ myy (my+my)

@
inimum distance = ¢,

| 5 2mF
Maximum distance = ¢, + —_(m, T
{f m,
Mlnlmum ‘distance = ¢,
F
Maximum distance = ¢, +;
Ans,

Method : 1 (Energy conservation)

(a)

Initial

Suppose when elongation is X, lower block
start moving upward then
Condition to leave ground of lower block

X Xo=mg

Energy equation of upper block
Loss in P.E. of spring

= Gainin K.E. (AK )+ Gainin gravitational

potential energy( AU )
Kn =0 ¢ K' =0
1

1 1
i A = Emvz +mg(x, + Al)+ -ixxg (i)

For A¢ is minimum , V will be minimum
V=0

Putin (ii)
Ag= L
2
mg( ) (%)
X
1 2.2
—xA = mg” +mgAt+l e
< x 2
3mg
A = —=
X Ans.
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(b)

0l . . n1
When elongation in spring is Tg lower

block leave the ground.

Energy equation between initial and final
position.

h Vo

-

3
1,

y final

ry NL

Initial
| m |

2 2
1,{7_“9 =2 +mg 819), 1, (Mg
2\ x 2 L) 2%%

32mg? |
Vs 1
: \/ : M)

Velocity of centre of mass at this instant
_mVe+0 Vo
2m 2

Y

cm

a_ =g
At maximum height , final velocity of com =0
VZ=u?+ 2as

V2
0 = -2 —2gh, cccuecenen. 2)
From (1) and (2)
4mg
el

This distance is travelled by com after leave

the lower surface.
Before leave the lower surface

Displacement of COM :

mx0 +m(m)
h,= X

2m

4mg
CT)
Net displacement of COM

8m

h=h,+h,=—x—g Ans.

Method : 2 (SHM APPLICATION)
(a)

| L I Extreme

- Mean

>

NL
> I mg
g /X

F Y

=1 mg
= e+
>

Extreme

For minimum value of A¢ final velocity of
upper block will be zero and upper block
perform S. H. M. and for ¢,

Condition to leave ground of lower block

X l,=mg

P T assssans (i)
X
From figure
m m 3m
IVEEL- Y 9. ans.
X X
(b)

mal
IV

—

K

0=, |—

m
We know velocity equation in SHM

V2 =(.02(A2 _x2)

Amplitude of SHM= 6'"%

For calculation of velocity when block leave
ground

NL
7"'3/1 3 m% -mean

Extreme

Y




1.154

2 2 2
Vg=5[32ng }=32mg
m K K

32mg?

X
Velocity of centre of mass at this instant
V _ m Vo + 0 Vo

cm = =

2m 2

V,=

a_=g
Atmaximum height, final velocity of com =0
Vi=u?+2as

v
O 20 s )
From (1) and (2)
4
b= 20
X

This distance is travelled by com after leave
the lower surface.

Before leave the lower surface
Displacement of COM :

mx0+ m(_&'l_"g)
hy=__  \XJ
2m

4mg

X
Net displacement of COM
8mg

X

h=h,+h,=

Before Jump

m 4 (A)

(B)Aam
L

M4—> Vo, e—M

777777 T77777 7
Buggy (1) Buggy (2)
After Jump

m o (B) (A)om
|—§_1'"V=° Vo—(_;ﬁi|

P e, T EEE

During this exchange momentum will be con
versed because there is no force in horizon
tal direction on system.

Using LMC equation on sytem of all
(M+m)V, - (M+m)V, = 0+(M+m)V

V-V, =V ()

When person jJump perpendicular to track ,
velocity of buggies will not change.
Velocity of a buggy changes because per
son landing on the buggy.

Using LMC on person (A) and buggy (8)

n}Vz—A{V‘ =(HI+M)0

But in term of vector
V, has opposite direction as V,

MV -mV

V2=M—m T M-m

Before Jump

Q)
e‘f‘}- -~

SF. "
; Va| MV,
77777,

~
s e

During Jump

..
-~

......

After Jump

M v, Vv,

/ . s

For Buggy (1)

Linear momentum of system (1), before jump
and during jump will be conserved.
(M+M)V,=m(V, +u) + MV,

V= (m+M)V, -mu
f m+M
Vay. M

L (m+M)
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For Buggy (2)
Momentum of man + buggy (2) will be con
served during and after jump

m(u+V,)+ MV, =(m+ M)V, ... 1)

Put the value of V, in (1)

V.=V + mMu2
tT0 T (m+M)

(a)
—u-V, vy
v\i;-:-r_véﬁ]-r# I—'X

Using momentum conservation on system

2m (u=-V))-MV=0 ... (1)
_ 2Mu
= 2m+M

In term of vector form

- -2Md
1T 2m+M) Ans.
(b)
m
m
el B
In first jump using LMC

m(u-V,) {m+M)V, = 0

mu )
V,= m ........... (i)

After second jump using LMC

m
wef o] R

—~m+M)V,=-MV,+m (u=-Vv,)
—(m + M)V, =-MV, +mu -mV,

" mu +(m+M)V,
3 m+M
V,=V,+ ——
From (1) and (2)

mu 5 mu
Va= Zm+M) | (m+M)

mu(3m + 2M)
V3= (m+M)(2m+M)

In vector form

- —-ma(3m+ 2M)

= Ans.
Vs (m+M)(2m+M)

At t=0
At t=t

J L

Att=0,llengthin air.

Let us assume at time t, x part of chain is
resting at floor.

Each particle of chain are in free fall then

velocity of chain at this instant:
vZ=u’+2as

V= 29X ceciivennennnee (1)

Suppose in dt time, dm mass is collide with
floor.

Then momentum transfer in dt time :

dP = (dm)V

-()-()m

at

s (‘L_":),/zg_x .......... @ -

If mass per unit length is A then
length travel in dt time

dx =vdt

Mass strike in dt time

dm =Adx=2Avdt

an
a =*
Putin (i)

F= kV,/ng

From(1) and A = %

=%‘/2_9;J2gx
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2mgx
4
Force applied by resting part of chain on
ground
F=m,g

F=

Where m, = mass of resting part on ground

m
F=|—
' (L]"g

Compare F are F,

F=2Fr Proved.

V:-:L
h n ‘
X
?V, $ \

T T T T T T T 7777

Velocity before first irhpact

V; = [2gh

Just after first impact

1
V,= ;,/2gh
Momentum transfer in first impact
AP = Im\72—m\7,l= m(V, + V)

AP,=m ,/2gh(1+l) .......... (1)
.1
Velocity before second impact
Vv, = 2 2gh
n
Just after second impact

1
v2 = -n—z 29h

AP2=m 2gh [.14.—12-] ....... (2)
T n

1 1
= h|—=+ —J
AP,=m/2g (nz 713

Now net mumentum transfer to ground
AP = AP + AP, +AP, +......+

1 1 1
=my2gh|1+—|+m 2h(‘+—]+
9(‘*“) g n 0

1 1
AR
my/<g (nz na ©

1.159

= 2m2gh | — |~™v2gh
n
ap= M20h(n+1) Ans.
n-1
(a)
m%—>1'
M
— 7

Since there is no external force in horizon
tal direction ,also intial velocity of com will
be zero always then change in mass

moment of system will be zero always or
mass momentum also be conserved then

MZ+m (¢'+2)=0
- -m?'
l=

m+M

®)

mmv' (t)
M —

_’V

Since there is no external force in horizon
tal direction then momentum of system also
be conserved in horizontal direction.

MV +mV +V(1)] =0

ps -mV'(t)
m+M
F= Mi\ﬁ
dt
Eo_-Mm_aV()
(m & M) dt Ans,
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Method(1)

@y
m ®X
ladder
Counter
weiaht

If we open string assuming string is tight then
since there is no horizontal force on system
and initial velocity of COM = 0 then mass
moment will be conserved. Assume ladder
as will as counter weight move x distance then

Mx+(M-m)x+m((x+¢')=0

yo_me
2M

Displacement of COM
Ao ~Mx+(M-m)x+m(x+¢')

coMm =

M+M-m+m
m¢'

AXoom = —=—

coM = 5 Ans.

Note. There is no need of calculation of x

Method(2)
@y
xl te l
m ®Xx
ladder
Counter
weiaht
Assume ladder as will as counter weight
move x distance then
Displacement of COM
Ay —Mx +(M-m)x+m(x+£')
d M+M-m+m
m¢'
AXeom = —— .
com = St Ans

1.161

1.162

P
a
N ;
Pj a

Velocity of cannon after travelling ¢ dis
tance along incline

V= Jdesina

Momentum of cannon after travelling ¢ dis
tance along incline before fire

P,y =MyJ2glsin6

Momentum given by shell to cannon in up
ward direction along in line due to fire
=Pcosa.

Net momentum in upward direction of canon
just after impact

=P cos a —M/2g¢sina
Just after impact velocity in upward direction
along the incline is ¥, then ‘

MV, =[Pcosa—M 2gesinu]

~ [Pcosa -M,/desina]

A TR (1)
Suppose cannon comes in rest in time t
0=V, -(gsina)t
From (1)

_ Pcosa -M,/2g¢sina
Mgsina

T

(@)

Front view

LLLLLLYZLY

m <<M

m
o— M

Side view




Since there is no force on system of (m + M)
during collision in horizontal direction,
momentum of system will be conserved
mV,=(m+M)V, . (1)

Using energy consurvation in motion of
body of M after impact made

At maximum deflection final velocity will be
zero.

02 = V2 —2g[¢ - £ cos 6]
V; = /2g¢(1-cosB)
V1=[2§n%]J§?
From(1) and (2)
V. = m+M -

: ( - )[Zsmz Jat .

SinceM>>m

V= -&[2 sin g—] N

m

2M . 6

= | ==sin— [Jg¢
v,= [ Blang | ot
Dividing (1) by (2)
Vy _m
V_o TN s 4)
Heat developed in collsion= loss of kinetic
energy of system during collision

1 1
AH= ET“V§ —§(m+M)V‘2 _
Fraction of energy loss (1)

1 1
- Emvg -5(m+ M)V
—1—mV§

1.163

1.164

Intial Position

' M

77IIIIIIIIIIIIIIII

Final Position

77IIIIIIIIIIIIIIIII

At time of maximum height the body M has
only horizontal velocity of bothm and M viill

be same
Then using LMC in horizontal direction

mv = (m + M)V,

mv

Using energy conservation

1 1 1
Emvz = Emvg + EMVé’ +mgh

From (1)

2,,2

: mev
mvZ=(m+ M) ——+2mgh
( )(m+M)2 9

mMv?
m+M

=2mgh

h= M—Vz
2(m+M)g

Note. Body leave wedge in retum journey.

Ans.

[ —.

(a)
m |- Vo =.|2gh
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Atfinal instant velocity of m and M will be same.
Using momentum conservation
mv,+Mx0=(m+M)v,

my2gh =(m+M)V,
m,/2gh .
Vv, = () s (i)

Work done by all forces
W =k, - k,

1 1 1
=§mV12 +5MV,2 -Emvg

Displacement of mis S, and that of Mis S,
from a frame
W, =-frS +frS,
W, =1,(S,-S,))
Here S, - S, is relative displacement of m
w.r.t. M which does not depend on reference
frame.
Work done by friction forcs on whole system
is independent on reference frame.

Ans.

When observer or reference frame is in
rest

TT7777T7TITTTTT0

1.166

1.167

vZ =0%+2gh

Vo= ﬁg_h

When observer or reference frame is in
moving with V,

Intial velocity of ball from this frame -V,
If velocity of collision is V then

vZ=VZ-2gh

V= ng -2gh
Ans.

Note. Here displacement h is w.r.t. mov
ing frame.

Vv, =3i-2j

Vz sl = 6]

Since there is no net force , hence momen
tum of system will be conserved.

Final velocity of both will be same and equal
to V because collision is elastic.

(my+m), V=mV; +m,V,

m,V, +m,V,

\Y

_ 1x(31 - 2]) + 2(4j - 6k)
3

<

_3i+6j-12k
3

Vo = i +2] -4k

Method: 1 (COM frame)
Before collision

&

After collision

™M>—v

If collision is perfictaly inelastic then final

velocity of each particle will be same.
Because velocity of both particle have oppo
site direction w. r. f. COM.

Where K is constant.

Initial momentum of system w. r. f. COM
=0

Since collision is perfectly inelastic then final
velocity will be same.
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Using momentum conservation
0=(m,+m)V
V=0
f«lence initially energy of system w. r.t. COM
is completely converted into heat loss.
AH=[3K] =K, -K|| = |° = %vat = Vzr
Where p = reduce mass of system
- mm,

my +m,

115 =
AK = Epiv‘ “Vzlz
e (L I

Method: 1 (Ground frame)
Before collision

& ‘o

After collision

™>—v

Since collision is perfectly inelastic then final
velocity will be same and equal to ;.
Using momentum conservation

(my +m), V=mV, +m,V,

m,V; +m,V,
m, +m,

AH=|aK] =K -Ki|

V=

1 1 K= 2
AH= lz(m, +m2)v2 —Em,v, -:?-mzv2

AK=§(£_1";_2]|@-9,|’ Ans.

(a)

m:ay,

After collision

L C M (linear momentum conservation) in x
direction )

m,V,=m,V, cos6.... (i) )

L &M (linéarmomentum conservation)in y
direction . .

0 =m,V,-m,\V,sin@.....(ii)

Since particle m, starts motion from rest then
we can say that netimpulse is along in direc
tion of motion of m,.

Then restitution equation (e) will be written
along impulse direction

\2

line of impluse

1x(Vpcos0) =V, +V,sinb ...... (iii)
From (i), (ii) and (iii)

v,:[ "‘2'"“Jvo

my +m,

Initial kinetic energy of particle (1)

1
Final kinetic energy of particle (1)

k= lm,V{":

1 my(mg-my) |2
2 2 m+m,

0

Loss of energy = AH =k; -k,
Fraction of loss

AH K -k, K¢
n=—=——=1-—
K K ki
m, -m, 2m,
=1 -
" (m‘ +m2) m, +m, Ans
(b)
m, m,
—V, o

Before collision

m, m,
*— V, *— V,
After collision

L CM (linear momentum conservation)
m, Ve=m,V, +mV, ....()
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1.169

(b)

Equation of restitution
Vo=V,=V, ... ...(ii)
From (1) and (2)

v, =(m‘ =0 ]vo
My=E My

Fraction of loss
Initial kinetic energy of particle (1)

1
kl= §m1V02
Final kinetic energy of particle (1)
1 2_1 my—My (24,2
- -—mV =—m| — V
k=2M™M4 =3 1[m1+mz] °

Loss of energy = AH =k; —k;
Fraction of loss

_H_kioke ke

kK k;
__4mm,
(my +m,)? .
(a)
m, m,
*——V, )
Before collision
m| rT12
v, —e ——»V,

After collision

L C M (linear momentum conservation)
m,V,=m,V,-mV, ......... (0]
Equation of restitution

1xV,=V,+V,

From (i) and (ii)

: V,
'"|VB=("H"“|)‘él
2m;=m,-m,

m,
m,

w(=
:

1.170

m, m,
o— V, ®

Before collision

Vv,
m, y
\ 30°
30°
X
m.
2 Vz

After collision

L M Cin x direction '
m, V, =m, V, cos 30° + m, V, cos 30° .... (i)

LMCiny direction

0=m, V, sin 30° - m, V, sin 30° ...... (ii)
Since m, is initially rest hence e equation
should be in direction of motion of m,

V, cos 30 =V, -V, cos 60.... (iii)

From (i), (ii) and (iii)

m,
my

=2 Ans.

m m
*—— V, ®
(A) (8

Before collision

)

V, cos 45°

After collision

Since particle (B) start motion from rest.
Hence line of impact will be in direction of
motion of B.

Then velocity of particle (A) perpendicularto
direction of motion of (B) will be remain un
changed because implusive force onlyin di
rection of motion of (B).

Angle between motion of two ball will be 90
degree sothat momentum In y direction will
be conserve.
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Attime of maxmimum potential energy
velocity of both ball in direction of impact will
be same.

L M C in direction of motion of B

mV, cos 45° = 2mV

Final K.E. of B
1
Ky =—mV?2
B 2""
Final K.E. of A

5mV?2
16

Ka = %m[vz +(Vocos45° )2] =

Maximum P.E. store = Loss of kinetic energy
Now
Fraction loss of K.E.=Fraction store in P.E.

1mvg ..ln'lv2 _ﬂvz[l
n=2 2 16 _1
1 V2 4
2 0
n =0.25 Ans.
Before “wm After
break 1 break
3m v 6 m V,
y - ®
L. &
X 2 A

Suppose mass of ball is 3m. If speed of ball
A is maximum then ball C and B must be in
opposite motion direction as A. Becuase
miaximum momentum will be gain by particle
Ais only possible when B and C move
opposite as Amove sothat momentum
conservation can hold even velocity of B and
C are minimum other we have to take
component of velocity of B and C in direction

of intial velocity then velocity of Awill be not

maximum.
Hence 6,and 6, will be zero.

LMC (linear momentum conservation) in x
direction

3mv=mv, —mv, —mv,

V,23v+V +V, (0]

For V minimum v, + v, should be minimum
Using

AM 2GM

1.172

i+,

2
Equality is hold when

> V)V, becausebothare postive.

Using energy equation :

1 1 1
n(%(3m)v2) = Emvg + Emvf + Emvg
3qV2 =V + V3 + VG e (iii)

From (i), (ii) and (iii)

v=v [1+420=1]

Ans.

Method: 1 (From earth frame)
m m

@—>v=10m/s@

Before collision

m- m
G O

After collision

Using LCM

mV=mv_ +mvy,
v, +v,=V
Using energy equation :

oyv2 1 2 1 .2

sz 2mv1—§mv2_
lmVz -
2

vi+v3=vi(1-n)

Solving (1) and (ji) :

ul
V,=—[1 J1-2

Bl 5]
Take negative sign because speed will be
decrease

v1=% 1-,,1—%]
L
Ans.

Method: 2 (COM frame)

UsingLCM: v, +v, =10 ...... .
Energy equation from com frame :

)é"vz - %P(Vz o V1)2
V2 gl T




mm m

p = = —
m+m 2
From (i), (iii) and (iv)

Ans.

1.173

Before collsion

vy

30°

After collsion

Given that

M_s

m

M=5m

LCM in x direction
mu =My, cos 30°

2
v,= —SJ—; u
LCMiny direction
0 = mv, - My, sin 30°

_5
V1 -2'V2
2v,=5v,
e
2 [543
.
V1=J§
% Loss of K.E.
1 2 1 2 1.2
—mu® —-—mvy ——-Mv;
5K 100 = 2 2 x100
Klr\ lmu2
2

[-l- )]x100
3
1x5 4] <100
“3x5 15

= 1_i]x1oo
15

= 40%
40% energy will be loss

Ans.

1.174
Method 1 :(Ground frame)

(@
£
b #—On

Liner momentum of system =

V. = myVyj +MyVoi
o m, +m,

Velocity of m; w.r.t. COM:

2 2 MV, j+MyV,i
Viem = Vg - ——=
m, +m,
m, (vﬁ-vzj)
Vo = ——————=
Tem m, +m,

m, (v,f - v{j) .

IE’1 =m,V =m
- 1V1-
cm 1-cm 1 m, +m,

Similary

m, (v,i —vzj)

ﬁ =m
2- 4
=0 m,+m,

lP1-cm‘ ‘Pz-dn“m1m2 V‘ +V2

Ans.

(b)
M, (Vg ) + %mz(vz_cm Y

_1m1
m,+ m,

\/v,’ +V2

|v i—szl

1 mm,
2my+ my

Ans.
Method (2) (COM Frame)

(a)
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Momentum of particle (1) w.r.t com s :

P1-an = P(‘71 “‘72)

ﬁ1—an = P(V1i.— Vz})

Where p is reduce mass from COM frame

m, m,
u= my+ m2
S m s %
Piem = 2 (V1| ‘Vzl)
m1+ mz

momentum of particle (2) w.r.t. com

Py_em = 1V, ~¥,)

IPH:ml =lpz-cm| =
my +m,

(b)

Kinetic energy of system w.r.t. com :

I
stmm-cm = _2_ B IV, _v2l2 ;

1( mym o =y
Ksyslan—em = E(ﬁ) I(V1 —v2)|

1 mym,

K =
system-cm 2 my+ M,

_1memg gEr

T2my+ my

IVJ = szl

Ans.

Method : 1 (Vector Meethod)

@& ®

Before Collsion

m,mz\lvf +V2 An
—_— < s.

After Collsion

Where p = linear momentum of block m,

before collision.
p, =linear momentum of block m, just after

collision.
p, = linear momentum of block m, just after

collision.
Using LMC equation :

P=P1+P;
Iﬁ" 51' = lﬁzl
p,| =P?+P{-2 PP, cos 6

P? =p2+P2-2PP,cosf ... (1)
Using energy equation
PP

2m, 2m, 2m,

Put value of P, in equation (ii)

p® _ i , P*+p}-2op,cosd

2m; 2m, 2m,

2

PP (1 _1)_pi( 1. 1) 2ppscosb

2\m, m, )" 2\m m, ) 2m,
TR m; m, 2m,

2
p? (my - m,) = pf(m1+m2)_ pp, cos8

2 mm, 2m, m, m,

pz[mz‘ m, J+ 2pp;cosB _ pi(my+m,) 0
my 1 m
This is quatric equation in p and it has real

root then
D>0
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m, —m][pf(m +"‘2)J
>0

(2p, cose)’ +4[ m ™

mi-m?

2
1

[\

cos? @+ 0

m

2
(ﬁ) >sin’9
my
sin0 < ﬂ.
my
When 6,

. my
SiNB = a:

Onlywhen m, >m,
: Ans.
Method (2) (COM Method)

m, m,
=

pv Hv \
m, m,

Before Collsion

m, After Collision

In frame of com, in case of elastic collison,
magnitude velocity of individual does not
change only its direction is changed.
Calculation :

Momentum of individual particle = uv,

mym,
m, +m,

Where p = reduce mass =

v, is relative velocity in ground frame.

V
Velocity of individual particle = %

Where m = mass of particls.

In frame of com, 6, can take any possible
value lie between .(0———2n).

Also we know that

Vice = Viecom t Voom-e
Now using tringle method
Care (i) :

V> Vene

1.176

pv o myv
m, my+m,
mym myv
19372 V> 1
my +m; my m;

mz

m, >1

m2 > m1

0 take any value.
Care (ii) :

0 max

Ifm,>m,thenV,  <V_,

v1—4.:1'n

sin . = 7

cm-E

ny
m

1
v
M /"1 +m,

sin6_,,

Before Collsion
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After Collsion v,

LCM in x direction
mv =mv, + 2(mv, cos 0,)

V=V,+2v,cosH, ........ 0]
Energy i
I =Imz a2l 12
2 2 ° \2
VARYEENE i (ii)
From (i) and (i)

1+2cos? 6,

< nR

0,

For recoil in opposite direction
V,<0

—nl
-v[z "2J50
6-n

——— 1-2cos? 0, - 2sin?0, -1
3-2sin? 6,

& @

Before Collision

After Collsion

If collision is elastic then velocity of

both molocules will be inter changed in
direction of impact.

Also velocity of particle (1) perpendicular to
directon of line of impact will not be
changed. '
Velocity of (1) afterimpact only along per
pendicular to line of impact

v,=Vcos 6,

Velocity of (2) afterimpact only along line of
impact

v,=vsinb, .
Then angle between two molecules will be
always 90°. Ans.

(b)

If collision is inelastic then velocity of
particle (1) along line of impact will be not
zero.

Angle between ¥ and V, is not equal to 90°.
Means whatever angle is present but not

equal to 90°, Ans.
Method : 1(Ground frame)
>
— F

—
At time Vt:=t:
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Suppose at time t, mass of rocket M and its
velocity is v and extemnal force isacting on
rocket as shown.

In next sort time dt, velocity of rocket

is v + dv and its mass is M-dM then

dM —F

M-dM

o ‘_’V+dv
V+

At time t=t+dt
On System impluse equation
Fdt= P.-P

F dt = (M- dM) (V + dV) +dM (V + u) -MV
=MV-VdM+MdV +dVdM +V dM +u dM-
MV

Since (dM) (dV) — 0Ois neglected

F dt = udM + MdV

F=uﬂ+Md_v
dt dt
Hore &Y ang M _
ere 5y =Wand
MW = F— nu Proved

Method : 2 (From reference frame)
Attime t

V=0
Attime t velocity of rocket is v and in dttime
velocity of rocket is increase by dV.
Now we take a reference frame of velocity v
Impluse equation on rocket from this frame

—_— F

"5 >

=R dv—s
At time t=t+dt

F dt=P,—P,=MdV +udM-0

W wang M-
Here at - an at K

Proved

Force equation on rocket

= - dm-
Fret =+Vr?

ma=u—

1.180

1.181

mdv = udm
m dm
Ivdv =u 9__
0 m, m
LS
v=u In mo
m,
v=—uln = Ans.
—
u >
Force equation
oy 9m
il
! T dm
det=—u I—-
m
0 my
. =_ulnﬂ
My
AL
wt=-uén me

m=m, e Ans.

Method (1): (Circular motion concept)

Vo

Sincs mass is ejicting parpendicular to direc
tion with constant velocity at each instant then
there is no change in magnitude of velocity
only its direction will be changed.

Also since u is constant , F will constant in
magnitude, hence motion will be circular
motion.

2
myv,
F=-ud_m.= 0

t R
-uR j:%’“:vgj;dt

R¢ = 2t
-u n-__ =YV
mO 0
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Since speed is constant,length of arch
Vt=Ro
From (i)

Vit

u lnmﬂ/
9= _‘“ / Ans.

Method (2): (Most General Approach)

Sincs mass is ejecting parpendicular to di
rection with constant velocity at each instant
then there is no change in magnitude of ve
locity only its direction will be changed.

de

Velocity change in dtinterval dV as shownin

figure then
dV =V} +V} -2V¥, cos(d6)

dv =2V, sin%g

v =2V, fﬁ_Vde
dv do
—=V,—
dt dt
dv do
LA A
" dt
dé

il 2
F=m o
dm do
i O
T

u m,
=—1{n ‘/ Ans

1.182
— V
m L f
O° O
dm —» Vv
Thrust force equation on van due sand out
dm
Finrust _+Vr'at-
V,=0
Finrust =0
then
F=ma....... 0D
Attime t, mass of van is m then
m =m,—pt
From (1)
(m,-pt)a=F
= 2 Ans.
mo L }l‘
Also
dv F
dt mo —pt
dv
Flovef o
= F t
= _—“l" (mg — b)),
F mo
v=—{n Ans.
H mo "}lt
1.183

Method: 1 (Force Equation)

/11
(M J»F
GRS @8
Attimet




Here relative velocity sand w.r.t. cartis V

—y
n at =R

dm
ma =F-V —
v dt

Attime t , mass of van will be
m =m, + pt

From (2)

(my+pt)a=F —pv

dv F-pVv

a=— =

o =
jv dv =Il dt
0F-pv Jomg+pt

L nE-w)
-

t
0

vV o+
0" n fn(m, +th)l

F my + ut
n =¢n —2
F

'\ My

F my+put
F-pv  m,

_ Ft
mo + p.t

dv myF

as=‘gt (mg +put)?

Ans.

Method : 2 (Impluse Equation on system)

=

1

‘_
[ m [—F
—* V=0
t=0
— F
[m +ut ]
_.V

t=t
At final time t=t

Impulse equation on system :
Ft=(m,+ pt)v-0

Ft
- mo + pt

\"

1.184

av__ mF
a% ot (Mg +ut)? Ans.
e
h 2 h
<X
L=«
7777777;7777‘;73 f
initial final

Assume at time t only x length on horizontal
tube.

+— X

Pulling force= — hg

/\Ig

Mn
¢ 3 hg
M

7(x+h) x+h

a=

_ vdv _ h
dx x+h 9
(-)ive because x is decreasing.

t ¢ odx
—!vdv:h'_[hgx+h

vZ=2hg In(é)

’ 4
v=|2hgén—
gnh

M=3+bt? oo, (i)
N= % =26t o (i)

M <N = MN cos 45°

2btd = \’az & bzt‘ 2bt cos 45°

2b? t*= a? + bt

Page - 89



-JE op =Xi+Yj
=

R & - 1 2
Then op = (V, cosa)ti +[(uo sina)t— Egtz] j-()
a - - . ‘ <
N =2b= V =V, cosa i+(Vpsina—gt)j-—(2)
N=2 Jab Ans. We know
[, =mixV=m opxV
1.186
- Method : 1 (Angular Impluse Method) From (1) and (2)
(xy) o= -;—mg V, t? cosak Ans.
At highest point
in
m t= E_oi_g
9
2
We know L= gV, Vsifa) oo
x=(V,cos a)t 2 g
%=t=mgx e Vg sin acosa e
2 g
dL
at =mg(v,cosa)t
1.187
t t (a)
IdL =mgV,cosa Itdt
0 0
y
t2 L
L= Y mg V, cosa Ay ;
L =q
1 v p ¢©
L= —mgVt?cosa Ans. 7
2 X < .0
At highest point pe T X
o -
fa Uo sina 2 ’
g i E_L
1 VZsin? a] 0
= — mgV.| 2—— [cosa
1 V3sinfacosa Since surface is smooth , there is no friction
L=om —9——9—‘—‘ Ans. force. Here only normal reation will be

present. Every points on x X’ axis, torque will
be zero, hence angular momentum will be
conserved.

V, sin a - gt (b)

Method : 2 (Vector Method)

Page - 90



y
C Y
m V
z
5 X
2
/N
N
N
~
~N
L; =mV £cosa(-k)
L, =mV ¢cosa (k)
AL=L, -L; =2mV ¢cosa(k)
AL=2mV¢cosa Ans.

1.188

TcosO=mg.,.cccceruennes (i)
Tsin® = mRw?
Tsin® =m(£sin0)W? ........... (ii)

Angular momentum about a point is
conserved if torque about point is zero.
Torque about centre point (0')

= Torque due to mg + Torque due to T

= Torque due to mg + Torque due to T cos 6
+Torque dueto TSiN O ........cecevve (iii)

Torque due to mg =— (Torque due to T cos 6)
Torque dueto Tsin® =0

=0+0+0=0
Hence angular momentum about O' will be

conserved.
Change in Angular Momentum about O:

v

4y
>W

initial position

L, =mvécos0- mv¢sin@]j

Ay
N
X
0
90-0|6
/\/\
v
........... (2)
final position

L, =-mvecos@i-mvsin 8]

AL =L, -L[; =2mv£cosBi ......

v =({sinB) w

AL=2m (¢sin®) wecosH |

AL =2m ¢2wsincos §

Devide equation (i) and (ji):
g

cosf _

sind  (£sinB) w?

g
cos 6 = P
2wt -
sin® = ~—292
ew
Putin (iv)

AL=2mem

w?

e
9190-0NGA

e (i)

. .
2mg/? g
=— [1-| = An
AL W J (lw"’) S. -
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Method: 1 (Torque-Impluse Equation)

y

=

77777777777 777777

Attime t, reference frame is displaced by vt
displacement as shown in above diagram.
Torque mg about point O of refence frame
=mgvt

Angularimpluse =Change in angular mo
mentum

IAE] - ng vtdt
0

Where t_total time taken by particle before
strite to floor.

1
Also we know h = gt?
Put value of hin (i)
IAI:| =mvh Ans.

Method : 2 (Using angular momentum for
mula)

Initial |
X

PR LPLLELIALA LA L
v, =J2gh

h= -;— gt?
g

= J2gh

Angular Momentum with respect to origin(O)

Where x is dispacement of reference frame
and y is displacement of particle

Intial v =0, v,=v ,x=0

Velocity are w.r.t to reference frame.

From (1)

L=0
Finally

V,EV,V, = \/2_9_h_. X =Vt
From (1)

Le = m,/29hx-—mhv
Ly =m\/2ghVyty — mhv

Putvalue of t = ?ﬂ
g

2h
L m‘nghVOJF —mhv=mhv

Ans.

Motion of disc w.r.t. O

A

Vo« \‘;._:}:_ vot___ho
_ w

Attime t

F =m2|\7xv‘v| =2mV,w

contious

v =[F xF| =2mVaw) (V)
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Angularimplusein dt time :

[aL=[rat

dL= (2mVow) (V,t) dt

t
L=2mV3w [tdt=mV3 wt? Ans.

0

Y
v, |y W
p
f
(2)/‘— : .
rg 0 —/ >

vl

Let assume, attime t, particle at point P and
having velocity V and distancer.

U=kr
Fem o ok
N

This is central forcs hence angular momen
tum about O will be conserved.

m Vr = Constant ........... (i)
Vr = constant
Differentiate w.r.t t
dr dVv
&t N
dr dVv
—=l — e ii
dr dt (i)

Also from energy conservation

-;— mv? + kr? = constant
Differentiate w.r.t. t

2 dv dr _
2 mv o +2kr yer =0

dav dr
mV _dT =—2kr ar (iii)

Now divide (ii) by (iii)

—rvrdt | VY%
mvdv/dt —Z(rd%t

r v

= —

mv  2kr

At point (1)
2kr?=mv/?
V2= ?ii

T m

At point (2)

1.192

1.193

2kr? =mVZ
mV2
re2= 2
2k

Using energy conversation at (1)and (2):

1 Vo i o
EmV,2 +kr? =5mVz +ked

ke? 1 mV3
%m[% +kr12=§mV22+k Ez_

2kr2=mV,;?

Using energy conservation between Aand B.

%mV§ -mgecos = -;:mV,2 .................. i)

Angular momentum about axis yy' will be con
served.

Because at any instant torque of tension
about axis y y' will be zero and mgis parallel
toy y'then its torque also will be zero.
Hence angular momentum about y y' axis will
be conserved.

mV, £sin®=mV, ¢

V,sin® =V, ... (i)

Putin (i)

%mvg -mglcos = %mvg sin?0

V6 (1 in2
7(1-sm 0) =gécosH

_ | 2g¢
Vo= ‘Joose
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1.194

L=mgRt Ans.
Method :2 (Formula based)

Angular momentum at time t

L=mV Rississseass (1)
Velodity aftertime t
V=gt
Putin (1)
L =mgRt Ans.
: ; . 1.195
Where r = distance between particle and ori
gin.
Then using constraint equation
a2
e constant
g
dt?
i ) dr
We know acceleration of particle = rw? e
Where O is point of initial momentand P is
(toward centre) final moment. F.B.D. of sphere
Then
AW i )
f=ma=mm?=T
T=mrwl...... (@)
Since tension is passing through O.
Torque of tension will the zero.
Angular momentom will be conserved
m V r = constant
mrw =m 2w,
2
w= o Wo
2
Putin (i) Here N=mg Cos a
2 2 2 Torque about O
w mry W,
T=F=mr [lrz_o‘] = :3 . Ans. Tnet = Tmgsina + Tmgcosa + T + Thormat ~(1)
N=mgcos a

T =0

Method :1 (Angular Impulse Equation)
Tmgsina = MA@Rsina
Tet =MgRsiNa
t

L=I’mldt=ngtsina Ans.
0

If surface are smooth then also torque will

] be constant and equal to R mg sin a hence
angular momenta at timet again Rmgtsina
mg Ans.
Torque of force about origin of whole system 1.196

T=mgr
t

Impuse of torque = I‘ dt
0
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be zero. Then M =M.

COM At
z 1.197
rcm—o
2 P T
o oo =To 9 ,"” o™ 6"‘, k)
ey A
o - = Ne s A
We know L =Ly, +Mipy X Vg ceveeeeees (i) o e g
me—V,/

Where L, = Angular momentum about
com

Angular momentom about O

M =L + My x Ve weene(il)

Angular momentum about 0’

M'=L T ‘
s TV gy e (i) Let take a point j* , having velocity V,and

position 7 then angular momentom of
system about 0 :

L = ml i'; X \/l ...................... (i)

L= rl—an"'ch—O:ii = Fi—crn + Fcrn

Putin (i)

L= Mi(em+Tem)x Vi

Also

\7i = Vl-cm +\7cm
(4] Then
Here we are seing that M'and M both are L= 2 M (Gecm +Tem)* (Vioem + Vo)
different and |'5 is., momentum of system. =Zm‘f' e BV Zm' X Viem +
If we find a point in space from momentum _ _ N
of system is appear zero means Zmi fom % Vem + Z M Tem % Vem
P=0
Mii =6 L=Zm‘F‘m Xch + Z-I:!hxmvt-un+
f/- =6 ' : Zmlfl"’“x\-/c'“ + Zml chxvcrn
Thenfrom (i)and (i) e (ii)
- Now
M=Lcn
M =Lem m =0
then are can say that angular momentum M
does not depends on referencs point. Because it is position vector of CM w.r.t
e.g. this point can be COM because from CM.
COM frame linear momentum of system will - o

Z Mifi_em =0 'Zm‘-anxvan':o .......... (a)

D T XMViom = em * ) MV g =0......(b)
Because it is momentum of system w.r.t.
CM.
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1.198

D M cm % Ver I8 angular momentum of

system w.r.t. CM.
¢ T ORE T — ()

2:"“ %m"c%m=hﬁ%“xcgm ............. (d)
Put all sigma () data in equation (ji) :

L =Lom +M Ten % Ve = Lo + Fom X Py

M=M+[7;.P]

o—— v,

m/2
Before Collision -

m m/2
L
o—V, ?—>v,+2

—

P 94v,

w

-V, +'%w<-—-n:2

After Collision

Using LMC equation :

Using AMC (Angular Momentum
Conservation) about inertial point P

1.199

Solving (i), (i) and (iii)

4V,
LT
w
V,=—
172

Angular momentum about COM
2 2
- Im(e me* (4Vo
Eom;® M’[E(E) ‘”J”z' 4 ( 3t ]

mVy/

-3

Ans.

Method : 1 (COM frame)

Ve
m
X
L £, +
Vo
LM g
2 2

Since no force on COM, com will remainin
rest then cut spring in two part as :

If we observe motion then in both minimum
elongation or maximum elongation spring
force will be perpendicular to velocity vector.

Velocity of COM will be % iny direction.

From this frame velocity of both block will be

V,
-22 but in opposite direction.
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(,+
V2 ot Xn

m COM Y
2y

Then using energy conservation for one
particle from COM frame

1 VO2 1 2 2
m—| =— —
2 [2) mV< + Zxx

Using AMC (Angular Momentum
Conservation)

mV,
2_ lo =mV((° + Xm)

veYof_ to
2 €y +Xxp

Put the value in equation (1)
2
V3 Vo[ & 2
m—=m| —| — +2y X
4 [2 to+ %0, A%
2 M 2
m.v_o 1- eo =2x xrzn
4 €y + X

v2[ x Y
m-2[1-|1+20 | |=2xx3
4 £y

Using bionomial expression

V5 2x 2
0 [q-[1-=m ||=2y x
m4[ ( & J] e

mvg
Xn= ——
- 2Lpx
In other half string also get same elongation.
LA
Net elongation : 2x, = —t—;- Ans.
0

Method : 2
(Equation on combined system)
Since no force on COM, com will remain in
rest.
If we observe motion then In both minimum
elongation or maximum elongation spring

force will be perpendicular to velodity vector.

Vi .
Velocity of COM will be 7° in y direction.
From this frame velocity of both block will be

V,
-21 but in opposite direction.

M  Initial Position

V2

o)écm

A
m

Final Position

Using energy equation on system
1 VO . (1 2 1

—m| 2 = =mV —yx2

2m[z) x2 2 2-_|-zxxm

V. 2
0 2
m[7) x2=2mVZ+yx2 ()

Using AMC (Angular momentum
Conserve w.r.t. COM)

mV, £ ¢
[7070) 2=2(mv) [—° ;x“]

mV, ¢ ¢ "
[(F2%5) 2= 225

Vo v
2ty +xp) °
Put this value in (i)

2 2
m| — 2=2m| —9
(2) g m(Z(lo+xm)l°) 0

V=

2 2
mv—0=m—\/0—i+ xxz‘
¢ X
2{11-—)
)
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Method : 3 (Reduce Mass Concept)

Reduce Mass

u=—=_

2m 2
X = maximum elongation energy equation

R

(6 +x)

< 4 =

2\ 2

Using AMC (Angular momentum
Conserve w.r.t. COM)

m m
_2._vo ' _—_—2-V (&9 +x)

-1
X
=
v °(+lo)

Put (i)

l(ﬂ) V2= .1_(1;-) v2 +-;—(lo +x2 . @)

14

1.200

1.201

Universal Gravitation

Note : Inirodov, M is mass of planet whichis
a mistake. Actually M is mass of sun.
Here Mass of sunis M

2nR
Time period (T) = :;

Putin (i)

2nGM
Inirodov G=Y

2rYM
T= ’:/3

Jupiter Motion Barth Motion

We know T < R?

b 14 3
2 _ .3 T=n|—(r+R
T=cR} e @) T=n 2YM(r+ )
T2 =CRY ovvesrannnnne (ii)

From (i) and (ii)

3
1 .[8i (i
77 (Re) )

Giventhat T, =12 Te
Put In (iil)
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1.202

1.203

(2] -
R =(144)"® Re

,=5.2Re Ans.
(b)
Here motion is taken as circular
Then

GM,

RJ
i %

R}

Put values mass and distance to find numeri
cal values.

V=

(a)

4 Minor axis
n o e N\

Note : Inirodov. M is mass of planet whichis
mistakes. M is mass of sun.
We know that

mazer axis

Length of semi major axis (a) = %

12 40 (r+R)3
aM{ 2

Inirodov
G=y

T 3
T_nJZGM ) Ans.

Where m Is mass particle
Re = distance of particle and sun surface
= distance of earth to sun.

sun. m
. Re # object
Sun Mazer axis

Wae can assume motion of object Is flat
ellipse whose length of semi minor axisIs 0.
e.g. If motion is staright line then we can as
sume b =0.

Also Co-ordinate of sun is on focus of
ellipse = (ae, 0).

Using ellipse properties

b? = a?(1-e?).

Ifb=0thene=1.

Means co-ordinate of sun on mazor axis
=(a, 0)

Hence in case of flat ellipse sun will be at
end of mazor axis of flat ellipse

R
Also length of semi mazer axis = ?e‘
S T
Time to collision with sun =5 .

Where T = Time period of pamcle on flat
ellipse.
Also using keppler's Law :
3
. oC

For earth

Re = length of semi mazor axis of earth.
Te = Time period of earth
For object

Re
T (79) .......... (i)
Now dividing (i) by (ii)

T’a
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Te

2 Bh
'I'hen'ﬁmeforcollnsuon-2 a2 Ans.
We know time period of earth = 365 days.

365
The lisiontime —= =
n collision time a2 65days
Ans.

We know time period is given by :

GM2m =mRw?
R

_ |GM
vV
2x ’Ra
=7= 2n T ()

Assume radius of sun is r then

2 o
M—Paﬂ
Putin (i)

Re

4_ 3
Gp—nar
PS"

3 (RY
4sz(7) ................... (@)

Here p = Constant )
If scale is down by n then both Rand ris
decresed by n

T= 2=n

T=2n

R

= - o l"

n-
Putin (ii)

1.205

Method : 1 (Basic calculation)

Ceae”
bl Y 4

_________

Force equation onm,

Gmym,
xz

=m, rw
Gm,
Put the value of r from (1) in (2)

Gmy(m, +m,)
w=1’——2——
X“m,Xx

Herem, +m,=M

From (3) and (4)

[z
X T

GM 472

2

_[eMT2Y?
P
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Method : 2 (Reduce Mass Concept)
(b)

" 'm,m, Potential Energy calculation
4 m,+r?\,‘\
’ N me [0 x L
X * f—a———
>
s dx
) Potential energy between dm mass and m
Force equation mass.
Gmym, 2
L W dU=— Gmdm
. a+x
Where u is reduce mass of system. ¢
Gm (M
Gm U= | -——— —dx
12"‘2= L L N Id I a+x(£ J
X m+m; ’
G _ 1 2 U=- ﬂln a+x :
2 xw ¢ 0
X m,+m,
Here m = GM ¢
tm,=M : ._.__—mln(a+ ) Ans.
GM ; 4
2 x3 Force calculation
GMz il ' dF = ((:Tir;
%) |
T dF = .G_m(deJ
T @+x)y?\¢
> ¢
=3GM(l) Ko F=GmMI dxz= GmM( 1 )¢
2n t s@+x) ¢ \a+x)|0
1.206 _Gmmi1_ 1
(a) ) a a+¢
m, r m, o - GmM ¢
¢ a(a+¢)
Gravitational Potential Calculation:: F= GmM
' N a(a+¢) AN
Gm,
_x’—= E Note: InIrodovG = ¢y
+—®
1.207
< X >
dx
Ms ]
dv=-E.dr o T sun r A
v f
\Z
Idv - J @dx
) J 7% We know energy of particle of mass m is
i Gm, Exe GmM,
. S ) 2a
s Where a = length of semi mazor axis.
Potential energy = m,, V = _ru_ In above question
Ans.
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1208

= Jirls
2
Gm Gm
E=- L T .. S (1)
of it (r+ry)
2
AtpointA
Using energy conservation
lmvzz b G“'\Ms 2 Gf“M‘s
2 r n+0
2GMgry

2T e (rar)
r(f+r)
Angular momentom about sun

||:|=mV2rz=m ZGLSQI'Z—
q L+

Inirodov G- Y

[Cl=m 2GMgry 1,

1.209

A sun
(-a,0) (~8e,0)

e

Where m = mass of planet

M = mass of sun

Where a = length of semimazor axis

Then distance of point A with sun
=a(1-e)

Distance of point B with sun
=a(1+e)

Using angular momentum conservation

mV,a(1-e)=mV,a(1 +e)

V,(1+e) .
V,= i (i)
Energy of planet

- dmvp-SH

Vl

Using energy equation
1 , _GmM 1 2

e - =—Mm
2 ™ - ice) 2

PutV, in (ii)

(1+e)’ __GmM 1m 2 __GMm
—mV’(1 ef a(l-e) " 2" 2 3(1+e)

GM(1-e)
V.= {a(l+e) -

Putin (il)

1 5 GmM
E= Emvz T a(l+e)
1_GM(1-e) _GmM
=—m -
2 a(l+e) a(i+e)
GmM _1:‘
a(1+e)
GmM [—1—9]
T a(l+e)l 2
E=_GmM Ans.
2a

sun

\

m = mass of planet

Ms = mass of sun

Energy conservation at point Aand B on
points of trajectory

1

LRV GmMg 1

_ —mvg _ GmM, ) 0
r 2 o i
Angular momentum conservation about
sun because net torque about sun is zero
mV rsina =mVr_
Vsina =Vr_
From (i) and (ii)

rm=2'—n[1 —+1-(2—1) n sin? u]

2
Where n =0Y0.
m,

S

Herey =G
® sin for maximum distance
© sign for minimum distance
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1211

Here M, = mass of sun

m = mass of cosmicbody

T, @ minimum distance between sun and
planet,

V,, = velocity at minimum distance
Using energy conservation

i o Yooy G
30 = v - S )

I'l\\

Using angular momentum conservation :

mv é=mV ro

@

Mass of differential elementis dm.
This differential element is ring.
Then Potential energy

G(dm
2 = - Sy
=G 2xRsin 9 R do
U=I my R( )
Jﬁz +r¥ —2Rrcos®
0
= SmM
- r
In irodor
G=y
M,=m
e SN YMM Ann:
r r
(b)

P <

Tuke cone form at point P as shown In figure
solld angle made by dq, and dq, on P will be
sameo.

L
foon

Where dA, Is area at particle of dm, and dA,

Is area at partlclo of dm,

Gravitational field at point P due to dm, mass

g wadli dm,
e
Gravitational field at point P due to dm, mass

Ey= GE’T&
2
Net gravitational field at point P

E =E1 —Ez
Ew G—L c;d’“2
"\ "z

Since mass density is uniform and equal to
o then

drnz = UdAz
From (2)

ch| odA, dA, dA
E=651-6T =Go[_1__z] @

"1 ) 7

oA, Ay
L
Putin (3)

E=0

Then dm, and dm, is point like source then
field at polnt Pis zero due to dm, and dm, by
symmetry. Net field at P due to all mass
distribution will be zero.
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1.213

m
<0
_ Field is only due to mass inclosed in dotted
Work performed by gravitation force sphere then let mass of dotted sphere is m
W == (U, -Uy)= Uy -U, then.
Assumption Gm
e . E.= P e (i)
W=U =mV,......... (1)
Where m= g (%“'3]=hll:e—r=
V, = Potential at origin 3R
U, = Potential energy at origin of particle m C—
V\?e know o g P Putin (i)
Potential at centre GMr® GMr
= = Ans.
v ) P PR* R
R T (2) Wik
Where V, is potential due complete solid dv=-Edr
sph % f
phere . fav- *(*Imfr dr)
v = 3G " e
1.2 R v
Putin (2) TR G_Mr2
-3GM PR 2R |
V2R
2
From (1) . V.-V, = —(23% Gz';'lﬁ .............. (ii)
_ 3 GM - -3GmM Kiid
=_-m >R =—7R R Also we know
_ GM
1.214 Ve=- R
At pointP :
r>R: ™ GM GM GMr?
M TTIR TR TR
V= EM §. == .1i Ans.
= - o P ' R|2 2R?
i -E
From Q. 1.211 '%
M
E=— G_z_ Ans. ,
r R
GM
V= Sare Ans. +E L Field graph
r<R
Y

R
Potential Graph
+V.
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1.215

1.216

D

p =density of material

¢ = distance between two centre of sphere
Using super position principle

E, =FieldatP

=field without cavity - field due to cavity

_ GMi, (_Gmi,
TR R;

Where R, is radius of out sphere and R,
radius of cavity

4
~ G P3 R} G pi nR}
Ep = Tl 33 3
R} R;

4
= —Gpsﬂ‘(f‘; —h3) == Gp%n [

E, | =% Gpt .

Which is uniform.
Method : 1 (Force method)

Take a differential area dA at r distance form
centre.

Then force on this area

F.B.D. of differential area

E+dE

dr

Here we take cylindrical element of uniform
cross section dA to calcution of pressure.
dA must be uniform from centre to surface
because at each point of force will be parrallel
to each other sothat there is no need of to
make component of force.

For calculation of pressure area will be same.
Then

dF = (GMr)dm =- %“:—r (dA) (dr) p

R3
GMrdr
=( R3 )pdA
t GMr
dF =pdA | - dr
R

Here dF is net force on surface at dA area

dF = :?GR—hgpdA[—rz +R?]

dF GM| M
P=—=F%7—"|R-
3
p= M 2 _r2)
" 8nR®
2 2
p= 3GM4 1_r_2
8nR R
Ans.

Method : 2 (Pressure method)

Pressure difference at r distance for
thickness of dr

dF=%'f_'dm
GM
dF=R—3r 4M 4nedr
SKR
dF  GMr| M
p= _
a? R |4 |
—nR
3
2,
dp = 3GMT ..
4nRS
r 2
P = SGMsr dF
< 4nR
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1.217

2 2
P= ﬂ_ 1...r_
8xR*| R?

Ans. 1.218

(@)

Letattime t only, mis prevent at surface and
innex dttime dm mass come then

Gmdm
dU=- R
M
_ Gm
U=- I?dm
0
- —%2 An
R S.

dx

Let us only radius of x of sphere is formed, at
time t and in next dt time dx redius again
formed.

Now mass of sphere of x radius is m and
that of dx is dm.

Self energy of m and dm mass

du= e (1)
m= |‘_:|—1tx3
dm = p4nx? dx

-G 4 ;5 2
=—p—nX" p4nx“dx
du X P3 P

R
= —Ep24nx 41r'fx4 dx
3 0

5
U= -%p24nx4n%

Put p=g

u =

4 3
o -
31'{

Case (1)
Same sense of rotation

P T

0]
Earth

For satellites (A)

GMzem=m'_Wz
r

GMe
w= 3
fGMe
r3

GMe

(r+ar)’

Relative angular velocity :
Wo=W —-W,

w, =
w,=

GMe

=312
Ar
1-11+—
We r* ( ( ") )

Using bionomial expansion

_ |Sme(3ar
i I E

Then time period

Case ()
Opposite sense of rotation
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1.219

we g ®
wZ
®
Eart_h
_ |GMe
w, = )
W i GMe
? (r+ar)

GMe 1
—| 1+

W'=W‘+w2= V

W Ll P
r r r
- ,G ';Ae [2_3_‘3’_]
r r

GMe
"= Ret
w, = Acceleration due to gravity
M, = Mass of earth
R, = Radius of earth
w,= Rw
Where w, = centrifugal accelera-
tion
w = Angular velocity
_ GMs
MR
R, = Distance between sun and
earth
M, = Mass of sun

1.220

Ans.

- 9—9=9—

w,

Wz % WJ
IGRngs : R.WZ:GRNJS

W, W, W :1:0.0034 : 0.006

1

Ans.

For 1% change in gravity:

We know g =

% R
For 1% change in gravity

89,100=2"x100 = 4
% R
R

"= 200

We know R = 6400 km
h =32Km

1
For E change in gravity:

Then his comparable to R

2

&

Given that
&-g_1
8o 2

1

h
ALY o
it J2

1
2

h=(J2-1)R=h=2650km Ans
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1.221

At maximum height fnal velocity will be zero.

Using energy conservation from AtoB

1 ., GMm GMm
= - =0-
2™~ TR R+h
1 .2 (GM GM ) mR
T L °'(?)1+—5
R
M
We know R? =g
Emvg—ng=—m91+—£
R
Ve " 1
- 0 =
2gR h
1+R
h 1
R V2
2gR
R
h= -R
_V%
2gR
Vo
___2g9R
TV
2gR
R
= Ans.
h= 2R °
Vs

1.222

GM, m
R}
m = Mass of satillite
GMe
R}

Me = Mass of earth

_ |GMe
w= R:

h =distance between satellite and earth centre

=mRw

w2 =
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1.224

2n
GMe ’
R}
Since satellite is motionless as seen from
ground observer then time period of satellite

P

must be same as earth about its own axis then

2n
GMe

T =24 hours =24 x 60 x 60 =

)

R'=4.2 x 10*km

V=R'w=4.2x10%x =3.1km/s

2n
24 x60x60

2n ¢
a=R'w=42 — SR -
, o (24x60x60]

=0.22 m/s? Ans.

Since of rotation of earth is from west to east

GmM

w,= —p2 Z =mRW,

_ |GM,
w1 - RJ
Anglar velocity of earthis w,

_ 2n
Wz = -_IT
Relative angular velocity

& _ 2n_ |GM,
wr_—wz+w1—_?+ R3

2n 2n  |GM,

TR
1ot e OV
2n . T R3

4R (T ¥
Me = —+1 Ans.

Where Me = Mass of earth
R = Distance between earth and satellite

2n
w = Angular velocity of earth axis = T
m = Mass of satellite.

Relative velocity (V)
On particle

R; =mR W

_ [em,
Yo | RE

Relative angular velocity

w=w+w,
Relative velocity
V.=R(W+w)
2n_[GM, | 2:R [GM
":'R{T* R ]=T+ ®
Ans.

Relative acceleration (a,)
Force equation from y — axis

GMm

R;
Fret = Fea + Centrifugal + Coriolis

2R |GM
ma= F—me?+2m[—T-+,} R,']w

-

= Real force on particle

27’
ma=F-mR|[—| +2m

2R |[GM, [2n
= = ==

ira
T R |T
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1.226

8= R? T T R
Ans.
F = Gravitational force =m

R?
Centrifugal force = mRw?
Coriolis force=2m(VW)

W,

[y
1+

Case (II)

1.227

T W, W, +W

T"_‘w'r w,-W

GM, _ 2n

: s T
L, L =127

_ [SM_ /_95
Vo= \nR n

Resistance force F = a.v?

V, = Orbital velocity

M,, = mass of moon

av

dt

rav -

m[ LY = -a[dt
0

Vo

m =aVv?

Let at time t distance of satellite from centre of
earth is x then

GMm _mv?
x? X
GM _v? _1f my,
x x  x{m+v,at
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1.228

Putx=R ;t=1t, inii)
m R

ol

Put x=nR ;t=t, in (i)

2B

Time to strike on surface
t=t,-t,

nR m R
t="ly ,f A J——
v,,a[ oM ] voa[v° oM 1]

t=" =[]

GM

1.229

t:

[f 1]

a GM

R2
m(J' 1)
“aJoR

Ans.

Vo
o

1.230

Orbital velocity :
EM“_ - mng
R? R
Where R = distance between moon and centre

GMem,,1

V =

vo =1.67m/s Ans.
Escape Velocity

. GMemm _mm V2
2
V / Ans.
Y

Since path of spaceship is parabolic, means
energy of space ship at moon surface is zero.
This tell us velocity of space ship at moon
surface will be

_ 2GM
Ve= R

It we want to establish in R radius then

GM
Vis o R

Change in velocity = 1’%(1 -2)
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GM,m _mVg
R? R

fGMe
Vo R

V, = orbital velocity satelite
Escape velocity(V,)
1 GM,m

—mV2 -
2me R

2GM,
VR -

Additional velocity need:
AV=V, -V,

=0

1231

nR ~

Assume at point P field is zero
G_m __ Gnm
X  (nR-x)
nR-x=Xx4n
nR

o 1+JrT

1.233*

Ans.

1.232

m,

If particle move slowly from earth to moon then
work done will be minimum.
Graph between potential and its position

P
Origin |
I
I
_ oM, : @] -CM.
R, ; R,
P
T

In process1-P:
Spaceship works against gravity to

move slowly.

InprocessP—-2:

Spaceship works against gravity to move again
slowly.

If we want to bring particle from (1) and (2) then
we have to cross maximum potential barrier and
at this point net gravitations pull on particle is
zero. And this point P is far-far from earth centre
andalsor,>>R,andr,>>R,. Hence potential
of this point may be take to be zero because r
>>R &R,

Work done by spaceship

From (1) to (2)

Wit WP-2

sun

V, o m

Third cosmic velocity is the velocity of particle
so that it leave solar system (Sun).
Energy of particle from earth observes

1 GM_m
= —sz— 2
E 23 R,

V, = Relative velocity of particle from
earth observer.

This energy shoud be more than binding
energy of particle in sun gravitation.

Orbital velocity of particle in sun gravitation
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v = [ 17 Dynamics of solid body
! r

Escape velocity: V, =2 V, 1.234
Extra energy = E .
y—
%m(v, -V,)? = %mvf(ﬁ -1 I
a
E= lmvaz- m 1mV,2(~/2——1)2
2 2 A l
—»F,
GM
V,= [2==0 4 (J2 -1)2 V2
: ‘j R, e , a=2ms’
V,= 2v2 + (2 -1 V2 Ans. m

cm |o

|

Since rod is translatory then torque about com
=0

¢ __ (¢ "
Fig =F|272 ] (0]
From (1), itis seen that F, > F, because
2
b =
Y-a
F,=F 2 Ma wcasssinaiad (ii)

F,=F,-ma =5-1x2=3N
Putin (i):

&4

3¢ 5¢
22 5x02
2 2

¢=1m Ans,

>1
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1.235

1.236

z
N = xF = (ai +bi)x (Ai +Bi)

N =(aB-bA)k
N=aB-bA..... (1)

1.237

We know
N=rF

Where r, is arm length of force.

r= F(Z)
F=JaZ+8?
faB_EA).

Ans.

RN /O-C
r, = Arm length = Perpendicular distance
between origin and line of force

A
F,=B
(0,b)¢—>
I F=A
0 & » X
(a.0)
z
Foo = Al +Bj.
F= A2+Bz ............... (1)

Then torque of F.,, about O

= - Bbk+Aak

We know

N=rnF

Where 7, is arm length of force.
_N

n=E ‘

From (1) and (2

-Bb
I—M Ans.

~ JAZ+B?

I=length of side of square

Fret =Fi+F,i

F,=F+F 2cos 45° =2F
F,=F-F\J2sm45° =0
Foot| = 2F

Direction of force is x axis.

Ans.
Suppose distance of point of application Pisat
x distance from B.
Then torque due to all force about point P=0
Torque about P
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(Fcos45°)x—(FJ5)[+ 120 (@)

(Fcos45°)x+(Fcos45°)1=0

/ dm
xX=-=
2 Ans.
1.238
(a)
—1mJ
- x—
?b Moment of inertia of dx thickness disc
dl= (dm)x?
dl = (dm)x2 = (?dxj x2 = dm = pb2roxdx
Idl - m J-'dex Where p = density of disc = rerw—
! Jo
R
m/? I= prnIx"dx
ks~ Ans. °
3
: (b)
A
<3 >
1 .
¥
| 6
/ X
= : |
‘ 7 —\Jax
_my ——\
L= ma?
Y12 .
Height of cone=h = Rcot 8
o M2 2
=l gl ) s di= —(d;n)r’ =—(d;n)xztan26
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1.240

2 2
di'=s X tazn ¢] 1 m
gnth

(nx* tan? 8)dx

4 4
dl=3x tan® 6mdx

2R?Rcot@
3mtan®6 } 3 mtan®
) s et T, 7 [ W, s 5
= [x¢dx S X~ gr R oo
3
= = mR?
| 10m Ans.

Perpendicular axis theorm

AV
I dm (xy)
R
> |, —x
I 2«
(dm)R?

W W w w

z
T (dm) (x+y?) = Ex2dm + Zy*dm
,+1,
|2 * l1

Proved

" Uniform Disc

z

Using perpendicular axis theorm

=L+ |,

By symmetry
=1

x y

m
Density of matrial (0)= ——— -
R?-n 5
" (2)

4m

3nR?
Moment of inertial about O

g =

,=1-1

Where I21 = moment of inertia due to complete
disc (without cut)

1,=Moment of inertial of cutting disc
_MR? (onR?) 4m nR’R?

2=
2 2 B 3nR? 2

Iy

_2mR?
3

2

=3 RY 2 = i 2._.4m _r_n_Ri
"—E[‘“‘(E) ]R "2 R IR B

2
i M1R/4+M R7_3M1R2
3 v/4 @

_2mR? mR? _ 13mR?

) 8 24
_ 13mR2
l,=
24
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1.242

Calculation of com

(29 /[©0)

_mR -myR
- 2 2

X = =
on
m; —my m

_ —4m RR _ 4R _-R
6

~ 37R?2 8m  3x8

We know

lO= Ian+ mxg'n

13mR? P = mR?
24 e 36
- 13mR? mR?

en 24 36

= 37 R?

m 72 .

We know moment of Inertia of solid sphere

I= 2 mR?
5

Then

_2 2 iR3)

8
| =—pnR®
15

Differentiate equation

Mass of shell

T Caiaatsla) L J— @)
Divide (1) by (2)

dl = E(dm)R2
3
. 2
If mass of shell is M then | = 3 MR?

Ans.
1.143

[

M Cylinder

Method : 1 (Force equation on each)

mg-T = ma —————— (i)
MR?
TR= > L SR (ii)
=R iiiaiisnci (iii)
From (i), (ii) and (iii)
o mg
M
(m+ EJR
W =W, +at=—9
(1+M)R Ans
2m
a=Ra= 9
(1 . M) ....................... )
2m

Work done of weight (mg) = Gain in K.E.
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Work = mgs _ 1.244

l axr
AW=mg(-2—a[2) m/?IIIIIIIJIIIIIJJTa
From (1) T T

- Q ;
IS 2 !
AW =m— £ o
2 (1 WM ) Ans
Zm In maxwell disc, bar is pull as acceleration of
tre of disc is zero.
Method : 2 (Force on system) lc:en=r 0
Torque equation about centre of cylinder on il
whole system 2T=mg
T=mg/2
MR? 5 Torque about centre of disc
o T TR =1Ia
mgR = la
a= # _ ng
(1+%}R o E ==
Acceleration of bar = Ra
' 2
W =W, +at=—3 ' o= MR Ans.
M Ans. [
1+ R .
2m
g : 1.245
a:R‘Iz
(1+ M ) ....................... m
2m L
1
s J
Work done of weight (mg) = Gain in K.E. A m e
Work = mgs .
AW = L
B .
1
Erom{1} Suppose atimet, rod make angle 0 fromits
original position then.
2 2 Torque about A
g
AW =m—| ———<
M Ans.
*(5m)
2m

Flcosf =la

Page- 118



1.246

mf?
Flcos 6 =—3—a

_ 3Fcosb

R

w ]
£W=%£oosede

2

W——Esine
2 ml

w= 1’Esine
ml Ans.

o
Cylinder
T1 \J/ \1/ Tz
T. T
2| m ! : laz
' m,
mg mg

m,g - T,=Myg, eeevennnnnnne (i) _

from (i), (i) ,(iii) and (iv)

(m, -my)g

o= -
—|R
(me+mi+ )

T,=mg-mRa
T,=mg+mRa

1.247

Dividing (2) by (1)
L _ mg+mRa _ my(m +4m,)
T, myg-myRa my(m+4m,)
Ans.
Method 2: (Torque equation on system)

MR?

__ (my-my)g
S
(m2+m,+—2—]R

mg-T,=mRa

T,=mg-mRa . (1)
T,-m,g =mRa
T,=mg+mMRa .o )
Dividing (2) by (1)

L _ mg+mRa my(m+4m,)
T, myg-myRa my(m+4m,)

Ans.
m .
1 T,‘, Tz .
77/7/; disc
—
km,g

Method:1 (Force Equation on each)
mg-T,=ma, ....(I)

T,~km.g=m.a, ....(ii)

Torque equation on disc

2

mR
(T,-TZ)R= ~

a,=Ra ..ccccvriaegpena(iV)
From (i), (ii), (i) and (iv) :

_ 8(my, —km,)

a ... (iii)

a, o
m, +m|+?

Displacement in time t
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S =lalt: =_1_ g(my —km) 0
2 2( m)
m, +'"l +‘§'

Workdone of friction =

2
s = L L~

m
(mz +m, +§)

Aw= km, g* (m, — km,)*
m+2(m, +m,)

Method 2: (Torque equation on system)

Torque equation on whole system about centre
of pulley

2
(m,g —kmg)R =[m2R2 +mR* + mf )a

g(m, —km,)

. +m)

Acceleration of mass m, :

m, —km
a, =Ra u BT =)
m
m,+m +—
2
Displacement in time t

S =la,t2 =1Mﬁ
2 2 m
(Inz +m, +E')

Workdone of friction =

2 —
Ian.gS:l_——-———g e, (1m, km,)’,

2(%+%+ﬂ)
2

2
Aw:(km,g’(m,-km,)r J

m+2(m, +m,)

Q.1.248

F.B.D, of cylinder

KN,

W
N
s

KN, <—

Force equation :

KN, +N,=mg ....(i)

KN, =N, e (ii)

Torque equation about centre of cylinder

mR?

KN,R +KN,R = ——a

mR?

KR[N, +N,] =

From (i) and (ii)

a ....(iii)

€ 44k
_ kmg
T 14+K?
Putin (iii)
2kg(1+K)
o = ——
R(1+ K? )=
We know
W2=W2-2a0
0=wz2-2a0
0= wf,R(1 + Kz)
4kg(1+K)

No. of turns

0 wR(1+K?)
N m—mi————— Ans.
2r  8krng(1+K)
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Q.1.249.

Calculation of torque

Where df = friction force on differential element
df = k [dN]

m 2kmgxdx
= k 2 ==
(nRz nxdx)g R

The torque due to differential friction force

2kmgx?
2

dt = xdf = dx

: R
2kmgxZdx 2
1:=Id1:=£ T=§kng

t=la

2
2 e =10
3 2
PO, . 4
3R
we know W =W + at
_dke,
3R

3WR

t="—"—

4kg

0=

Ans.

Q.1.250
T a—w"R
T=—cw'?

Time calculation before comes in rest
0

j dw _
w2

fia
0

Rotation angle calculation before comes in rest
wdw = —kw'2d@

0 0
j w"2dw = — j kde

Wo 0
2 W /2
- 0
Ik
Mean angular velocity

)22

& 3k(2u;o"2J 3

&

Moment of inertia of chord

Q.1.251

) mgx
Pulling force = T
I=mR?

Toque about O
t=la
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2
ng-)-(- =[M§ +mR)u

i 2mgx
RI(M+2m) Ans.

mR N

mgsin @

Method: 1 (General Approach)
Force equation along incline

mgsina = f, =ma,, ... (1)
Torque equation about COM

a_ =Ra ... (3)

cm

From (1), (2) and (3)
\ 1 0 .
fr=—mgsina ... 4
"3 @
At slipping
fr=Kmg COSQ ...corurrureruarnens (5)
From (4) and (5)

kmgcosa = 1—0-mg sina
g 35
K=-l—9tana
35

K=-§-tana Ans.
(b)
KE——I-] w?

T AR

7 - 3
L. == =MR" |(at
KE 2(5 J()

7 .. ,,25¢%sin*«a
E.=—MRt' ——r
o 10 7x7R?

_5mg’sin’a p
T 14

Ans,

Method: 2 (With the help IAR)
(a)

Torque equation about IAR

(mgsiner) R =%mR2a

Torque about com
2
Rfr = ngza

From (1)

s ng 5gsina
5 7R

fr= 1—Om sina
35 g R (7.)
At slipping
fr=Kmgcosa......cucuien.. (3)
From (2) and (3)
10 ;
kmgcosa =—m
gcosa 35 gsina

K=£tana
35

K= %tan (04 Ans.
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2 ata2 2
7 MR} 258 sin"a z=2E Ans.

KE.=—
10 7x7R? 3R
_Smg’sin’ozt2 5 —Ra =&
14 Ans. ¢ 3
Force equation on cylinder
1.253 mg-2T=ma
, 2
mg 2T = s
3
m
T="8 Ans
6
(b)

Power of gravitational force

P=Fv

=mg[a,,t]
Method: 1 (General Approach) _2§ = 2 2
Force equation : ="mE BI= 378 d Ans:
MG =T = WA, s (1) 1.254
Tor : With the help IAR

B ERAEDERICCON F.B.D. of cylinder in frame of lift
TR = It ororsesesersnsisonens ()
No slipping condition
a,,, = Ra csiiisns (3)
A F

2g (
Aem =3~ IAR
- W,

- mg
= —6_ Ans. g +wy)
(b)
Power of gravitational force Torque about IAR
P=Fv 3
=mgl[a,,l] =m(g+Wy)R = EmRza
29
-3 o = 28+ W)
3R
P= g » gzt Ans. 2
3 W':Ra:—(g+Wo)
Method: 2 (With the help IAR) 3
(a) In terms of vector
Torque equation of IAR which is attached with L2
of string w'= —3—(g - W,) Ans.
mgR = ng’a Torque about com
2
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mgr?sina
I+mr?

cm

[

m, R cylinder Q.1.256

w’ mg

2
FR=1a =" [i)(gwo)

3R
F= m(g+w,)
3

In vector form

m(g—w,

s (&%) Ans.
3
Q.1.255
N
3
a<><‘
Aem m cylinder
5 / \ v
mgsina
mgcosa >a,
L
Method:1(General Approach) S KN
Force equation along incline |
VF
mgsina —T = MQ,, wcowwmies €)) mg
M
Torgi i At time of slipping friction will act at maximum
N D (s 2) vahse ki ihan
No slipping condition ’ Force equation in y direction
N=F+mg ...ccccoueuenne (1)
EEP W sisorsrorsassonns 3

. & Force equation in x direction
From (1).(2). (3) KN=mMa, oo @ ‘

mgr?sina i Torque equation about COM

em = 2 S.
I[+mr

Method:2 (With help of IAR) . FR—KNR = l mR o =
Torque about IAR point P 2

& - 2 '

mgsina. r= (I + mr)a No slipping condition
mgrsina

o (REFEIRG
I+ mr

a, =ra
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A... SV e (4)

cm

From (1) .(2), (3) .(4)

2kg
a =
on 2-3k
_ 3kmg
2-3k Ans.
Q.1.257
F

Angular acceleration=a

(a)

Force equation along x- axis

Fcosa—-fr=ma_ = sall)

Torque equation equation about com
Fr+Rfr=1 Re Sem

—] -+ = = m e
Fr r=la=y R

—Fr+Rfr=ymRa_, ......-(ii)

From (i) and (ii) 1%

r
F(Cosa——)
( R Ans.

acm = m(7+1)
(b)

Work done by force F is equal to change in ki-

netic energy:
Angular velocity attime t.

w=aw,+at
w,=0

a

o=
R

’
) F(Cosa - R)
mR(y -1)

5
F(Cosa——
(Cosa R)
mR(y +1)

I

t

1
K, =%}'mR’a)2 +%cho2 =5mRa72(1+7)
1 F(COSC!—-E)
K, ==m(+y)| ———— ¢
=" R+

2
F* (Cos - L)
R Ans.

AW =
2m(1+7y)
1.258
N ']"z
mR
P (A)
\ 2 T1
mR ; A2T,
Q @B
mg

Torque equation on sphere (A)

2
2TR = mR

Qay
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_MRa, _ 3R2g(M +3m)

2 ........... (|) a,""9mR2+I+MR2
Torque equation on sphere (B) :

3g(M +3m
X 2 M+9Im+—
2TR = mf; o, R’
1.260
mRa
S S (ii)
From (i) and (ii)
(1.1 = 0.2
Force equation on (B)
mg-2T, = ma, ...... (iii)
Constraints relation
Acceleratin of point P

Ra, = a; - Ra,.
a; = Ra, +Ra,=2Ra,

Putin (iii) :
mg-2T, = m2Ra, = 2mRa, ......... (iv) . .
From (i) Soppose acceleration of mountisa,,
mRa, = 4T, Then )
Putin (iv) Force equation on system
mg - 2T, = 8T, F=(m,+m,)a,
F
mg L
=70 hns: T my+m,
1.259 Torque equation on sphere about it centre
RZ
FR=TC ¢
2F
a=
mR
Acculeration of point K or pulling agent
F 2F
a=a,+Ra= = i
m+m, m
F(3m, +2m,)
= Ans.
m,(m, +m,)
Troque about point P for system (b)
2 2 W_ = Work done by F
MgR +mg(2R +R)= [m(3R) RHME )]a = Grainin K.E.
1 -
3mgR+MgR _  gR(M +3m) KE.=F Eakt
* = SR +1+ MR®  9mR? +1+ MR?
2
Hence acceleatl‘on of particle o— I P Bm, +2m)t
a,=3Ra 2 m(m+my)

Ans.
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Method: 1 (Basic Approach)

(i

Suppose acceleration of sphere is a_, and

angular acceleration is ¢
Force equation

Negative sign because torque is opposite of
angular acceleration in diagram.

f =R Ra
£ l\\\\mp

Acceleration of plank (w)=a_, — Ra
Force equation

F—fr=ml(acm—Ra) ........... 3)
From (1) ,(2) and (3)
_ F

aCM 7 5\
(ml + %_mz) Ans.

Acceleration of plank
W=a_ —R e 4)
From (1) ,(2) ,(3) and (4)
e
) m, + E m
1 7 2

Method: 2 (On system)

Suppose acceleration of sphere is a,, and

angular accelerationis « .
Acceleration of plank (w )= a,,, — Ra
force equation on system

(From ground frame)

F=m,a_ +m, (a,—Ra) o ()
ma.. m,
R
M8 <=M, —J—>F

Torque equation on system with frame attached
with centre of sphere which is noninertial frame

ma,R—-FR= (m,R2 + %m,Rz)a

From (i) and (ii)

F
o =7 3 Y
(ml + — m2 ) Ans.
7
Acceleration of plank
w=a_-Ra ... (iii)
Puta_ in (i) and calculate a and putin ....... (iii)
wel F
. 3
m, + 7 m,
2
w= 700,, _ Ans.
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Method :2 (Alternate Method)
(a)

N
R w)o
k
Slipping mg

Torque about bottom point is zero. Hence an-
gular momentom will be conserved about bot-

tom point then

L=Lop +mMRXV, oo (1)
From (1)

1
- (EmRszo il P @)

Liniﬂal

At time of pure rolling

mR V =Rw
cm

From (2)

final

=%mR2+mR(RW)=%mR2w

Using angular momentum conservation
Llnilial = Lﬁnal
From (i) and (ii)

1 W,

3 wpis
—mR*w, ==mR*w=> w=—-L
2 ° 2 3
Torque equation about com

2
kmgR =(m2R ]a

29
We know that

o=

(b)

w, =kf—k,.

1(3

‘ =—(—mR2sz —%m(RWo)z

2

1 2

W, = —-EmwoRz Ans.

Method :1 (Alternate Method)

Slipping

Force equation
kmg =ma_,

Torque equation about centre

kmgR = %mR’a

2kg
a=—=
R e (2)
Using kinematics equations
w=w,-aft
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1.263

V=a,

</ T — (4)
For pure rolling we know

V =Rw
From (3) and (4)

3 kg Ans.

1(3 1
= E(EMRz)WZ —5)71(RW’0)z

1
Wg = —EmW§R2 Ans.

Suppose at angle @ ball leave the sphere then

Using energy conservation equation
Loss of P.E. = Gain of K.E -

1 1
mg (R +r) (1 —cosb) = E"'Vaz.. +§Imw2

Put
V., =Rw

Force equation in direction of centre of bigger
sphere

m V:..
(R+7r)
For leave contact N = 0 then

mgcos@ —N =

2
chm

mgcos@ —0= R+7)
2
cosf =—=—
g(R+r)

Put cos@ in (i)

V.. =1/:—E/)-g(R+r) Ans.

1.264

1

Suppose at time t solid cylinder make 6 angle
with vertical
Using work energy equation

13 e (3, (%)
mg(R—RCose)—z(sz )w’ 2(2mR )(R)

%mvg =%mR’w2 —mgR +mgR cos @ ...__ (i)
Force equation in direction of centre

mg cosf — N = mRw?

mgcosB=N+mRW?.........c..coeeeeeee. (ii)

Put mgcos8 value in equation (i)

3 3

szoz = :"-msz2 —mgR + R(N +mRw?)
3 7

N = = Ve - Zmez +mg .. (iii)

For stopping bouncing , minimum value of N
should be greater than 0 when W will be
maximum , N will be minimum.
This condition will be come when 6 = a.
Hence we have to avoid bouncing at 6 = o
then there will be no bouncing before 6 = q.
Now for minimum V,
Put N = 0 in equation (jii)
3 7

0=—mV?——mRw?

ag "o TgmRw +mg
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1.265

3 4
Rwr=—p24_
TR & <7¢
Put 8 = c.and Rw? value in (i) :

4 7
VizelgR+—
o 7g +3chos<1

V,= J%Ucosa -4)

Ans.

Initial Position

Since angular velocity (w) is continuously de-
creasing then there is chance of minimum value
of normal reaction at ground when particle is at
maximum height or top of hoop.

\ MY
Final Position

Acceleration of centre in y direction will be zero.
Force equation in y direction on system w.r.t.
centre of hoom.

2mg N = mRW?

Where w = final angular velocity
V=final velocity of centre

At leaving ground surface

N=0

2mg = mRW?

Using energy equation

lmI/'(,2-+-llwg
2 2

=mg(2R) ﬁ«%mV2 +-;—Iw2 +%m(2V)2
2

2 R

=rrg(2R)+%m(Rw)z +%mR1u} +—;m(2Rw)2

2mVy;} 1 2,28
=0 —2mgR+—(6mR")—=
5 mg. 2( )R

V, =./8gR Ans.

Method:1 (Most general Approach)
m/2

e —>V m2 *« —>V

Mass of crawler (m)
= Mass of curve part(m, )+mass of straight

part(m, )

m, =Mass of curve part
m,= Mass of straight part(Upper and lower)

m
Mass of upper straight part = 72
Kinetic energy of upper straight part

Im
K ,===22V)* =m,V?
137 (2r) ) L - )
Kinetic energy of lower straight part=0 ....(3)
Kinetic energy of curve part

On both crawler, curve becomes a circular ring
Then

K, =lle2 LY
2 2

2
1 , 1 3 V)
K =—mV'+—mR*| —
2 2”’1 2’”1 (

Page - 130



1.267

From (2).(3).(4)
Total kinetic energy

K=K +K,+0

K =(m +m)V?

From(1)

K=mV? Ans.

Method :2 (Assuming radius is very small
compare to length of belt)

m/i2

Kinetic energy of crawler is only in upper part
and lower part has zero velocity hence kinetic
energy of this part will be zero.

Velocity of top point

Vv, =2V

1(m 2
k= E(-z—)&v)

K=mV? Ans.

Note. In case 2 , ans comes because this
kinetic energy does not depend on radius
of crawer. Hence second method is not

appropite.

><

1.268

z

We know kinetic energy is given by

1 1 2
K=Ech,2,, +51‘.,,,W ............. (1)
If reference frame is not traslatory. And if refer-
ence frame is translatory then we know to use

kinetic energy of COM.

w= wf+wf, .............. (3)
14
w, =—
p
_V
WY—E

(a)

From this rotatory reference frame , centrifugal
force on particle of mass (dm) is :

dF = (dm) rw?

Fy = Y (dm)rw? = w?Y"(dm),
Fo = wzm[_Z(dm)ri]
m

Fy=mwR,

dm)r,
Where R, = % is position of COM.

Ans.
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(b*)
Coriolis force

dF., =2dm[V x w)
F, =23 (dm)vxw=2() dmv)xw

E, =m(zd'"xv]xrv

m
E, =2mV.xw

Where \7 = M
¢ m

V. is velocity of COM.
Ans.

Q.1.269
Method :1 (Torque Method)

dE, =w’(dm)xsing

Moment of centrifugal force on differential ele-
ment w.r.t. point C

dr, = (dF,)x xcos8 = dm(w'x’ sinfcosf)

dr, =-';—1abt(w2x2 siné cos6)
m 12

7, = w' —sinf cosé _[ x*dx
1 -112

1.270

& Y Pl 6in 20

Ans.
° 24

Method : 2(Angular Momentum Method)

NAW

wsin wcos @

-
.

ATLY
.

. db
=——wsinf —
a 1 dt

2 -
7= ";—;(wsin 0)wcos 6

2
e B i

N~

mg

If we select a reference frame rotating with same
angular velocity as rod , rod appears in rest.
Because torque of centrifugal force will be bal-
ance by torque of gravitational force.

F.B.D. of rod:
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(dm)xsin@ w?
dx (centrifugal force)

Torque of centrifuglal force at differential
elememt about O :

dr= [(dm)xsin Gwz]xCOSG

!
.Idr = I(dm)xsin Ow'xcos @
0

1
jdt:f%xsinewzxcose
5 -

‘ !
Idr = ?w’ sin@ coseszdx
0

2 2

e sin@ cos@

Torque of mg about O
I .
Tg = ngsma

From (i) and (ii) for equilibrium
TETL

Pmw?

sinfcos@ = mgésine

cos0=-ig—

5 Ans.
2wl

Q.1.271

=2
2

-
A
v
€
y
<

z

Where k = coefficient of friction
x, = Perpendicular distance between line of mg
andN

1.272

Force equation in y direction

N=mg

Since body is in rotational equilibrium then then
torque about COM will be zero

a
ngE = Nxo
Kmg 2 mgx,
2
Xy = E- Ans.
2

Suppose at time t cube is displaced by x dis-
tance then Torque in clockwise direction about
originis

a a
7%= —Nx+x,+ 5)+mg (x + )

a a
= —mg(x +x,+ §)+mgx+mg§

Initial angular momentum about origin in clock-
wise sense '

L=mV°i
2

Because of this torque and initial angular mo-
mentum about origin is opposite direction , an-
gular momementum will be decreasing continu-
ously and finall becomes zero.

Ans.

NV
A Us
—]—
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1.273

Energy conservation equation

1( M 1 M 1 2
—| = (W == +=m| V] +(Iw
2(3)“ 23 " 2[’ (1Y ]

Using angular momentum conservation

2 2
A/;I W, =MlTw+m(1w)l

After eliminating @ from both equations

V= w,
’ 3m
1+—

M

Before Impact:

gt CM
After Impact:
I Va

2 m

\/V/

Linear impluse equation
J=MV_
J

m
Angular impluse equation about com

Il

VCI'I'I

F.B.D of half part of rod
o

7
[f=cM —F
N —

4

F, = Centripital force

m(1\ ,_m(1)36J*
reg( ) -5l)7

Ans.

— ~—>

9J?
Pz
2ml
(a)
Fe—r!
gM
"]
2 {V
m

Before Impact:

After Impact:

/ A oml '
my—=myv —+——w. ... (i)

2 2 3
Equation of e

! :
VE=WV" . (i)
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From (i) and (il)

12mv
W= ——
{Bm+4m)
e (3m—4M v
3m+4m Ans.
(b)
F.B.D. of rod
F
@
2
F;' =(M—)w2 =.__.§.4./l.lf__.z_ Ans.
2 aM
I 14—
Im
1.275
(a)

.
m
After Impact Bofore Impact
Angular momentum congorvation
We can neglect m comparo to M:
2
my,l = ——w
8

i 3my,

Ml
Using enorgy consorvation after colllslon
Wa can neglect m compare to M:

M./
... <-¢--

| m? [

oot ___M/Z 3 M'(——-—C()H(l)

2[ 3 ] %272

2
%’- = g(l-cosa)

WSJEEJ?Z;Zi ........... 0

From (1) and ()

3mv, = Pf—"—(l ~-Cco8a)
Ml i

Ml [3g

Yy W=

[ - cot
7L I

1 3‘;,'Iqin’—c-!-
“m N3 2

M (2 , [«
e 58’“'" 1 Ans.
(b)
AP=(m+M)V, -mV,

/
-(m+M)-2-W -mV,

Wa can negloct m compare to M:
/
AP =M 2 W-mV,
Putwand v, then
1 a
APw M |—gl| s8in—
6*( 2)

Bocause hingo applled force during Impact
Ans,
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1.276

(c)

(Observation of motion of hinge)

®

» R4/

M v,

For momentom of system constant, hinge force
during collision will be zero .

For this purpose hinge velocity during collision
will be zero.

Angular momentum conservation about hinge

(a)

Using angular momentum conservation

1.277

(b) ,
Work done by force F = Change in K.E.
of system

2 2
=1(__MR ]w_%(’”f +mR2)wg

F 2 2
From ans (a) part

1( MR? 2m z“;
== 1+—
WF 2( 2 )X( +MJ 0

2
__1_(__1Vﬂ2 +mR2Jw§

2\ 2

24,2 2m
WF = ———mszo (1 + —M—J

(a)

Initially L = O and no torque on system about
centre of disc then |_ will be conseve always
ZI,W, = constant

5 L
a .
£1,d6 =0

1,6, +1,6, =0
Where 6, and 6, is angular displacement of disc
and person from ground frame. Then

R
E’Z—(—Q)WR’ (@'-6)=0

0. = me' _ 2mgo'
! ®oom Mt 2m,
2 1
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1.278

(b)
Suppose angular velocity of discis w then
Using angular momentum conservation

2
0=- '"22R w+m R[v'(t) - Rw]
U "12R2 2
mRv'(t) =w +mR
_ 2my'(t)
(my, +2m)R
dw
a=—
dt
ina 2m, dv'(t)
(m, +2m,)R dt
sl m,R? 2m, dVv'(t)
2 (R(2m,+m,)) dt
o mm,R |dV'(t)
“2m,+m, ) dt Ans
l,
~>» W.
(a)

Suppose final angular velocity is w. Since net
torque on system is zero then )
Using angular momentum conservation about

centre of disc
I1W1 + 12W2 =7(I1 + Iz)\;.v

_ ILw,+Lw,.
W= 11 22
I +1,

(b)
Work done by internal friction

AW =AK =K, - K,

1.279

1 1oz 1
AW=EIIW;2 +§IZW2 —E(I, +1)wW

1 1 -

AW =% R+ L7~ (4 L)
From ans of part (a)

1

2

Pw? +12W?2 + 211, w,.w.

_l(I,+Iz)l LT

2 (I, +1)

AW=—;—I,W.2 +—LW;

1 I

MW=L |} Ans.

Before collision

Van
—ls

@ e=1

I

After collision

Since there is no force on system , linear
momentom will be conserve

Using linear momentom conservation
mV=nmV_ +mv'

V=nV_ +V

Equation of restitution (e)
I

V=V,+—w-v'
2

Using angular momentom conservation about

point (A)

0+0=0+Lem+ mrxVcm

mi? ml
Ol iy
AT R
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1.280

From (i), (ii) and (iii)
i v(4-n)
4+n
_ 12v
(4+n)l
Forv'=0
n=4 Ans.
For reverse direction
v'=(-)ive
n>4. Ans.

Ans.

(a) 90° rotation

fos oS

B

initial

Moment of inertia cf motor + patform = |
Angular velocity of sphere =W,

Moment of inertia of sphere = l

Angular momentum about 00° axns will be con-
served because torque on system about 00" is

zero.
Final angular velocity along 00" axis will be same

for motar and sphere.
Using angular momentum conservation about

00’ axis
0+I,w, = ([+Io)W
_ LW,
I+],
Work done by motar= change in kinetic energy

1 1 1 1
AW=[(EIOw§ +510¢)+5w]-(510ug)

AW =%(I+Io)w2

From (1), Put the value of w

IZ 2
AW = (I+I Y——
(I+ Io)
_1 12wl
2 (I+1,)
_1%w
Work done by motor 21 +Io Ans.

180° rotation
Angular momentum conservation about 00" axis.

0+ 1w, =IW-lw,

Work done by motar= change in kinetic energy

2

AW =(-§-Iw2 +%Iw§)—%lowo

2
AW =_l_1w2 :lI(M)
2 2

I
2.2
AW =ZI°% Ans.
(b)
y
O— 10) 0O
X
C=1wk
Z
. dL dk
T = dt _IOWO at —IOWOW
t=Iw, Ly
I+1,
_Low
I+, Ans.
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1.281

o'
w
Iu

Jfl‘__:é’""

mg

W~

N~

F.B.D. of rod

A fixed end provide both force and torque

Force equation in x and y directions
N’= M <cassisssassssse 1) -

l
N, =ma, =m_w @

Torque equation on rod about fixed point

Force equation in x direction

Iy 2
F,=N=m 3 W sscsituvssiod 4)
Torque about point A

F;_I.—t=0
2

1.282

2%
F=—
S
From (3)
I, A
= — —_= — Ans
ey Y
From (4)
/4
m%w’:mgll
we |28 Ans
/
(a)

2
A ) L NS
12

|i|=M=”l’—§wsine Ans.

Angular momentum along axis 00’
Component of angular momentum w.r.t. point
C along axis is angular momentum along axis

L, =Lcos(90°-8)=Lsinf = Msin@

Ans.
(b)
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L, =LsinC,) - fcoviren

2 k)

I =iwsinz GJA'—ml—-wsinecosl‘?rT
12 12

AW

L

y
L’ 9
X

final

L,=Lsin@j+Lcosbi

2 2

= ml® ., s ml .
L = 2 9 s . 0y
=1 wsin j+—12 wsin @ cos 01

AL=I,-I,
2
AL = 2 wsin 6 cos 07
2
AL = Ln[— wsin 26 Ans.
12
(c)
|f|= d—L = dL—L =1 d—L = Lwcos®
dt dt dt
i .
= '—nl—wz sin@ cos@
12
mi*w? sin 20
T=——— Ans.
24
1.283*
(a)
[ 2
|
m
. w
mQX

(b)

1.284*

Here w' = Angular presession velocity which is
along axis.

Then gyroscopic torque T = W x L

t=w'IWsing ... 0]
Torque of gravity about hinge

t=mglsin® ... (ii)
Sine we know that gyroscopic torque is provided

by gravity
mglsind = w'lwsin®

w'= r_n_g_l
Iw

F.B.D. of rod
Fu

mlsin Gw"”

F,, = centrifugal force
F,, = ml sinbw? Ans.

w'=2rn

Moment of gyroscopic forces
T=wxL

T=2nnlw'=2xn i

T=M(@+W) |, (ii)
From (i) and (ii)
m(g + w) | = tnmRaw’
B CEan)
wnR?
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1.285*

1.286*

vertical axis

tan9=£
g

N

A

equilibrium axis

Foat = \/ m’g?*

Now gyroscop

+m?w? =my/g? +w?
e motion

W

X

1.287

Torque about fixed point C
Torque of gyroscope

T=wxL

[f| = w'Iwsin6,

Torque of net force

v =myfg’ +wlsing,

From (i) and (

w'lwsing, =

. mlyg*+w

w =

Iw

if)

myg* +w'lsin6,

Ans.

mR

w=wJ

w=wk
Moment of inertia about own axis

I= 2 mR*
5
Torque of gyroscope
F=wxL
T= w'-z—mR’w
5

Since bearing distance is /then

F1=%mR2ww'

_ 2mR*ww'
51

F

W' is angular preccession then
e 2

T
¢=49, sin ot

. 27
=¢ sin—t
p=9,si T

,_dé _ 2m

“a T T
Torque of gyroscope
T=wxL
T=wxIw
From (i)

[ 2n 2% )mr’w
T=|¢,—cos—t
T T 2

This is equal to bearing torque of F
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1.288

1.289

' 2
F= (¢m .2_”.(;0521-4) mr w
T T 21

For F maximum
2
cos—t =1
T

_mr’wrg,

IT

F

w=2mrn
Angular preccession

v

Torque of gyroscope
T=wxL

R
r=1127m
R

v =2nnl~
R
Ans.

w=2rn

Angular preccession
v

w=—

R

Direction of w is in negative y direction while

direction of W' is in x direction
Torque of gyroscope

F=wxL

r=—v—1w
R

r=—v—127tn
R

T = 27mI—V—
R

Let gyroscopic force is F

Fl =2nnl —
R

F= 27[”17:-1' Ans.

Ans.
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1.7 Elastic Deformations of

RO
<>
Solid body I
1.290 . T /
Initial length of rod = /;
Thermal expansion cofficient of rod = ¢ l

Suppose there is no external pressure then

due to tempreture increase , increase in length Then force due to this pressure on this element
of rod F =P(area)=P (R6) :jbtlﬁf) T
i i ensile force
A =1,0AT . ) This f°r;° Isbelance by
When extra pressure (AP ) is applied on rod 2Tsin—=F
then decrease in length will be same as above 2
sothat length become constant. Since 0 is very very small
Usirig Hooks'law sin@ =0
E- stress TO=F woeereevnennnnd (2)
strain T6 =RP6I
Where E = young's modules T =PRI
Fi4_AP If breaking strength is o, then
E="—T="
] T
] 1 O =Tar
AP=F ﬂ From (2)
1 PRI
From (1) Om A
AP = EaAT Ans.-
o = PR
1.291 m A,
@ Ar
Top view o, Ar o Ar
P = T — Ans
#
(b)

0 =is very very small
Suppose intemal presure is P and length of cyl
inderis|.
We select a differential element of very small
angle 6. Take a cone of very small apex angle 0
Suppose internal presure is P.
Then force due to this pressure on this element
F = P(area)

0 2
F=Px:r[rsin3] ............. (1)

Since 0 is very very small
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Force equation on rod

sinf =6 5
Prr?? pePAY
= z (1) 8
This force is balanced by tensile force T pli*w?
0 Stress(o,,) = 71- = _8—
Tsin—=F
2 12w2
Since 0 is very very small p—s—— =0,
6
L — @) 20,
From (1) and (2) . P
T6 _Prr’6’ i
2 4 3
o
_ Prrio 2 .
T e (3) 2n = 4
We know that :
T 20,
o, = 7 P
(27[)’ sin —) Ar =
2 nl
From (3)
3 Where o, = Braking strength of rod
Prr<o p = volume density of rod
= 2 _ Pr'e
- = = Ans.
(27trsin2)Ar 2réAr 1.203
2 F.B.D of arch making 6 angle at centre
2Ar :
P=oc,— Ans. LGS
r
w
W
P
A r [ {8 Here 6 is very-very small
— i » dm = mass of differential element
Rod ruptures where pressure is maximum and = p volume = p(A) (r6)
it is a point on axis then this point is P Where A = area of cross section of wire
To find force at point P ' Force equation toward centre
F.B.D. of half of rod . 0
2Tsm—2- =(dm)rw?
P
Fe—a }B Since 8 is very very small
“—cMm sinf =6
(3 |
—| = |w 0
24 ZTE =(pAr@)w'r
Contripital force T = pArw?

S bl
2\4 2 4 8
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1.294

2mn= -iz
qp)

1 |o 1 |o
nNee— [—=s—e |=
2r\pr* 2ar\p

Where o = Breaking strength of wire

Ans.
P
Aﬂl ‘lnB
&1 2\
Mg
)
2

Where R = radius of wire
d= Diameter of wire
Suppose mass of wire is M
F.B.D. of rod

2TSiN0=Mg .oocrreecnnnnnns (1)
Again we know

stress/strain = young moldules(E)
Elongation in rod

Al = 2(-1-s ecl —LJ
2 2

Al = 1(sect =1) s ()

Again we know
stress/strain = young moldules(E)

T

rd’

4 __r
Al o

/
From (2)

T
rd?
4 E

I!sec()—l!=

From (2) and (3)

Mg _Ezrd‘[ 1 —1]
2siné 4 |cos@

Here

tan 6 =2—h
/

2 2
NS Lh 4K’
+1—2

sin@ =

ma
sin0=—2—}1 l+4—h- !
l P

Using bionomial expression

3
sil\0=&—ﬂ
/1P

Put value of tan @ and sin@ in (4)

2 3 2
pm=Erd |2k 2h i | Erd'|4r
2% |1 1 P | 2|7
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1.295

1.296

Area of cross sectin=S
Young modulus = E

Acceleration of plank
a=ho
m

Elongation will be different at each element then
Force on a cross section at x distance from one

end
—F
X SN
dx
p
F=mxa=ﬂ>< -Ii)
l m
F x
F=—}’-— ................ (1)

Again we know '

stress/strain = young moldules(E)

F

—
= d(Ax)

dx
F
d(Ax)=——dx
(Ax) ES
Put value of F from (1)

F.x
d(Ax)=ﬁdx

Ax Fo l

= — xdx

Jod(A") EIS
_ R
2ES

Tension Calculation
Area of cross section = S
F.B.D. of dr part

— = = — —

e —

_j: dF = m;vz jrdr
0 !
F=%I”lw2 r’l,’

Elongation Calculation

Stress

E
Strain
FIS _
d(Ar)
ar
mw? '
d(Ar)=—=I|1-—|d)
4r)=2s ( 12] g
From (1)

a mw* r’
jd(Ar):-lj 1-— |dr
: 2ES 3\ 1

After putting

m=pSl
1

Al =— pw*P?
3e "
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F=1000N
EC“LT

_|D
AD [
\!\\\\ A% ARARARIAAYY AL))

Cross section=S
V=Sl

We know
stress/strain = young moldules(E)

F/S
&

AD _ pAl

D !
From (1)

F
AD _HE i)

1.298

Dl AD Al)
e SR Rl | O
Voo 4( DJ[ /

2AD Al
V., =Vl 1+——-—
new old( D I)

2AD Al
AV = Vald_Vnew=Vald—Vold(l+ -7

D

/ D
From (1) and (2)

! 2AD
AV =V, ('A—_—)

F
AV = Vau(l_zﬂ)ﬁ

Initial volume V= SI

AV=—I;l(l-2u) Ans.

(a)

A1
A

v

Area of corss section=S
F.B.D. of part x

T

Stress _
Strain
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1.299

WhereAd (Ax) is elongation in part dx
From (1) and (2)
« mxgdx

Al
= =EJ;d(Ax)

0
_mgl* _mgl

2SEl 2SE
Also ’

P=§

2
Then AX = %%
(b)

This part is same as Q : 1.297
_ nD?
4
_#z(D- ADY?
4

Vo

(+Al)

=(1-2u)— Ans.

Ans.

Here we have to find decreasement of volume
due to x direction, y direction and z direction
pressure and add all three which will be answer.
For this we select same question but under
single force

P
4
%4
l}

P
a "

13

LP
Al =3—
3T T (1)

new P
I, =1 +Al =13(1-E) ................ (2)
Also we know that

A_Il_
A

A~ H

13
AL _ AL

] I,
From (1)
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o P
I =k +Al, =1.(1+”?} .......... 3)

Similary

new _ _ [JP
=1+ AL =1, (1+?] ...... (@)
Vo = [

P 2
V. =1L, (1—5)(“!;_”)
v =1Ll (1 —ﬂ)( +2!‘_P)
E E

Vige s 2.7 o E
AV V-V, P
—_—=0d__new ___(1_2
= v £ (-24)
AV P
—=—(1-2
v =F (1-24) ... (5)
This is only due to force from y direction
Similarly
Due to force from y direction
AV P
—=—(1-2
vV "E (1-2p)
Due to force from z direction
AV P
—=—(1-2
vV _E (1-2p)

" Total decrement due to forces are applied by all
direction
AV

(—) = Sum of all deformaations
V net

AV 3P
( % )m’= —E—(1 2}1) Ans.

(b)
Compresibility

dP = Applied pressure

av 3P

= =Volumestrain="—(1-2
g Mt a Z (1-2p)

Here

dP=P
Put valuesin (6)

3P
ﬁ—FE(l—Z#).

3
B = E(1 = 2}1) . Ans.

(c)
Compressibility can not zero if we applied forces
from all direction

£>0
3
—(1-2ux)>0
E( 1)
#<'1-
2
Ans.
y
14 h
g — : v

This is a cantilever and bending'moment of
cantiliver is given by
M=EL

R

(At point (x,y) where radius is R)
F.B.D. of cantiliver in dotted part

2 Fx >
< > $h
mel— =
mg= (x)bhg

b = width of cantiliver
Torque about point P (x , y)
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(1 = x) 1 o
=—pbhg(l —x
2 i g(/-x)
1 =Glometrical moment of inertia w.r.t. neurtal
line '
See F.B.D. of cross section of rod

("/b/

dy

T=mg

% 5
I= J'yzbdy=ﬂ

A 12

3
M= Ebh

12R
This bending moment must be equal to torque
of mg for rotational equalibrium
EbK 1

=—pbhg(l-x)* Atx=0
R 3P g(l—x) X

2
R =’—Eh—2' Ans.
6pl°g

1.301*
(@)

< e— AN

d*h
=El—
N(x)=E e,

F.B.D. of length of (1-x)

N(x)

A(o)

Now
N (x) = N(o)

d2
Eljdx_{ = N(o)
4y _N)
d* EI
N(o)

%: x+C

Atx=0 ; ﬂ = as shown in figure
dx

ThenC,=0

Q _N(O)x

a H

N(o)x*
Atx=0;y=0
C,=0

N
yNo¥

2F1
Atx=|

y_N(o)xJ
2K
From Q.1.300

‘hh?
L

12
Hereb=h=2a

(b)
F.B.D. of length (I-x)
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y

P kx
(xy)

QLI

N(x) <———x—> N(x)=F

Here F, =F
N(x) = F(I —x)
_d’E
-3
d’y F
a ml

EI =E(l-x)

& _Flk_F

dx EI 2EI

Atx=0

dy _o

dx

C,=0 ,

& _Fix_ P

dx EI 2El
FIx* Fx*

y=—"-—71(
2El 6El

Atx=0

y=0

c,=0

_Fix® _Fx?

Y="261 "eEl

Putx=I

1.302*

1.303*

By symmetry
F,=F,=F/2
F.B.D. of half of length

y

F,

Then F, must be equal to F,
F,=F,=F/2.
Now or question is as : Similaras Q : 1.301
i FCD'O3
3El
/4 F
Io = —;]70 =?
e FP _ FP
3x2EIx8 48EI
(a)
F.B.D. of (1-x)
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T ,\

|
S

!
Ee ;
g\ (X'W

(=x)/2  (I-x)/2
(
N(x)

(I-x)bhg

N(x) =Lt —x)" (2’ —x)*

EI—=-

d’y _pbhg
dx2 = T(l ot x)2

d’y _pbhg

@ g
_ 3

dy_ pbhgll=% . onic

A 12

bhg (1- x)*
=+p2—E|g(_Tz__+C‘X+C2
At x=0
y=0
pbhgl*
C, =
27 24El
Atx=1
y=C,1+C,

_ pbhgl* _pbhgl* _ pbhgl*

6El 24El ~ S8EI

(b)

1.304*

bk

facne
12

14

y.—.-},:l[’ihé./_

2 8E/

Here F, = mg/2

F.B.D. of half of portions

F,

Similar as part (a)
5 pgl*
A=——
2 Eh?

F, 112

F=mg/2

Torque about origin

X
S——————>

Because F+F,=0

dF=(dm)a

/
N(x)= plhp [ ds =§ plhB( - )

Now we know

EIR d*h
o £ L L
W= 2

From (i) and (ii)
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Ih* d’h _ 1 Shear stress
E—-2 =~ plhp(l’- =) S ES
12 dx* 3 o
dh  hpp x* F
e T 13 —_—— —
dx ER ( * 4 J+Cl (Ar)2ar %
o F=n@(AD2Ar o )
- ."3’_ : Thetorque t=N
el =G =0 then
N=rF
- ﬂ(g_ x_s +C IS Y TV — @)
Eh*| 2 20 = Also we know
atx=0;y=0;C,=0 ré =lg,
or
e S BT
En? 2 20
Putx = N =2m]r2Ar[%)
_9pBl :
Y= 5En Ans. !
<p=9=N( )
1.305 @ ZHTITJAI'
2 Ans.
\ 6 =Torsionangle

(b)

@
Here ¢, = shear strain e

Take differential ring at radius x
From part (a)

Ar=dr;N =dN;r=x

dN = 21mx26?dx

IdN =2nn %jx’dx
0

Due to force F rod is rotated by angle then ¢,
will be shear strain like above figure. Then
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27 6r'
4]

( 21 JN
¢= = ‘
anr
1.306

From Q.No. 1.305

N=

Ans.

&2
I xdx
an
_2m6| d, -d;
4] 16

27n0o

[dn =

_mnlr . 4
"~ 321 [ -d!]
Heren=G
_ 7GO(d; - d})
321
1.307

From Q. No. 1.305
N=@If_‘9

Power of force

P=(7)w=Nw

1.308

dF is force on differential element of length dr

1.309

1.310

_mQ2nrdr)rp
B (mr} —nr})

dF =(dm)a, = (dm)rp

jdr jrdp_ 2 | j Pdr

2mp 4 2
=—(r —n
e S

_mB(r'-n')
2(."22 = ’12)
Ans.

Note in integratino range take from r, to r be-
cause elastic torque will be zero at boundary.

Qm OA
< ! >

we know

elasticenergy 1

= —stress x strain
volume 2

Also we know
stress = E strain

elasticenergy

- 1 E(strain)? = 2Ee?
volume 2 2

Elasticenergy = (% Eg? ) Volume
AU = (l Esz) 2
2 P

(@)
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$dx

b\
Tension is due to weight of lower part
T=pnr? (I-x)g
T
Stress=— = p(l-x)g
nr

we know ‘
Elastic energy

1
= —Stress X strain
volume

dU = elastic energy

2 -
dU = %M xridx

247 N\Td
dU:%gﬂ__ng_Wzdx

_1
2

pZn.ger {
e [
E 0

p2n,r2g2 (I—X)3 /
U=
2F 3 H
R ST T
=—2piartg’l
6E P g
(b)
Stress
Strain

pl-x)g _ o . _d(dx)
=% = Strain o

E

4 _tpl-xg
=T

A il
E 2

4

pgl= ZE#

From (a)

1.311

Ans.

< S
<€ > \
A
!
If radius of hoop is R then
2nR=1
/
R=—
2r

We take an element at x distance from neutral
line.
Increase in length of this element

dl=(R+x)2n -2zR=2nx
length of neutral surface
1=2nR

" 2rx  x
Strainin this element= ——=—

Rer R )
Volume of this element dV = 27AR dix)

du = —;—E (strain)? x (27 R)h(dx)

From (1)
512

2 3
E(—%) x2mhR(d) = 710

-1 12R
Put
rR=-—

2r
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1.312

1.313

1 E
U==nhé*~=
3 ] Ans.
1 \\\\\\\\\\&\\\\\\ N
g ||
/‘ d=r¢=18
"
I
d
rg _
L A — 1)
We know that
Stress
7]
G
Stress = GO = Ir(p

This stress will be constant in next d¢ rotation
then

dE = %(stress x strain)rril

g =12
2 1

From (1)
aC0)

x(d&)nrzl

Ans.

FromQ:1.312

Grrie?
4]
dE _ 4Gnr’p®

dr 4]
Gnre?
!

=

dE = ar

dE _ Energy _ dE
dvV ~ Volume (2mrdr)l
dE _Grrig*dr

av  1Qrrdr)l

& _1(Go'r’
av 2| P

X ;
/ ///////////////
/Cross Section = §
mwmm

1dv
b=~V

_dv
plp)=--

Here dP is pressure at depth x due to weight of
water or dydrostatic pressure then

Also we know

1
Energy density= 5 (stress) x strain

= %— B(strain)?

Where B = Bulk modulus ; § =Compressibility
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1 o
Energy density = ﬁ (strain)

11
Energy Density =5 XE ((%uog)z

1
=2 *Blxpg)’
Ifx=h

Energy Density=

4e 3
v 2

B(hpg)?

1.315

1.7 Hydrodynamics

F.B.D

(5) (6)

By Observations
R=PF,
FK=F
Vi=V,
v, =¥

Pressure Comparision between A, and P,

Take F.B.D. of differential element as shown in
graph

K
I3(1)

X

N

D)

Since this element is in circular motion toward
centre C, (F,—F,) will provide required centripital
force toward centre .

Hence

F\ > F)

P,>P, Ans.
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1.316

Because F, and F, will only arised due to pres-
sure difference.

Velocity Comparision between V| and V,

2 (@)
B=P,
V=7,
Also

(1)‘F=: m(g

Upper element Lower element

Area of cross section (1-2) is more than that of
(34)

Then using continuity equation

%<

We can say velocity deceases from (3) to (1)
or from (4) to (1)

Also from section (a.)

BB

From above pressuse comparision , we can say
that retardation of liquid particles from (3) to (1)
will be more than retardation of liquid particles
from (4) to (2).
Also displacement is more in path (3) to (1) than
displacement in path (4) to (2).
Since both retardation and displacement are
more in (3) to (1) than that of path (4) to (2).
Using kinematic we can say :

v, <V, Ans.

1.317

Bernaullis equations at crossection S, and S,

1

P, +§pV,2 =P, b

1

Using continuity equation
S1V1 = Szvz

S,Ve
L =

S
Putin (1)

1

R =R +x,pg
P, =F+(x,+Ah)pg

Then
B -R=Ahpg
Putin (2)
1 52
Ahpg ==pV}| =2-1
PE 2P “(S’

J

Vi (1)

2pgAh

_ | 2gAh

v, =

(s

2
2.

SZ

(- e

Volume flow rate

dVolume
Q = (T) = SZVZ
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1.318

a
(B .
i

A=

liquid

1%

R x M

Speed of liquid at point A and B will be zero.
Using Bernaullis equation at crossecton (A) and

(B)

P, +p,9ah =R ... (1)

Also

P,=mB o (2)

Because we are moving perpendicular to air flow
Py=ly sl 3)

Because air is in rest inside liquid

At point (1) and point (2) pressure difference is
arised due to air strike.

Using Bernaullis equation at crossecton (1) and

)
1 Vz_ '
p1 +'§p 1= PZ

From (2) and (3)

From (1) and (4)

po9Ah = pvz

2p,gAh
V= J—F—

Volume flow rate:

’ Po
Q=SV1=S 29( p)Ah

1.319

Po

 Kerosine

LR

@

P,= atmospheric pressure
Bernaullls equation at pomt(1) and (2)

1 2
P+ —?:pr +p,gh,= Po"'EPV‘ +0
Hence V, <<V because A>>2a

P, + pgh =Pr5pV’

Static pressure equation between (1) and at-
mosphere

P,=Py*th,p.g

Putin (1)

P, +h,p,g+p,gh= P+ = p1V2
_2g(hyp, +hip,)

P1

1

V= 29(h1 +h2"—2}.

Q—R-I —

Velocity of efflux
2g(H-h)
Time to reach at bottom is t then
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1.320

R? =4 (Hh-h?)
For Rmax , R? should be maximum

d(R?)
dt

H-2h=0

h= % Ans.

Put value of xin (1)
Ree=H Ans.

=0

() —Ih

Ih" free water surface

0

Bemaullis equation at point (1) and (2) along
stream line

1 1
P, + 5PV =Py + 50V + palhy+x)

1
Pyt pgx + %PV’ =P+ 5PV +pal(he*x)

1 1
Ep\/2 = Epr +pgh°

V= Vi —2ghy = (1)
After that liquid will be in free fall
0’ = V,2 =28R cicisirersores (2)
From (1) and (2)

1.321

v?
= '55 -h Ans,

"'ll!‘l‘"’"lﬂ'l!!""‘.i,"l![ﬂ"l!“l’l‘l‘"alf

Bemaulli equation at points (1) and (2)

1
Py +5PO) +pgh= Py + 3pV:

1
poh = 5PV

V,= J2gb —{1)

Continuety equation at (3) and (2)
AV: =AYV,
V,(25R)8 =¥ (25r)5

RV _Rn/2eh
V=;§—=._‘_
S~ T (pd]
Bemaulli equation at paints (3) and ()
1 -
2 EPV:‘ ............... ®)

From (1) and (2) , put valuesin (3)

P+ PV:=P° +

o= Poﬂﬁgh--;-pR“—?h—
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1.322

1.323

R?
P= Po + pgh(1"72-)
Ans.

Using Work energy theorm

We know
W torcase = AK.E.
WotW i S BKEeniiraicianunsiies (1

dw
Power = ot =FV=PSV

Here work done by atmosphere = 0
Because power due to atomosphere
Power = P SV, -P sV,

From continuity equations

SV, =sVe

Hence power of atmosphere = 0
mehm . 0

From (1)

W_=AKE.

Calculation of change in kinetic energy

1
WF=AK=%mV¢2=-EVpV,z ............ ()

Using volume conservation
Suppose time tis taken in eject out then

V=(sV,)t
14

‘st
Putin (1)

1.324

3 S 4
S §<<S ¥e

Suppose at time t, x length of water is inside
tube

Ve= [2gx
Now using continuity equation
SV, =sVe

v, =—;—,/29x

_.d£=.§. 29)(
dt S

0 # t
_£x }édx = -;-Jz—g_i'dt

0

24 = £ 5

Ans.

Method : 1 (Most Genaral Bernaulli equation)

w0
AI (1) (2)
; V2
P

0

Bernaulli equation w.r.t. rotatory axis

1 1
P+ EpV,z = Ep(I'W)z +pgz = constant

Equation at points (1) and (2)

1 1 1 1
P, +§pv,2 —Ep(l—h)’wz =R, +§pv; —Ep|’w2
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1.325*

Bemaullis equation at (1) and (2) just inside and

just outside
1 0 2 1 2
P, +§p( ) +0=PR, +§pvz +0

1 )
PEPe= 5 sz —(i)

Calculation PP,

w

dF = (dm)xw?
(dP)S = (pSdx) xw?

TdP =pw’ j' xdx
Po

- _hY
P--Po-—z—(‘z‘(’ hy)
Putin (1)

V, =wh,|—-1 Ans.

Ans.

(2) wV2

At differential element

dVv dpP
— =—-pgCosf ——
P dt Pg ds

[pvdv = —ng(cos 0)ds — IdP
pj‘Z’ vdv = —ng: dz- I:’ dP

Vi _pV¢

P T‘- =-pgz, + pgz, P, + P,

1 1
P, +§pV,2 +pgz, =P, +-2—pV2z +pgz,

Ans.
L h
i *V, = ng—h
FT [ah
_t’F’ '

V,/2g(h + ah) <—K
We know force F = p AV?
F,= pSVZ=2psgh
F, = pS(2g(h +Ah)) = 2psg (h+Ah)
Fnd= FZ_F1
F .« = 2psgAh Ans.

Page - 162



QT pQ?
= =pAl—| =—-
T F1 Fz [ [A] 1[[2
h % Torque about O
B t=Fl-Fx0
/ A .
] ~ = t= sz—l Ans.
& ) { nr
b
: 1.329
Velocity of efflux at x distance below the top F.B.D. of tube
V, = {2gx .
Then force dF = pAV2 = p(bdx)2gx . F.B.D. of tube
, .
[ dF =2pgb | xdx ~— Fp(S—s)
h-|
F= pgbl (2h-1) Ans.
1.328
= net
F=F_ +F(S—5) . 1)
F.B.D. of liquid
F.B.D. of liquid
S, -
—_ —Rs
F,
0 = Tk T Vo= \2gh
i ()
(n)
" Using volume flow rate equation Usin _— .
Q=Av, g continuity equation
Q SV, =s42gh
A S (1)
A s\|2gh
F.B.D to tube v, =
A= nir2 = Area of cross-section S
F,=F,= pAV? Using force equation on liquid
From (1)
PS—F-Bs=— .. @)
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dP
Calculation of —

dt
d_P=(d_m)Ve _(dm),
dt dt dt

sV S-s
=psV. |V ——& | = psV?| —=
o, (1,-2 |- pov2 (22

Calculation of P
Using Bernaulli equation at point (A) and (B)

1 1
1;'**'2‘19".2 =R)+5PV3

1 (sY
P=FR +pgh—-—p|=| 2gh
0ot P8 2'0(8) g

SZ _SZ
P=R,+pgh[l+ 5 ]
dm
Put value of P and ——~ in(2)

dt

2. .2
RS +pghS—2

—Rs—F,—p,(S-5)
_ ps(S—s)2gh
- S

F,

ext

pgh 2
=7 (g
£2(5-3)

Ans.

Method : 1 (Basic Equation)
(a)

r<

Effective acceleration is perpendicular to free
surface of liquid.

2
xw

tanf = —
g

dy _xw’
dx g

=2

g
o W
e

x*w?

y= 2g

wZ
y= (-2_9—J r2 Ans.

(b)
Bernalli's equation at (1) and (3)

P, +0+0=Po+0——12-p(xw)’
_ 1
P=P,+ Ep(xw)2 _ Ans.

Method : 2 (Benaulli theorm from ground
frame)

(@)

@
Q) /.fy -

- s @&

Pressure equation in horizantal direction from
rotatory frame from 1 to 3 '

X..2
P°+xp§W =P,

po+ %p(xw)z=P3 ................ (1)

Also pressure equation in vertical direction from
3to2

Potp9Y= Py convssssiasss (2
From (1) and (2)
x*w?

y= 5o

2g
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wZ
y=|2g) "

Ans.
(b)
Bemalli's equation at (1) and (3)
1
P, +0+0=P,+0- 7 POXwy?
1
P=P,+ 2 p(xw)? Ans.

Method:3 (Benaulli theorm from rotatory
frame)

(a

Dotted line express isobaric surface.
Then F.B.D. of one of the dotted line.

....,...,q__.(1) _

Bemaullis equation between point (1) and (2)
From rotatory referece frame

1
P, +0+0=Py+0+pgh —7 p(xwy’

pgh= %px"’w2
_x’w

2g

Here x=r and h=y
x*w?

y= 29

wz
y= (—23) r Ans.
(b)

Bemnalli's equation at (1) and (3)

1.331

1.332

1
P, +0+0=P,+ 0~ = p(xwy’

1
P=P,+ Ep(xw)?

I 1
n

[ |
{n
T /////IIIIII/II/I/I//II‘III//I
R
X
=

[

Top view

Viscous force at (dx) element at lower surface

dv XW
(‘JF—nAdz =n(2nx dx) 57

Net viscous force at (dx) element from both

lower and upper surface

4
dF, = 2df = —

x2dx

Torque due to this force

3
dr=xdF,, = 4’“‘:’" dx

Power to this torque

4mwx®
h

dP = wdt= dx

R
P = ij’dx
h

nel

_ maqw?R*
P = T
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1.333

Cross-sectional view

Viscous force on this differential element of liq-
uid off radius r , thickness dr and length |

d
oF = n(2rr) d—‘r'

Where 2nrl = Curve cross-sectional area
In laminor flow

LR
e = constant=C

dv
N2 73 =C

2nnljdv=cj$

2nnlV=Cinr+C, ... (1)
Using boundary condition
r=R;V=V,

iV, =CInR +C, vvririrnann. (2)
Also

r=R,; V=0
C, ;R: CinR,
From (2) and (3)

Putin (1)

v° |n_r_

R R Ans.
In %z 2

(a)

\
| 4 E

—d 1)
Lz N

Cross-sectlonal view

Viscous force on this differential element of lig-
uid off radius r, thickness dr and length |

a

. [EV_V) ;
dF =nr ar 2nr’
Torque due to this force

—— (d_W) :
dt=rdF = nr? = 2nr

e (ﬂv_
dt=2nnl dar
For laminor flow this torque is constant then

dw
dt=2nnir® (?) =C
d
2mi T =C
dr
cf ~=2m| [dw

C
2mw = —o7+ Gy —(1) -
Tofind C and C,
Use boundary condition
r=R;w=w,

]

2mlw, = -§+C~. s (2)
r=R,:iw=0

2nix0 = R—§+C‘ —(3)

From (2) and (3) find C, and C, and put in (1)

RR:)(1_1
w= wz R‘ZR‘Z R: rz Ans.
(b)
From part (a)
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1.334

dw _ WRIR} (+2
dr R; - Rf e

ﬂl. _(woRR2Y( 2
dri., \RI-R: R_:
L owR
Rz(Rg‘Rf)

Putin (4)

dt s 2w Rf
2t 20 2
dx mRz[Rz(Rg-Rf)J

dr - 4mw,RIR?

dx RZ-R?
Ans.
(a)
1 >
= )
Z
A e (1)

Volume flow rate through length I, radius r and
thickness dr
rz
dQ= (2mdr)v°(1 - _R7J
dQ = (2ard 1 r
= ( r)vo = Ez_

[a@= Zwoi(r - l%Jdr
o

R2 R‘
Q=2 [Tzﬁ?]
2
R Ans.

Q= —2—

2
(M) — :
Kinetic energy of differential element of dr thick-

ness

dK = %(a’m)v2

dK =% p(27ri(dr)V?
1 | rt 3
dK =Ep(27rr1(dr))(v0 (I—EZ—D
- 1 R 2 2
dK ==2xlpv, (r(l———)} dr
JO 2 0‘!‘ RZ

K= —é—ﬂle pvi
Ans.

(c)
av

. fo=nd—

dr
dv
=n(27rt)—
£, =n(27re) e @)

Differentiate (1) w.r.t.r
a_, (2 :
a =2 o(sz Putin (2)
2r
£, =n(27RE)v, (FJ =4nrnly, Ans.
(d)

From option (a) '
Q= %RVOR2 — (i)
From poseuille 's law
R*(P,-R,)

8nl
Comparing (i) and (ii)

1 R (P, -R,)
4 2= 1 2)
5> VR ol
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1.335*

1.336*

Ans.

pipe (2)

pipe (1)

If we see carefully, we get that height are differ
entin pipe (1) and (2) . While velocity of flow ar
bottom of both pipes are same because cross-
section are horizontal piple is same at each
point.

Heights difference are due to friction loss and
bent loss in pipes still we can say that dotted
line show isobaric surface.

Height above isobaric surface provide, velocity
at efflux.

V, = J29(AC) = \/2g(h, -h)

Calculation of h
Using similar tringle properties

—h—:g
h, 2

h, 3
==2==x20
h===2"
h=30cm
h.—h = 35 cm-30cm =5 ¢cm

V,= J2xgx5x10* =1m/s

1.337*

1.338*

v,

f—— Xx,—

We know Reynold's no for circular cross-sec-
tionis
pvl

Re= "
n

Where | = length of charactersitic and for circu-
lar tube with full of water
D=2R Then

Re, _pVD,/n _ ViR,
Re, pV;D,/n VR,
Also we know

Q= V;nR? = V;nR}

W B

V: R

Putin (i)
24
Re, (R?)\R,) R, ™
Re, __un

Re,

Ans.

Maximum value of Reynold ‘s no for glycerin
for laminor flow

Ra= PVimasD
n
Ro'= P14 2N,
L1 T
Reynold no. for water
e P2V 2h
N2
We know

Reynold's no. for turbulent flow >that for laminor
ALY s PV, 2,
N2 M
> PV,

P2ValaNy

Ans.

F.B.D. of sphere
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1.339

4 _os
aR
3" (Y]

6mnrv, .,

mg

P, = Density of gylcerin

P = Density of lead

Atterminal velocity
Fne( = 0

4

0= 6nnrV+ 3 nR? pg —mg
4

(g “RSPJQ +6mrV =mg

4 4
(gﬂRJP)Q +6mrV =(511R3p°)g

2r?

5 (Po =)

Rynold no
VD

R = pYY
n

V=

_px2r_2r’g
. n =% 9n (Po-p)

f IR’
y=3—
4pg(po—p)

‘ 18R.n’
Diameter=2r=¥r =3——F—
| pg(po-p)

;nR’p,g 6mrv

mg

Where p,= density of olive oil.

3
Since radius of ball is R= 5x10'° mm which is

very-2 small.
Then

4
'5 KR3909 =0

Net force on object in downward direction

F ., =mg-6mrv

dv
F o =m @ =mg-6mrv
mdV = (mg-6mnrv) dt

Vauu
100

I mdV =Idt
¢ mg=6anrv. 3

vli-
100

m
In(mg-6mnrV =t
__smr n( g 1“’] )o 1

—6nnr
M7 00 [y,

m
In
—Bnnr mg

Calculationof V_,
At maximum velocity

Putin (1)

-
17 18y

Inn
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1.8

1.340*

1.341*

Relativistic Mechanics

Sy

We knowl=l°,’1—V%z
/
v Vi
Al = l=1= |°[1_(1..c_2] ]

Al
T x100=0.5
0

al_05
1 ~100
Putin (i)

0.5
V2= 2(@']&
v=0.1C

a3
2

Here |, = a sin 60=

y

X

length |, appeared from reference frame (x-y)

Ans.

(b)

4

a®  3a’ _a v2
—+T(1—V2/C2) —§J4—3'c—2'

2
Perimeter (P) =1, + | +a=a+a ’4_ EIVA2

2
p=a(1+‘/4-3V/c,]
Forv<<c

P=a(1+2)=3a

A

60°

Ans.

Ans.

<

C . B

Length AC
e =a(V1-viic?)

Length AB

- A60°

acos60=%_

asin 60°=‘/25

There will no change of length of BD while there
Is change In length of AD
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YW

&
o
o l&l

Now appeared length AB

= i@ zi_g V2
Im—,’In+a ks ’4 A’

Now perimeler (P)
2 2
P=2l,+AC=a [4-V/, s fi-v7,
2
P=a(J4—VAz+J1_V%2) Ans,

v<<c
P=3a Ans.
1.342*
Y
: | sind4s*
A | Cos 45° c
X
—p V

Here only length in x direction is changed.

Actual length of AC =1,
Then

0 — _V2
ICosa5* =1,[1- V2

Io=$1,1“v%1
B

1
V2

Then original length AB is

Ans.

(@)

X

BD = radius of cone =r,

length of AD = heigth of cone =1,
r,

tan@ = |l
0

Then lateral surface area
S, = nr, |, sec

1

0 x

From this reference frame length along x axis
doest not appear to change .

Hence from this reference frame

BD=r,

length |, will be appear as |
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2 —(t-at)  (2t-At)at
vic?= (tz ) =( 12 )

“At) At
=g (Z"T)T

v=0.6 x10®m/s Ans.
1.345*

—v,=0
tano' = = s
I~ lN1=v2/c? . {
,_ . _tand .
T0Re= 1=v2/¢?
Put value of 8 and v in above function
6 =59° Ans. X
(b) -
AB =lsec6 .
Lateral surface area at= o (i)
8=nr,lsecd = nr |, 1-v?/c? [1 +tan? e']% v= o
At
_ tan?o V2 o ———
= i—viTct [1+1—2;]
-vé/c
—»v,=0
_ S Sec?9—v?/c? |2 y

8= SecH «/1—v2/c2 [ 1-v2/c? —V

1

2

s, (Secto(1-v* /%)) x
= 2 2 )’ - .
Secd V1-v3/c (1-v’ / cz) : Proper length = | = length of rod appeared by
, that frame from which rod will be appear to sta-
— % tionary.
v’ cos
s=so[1- = ] . =1, J1=v2/c?
Putvalueof vand 8 and S, I = /
=
$=33 m’ Ans. 1 Vv
CZ
Time measured by moving clock = t Now
Actual time of moving clock = t-At ] 1
We know At= Ltz ———
- ¥ . v vi=v?/c?

t=

Ji=v¥/c? ——A——

t=At=tJ1-v?/c?
2
(t;tA—‘) =1-v¥c?
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1.346*

1.347

(&)
chatt Lt
P )’
- < S
= ar
t=cat 1-(i‘)=
at'

Asssume velocity of particle w.r.t laboratory
frame is v then

Aty

b= \-/1-v’lc‘

Ans.

2
At
= 1-|—
v / (5
Distance travel in laboratory frame is

2
A
Distance = Cat,[1- (Xtto‘]

Ans.
(a)

—p v=0.99¢
|

|
K X ARV

We know

Aty
B Ji=viie?

2
1-vic2= (%)

ot = At (1-v?/c?)

Aty =Atf1-v?/c?

Ans.

M & =Vl

(b)
Actual distance travel is
Distance = Actual velocity x proper time

=VA[O=| [1_\/: /c? Ans.
1.348*
—~
—»3/4C—>3/4C &
L —— 2
Al T
3
= — e U
Al 4CAt (1)
We know
AI:A'o\“--VZ/Cz
3
R 2 wat
“i-viicd i-viicd 1-viie?
v At
S s,
1.349*
[ = | y
11 |
0 1 2 3 4
—t
%, X
AX,
! — =
y
ﬂv x'

We know proper length of rod does not change
w.r.t. reference frame then

ax, =, (1=v2/c2)s — (i)
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S s O

Dividing both equations

Ax
s 8
A%, =1-v?c?

vic?=1 o,
s

v=c,[1- (A_XL] | Ans
. Ax, g
Putin (i)

= VAX,AX, ' Ans.

1.350*
— | — — |, —
— ] [ ]
y
A
v'
«—
V. 0 A
A ]n
—,——
2
A%
L.1-—
0 Cz
Time to move from Ato 0:
i lp + 1= V2 /C?
= _—_V,
vr?
2 — —
2,/ At
Vr=—2 2
1+_c’103t2
Ans.
1.351*
—V rest —pV

»- <+
Ao ° oR

e —e—i2—

I
AT 2(c+v)

I

= =
Ct, - Vts-é =1t 2(c-v)
t, <t, means later event occur first
At=t —t,

Ct, +Vt, = )§=>'

1.352*

| |
= 2c-v) 2(c+v)

1[c+v-c+v] v

=2 22 =

ci-v T ei-v?

'
j=
- c

t= — €
c(1-v*/c?)

Assume c/v =8

B - »
At= c(1 = BZ) Ans,
(a)
-
E——— 000
(0,0,0) —>

Since rod is moving with speed V with respect
to this frame, it length will be appear less
than proper length

X,—1=Vt,

Xg = Vig
(Xa=%g)—1=V(t, —t5)

1= (X, =Xz -V(t-tg)
Now proper length

AV =

|o = (XA _XB)_V(tA _ta)
Ji-vi/c?

Ans.
(b)

Here
|XA = xa| =l
Xp—=Xg =l
or
Xp = Xg ==ly
Then

_ lh=V(t, - t3)

°(1—\/1—v2/c’)

t-t =

A B V

or

I°=I°—V(t‘-t°)
1-v?/¢c?
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1.353*

1.354*

1.355*

ety = %(1—41—vzlc2) Ans.

&

Al Io Bl

I_*

A . g

(a)
Reading of clock at B
|
t(B) = % Ans.
Reading of clock at B’

I=l,V1-v?/c?

Ans.

(b) '
Appeanent length of AA' from A

=l V1-v2/c?
t(A)= 21—V -

When B’ will be at B then distance travelled by
point A’ in frame or rod AB' will be

I
t(A) = % Ans.

Lorentz transformation of time
t—xVv/c?

t'=_\/1_—v———2/_02—'

If take t =0 for k frame then
—-xv/c?

t= J1-vi/c?

fx>0=>t<0
fx<0=>t'>0

SR
OO

K‘J>—'>V
Kd)—————’x
Since both show zero reading at origin. If clock

(k) reads time t and clock (k') reads time t' then
according to lorentz transformation.

t= t—xv/c?
1-v?/c?
According to question : t' =t
Then
. t=xv/c?
==t
J1-vi/e?

Differentiate w.r.f. time

t—v,cl2

1-v?/c? -
v " (1- —vz/c’)
X 'V
We know
B:

O )

K frame (stationary)
O?" target
x=0 7@d
t=0 t=aAt

Suppose a shot is made and it hit the target
after time At then from k' frame (mouing with V
velocity)

- 2
A Bt=x v/c
\/1—v’/c2
i 2
Ao At-d V/c

J1=-v3/c? -

If At <0 means target is hit before shot is fired
then.

At'—dV/c2< 0

dVv > c2 At

5
a)v>c

d
If—=V,
At T
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1.357

1.358*

Then

V.V>e?

It is possible only if one of the V. >corV>c
which is not possible .

It prove that target will be hit after shot made

(a)
We know invariant formula

240 ‘2 _ 242 2
ct',—x; =c'ty, —xi,

In frame K' both events occure at same point
Then

x, =0 Then

Czl'u = czt122 = (xz =X, )2

=S (t=t) - (6 -x,)°

c?t'y, =(ct, - (:t‘)2 =(x, - x,)2
-
(3x10°)’
2 = m E1.3X10-OS =13ns
Ans.
(b)
In frame k' if both occure simulaneously then
t;z =0
-x2 =c*ty -x%, =16
X, =4m
Ans,
V
yAT y
K L—‘Vx
> X
Ya
K
2.8
——lp \|
We know

. V.=V
Y = AY
3

2 2

y \"
-Vez

Then net velocity appear from k' frame

Vur

JOV = V) +VE(1-V2 /c?)

1-V, V/c?

net —

Ans,

1.359*

1.360*

V,=0.75C
—-&—»V,=0.5C v, O
Velocity of approach is taken from laboratory
frame hence

Velocity of approach =V, +V,=0.5C + 0.75C
=1.25C Ans,

Relative velocity
KI
Vi

V = Vi'"(_vz)
SRTEN
c
Y
SREFSVAVATE. DS
| I 1 s = |
—— — ——
—_—Y —
v
V-(-V) v 2V

V~= il = 2 z=_—1_
1—(V)( Vycz 1+V /C 1+p

Now apparent length is

2
rel
2

Vv
==
Y L

(1+p7)' c?
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T
- 43

|= k) (1 *B:)‘

(*-5°)

(1+ B:) Ans.

1.361*

Y ﬁL
Ve =V Ve

Viy =0|Vey -V,
From reference frame A : velocitycomponents
are as shown

0-V, y

RSV P s

Vo 1=-Vi/e?

==V, J1=V3/c?
™ q1-ov,/c? . v
Then
V.= ,’\_l; +Ver
Vo = V2 + V2 +(1-V7/c%)

2
Vm = V|: +V: —(_V‘cvz)
Ans,
1.362*
, I V‘ = 0

K
X

To find velocity of particle in k frame assume
components of velocity in k frame is Vx and Vy
then using lorenz transformation

Vi-V,
V‘=1-v,v/c’
Vi 1-Vie?
YT -\ Ve

Thoen '
From frame K

V.-V

0”:‘?7:
¢!
Yl
1
A7)
¢

V'u —

Vo= TV (1-V])
VZvoz

2 7
ARA —7—'

Hence we say that V,, Is velocity from k frame
then

vy’
c?

For proper time At,,we have to choose another
frame k" which Is attached with particle. Then

Vo

Reference frame k will be appear to move with

V.« Speed then time Interval will be appear to
Increase from this frame (k) then .

At
1=V, Ic?
Distance travel in k frame

At=
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1.363*

1.364*

) Aty - xvl/c?
Distance =V _, At=V__ -V I Ji-viic?
A l,v/c?
' 2 2
Mo V2 +V* (1-v2 1 7) fmvile
Dlswnce: (1_vzlc2)(1_v-2/c2) Ans. Ay=V,Al=|oV V’Icz
B
y / W Ay
v
i v
— =y A 7 D
9 ) o
x VX Ay LV v'/c?
vixe VemV _ Veose-v , ana =" i-viie?
AY (veos®)V T ®
s 1—*‘:2 Vv'
tana = zr_ﬁ
RV vy i Exi-vie
V== Vs"‘ev Vi-viie Ans.
-2 1—Voose(—c7) 1.365*
(a)
Vy'  Vsin@ 2 y
tan6'= V= Vos-y V¥ /S Ans. yoq
Kp——Y
y K
2 R
(0,0,0,0) (1.0.0,0) v
| > X
A w B We know
R Ve Y=V
1-V Vi
‘)F Now differentiate equation :
—_—\ =
———18 v (1"WV/°2)(M)‘(W‘V)(‘(M)V’CZ)
:(\ — lv, dw¢ .
: _ (-wvie)
>y
Here in k frame length of rod will be contracted
s @ : 2 H th 2
because it is moving with V velocity then =dV,[1-W VI + VR VIt - VR 6] (1= Wk VIS
1=l yi-v*/c? dvx'  (dv,) 2
Velocity of rod V, =V d_t’f= = (1-v31et)f(1-v,vic?)
V',h- vic}) v'i-(vic) —)
VvV = (v/c) = ‘/7( ) Also we know

Y-V, vic? 1-ov/c?

v, =vi-viic?

Time difference of measuring for Aand B
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t—xv/c?
J1-Vviic
dt._dt—(dx)V/c’
J1-v2re?
dvx' _ (AVx)V1=VZ7c? (1- V2 c?)

t'=

dt' (dt-dxV/e)(1-V, Vie)
dV, 312
[-ﬁ)(hv*/c )
= (1YY )(1_ YoV
c® c*
w(1—V2 Ic’)sl2
(1-v,vie?)
Vx=v Ans
(b)
y T
Kb———V
K _—éx‘
vI Iw
— X
we know
Vx-V 0-Vv
’ X'= ==V
VX' =1-Vx Vic 1-0
a,.=0
Also
v, 1-Vv2/c?
V.'=

Y T 1=V, VIt

—Vv? 2
V, V1 Vélc -V, '___1-v’/c’

y T 1-0
v, dV
£ 1-Vv2/c?
Gt at'
From option (a) :
dl—(dx)VIc2

dt'=
Ji-v?/¢c?
av,’ av,

et (1-V?/c?
dt’ dt-(dx)V/c’( c)

(av, /dt)

= ______-—(1—Vzlc2)
§: (d"]wc
at

W ___(1-Vv*ic?)

“1-vvict
WE=w (1—V’/c2) Ans.
Here V, =0 Ans.
yI
K’ — W
— VX
—> X
— v
yl
Earth
K —V

v
rd

Moving frame (k') is that frame in which par-
ticle is appear to mstanteously rest. But its
acceleration of particle inthis frame may or
may not zero.

Now we know:

w(1-V? /cz)al2
(1-vvic?)

From Q: 1.365
Here Vx =V then

w(1-v2 162"
(1_V2 ICZ)3 = w(1-V2 IC:)\'”2

w'=

=w'(1-v2/c?)”
dv=w'(1-v’/c’)“dt

-._.-

t
o(1- v2/2”’ l
w't

1+(w t] Ans.
c

V=
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1.367*

1.368*

_ w't
o o(te(wre))

R

v2

Ans,

T =£J1-(V’°)z dt — (i)
From Q:1.366

V=

\"
Here B= T

m,

my
" h-E Ja-p(+p)

1.369*

C-—=C
e 100 o S,
c c 100
=1
M =
2(1-B)
m__ 1 __7 Ans.
m,  J2(1-B)
4 y
L
N
l,‘_li—’ —>vz=0
yl
X'
—>V

Density is defined as p

restmaes _  m,
volume volume

From (1) (2):

3%
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1
=1+ —-p°=—
p=( n)po=~p o

1 _ v
Then1+n—,/1 4,

b =(1+LTI)N2+—“) Ans.

1.370*
Assume mass of proton is m, then
P=mV
P e
2
et
(&)
Squaring both sides and value of v
= z 2 - 22
P C
\/m: + red Jl + m;)z
C;CV =1 _% =i 1 —
1+ m"?
P
1
c-v miC?) 2
= =1-|1 3
Ans.
1.371*
We know Newtonium momentum
P =myV—(i)
Reletivistic momentum:
L
2P = ’1_ v%z V — (ii)
(i
Using ( )(ii) :

1.372*

1.373*

1.374*

1}
5
NS

< Bla N
[
—_
|
<
V
%

o”' ~
I
""’m Ao

<
[}
(2]

Classical mechanics
Aw=K —-K,

1 1 2.2
=— - 0.6)°c
> Mo(0-8yc*= 2ol )

= %(.64-.36)c2

Aw = 0.14 m ¢? Ans.
Relativistic mechanics

Aw =m,c? —mc?

= mo 0.82 2 2
J1-0.8?

my 2

¢’ ——==0.6°c
J1-0.62

=m, x0.42 ¢

Aw=042¢c? ‘Ans.

m,c? = Rest mass energy
mc? = Total energy

Kinetic energy = mc2 —m c?
According to question

m,c? = mc? —-m,c?

m=2m,

c Ans.

Using classical mechanics :
12
= imovc

where Vc = velocity calculated by classical me-
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chanics Lot us kinetic energy is T then
E=mc+T

V, = \E Putin (i)
m, :
_ N +T) =mc' +Pic?

Relativistic machanics:: (s ) a

T =me? —me mfc' +Ts a'!\.C:T = mgc‘ +P?

Tuw"“\‘\i -met Pt = T(T+2me?)
VAR p= %\‘ (T-‘-Z’(\‘cx) Ans.
m,c* 2(‘—\)/';:‘) =1
N U=y

\ /e
N From question no. 1.375
+—1

T

1.378°

=1+

T_.—.\,Lié”..‘iq If no. of particle collide per second is n then
m,c* 2c* 8c! ne=|
o 1
=_Vi.(].,.i\l: \) n=;
x e Momentum transfer per second is :
Approximately o il )
5 d l
. ¥ :ﬁ:np:a\ﬁ(‘ra&moc’)
2" mc Power = Energy radiate or absorb per second
Then Power = n (kinetic energy of one particle)
Toe{ni ) "t
me 2¢*\  2mc?, Power= ~T Ans.
e
13
@ T (3T ]-\ oT {1 3T ) From sphere Reference frame
— = 1+ = > >
¢ mc( 2mc) me( 2mc
3T
« BV 1St °
v A‘a( 4 "100‘) o
Now o
= o
=\ -
Ve Velocity of gas particle in frame of sphere
T/ 1—3/—‘!—: - 2—T‘ V.-V
/mvo /4"\5‘:. m, V'e——
=g 1‘V v/r
2T r/c
m, HereV =0:V=v
T in A
me 3 at max S,
1.375°
We know

E*= mic* +p'c’ — (i)
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Vx'==-v
Momentum transfer in one collision

o m(v)  (-mv) 2mv

T - icviie i-viie
Since volume will be decreased by a factor of

J1=v21c?

But actually no. of particles of gas does not
change but its occupied volume is decreased
and hence apparent no. of particles per unit vol-
ume is increased.

n

Mes = iovile

—V—>
No. of particles collides per second

()

dp [ - 2mv n V
o dA)V
" [s/1—v’lc2 )[Jl—vzlcz}( )

Pressure = ﬁ__va’q
T dA  1-v¥/c?
2nmv?
ST 2.2 Ans.
P 1-v2/c?
Gas Refrence frame
oo o o
o o o o
V=v o % o o
mTv'=0
o O o o
Before collision
o o )
v o o o
o % o)
m—V
— o o o)
After collision
We know

0O O O O

1.378*

; Vv, -V
Vf EEAYS
V,'=-v = Velocity of sphere w.r.t. gas frame
after collision
V, = v =Actual velocity of sphere after collision
which does not change

m2V

1+ sz

Momentum transfer in one collision=

dF 2mV
ol |V
dA \1+v'/c

. 2nmv?

T 14v2/c? fins.
Since in gas frame mass of gas particle and its
density does not change

m
V
F

Attime t, letus velocity of phsere is V then

e ome Jav
TMAE iV ) dt
t 1

L fat=[Viviie

My o 0

2
Also
ds Fct

V=at Jmic? + Ft2

V=
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1.379*

1.380*

s 1
jds=ch$
0 0mic? +Ft2

2
s=y(mict/ef eote -BE ans

Given

x = va? +c?t?

yoOx_ it
dt  a?+c’t?

czt(zc?t)

dv_ 2 242 2
E—(a +Ct)C —m

dv _a*-c*t
dt  a?+c?

Momentum

m,

—_—tv
1-VZ2

(eI (%) -
t -7

Put value of dv/dt

P=mv=

F=——o Ans.

. ?=d-|;_____dg __"‘;\7_. =%%(;(1_%2)-V2]

t j_vz 2
o T G

We know

_ dv dv i
= — —_—=a =ayV

=g and =%

Then

-

3
4 a Vv 23 =
F=m, -——z“+c—;(1—v%z) *V.a.v
1/1_v42

If 3Ly=3V=0=av then

mea m,avVv
Vi-viic? c*(1-v* /c’)%

5
ma mov’/cza

Ans.

Assume velocity of particle in K frame is V_ then

we know
P = movx
x V'z
,}1 e~
L
Fi Jei-v,.2
Es _mge®
- 1_ sz

cZ

2

L e
Also we know from invarient theorem
(ds)? = c¥(dt)?- (dx)? =constant

= &2 (dty{ ¥ty
(ds)? = (c2- V2) (dt)?
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ds
Jo? —Vx? =d—t=oonstant in any intertial frame E' E mocV (dx)
%reer:erences 1-p? /1_[31 ds
- E m,cV (V‘dtJ
0 x : = -
P=Tas) 0 Ji-p 1-ptl ds
— (_qu ) __E  mgVdtf V
=M \gs) — @ “hp ds ((iI-p
V. dt=dx , :
Also -y E va
m,cV, 'dt' = -
P i c'(d—s) 1-p* |1-p’
E'= E-PV
_me dx.]=_rn.;c dx - vdt - 1-p?
- ds ds ,H_VZ /c2‘ S
b __MC '(d_x)_ meVdt 1.382*
* 1-p2 \ds 1-g? We know
V1-B yi-pids E2 = PiCt + m ick
Rest f prot =0
P'x = Px _ \ m,C Efi ;l:gfs of proton (mo)
J1 L BZ J1 _BZ JCZ i sz E= PC

From K frame

P %2 { m003 J gE=p.c

Py
V1= 1-p (et -V ==
O %25 i [
& Ry ' Form k' frame
1-p7 1-p° :
. e =p|ch
p.-eX ; "
P'= % Proved p.—E=
- e'=| ———C |
1-p2
E' sdtt mc’ ( dt - (dx)V/c? . ;
T T s [ Ji-p
‘ [ - X
L {_d_t)_moc:-’ dx V/c? . px—c—2
\/1...[32 kds ds J1_Bz g'= l_Bz
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eV “E?-P’C* =mgc’ Ans.

E=— : *
oo 0B 108 i
\/ 1-p*  1-P Since maes of both particles are same hence
7 magnitude of mometnum of both particles from
g'=¢ 1-B com frame will be same.
1+ Velocity of each particle from com frame
=0= ch = _ch
Ans. Energy in com frame
For
- 2myg’
.. _l—_ﬁaﬁ—x—i E=——°%/—2-=\/27m°cl('r+2m°c2)
2 1+B c - 5 Ans. "‘—'c;ﬂ .
1.383* €
From Q1.381 We know Using equation
E=T+2m,.
E=m,’ (%) _ °
s -
T = 2m,c* (T +2m,c’) —2m,c’
dx ' .
P‘=moc-a— T=2m0c2( 1+ . z—l]
§ m,C
dy
P = mocE Ans.
-~ m m
P =m,c— P= ¢ | eV
* " ds ( 1 v’/cz) Jl—V:m/cz
Then Put value of V_,
P e=iige’ = ...ensrsmiiziods (i) -
*d P= —;-moT
2 dy
PC=m,C" —= e (ii) Ans
ds (b)
d We know that
PC=m,c’ — (iii) 2
z 0 ds ......... ereeeeennes . v me V
N =mV=""5"V s
Squaring and add ((i) + (ii) + (iii)) c? D)
& g m:c‘ ( g ) 2) Also we know
p? + P2+ P?)c? =5 (dx" +dy” +dz
(4B +F0) (ds)® PC = [T(T +2m,¢’)
2 4 From(1) .
m,C 2
2c2 - 0 dl
P = gy ) p_EV
c
2
ay L(dl) Now
E! -P!C? =mic*| — | -mic' —5
“\ds) (@) V_PC
C E
c*dt? —dri?
E? - PXC? = mgc‘ [-——&—S-z——] = mf,c4 For system

= const
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c E’ys‘em )
T(T+2m,c?) +,/0(0 2
Van (‘/ ( 4 ‘/ (0+2m,e ))C Inertial K Frame COM frame
c (T+myc?)+m,c?
Use invariant equation
E? - P2C? = Invariant
V.. CyT(T +2m,c?) § ; . .
e (2mc+T,)' T, (T +2mc?) =[2(m*+T)]
0

T Here momentum of system from com =0
i d T+2m,c? T2 +4T,m ¢’ + 4mic* - T} - 2T;m,c’
0

=4T? +8Tm,c’ +4mgc’

vV =C|—T
- T+2m,c? 4T? +8Tm,c’ = 2T,m,c’
as. o _4TT2me)
1.385 l 2m,c*
v 2T(T+ 2m,c?)
T — 2m,c?
i v i
Ans.
We know ’ 1.387

E?— P2C? = Invariant = M 2C*
We assume energy does not losses

I:(mt,c2 +T)+ m,,c’:l2 ~T(T+2m,¢’)=mic*

mlc* = cy/2m,(2m,c’ +T) G_’ y=0 3

m, = L 2m,(2m,¢* +T)
c

' - 1.384
Also we know from Q: 1.3 E,+E,+E=m@

Sip g | B+B+B=0
c Take system of (m, + m,)
_P_(Pe)e (B, +E,)' (B, -B, ¢
E E

- 2 2 : .
e A -

T +2m,c? 2 2 522 2
o (moc +E,) -P'c =(mz+m,) &
- T Because this Invariant is same in all frame of
T+ 2m°c’ reference hence from com frame of (m, +m,)
. Invariant = (m, + m,)2c* -
Ans Now

1.386
mic' +E} - 2mc'E, ~ B¢ = (m, + m ic*
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2 4 2.4 2
myc* + mc’ - 2mc’E, =(m, +m,)*c* awie

2m,¢’E, =(m} +m} )c* —(m, +m, )t o A
- %
(m’+m’)— % A L
El.mlx = : : (mz m3) Cz mo)
2m, . Ans

Ans.

O T

Suppose velocity of ejected mass is ¥, from a
frame having zero velocity then we know

1.388

vie VeV

' l’yx%z

X

. i
l”VX%’ o

Change in momentum of (dm) mass
dp =—(dm)V +dmV,

uv
Here —3~ << U then
c

dP _ (dm) " u
dt dt
1__
cZ

Then force on rocket

= Force on gas particle
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21 Equation of gas state process

2.1. Suppose gas is at pressure P, volume V and
PART: TWO tampreture T
Then we know
PV =nRT
If m = total mass of gas
M = molar mass of gas

THERMODYNAMICS

PV =RT
M

Here V = constant and T = constant
Then

AND (AP)V= (AIBRT

M
Am = (AP)VR—T- ............... (1)

At NTP (Normal temperature and pressure)

MOLECULAR T,=0°C=273K

P=1atm=P,=1x 10° N/m?
Also we know

. PM = pRT
PHYSICS M_p
RT P
Theniinitially
M _p
RT P
Putin (1)

Am=(AP)V £
PO

AP
Am==—V
=i

0

Ans.
2.2,

v \
Value
@
Initial
(A) (B)

PV =nRT,
RV
RT,
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Total no. of mole of gas is n and due to heating

An mole of gas goes in other chamber.
Equation on first chamber:

P,V
P,V=(n-An)RT,»n-An=—2—...... i
,V =(n-An)RT,=n BT (1)

2
Equation on second chamber:

(P,-AP)V = AnRT,
(P, - AP)V

RT,
Put value of n and Aniin (i) :
RV_(R-AP)V_RV
RT, RT, RT,

An =

BV _(R-AP)V

P,V

Tz Tl TZ
PT, AP
= e— e —
! 2T 2

Let mass of H, gas is m, and that of He is m,
Number of moles of H,

P
9
Number of moles He
m,
n, =—=
P2
Alsom +m,=m ... (1)

PV =(n, +n,) Rt

24

Ans.

We know PM =pRT ............. (i)

Where M = Molecular weight of mixture

p = Density of mixture

Calculation of M

No. of mole of N,

n=m./M,

No. of mole of CO,

n, =m,/M,

Where M, and M, molecular weight of N, and
Co,

nM +n,M;, m +m,

M= =
n +n1 ﬂ*.&
MI MI
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26

Putin (i)

Ans.

(a) ,
Suppose molar mass of O, N,, CO,are M,, M,
and M,.

PV =nRT

PV = (v, +v,+Vv,)RT

P=(v,+v,+Vv,)

A%

(b)
Total maes of mixture
M=vM, +v,M, +v,M,
Totalmass

Molar mass of mixuture = totalno.of mole

_ vM, +v,M, +v,M,
v, +V, +V,

M

2.7

Final

Initial

Here (n'+ )Vv'=(n+ 1)V
F.B.D. of piston

P,Al

»
I P.A Ymg

Net force will be zero in process

P,A=FA+mg

mg
P-B=—%
2 1 A

Similar P, —P, =mg/A
Now
Pnv=RT,
_RT,
| T]V

Since
Pz—P1 = Pz'_ Pal =mg/A

RT,(; 1)_RT I_L)
vi n) Vv «
RT,(n-1]_RT(n1
V n VI T]'

RT (m+D(n'-1)

T(+) '
1 2 -

pn (-l

- 1?2 0

n (n*-1)
Ans.
Valve

This question is based on operation of an en-

gine.

In this engine, first, piston pull right side and
during pulling piston, value is opened and gas
is filled in vacant space then value is closed.
And gas between value and piston is removed.
After that piston moves left then piston is again
pull right way and value is opened and gas
comes with piston. This process continues.
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2.8

During each expansion, our system is remain-
ing gas and we can assume no. of mole just
afer start pull the piston and just before end of
pull then we can use PV=constant

But in each expansion, no. of mole inside cham-
ber will be constant.

First stroke right

PV =P,(V+AV)
- PV )
VSV LAY e (i)

First stroke left
Now pressure becomes P, and volume will be
Y

Second stroke right
P,V=P,V+AV)

PV
( V=P,V +AV)
V+AV

29
e B
2 (V + AV)Z .......... (i)
In 3rd stroke
PV?
P= (V+av)
Similarly in n* stroke
PV"
P= (V+AVY
According to question
pv* B
(V+AV) 7 2.10
A"
nin (V_+A_V)- =-Inn
Inn _Innm

n=
V+AV AV
Infl1+—
m( v ) ( V)

Ans.

Isothermal
Value Piston

Suppose at time t, pressure is P and in next dt
time dP pressre is increased.

But P + dP < P because P is decreasing func-
tion hence dP = (-) ive

Then

PV = (P + dP) (V-Cdt)

PV =PV + VdP + CPdt + C (dP) (dt)
—VdP =(CP+CdP)dt .............. (i)

CP+CdP=CP
Then

From (i)

—VdP = CPdt

PdP t
V| —= d
VPJ;P J:Ct

—C
In PIP, = Vt

P= Poe_"— Ans.

Ans.

Let assume pressure inside gas chember is P
F.B.D. of piston

P,S
T PS

moQI
P(S-AS)
(m—m,)g‘cfé(S-AS)
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SincR ProCesS is very slow , piston always will
be spproximate equiibaum,
Force equation
PS +P(SAS) *m@ + (mam g = PS+P(S-\S)
mg
P=Rt—— .. i
Q AS (‘)

After increasing AT of tempreature, final
tempreatureis T+ AT

Since from (i) pressure is constant, process will
be isodaric.

- = constant

i

V _V+AV

T T=+AT

T+AT | AV
i v

AV
Vv

Vo =S¢, +(S-AS)¢,

Change in volume

AV, .. =Sal +(S-a8)al

If |, increase, |, decrease in same amount.
AL =1

A, =+

Then

AV, =ASI=AV

Then

AT =T(%[‘) ........... (i)

Also
PV=nRT
Givenn =1

(}3, +1’§)V=RT
AS

T_ L(po +m§)
V R AS
Putin (i)

AT = __(AS)( (Po + E)
R AS

AT =(mg+ P,,AS)-}-:— Ans.

M

() ‘
P P\ —-aV? e (l)

<

No. of mole of gas = 1
We know PV = nRT

RT
P=—

\I
Putin (1)

For T maximum

LI
dv
P, 3aV?

0=-2-

R R

V= }E\‘_
3a

Putin (i) :

T =D ’_?L_S_(E‘_) R
™ RY3a R 3a/Y3a
L 2[R

max
3 Yia

Ans.
(b)

P=Pe*
2L apew
v ¢

.........

For maximum Tempreature
dT
—_—=0
(\Y
Calculate V and putin (i)
)
max cBR
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213

T=T°+ aV? e (i)
We know PV = nRT = RT
LY
"R
Putin (i)
B!=n+avz ............... (ii)

P= R[TOV" + O.V]

For
Pmin :ﬂ =0
dv

Then from (ii)
0=R[-T,V?+c]

v B
o

Putin (ii)

3 E=T°+0.L=2To
RYa o

P _
Nl

Pmin =2R U.To

We know
PM= pRT
—(pgdx) M = pRdT
_dT _pgM
dx pR

prrcs =T
M

Differentiate :
1 L
(1—1)P *(dP)C" =~qT
n M

Also we know
dP=- pgdh
Putin (i)

]. —l l
1-— |P~C® -
( ] (pgdh) = MdT

-1 -l
dh (“ 0D b Mgp

1
dT n-1 P )
dT P*M
dh ( n ) gp(p)
i, Dy
dh n
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T I T=Const
M=Const
I

In question dz = dh
pm=RT p
gdh

-PM = Ed?
gdh

h
(4P Mgt
P RTy
—Mgh
P=Pe ™
Above earth surface

h=5x10’m

T=27°C=300K
M=78x10"kg -

g=9.8m/s’
R=83

Put in above equation
P =0.5x 10** N/m? = 0.5 Atm

Below earth surface
h=-5x10’m

> T =27°C=300K
g=9.8m/s M=T8x10"ks °
R=83 St
Put

P=2x 10" N/m?=2Atm

216

WEM

PM = pRT
(dP)M = (dp) RT
Also we know
dP = —pgdz
Then from (i) and (ii)

(dp)RT
S~ =—pgdz
o P8

[

_Megh
p=pee

(b)

PP
Po
p=p,(1-7m)
_Mghy
Po(l-ﬂ)=Po° RT
RT
h,=—1/¢n(1-
2 Mg n(l1-n)

h, = IRT
Mg

| T =const
- g = const
const

Ans.
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=
dx
t IETE h
l;—ﬁg:

Suppose pressure at height xis P
PV =nRT
Gas equation in differential volume

PSdx=(dN)RT ...cceovvnnn. (1)
We know
Nl
M
aN < dm
M
From(1)
dm
PSdx=| — |RT
(M ) ............. (2)
Also we known
4P — —pgdx ang p= B _ dm
=—pgdx and P dV _ Sdx

Then

m :-]E(l-e—):_lrl]
g

2.18

219

]

@ -
3

|

il

— 3 —p

We know
_Jsim
@ = Idm
Also we know from Q : 1.215

P=Pe ™

P(Sdx) =%RT

X

M MS. wesr
-=— de=—Pe”“ dx
A= RT °

J' MSP,x o-MexRT jxe‘"“'“dx
RT 20

Y = IMSPO T
RT

feorias

0
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2,20

Put In (1)

RT
), [ ——
Prdx v ( 5 dl’) .............. D)
Also T =T, (1-ax)
From (1)
:[ -Mgdx f dp
o RT,(1-ax) w P
I{I‘(—a)en( -ax) —fn(loj

Mg P
8 ,
aRT, n(l-ax) = en[P,,)

-M
P =P, (1-ax )i
Assume
Mg/aRT,=nand x=h
P=P,(1-ah)

Ans.

(b)
Similarly as above

P,
s (1+ah)"

(h This end is &
open in air

Force equation of dr element at r distance
dF = (dm)w?

S S

dP= (d_m_) w?
S

dm = (—s,-)dp
w

Also we know

221

222

P(Sdr) = ( = JRT

PS(dr) = E(;z )dP

Mw Irdr = RTI —

2.2
Sy =RTZn%
2 0
Mw2?
PuPpe M

Ideal gas equation
PM = pRT
_pRT

M
Vanderwal equation (for one mole gas)

Ans.

a —
(P+W)(V—b)—RT .............. 0))

v=-2

p

(P P M’](%—bj=
£

RT__pa
M-pb M’

P=

Ans.
(a)

Using ideal gas equation

PV =RT
P
v

Using vander wall equation

(P+ )(v b)=RT
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RT a
P2e————
V-b V

PI "Pz
Here Pz

=7

Pt=Pz=(1+’l)

+n) oy

T= v: __ (+ma(v-bV
(+mMR R VR(V.-V+b+V)
V-b V

- 2(V-b)+n)
VR(nV -b)

Ans.
(b)
Put value of this tempreture in vanderwall equa-
tion
,_RT _a
2" v-b V?
Ans.

(Pl +%)<V—b> =RT, ..crmrnn 0

a -_—
(P, +WJ(V—-b) =RT,

From (i) and (ii)

= V? TIPZ —TZPI
Tz —Tl

b:V—R(_Tz—-’_r'—J
P2—PI

Ans.

2.24

We know bulk modulus of a gas is given by

Bl

M
While compressibility is given by :
‘%__L(i‘i)
dp Vv \dP
In vanderwall equation :

[P + -"’TJ (v=b)=RT .......(J)
v

if process is isothermal

T = constant

Differentiate (i)

—a a
(dP+?dVJ(V —b)+(P+V;)(dV) =0

dp
(——-a—)(v-b)+(P+V"‘,-)=o

X=-

av v’

a
dP=—(P+V‘-)+_a_
v  (V-b) V
dp —(PV’+av)+a(V-b)
V3(V-b)

=_L[ V}(V-b)
(-PV’ +av)+a(V-b)

vV
w V3(V-b)
T ®Vi—aV)+a(b-v) =@
Put value of P from (i) in (ji)
‘= Vi(v-b)?

[RTV’ -2a(v -b)’]

P
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Using ideal gas
PV=RT
V=RTP

QY =-RTP™
oP

_RT 'V
MEYP TRT
FromQ:2.24

_ V}(V-b)?
X=RIV' ~2a(V—b)’
According to equation
X>x

V*(V-b) .

RTV’-2a(V-b)? ~ RT

2.2

2.26

T>3R
b

227

The first law of
thermodynamics,
Heat capacity

2
7
&

o<

We know that room is an open thermodynamic
system,in which no. of molecules may change
suppose no. of mole of gas is n. Then

PV =nRT

Also we know Internal energy is given by :

And room pressure is also constant.

Then Internal energy inside room will constant.
U = constant

Itis notdepend on T.

Note: ‘

When T increases no. of moles will be de-
creased in room and nT will be constant be-
cause PV = Constant according to question.

When vessel will stop suddenly , its directional
kinetic energy is converted into random kinetic
energy due to collision with walls of vessel hence
tempreture is increased.

Decrease in directional kinetic energy = In-
crease in internal energy of gas

—I-MV2=AU
2
%MV2 =nC AT

Here n=1 for one mole of gas

%MV’ =CAT
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Lavio R ar
2 y-1

Y=l yproar
R .

Value
@
Initial
(A) (B)

Due to valve open gases will transfer from high
pressue to low pressure sotaht final pressure
and final tempreture will be same everywhere.
Let final pressure and tempreture are P and T.

Value
@
Final
(A) (B)

Since vessel is adiabatic and closed, internal
energy of system will be conserve.

U=U,

nCT +nCJT, =nCT +nCT

mIi+nT,
n+n, -

Also we know

RV, =nRT,
pild

"R

Simliarly

£,

RT,

Put values of », and n, in eqution (1)

7 BBV +BY,)
RVT +BVT,

Caculation of pressure
PQ2V) = (nl + n,)RT
Put value of T then

po RVt BY,

Vi+V,

229

230

2.31

Increase in internal energy

AU =nCAT = niAT
y-1
Also we know
PV =nRT
14
0
Put value of nR in (1)

sy =B AT -
5 =1 :
AQ =AU + AW

Since vessel is closed hence work done by gas
will be zero.
AW =0
AQ =AU
EV AT

AQ=2 20

To y -1 Ans.

We know

AQ=AU +AW
Also we know

AU =nCAT = il

y-1

In isobaric process
AW =PAV =4
Then
AQ = EA_V + AW

y -1
AQ=41+A

y-1

AQ=AL Ans.
y-1

We know
AQ =AU + AW
Also we know

AU =nCAT =2 AT

y =1
Also In question

AQ=Q

Ans,
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Putvaluesof AU and AQ in (1)

aw =0 RAT

y-1

Ans.

Initial tempreture = T,
Isochoric process

i
A T
)

N

28

e |
Il
= Ic;Nl

Heat given in isochoric process
Q, =vCAT

o §
Ql =ch(7o_7;))

Isobaric process
Heat given in isobaric process

0, =vC,AT

0,=vC, (1:,—5)

n
Total heat given

Q=Q1+Qz

T;
Q = —VCV (20‘—7‘0)+VCP (T(') —_0)
n n

0-v(c,-c)(z-% )

no
Q=vR(To—5)
no

Q=vR7],(l——1-)

Ro

233

234

v CV
Cv(mixture) = nl—cljil
n+n,
C? +n,C?
C, (mixture) = Bo Tha
n +n,
) C, (mixture)
y(mixture) = C. (misture)
. nC/? +n,CY
1, N T
y (mixture) "y nc ™ 1)
We know
oy B
y-1
5 = _R_+ R = LR—
y-1 -1

For O, adiabatic exponent is y, and number

of mole is v, and that of CO, is y, and num-

ber of mole is v,
Then

71 o
Put all values in (1) and solve

ity (72 'l)+vz}'z (7'x _1)

y (mixture) =
Vi (72 _1)+V2 (71 _l)
Ans.
For N,
7
=—=0.25
ST
Cr=2R
2
o
2

Page - 201



235

i J v
nC/ +n,C;

n +n,

C,(mixture) =

Put all above values

0.25—5~R+0.5%R

C, (mixture) =
0.25+0.5

_L375R _1375x83 _ ., J
0.75 075 7 molK

But in irodov ans is in per gram at place of
per mole
Then
Molar mass of system(M)
_nM, +n,M,
m+n,
_0.25 x28+0.5x40

0.25+0.5
Then upper ans is for 36 gram then for 1
gram

2.36

=36gm

1521 _ 0 4n

36 gK

C,(mixture) = Ans.

Similiar calculation is made of C, (mixture)

C, (mixture) = 0.65-L K

gK
Suppose at time t, piston moves by x distance

éince T = constant
RY, =BV,
RV = (P,J +AP)(V +xS)

Here AP is change in pressure.

BV _, _-xSh

V+xS ° V+xS

Force applied by person to move piston slowly
-xS°P,

V+xS

Work done by by this force

F=APS=

de J'x —SP
V+xS OV +xS

V+xSJ
14

AWderj i

AW B Sx— PVf(

Where Sx is increase in volume then
Sx=nV-V =(n—1)V

Putin (1)

AW = B, (n=1)V - BV fn(n)

Aiso BV =RT

Then

AW =RT[(n—1)~2£n(n)] Ans.

Suppose at time t, piston moves by x distance
in right side.

Since T = constant

In left part

Ah =RV,
BV, =P,(V+xS)
BY,
V+xS
In right part
AV =BV,
RV, =R(V-
__fh
'y —xS

Suppose AP is change in pressure

P=

xS)

1
AP P-R= PV[V le V+xS]
2xSRY,
V:-x's?
Force applied by person to move piston slowly
Page - 202
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2x8Py.

F=APS = . 40
Vg =(x8)*
Work done by by this force
AW =[] Fa= | 2SRV, 2.38
0 Vz ( S)2 .......... (1)
Suppose final volume of left part is v
V=V, +x8= 1—
n+l
xS = l— e VO
n+l1
=2V
n+l S
Putin (1)
2
AW = Ry en| TH)
47] Ans.
Heat given in isothermal process
V,
AQ, =AW = VRTO€n72 =VRT¢n(n) 2.39

AQ, =VRTn(n)....coovrvercn.n. (1)

Suppose initial tempreture is 7; then due to

volume increase , pressure will be reduced by
n times in isothermal process. ‘
In isochoric process

Due to pressure increase to initial value it should
be raised by n time hence tempreture will be

increase by n times and become nT;
Heat given in isochoric process

AQ, =vC AT =V—RI(nI;, -T)
y—

RT}

—1(n-1)
Total heat givenis Q then

Q=40 +A0,

Q =VvRT tn(n) +v

e (n-1)

y_.

Ans.

PaA

(b)
AVZN

ye cons| Isobaric P= const

>V = const

(@)

We know
V' =Const —(i)

VaRL

P
Putin (i)

vRT
Pl
[ P const

PTT? = Const

BT =) T
N4

(7

n
(b)

In adiabatic process
W =-AU
work done b gas (A) = vC,AT

K= ﬂ[r,,n”x - To]

y-1
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Hero v =1 24

A “T—Tﬂ'l'%"‘J Ans.
OR

We know work done by gas In adlabatic pro-
cess

RV, -PV, VRAT

AW =
l-y l-y
A=VRAT_RAT
-y 1-y
R IF%T T
n 0" 4o
A=
1=y

A = ﬂ[n'% _1]
y-1
Ans.

Adiabatic process

R
Aw, = yCAT= #AT .............. (1)

TV =const
VYT
) =

T=Ton
AT =T, (n""-1)
From (1)

VvRT, ("' -1)
Aw, = ——Y—_T'_
Isothermal Process

Aw, = VRT, In% = VRT, In(17) = (2)

aw, VRT,(n"-1)
Aw; ~ (y-1)vRTylnn

aw, n'-1

ZW—T- = m Ans.

r conduating pletion
T

0 valtpl T.:vupl = 1"\/; ".

WY
<—

Initial 1 Final

W
NV, Vel

Work done by gas on systom Is zero
here tempreture Is only Increased because

of work done by external agont.
Awnl = AUlylllm
Calculation of AU, ...,

R
AU =(V|+V,)-;—:;AT
Gas equation at time t
PV, Pi(Vo+xs)
To T

syslom

» RV, T
T Ty (Vo +xs)

E’l _P (VD-XS!

P

To = % T
P - RV, T

2T (Vo —xs)
Force applied by extenal agent
F=(B-R)s=S| |5

I, \Vy=xS V,+x§
F= AL 2xS
T, \VB-x'S?

Work done in displacement dx
AW = 2RV, TS x

LU - xS

Increase in internal enegy

(v, +v;)R
y-1

On system
W, =du

du = dar
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2P,V, TS%x (v, +v,)RAT pRT pC,T
To V:—Xzsz dx =

y=1
2C.T .,
2P°V°TS X .V, Pl i
RV, RdT M
T (Vz _xzsz) dx—( /T + / )
_|2C,T
x T =
Sz I—— = # J‘ .ﬂ M
aNe=(m)” v=15 T 2/TR
V= ( = 1)M Ans.
(Vo +xs)(V, -xs '('74)
T=T, (°§2°) il 243
Vo Method : 1(Basic Approach)
4nV2 =2
(Vo + X8) (V= xs)= Vv = qv2 = 1% T
(1+ n) No. of mole of gas(n) = 1
Putin (i) a
B T= VR 1)
T=T, (“H) We know
Can AQ = AU + AW
Ans, _ L
242 . Bl Gy AT AT e [2)
Gas has internal energy which is due it random dw = PdV
motion is converted into directional kinetic en-
ergy. Aw= [PdV (3)
Using Barnauli's equation for gas particle at PV = nRT = RT
same level RT
, P=—
p+lp\/2 i const v
2 dVolume From (1)
Where V= Directional velocity BT aft
dU . P =—= —2
———— = |nternal energy per unit volume vV Vv
dVolume Putin (2) :
du
—_—=z0 faR V2
ForGas v ime - 'ji—zraRl o aR[l_l:l
While for liquid " Vi, v, V,
> v _ —_
dVolume A v_,_v_z =R[T,-T,]=-Ra

R
AQ= AU+AW"—1AT RAT = RAT( 1)

Ans.
Method : 2(Direct formula based)
We know molar heat capacity of gas

Now bernauli's equation between (1) and (2)

R

nC, T 1.2 C=C +——
=0+—=pV*‘+0 v

P, + 0+Vl +2p 1%

R R

[:L01 S . SO B n L e R )

M ¥ MVVOIUM. CVT - zpv 1 1 x

Here
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245

V==thenT=

8,
v

—H|o

PV =RT thenPV= _lt/_a

PV? = aR = constant
Compare with PV* = const
x=2

Then from (1)

Also we know

AQ=nCAT= RAT-—)

2-
( : Ans.

v = no. of mole of gas
dW a dU

dW = KdU
PdV=Ky CdT
Where K = constant

PV =vRT

From (1) 246

PdV=Kv CdT
From (2)

VsT dv =Ky CdT

R (dV dT
v =lF

i =InT+InK
KC, InV=In nK,
Where K, = constant
(V¥ ) = n(KT)

R
Vi =K, T

PV ke
K,—=V"
'VR

py' e, = constant

1_%Cv = n= const

PV = constant Ans.

PV" = constant (i)

We know

n, = No. of mole of gas

dQ=duU +dW

n,CdT =n,CdT + PdV —— (ii)
Differentiate equation (i)

nPV*' dV+V"dP=0

—nPdV = VdP
Also

PV =nRT
Also differentiate this equation
PdV + VdP = n,RdT.

From (iii)

PdV -nPdV = n,RdT

n,RdT
PdV= ———
1-n

Putin (ii)

(iii)

n,RdT
n,CdT =n,CdT + g meu

Ans.

There is propotionality relation between pres-
sure and volume then it will be converted in Poly-
tropic pricess then

PV* = const

PG = 2(aV,)
B

vy = (aVy)* _ V>
B p

o*=p

x’_'ln%u

We know molar heat capacity of polytropic pro-
cess is given by

R
C=—+_R_
-1 1-x
BB
C=37*_p
Ina
a _Ing
ssume-'na=n
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248

C= -—R—-q.l
Y=1 1-n

(a)

AQ=y CAT

Here v =1
AQ=CAT

R(n-v)
AQ= -G -9 4T
Ans.
(b)
We know that work done in polytropic process
is as
BV, —~PV, _VRAT
1-n 1-n
Here v =1

v Bz
1-n

AW =

Ans.

Method :1(Formula based)
P=aV
Initially

B =aV, e (1)

PV =0 ceveneieennns (2)
Compare with polytropic gas equatin
PV" = const
=-1
(c) o
Molar heat capacity of gas is given by
R R

S

R R 1 q
e __R__Rrl—+=
C=1="3 R[v-1 2

-

c

NE

(b) We know that work done in polytropic pro-
cess is as

RV,~PV, _VRAT
1-n 1-n

AW =

o . B
-1

vR

= e AT eeevvrecraenns 3
AW= = AT (3)

Calcultion of AT
From (2)

PV-' =constant
VRT
vV

T=cV?

Where ¢ = const

Initially

B=e¥" sl @)

When volume increase 7] times
then '

(V)'l = const

From (4) and (5)

T, = '711:)

then

AT =T, -T,=0"T,~T, = (n*~1)T,
From (2)

1
aw=2X (? ~)T=—(n* -1) B,

From (1)

AW= a(qz - 1) V2
2
Ans.
(a)
AU =y CAT
au= R AT
r-1
Ans.
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( Also we iqow
r BV _a¥y R R _ R
Y- vR -1 x-1 -1
Fral emorstre 2 1
PI}r a—rl: 2 7-“ x-1
T = - = : 2 = Y
- vR vR x2=r-1
1
- =7 —
AT OV O W45 ) We know that work done in polytropic process
4 V‘q ‘.‘? ‘_.? ‘ ’ -s§
2 PV, -PV. VvRAT
.'.\U:\'C‘AT=V_R ar; |17:—l) A =t 7272 o
r—1 vR ' I-x I-x
o 7*-1) AW = ——aT
AU =a¥";i(7 l , -
\7=1] From (1)
®) Ans. AaW=2TaT (@)
dw=Fxv Calculation of AT
Ta :_ -t
.sw=adeV=3V":' L(%)T= T[w]T
% E .
e(n?-1)V2 1;:3{1 :
..\W= - in
2
Ans. iy
© N et [2]F -1
Molar heat capacity of gasisgven by a‘ nl
C= %+—-—1R (0] From (2)
-t
- 2vRT, _[‘1‘7
R R _[1.1] =)
C=a i i 2]
- v =1
Rf1+y| -
C= 2| y- R, 1-[1}‘
Ans. AW = =1 n
Method :1(Formula Based) _r i .
(a) - 2 [1 n: ] Ans.
dQ=—ﬂC_dT o aw v-1
Here molar heat capadity is C then .2 )
nCdT=-nCdT @ Method : 2(Basic Approach
i =nCdT
c=-C,=7 Ans. dQ =nC;
YT nCdT = -nC dT
.
=
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(b)

Also we know

dQ =nCdT + PdV
-(nCdT) =nCdT + PdV
PdV =-2nCdT

Also we know

n—Fﬂ:dV = —2n—R—dT
\% y-1

-2nR
y-1

dW =-2nC,dT = dT

-2nR
y-1
Calculate AT as method : 1 and put

2RT, 1-1
w3107

AT

AW =

P=age——(i)
PV
“WR
Putin (i)
PV

PW[ﬁ

a o a
P=tr Y
Pi~=CVe
P= C,V%"

pyZa-1 = const

251

Compare with PV* = Const

a
x=—

vR

AT = vR(1-a)AT
1_(1-1

Here v =1

AW =R(1—a) AT

We know that
PV VvRT

Ty-1"y-1
Then from (1)
PV
— =ave
y-1

PV =a(y —1) = const

Compare with PV* = const
x=1-a

(b)

Ans.
(a)
Given v C AT =AU

L P
T7AT=aU

(y-1)au
vy

AT =

R
AQ = VCAT = V[—+5]
Yy-1 a vy

Page - 209

(y=1)au



2.52

2.53
1 (a+y-1)aU
4g [7 1+a] (r- )AU_ a !

v-1

A = 1+—

0 =au[ L]
Ans

-1
AW=AQ -AU = AU [1+YT]—AU

AU(7—1)
a

AW =

(a)
T=Te

dT = T,ae® dV

dT
dv: ——
Toa@® (1)

We know
dQ=dU+dW ——(2)

PV=vRT

PdV +VdP = vRdT
Also we know

PV

vR

Here T = T,

@)

=T

Now from (1)

- VRTe¥[ dT
PdV=""y" | Tae” |~

deT
Va

From (2)
dQ=dU+dwW

vCdT = VCVdT+Pa'V
vRdT

vCdT=vCgdt+

R
C—Cv+‘a—v

(a)

We know

dQ=dU =dU+ PdV

nCdT =nCdT +pdV — (2)
We know PV =nRT

PdV + VdP = nRdT

-adV
PdV + V[ ‘:/2 ] =nRdT

PdV + ‘V—“dv =nRdT

From (1)
PdV + (P~ P) dV = nRdT
P,dV =nRdT
nR
= —dT
dav= R,

Putin (1)

nRdT
nCdT =nCdT + (Po e v) )

Ans.

PV +a
R
Py P
AT EAV=—°[Vz V]
AU=CAT = ——AT
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P
AU = Y—_O“[Vz ‘Vz]

dW = PV Ans.

V2
aw= | (Po - 2)dv
v \Y

AW =P, (V,~ V. }+a In ‘%
1

Ans.
AQ =AU + AW

P V,
= 721 VeV PV, e n 255
1

- P° (V2 —V‘)y Vz
AQ= T o ey
Ans.
(a)
T= To +aV
dT = adV

dv=—
a

Also
dQ=dU+dw
vCdT = vy CdT + PdV

PdT
vCdT = VCvdT'*' T

P :
C=C 45—

PV=VvRT

RT,
C=Crtov

(b)
T=T,+aV
dT = adV
dQ=yCdT
Herev =1

RTOJ
= = oy d
da=car = (G + 30 )ar

RT,
_(c —°) av
(P+aV -

vz

RT,
0
AQ:aCP‘{dV+J‘-vdV

V.
AQ = aC,(V,~V,)}+RT,In /v,

C=C,+aT

dQ=vCdT = v[C, +aT]dT
dQ=y CdT + v oTdT —— (i)
Also

dQ= v C dT + PdV —— (ii)
Compare (i) and (ii)
PdV=yaTdT................ (iii)
Also we know

_ VRT
Y
Put in (iii)

vR

T
Tdv = yaTldT

dvV «

v —R-Jd‘T

a
InV= ET-Hn C‘

V_ ﬂ%
c,_°

Veh‘ﬂ/-4 = C1

(b)

C=C, +pv

dQ= vy CdT

dQ=v(C, +pV)dT

dQ=vCgdT + vBVdT................... (1)
Also

dQ=vCdT +Pdv...................
Compare with (1) and (2)

PdV = v gvdT

RT
VTdV =y BVdT
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dv _p/dT
v =RIT
1
o /;( InC,T
i
CT=e®
R
TebV = const
(c)
C= C,+ap

PdV = v apdT

fdV =valdT
V=vaT+C,

For 1 mole gas

v=1

V=aT+C,

V-aT = C, = constant

(a)
dQ =dU +dw
vCdT =vC,dT + PdV
v %dr =vC.dT +PdV
Here v =1then
dw =Z.dr -C,dT
T
nTo a nTo
AW =JPdV = | =dT- [ CydT
T T

AW = alnn-CT(n-1)

R
AW =aln n—'_’—_qTo(n -1)

(b)
C=

=R

dQ= v CdT = v%dr

Also we know
dQ=v CdT+pdV
Then

=
T
Here v =1then

v =dT=y CdT+pdV

CdT +PdV = %dr 0

Ans.

Ans.

2.57

2.58"

Also we know

RT
P=¥

Putin (i)

RT a
cdT +7dv- T dT

«) _ -RT
(C' B T)dT =g

dav
J(C., - 94)T =—RIT-

C,dT dT
j !I_ —QIF

dv
==R|—
Iv
C InT+= =—RInKV
v T
R -0
In (Tc" X(KV) )='—T—
T (KV)* ="

TCVVRe"” = const

& Ra
(%) VRe™ = const

Cy+R  Ra
PV & PV = const

)
PVie ™ = const

We know vanderwall gas equation

() v-or=re

AW = [dW = [PdV

@)

From (1)
RT a
PEVvs V@

‘]1 RT a
AW = J|ypTVE AV

Yy

V,-b (1 1)
- e PO
AW =RT In V,-b '@ kV, VJ

(a)

Intemal energy of one mole gas

AL
u=CT-y

Ans.
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Here V,, = Volume of 1 mole gas at
tempreture T

U= CiTaa
1 v V‘
a
U =C,T-—
, =Cy v,
a a (1 1)
AU-UZ—U‘-V-V;-a Y R (1)
Ans.
(b)
We know

2
U’+ )(v nb) = nRT

Heren=1

(P+—)(v b) =RT

V,cb 11
"RT'"V,—b +a A (2)

Now
AQ=dW + AU
From (1) and (2)

V,ob [1 1] (1 1)
AQ=| RTInV +a Vz V| +aLV V.

V,-b
AQ=RTIn V,-b
Ans.
(a)
(p+-—) (V=b)=RT —(i)
u=CT-g (i)

dU = CdT + -5 aV
v v

For adiabatic process
dQ=0=duU+ pdV

-dU = PdV

~(CAT+ 5 % dv)= l—"—ldV
C![dT I dv
RT V-b
C

-—Ri InTK = In(V -b)

Vb= (TK)>"™
Vi-bis TeOiBy )Cm
(V -b) T&™ =Ko
T(V-b)"™ = const

(b)
dQ =C,dT +PdV

C,dT= CdT + % dV + PdV 0}

Also

(i)

(P+ )(V b)=RT
RT a

P=vs V@

Given that P=constant(lsobaric process)

Differeniate(ii):

(p +%)(dv -0)+(V —b)(0+ %‘}dv) =RdT

~{V-8)
- adV + Pav +—dV RdT

-adV abdV
+ —_—
v? V3

+PdV+V—dV RdT

PdV =RdT- abdv

Putin (i)

ab

C,dT=CdT + 7 dV+RdT -5 dV

a dV ab dV
C-C=Re vVidT "V dar

a a\)av
C.-C,= R+(V’ v )
From (i) :
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av__ R

a7 P+a—b
VJ

From (iv)

VZoVvE ab
P+VT

R
- =
w R 1—2a(V—b)7
RTV?

CP—CV=R+(a ab) R

C

vav,
AT - CVv1 (v1 + Vz)

vav, (r-1)
aT= Rv, (v, +V,)

261"

We Know

AQ =AU +AW

Calculation of AU
via

U-=v CVT—'V“

via

u,= vaT-—T

Calculation of AW

Aw= [PdV =zero
Because work done against Vaccum is zero
AQ =AU+ AW
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2,62

263

Kinetic theory of gases,
Boltzmann’s law and
maxwell’s distribution

264

We know: P =nKT
Where n = No. of gas particles/ volume

_ 4x10™ x1.01x10°

P
KT 83/  _ _.am
/6.023)(10”)(300

Ans.

Since in 1 cm? volume no. of molecules are 10°
One molecules occupied volume is = 105 cm?
This volume will be like cube then side of cube
is

<=y =107 = (10“)}g cm

I =1x10° / en?®

<=[10x10*]% em = (10%)x10? em
I=2x102cm =0.2mm
Ans.

Suppose initial no. of molecules of gas is v,
then

PV=v,RT

v,=PV/IRT

No. of (molecules + atoms) in gas finally :

PV PV
—n)—+2n—
(1=n)gr* Ry

Due to dissociation. no. of particle is increase  2.65
by 2 times

PV
V'=(‘1 +1) -R_T'

PV
PV =v RT =(n+l)ﬁRT

P, =(n+1)P

Calculation of initial pressure(P)

pv="LRT
M

mRT
MV
Putin (i)
p (n + 1)mRT
f MV

Ans.

Suppose no. of moles per unit volume of He is
n, and that of N,is n,
Also molar mass of H, and N, are M,and M, .

We know
Density of mixture = Total mass/ Total volume

=p:it+pP2

_m+m,
P="Y

P=ptP

P'=nKT=(n,+n2)KT
P

F T = @

From (i) and (ii)

P
p=nM,+ (ﬁ_m)Mz

v,n

Y

Momentum transfer is one collision = 2 mvcosg
No. of molcuels collides per second = n(VA)

dP
(g) =nV(2mvCos)A
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2,67

F = 2nmV?ACos0
FIA =P = 2nmv?Cos0

We know
vp 2

7=;=14‘_

P i

Where i = modes of degree of freedom

to contribute energy.

Put values
i=5

(a)

For Monoatomic gas

i=3
_V__JE
Voo VO

(b)
For Rigid diatomic gas
Vibrational mode will be not active

i=5
v _ 2+5=J_7_
Ve J3x5 15

Ans.

2.68*

2.69*

i
Kinetic energy (K.E.) = -2-KT ........... (1)

i = no. of translational digree of freedom
+ no. of rotational digree of freedom

+2 (no. of vibration DOF)

For Linear N-atomic molecules
i=3+2+2(3N-5)

=6N-5

Form(1)

KE = (;5%—_5]” - (SN-%)KT

Network (non linear atomic)
i=3+3+2 (BAN-6)=6N+6-12=6N-6

KE. = %(GN—G) KT = 3(N=1) KT
Ans.

Molar heat capacity (C) at constant volume

R i
C=Czr3=3R

y=1+-?—
(a)

Diatomic gas
i=3+2+2(3x2-5)=7
7

= =R
- 2

(b)

Linear N atomic gas

i=3+2+2(3N-5)=6N-5
6N-5

C=——

2

2 6N-
6N-5 6N-5

w

y=1+

(c)

Non linear -N-atomic

i=3+3+2(3N-6)=6N-6
6N-6

=2 —R= =
C= 5 —R=3(N-1)

2 6N-4
= =
6N-6

y=1+
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2,71

272

For isobaric process

dQ =nCdT
dW = nRdT

. _dW R
Ratio = 4 "C,
C,=R+C,
From Q.2.69

6N-5
C,= —% R (For linear)

6N-5 (BN-3)R 3
C = —_— R = =
=R 53— =5 @N-1)R
——_— Rx2 2 _ 1
allo= 3N-)R 3(2N-1) " (3N-3/2)
Ans.

For C,=3(N-1)R (For nonlinear )
C,=R+3(N-1)R=(3N-2)R

T . B
Ratio = (3N-2) =3N-2

Ans,

C,=0.65
C,=0.91

. 0.65 2x65
j=2%X ———= =

0.26 26
Calcalation of molar mass
We know
R = 8.3 joule/ mole K
C,-C,=0.91-0.65=0.26 J/igK
For 1 gm, value of C,— C, is 0.26
For 1 mole, value of C, - C, is 0.26 M
where M is molar mass then
0.26 M =8.3
M=32

Ans.

(a)
C,=R+C,

C,=C,-R= 2 R

-+(5)

(b)
PT = const

Ans.

273

274

o B2
_aP=TF AT

py/2= const
Pv* = const
x=1/2

Also

; Y1 2
C,(mix) =

§R+v

5
—R
z"2

Vy+V,

) 3vR+5v,R
Cm)= "2 (v v,)

2(v,+v,)

I Sl 3v, +5v,

. 2v,+2v, 1
3v, +5v,

_5v+7v,
3v, +5v,

We know
pRT

P=

Calculation of AT

= Lo
nCAT = 2mv

)

Ans.

R
y-1

Ans.
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276

Putin (i)

pR[‘lmv‘) 1pRV: _pV?
AP=371 5 Tt bt SN o
M 2nC, J"2i/2R i

L L
P ipRT

AP MV?

P iRT

(a)
I i
phazs M
Ans.

3
K.E. =5

(b)
i 20T QKT
vm_,’M _,,m

Where m = mass of one drop

o (g)’_zmp @ _ npd®
m—p3n = 3x8_ 5

Adiabatic process

3RT,
Vv, = '—M—

V, [3RT,

V,= = M
Divide both equaions :

T
n= T
T,=T,n —()
Also we know
TV =const

2.717

2.78

From (i) T,n?Vy ™' = T,V;™

L
V)

(
)

<)<

R |
<1<
[}

:N

n T,
TeWT—==x()

AQ= (%) C AT —— (i)

From (i)

T, =T,= aT= (-1+0*) T =(n* - 1) T
Putin (ii)

s= ¢, (n*-1)T

AQ= %%R(nz -7

Ans.

Suppose a diatomic gas atom is in x direction

y
*r—e
X
T z
Wy =\[(W2) =\/(M{,2y+wi) ............ (1)
By random motion

<w,y) =(w,)
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From (1)

AN 1 7 - @

Rotational kinetic energy of diatomic gas
l,y W2 +— 5 [quz

Accordmg to equipartition law of energy
For each degree of freedom

1
.= =KT
KE=7

Then

1 1

1. W2 =—

2 L, W5 2 kT
According to question

I = I '

1

—|w2 =—kT

1.
2

-

From (2)

We know

TV =const
Then.

7-1
Ly™= T(KJ
n

=iy (i)
Mean kinetic energy of rotational motion
KE.= -;— (i) KT (ii)

Degree of freedom for rotational motion
i=2
Then from (i) and (ii)

KE.=%2KT°rf“

12

KE.= KTO'] i

-~

K.E.=KTp

2.80*

—?| diatomic gas

We know of collision per second per unt area

1
ofvall:v= Zn<v>

Where n = no. of molecules per unit volume.
We know

TV =const

TV"' =T (qV)"'

(i—J
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For diatomic gas then
i=5 then

-

ad_ 1
2

PV5/3 = const

vRT
RAMLLES VL L Qo
v const

WZI.‘! = const
TVZ2=T,(nv)2?

1 2/3
T, =T, ';

Also we know

v ()
17 4\V M

l(l) f_BRT'
ViZ 2V

Now
V’ ~ 1JL—' 1 (1]213 _-1_(1)113
Vi n\VT nq n/ T n\n
V 1 4/3

- S .
Vi (n]
For diatomic gas

% e (1\%
@076

Then

Ans.

(1-1)
e Y
Vi (n

ol

2.82*

2.83

No. of collision per second per unit area

v_l(ﬁ) /S_RI
“4(V)¥ M
N [8RT /\,-1ru2
=—,’— voT
b 4 nM( )

Since v = const
V-1 T2 = const

V 12
V“(t—RJ = const

P12 \-1*12 = const
PV-' = const
Compare with
PV* = const
x=1
R R
C= ;1—_—1 X e (1)
Also we know

2
7=1+7 then

Ans.

Ans.
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2.85

dN 4
d(f(u)) = N (u)= —J-;'e “u’du

X,
Here u= v,
d':fu) =sum of fraction of gas molecules hav-

C(v)

ing ratio Lv‘) between uto u + du
P

(a)

-5, < V-

P

<3

n

\%
1-§, <V,,<1+8“

Then sum of fraction of molecules
1+8n 4 @
- 2
f(uy= | —=e " u’du
W=7

8
f(u)=7—1;9 Ans.
(b)
V-V,
-5, < Vss<6"
\Y 2.86*
1-8, <—<1+3,
Also
_ [3RT
Vs= M
2RT
VesN™
Ys_ 3
Ve TV2

Y=y, 2

1—8n<-\—/- 12-<1+5,1
P

%(1_5;1) <'\\7:' < \[%_((1+8n))

3
From (a) integration f(u) = 12\/%8 %5, Ans.

(a)
2KT

P m

_ /_3'(_1'
Vﬂﬂl— m
- ﬂ‘l_’z_'(l
V,,-Vo=AV= [ — -
KT ,2KT
AV="m Vm
m

AV

mAV?
T= k(B-2)
Ans.
(b)

F(u) will be maximum at maximum probable ve-
locity.

KT
V,=V= ,/—
m

mV?

=%
’ Ans.
(a)
We know
372

= _ﬂ'l— ~"N:AKT 2

Flu)= (ZnKT) @ 4nv

Let temp T at which for V,and V,, F(u) are
same

312
[ F ) e_mvym 41W2 = m
2nKT '\ 2nKT

Here range
same for both

2
=V2/,
Vi

m(vZ -vZ)

v
4KIn /v‘

32
-mv3
) e /2'“4nv§

will be taken

-mv} v
e 2KT " 2KT

T

Ans.
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2.87

- 2.88*

__[_1_-__1_
V2K (Ymy  Jm,
AV JmyJm,
V2K (Jm, - m,)

AVZ  mm,

T=2 D

2K (ﬁ—ﬁ)z

JJT

=

Ans.

2.90*

W'”(m%n,)

m,-m,

V=

m V2 .
f(u)=(m) e 4nyv?

Here v = constant
But T is varibale
Then for f(u) maximum

df(u) _
ar 0

3/2{ & _n_»f',\
f(u)=(5':—K-) (7™ Janv2

4w

dT

™ (o ot
0=T¥e =" [7)(—1”" e (%3)1'-5::

2
g2mv. 3

= T—512
2K 2
2
. LI
_mv?
3K

Volume of differential region
dV =2zV,dV,dv,
Probability distribution function
}é mw?
(s
V) =\Za7) ©

Probability distribution function fraction of mol-
ecules occupied this volume

S CAUVALCALY
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L )% RN

27kT
dN m Y% -~/
N (mr) & TN AL,
Ans.
291*
We know Mean velocity
= = m 2 _m2
[viaan | v,N(_) e a7 dx
<Vx>= % % 2z
N N
% m 2*
- () (W)=
2nKT. m =
Ans.
Mean speed

= 2(—'"—))4—'(1 e""v%“l:

27kT/ m

Vs = _Lxﬂ=,ﬂ
<> = 2 * T = \2em

AT

<|V|> = s

292

293

<VX* >= i Ans.
m
Method :2
We know
_ [3RT _ [.3'_“_
JeVEs = ™ Vm
W 3kT
([/") == —
m
Also
()
<W>=<W§=<VZ‘~>= p
3
KT
2 Ans.
<Vx> -
V, -
dA

No. of molecules/ Volume =n

Fraction of molecules having velocity Vx to Vx
+dVxis

_oN

"N

No. of molecules/ volume having velocity Vx to
Vx +dVx is

(2

No. of molecules approach per second toward
wall with velocity Vx

dN
= n(—N—) (volume traverese in one second with -

velocity Vx)

() e

Total no. of molecules approach per second,
per unit area of wall

= I nVx (%)

b
m Wt
"“I“V"(znkr) e X dvx
n [BKT n
by i



2,94

2.95*

dA

No. of molecules per unit volume = n
Momentum transfer in one collision due to one
molecule = 2 mVx

3 . . . dN
Fraction of molecules having velocity Vx is N

No. of molecules per unit volume having veloc-
ity Vx to Vx +dVx

(%)

=Nl —

N

No. of molecules collide per second with veloc-
ity Vxis

dN

= n(w] (volume travel in one second)

_ (ﬂ)
=N (Vx dA) |
Momentum transfer with Vx velocity per sec-
ond
dN
=“(W) Vx(dA) (2m Vx)

Net moment transfer with wall per second

©

dF =] n(T“—N) Vx(dA) (2m Vx)

- bF. o 2(_—’“ )2 ar™ gy
P= ks I2anx kT e X
P=nKT Ans.

1 @

1 F(dN) dN
als 1HEM, foad

v N )

n 3 m
:I-‘-( i )Ae-m " amvidv

3 '\ 21KT

2m

—> =, [—=4n<V> 5

< nKT " s

2.96*

297

We know

dN _( m )%
N~ \2nKT

Now kinetic energy

e=-;-mv2 .............. 1)

™

e > Axvidv

V=
m

Differentiate equation 1)
de = mvdv

de
vdv = —
m

W (m)*e

-= 2¢ de
KT To|——
m m

dN -3 c
e 2x(nkT) % e * g de Ans.

For maximum proble value of K.E. at which no.
of molecules will be maximum

= 2n(nkT) e Vg

df
— 0
1
&, = EKT Ans.

K.E. corresponding to most probable speed

1 2KT
“5"‘(7)““%
From Q .2.96

dN

N = 2n(nkT) #e R g —0)
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Putin (1)

de = mvdv (ii)
-3
dN % dN 3_ -mv2/2KT
W=2n("%] e e on _N—=Av e dv
% .« de
% dN _ (23) o

dWN=2n(%) e” gn —N"A = 2me

% s e
= 3/6r &% ©-AZ) () ™
—N—-3J§e 2 8n F(s)—A(m) i

2.98* P For F'(€) maximum
From Q, 2.96 dF(c) -
-2y % o g de
N
e=KT
Wi dN ) ) ) Ans.
ere ke fraction of molecules which ki- 2.100*

netic energy lies between ¢ to € +de
Now we want sum of fraction of molecules
whose kinetic energy & > ¢, —<—rdv+

Then

ZSNE = TZn(nKT)-% e-}é'r Je de
& No. of molecules making solid angle dg on

dN o 2 - centre
PR =( K':)% [e E de Using formula
T ‘o
Ans. dv'= (dN)(:‘—Q
2.99* i
(@

dA
Hole ; )

A

Using formula
F=Av? e™ /7 ot f’ u
Probable velocity is that velocity at which no. of dQ = sin6de(d¢)
molecules will be maximum. . . No. of collision persecond at angle 6 on unit
For maximum no. of molecules F will be maxi- area ‘
mum and hence dv = (dv') (volume) = (dv') (v cos 0) x 1
dF ( dN )
o =|—dQ|(v 0
T dv=|Zx (vcoso)
3KT 3
V= [— N[ g gy |1
a =[ [erkTJ R s
() -
g= 1—m v 2 mv?

% a 2x
m KTy
= N(2nkT) v:[ue KTy oose(dv)slnedei‘;d‘b

2
2e
v=\/%———(i)
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dv (2%TV5 2.103*  Method:1 o
¥ sin® cos0do _ Ans. On droplet, force is arised due to mass
changed and hence

2.101*
Similar like Q:2.100 4 (dY  nd’Ap
F=Amg= M= | Ap=——¢g
A 3\2 6
(D))
dv= f (dn) 2 VoS0 From Q.No.2.102
8=0 T
KT nd’A
F=glin= g
dv=
. (nd’Ap)hg _ R
A{—"’— e g2, ivoososinejdfp " 6Thn  Na
27KT - A g
6RTInn
N A — Ba 1
¥ nd Aphg
dV m 2 -mv?/2KT_ 3
N = kT e vdv Ans.
% Method:2
Ans. = ~Ur=Uj
fariing S n,= n,e Ug-U /KT
Hence U, = mgh
AU, = Amgh
T 7Y n level 1 Herfe n,=nn,
Ah n,=nn, e mVkT
X 2n level 2 ,
Suppose potential energy of level (1) is zero. T Amgh . (M (&)
U,=0 KT 6 RT
n, =i
According to boltz man’s formula N, = ﬂ{fﬂ
= ~U-Uy)IKT nd Apgh
n= nee : : -
2n =ne U 2.104* '
U ‘ ' -
= — N
n2 KT Hy— : 0y E—‘—:no
U =KT In2. n; h n.z
gt . n) . n, Diog
Since filed is uniform hence force will be n,
uniform then . y
Work done by force =—(U,- U,) n, =n,e M
FAh=-U = -U n'z = nze—M,d:/KT
-KT ;
F= 'zh—']nz n _ ﬂe(M,-M,)wm
Magnitude of force n; M
-KT N (My-M,)gh/KT
= e— —_—=g
F Ah In2 " Ans.
Ans. where M, is mass of H, molecule M, is mass

of N2 molecule
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2.105*

T
Vi
::'?::

m,, m;

n,>m

=

nl = nl e-m@:IKT

n, =0, /KT

Here

n, = n,

Then

n, e ™ /KT = nze—mlﬂllKT
o,

I n, ~ (m, — m,)gH/KT

KTIn [i]
h= !

g(m —m,)

2.106*

We know P = nKT

n = density of molecules

n,= n Rk

.&. — ﬂ_e-mMT

KT KT

P, =P %

Attemp T=T,

p; = pi e /KT,

Attemp T =nT,

P; = Pi e—mgthr]To
P; 1
P_:' - e-mgb/xr,,(;-l]_
At bottomh=0
=P, = not change

Ans.

2.107*

Where m, = mass of one molecule
n = number of molecules per unit volume.
Where N = Total number of molecules

P
dm=my(A dx) n= moA(E.IT)dx

mgh
myA | -
= Pe XT dx
Kr

Poe-mg./m
KT

N= [nAdx = [ Adx

myA | _n
. -“_KOT P,e ™/ *Tgx dx
<U>= Po -mgh/KT
—Le Adx
I KT

It is constant and not depends on type of
molecule.
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2.108*

< / >

(1){“ S é} @

p— 7
Here effective accleration will be

g:ﬂ' =W
= ~mwl/KT
nf noe

nr :

= ] e—me/KT_ 1
n,

n+1 =e—mwl/I(T

/

—KT(In(1+n))
Wis————=
ml
Magnitude of acceleration
KT In(1+n)
ml
Also we know In (1 +x) =x
KTn
ml

W=

2.109*

LAY

<« I —>
— dr]‘*'—

Excess force on particle is arised due to

change in density then
F = (dm)rw?

m -
Where “; = Volume density of particle

m = mass of one molecules

m :
F=|—[(p—py) W
p
Potential energy

_ m(p-po)W( -1)
2pKT

Ans.

2.110%

Now
m(p—po)rzw’

n=ne 7

m(p=po)(rd-r’ W
20T

2pKTInn
M= (p—po)W’ (1 1)
N, 2pKTInn
(P—po)W'(1; - 1)
2pRTInn
= (p-p)W (17 — 1)

M=Nm=

Ans.

WY

T,/

— [,—>]

Centrigugal force on paritgcle of mass m.
Where m is mass of one molecule of CO,.
F = mrw?
Potential energy

2
U=m—w

2
Then

= mr?/2w? /KT
n.= n,e

n
£ =n= .m?/2w¥/KT
n, €

Ans.
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2.111*

()
0 T

Ng<+— r 5

nr E no e—u’l KT
Where n, = number of molecules / volume
at centre

‘n, = number of molecules / volume at

distance r from centre
Then
dN = n(4nridr)
dN = n e "/XT 4nrdr
Ans.
(b) ;
At most probable distance, tempreture =

constant. then
For maximum dN

f= g-='/¥T 12 will be maximum then
£ 0
o
KT
r=.—
a
Ans.
©

Fraction of molecules in region r — r+dr.

noe_"x/KT41rr2dr

N J'n°4nr2e-nr’/KTdr

[}
dN a V2
—=— 4 -ar? /KT i
N (nKTJ nrle Ans.
(d)

Compare Ans. (a) and Ans (c)

3/2
-
Do (nKT)

If Tempreture decreases n times

T.
T =—
f n ‘
Then concentration increases by n*?

Ans.

2.112

sl

r=
a

Also from (1)
dU = 2ardr

du

2+/aUu

dN = 2nn, a—%U”ze-%TdU

U

e-U/KT

Ans.
(b)

For most probably value of U at constant
temp.

f=
df

— =0

dU

a'%Ullze'%T will be maximum then

Lt
2
Ans.
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2.4
The second law of
thermodynamics,

entropy
2.113

T

T,
. ]
T

If T, increased by AT then new efficiency

=1 L =1 L l+£-I
W= = TtAT ~ T

=l
From (i) and (i)
TAT AT

T T,

T
—% <1 because Ty< T,
T,

Then efficiency of second case will be more
than that of fist n} > n
- Ans.
2.114

We know

TV = const
TlVoy_I =T, (’IVo)r—l
T]

T, "
Efficiency
) 1
n=l-p =l-
(b)
P

1—17"7 v

PV? =const

RT |
P[lp—] = const

P'"T? =conist

1-y
Pl—rTr - (5J Ty
0 1 2 2

I

Efficiency (n) =1 -7
1

1-y

l_ —

Ans.
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2.115

Carnot Engine

Ti

T

Efficiency of carnot engine

5
n=1- T,
I
T, =1 =N (0))
Refrigerator
9

Efficiency of refrigerator

-2
w
__ 9
7 QI—QZ
.
n—g__l
o,

Also we know

n

Ans.

2.216

1

AP

£l
& 2
V0 V

Let initial pressure , volume and tempreture

are B, Vo, Ty
Process 1-2(Isothermal):

AQ =AU + AW .cveeee (1)
Here AU =0
From (1)

v,
AQ,, =AW =VRT, lnT/’—

Suppose volume is increased by x times in

each expansion

Then

Vi,
4

AQ,, =AW =VRT,InX oo (2)
This is positive value.
Process 2-3(Adiabatic):

Process 3-4(Isothermal):

AQ, , =AW =vRT,Inx............ 4
This is positive value.
Process 4-5(Adiabatic):

AQ,=0.........(5)
V.
Calculation of (—6]
Vs
b Bl B
2 ,/2 x
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vyt =1y
L b
-1 -1
Vi=V, Ly =xV, Ly
I T
Also

=
v, =x7, =x%(5)'

2

1
-1
Vszle/;) E i
I

Al

L
-1
L

Process 5-6(Isothermal):

AQ; =AW =VRT, m(%]
5

AQ, (=—-2vRT,Inx
This is negative value.
Heat given to system

AQy\a = AQl-2 + AQH
AQ,,, =(vRTInx)(7,+T,)
Work done

AW =AQ,, = (vRT Inx)(T, +T, -2T;)

Efficiency
AW _7]+T2—273_1_ 2T
1780, L+, T+
Ans.
2.117
3
i~
I 4
! 1
I 1
| 1
L ~
\b nvo ,V‘
Let initial pressure , volume and tempreture
are B,V,.T,

Process 1-2(Isochoric):
AQ,,=vC, (Tz = Il))

This is positive value.
Process 2-3(Adiabatic):

AQ, ;=0
Process 3-4(Isochoric):

AQ, ,=vC,(T,-T,)
This is negative value.

AW =AQ, ,+A0, , =VCv(Tz‘T;)+T4 )

Heat Given
AQ,, = A0, =VC,(T,~T,)
Efficiency
/4 .
r’ — A — l+ I; 7;

AQ,.., T,—T, (N
Process 4-1(Adiabatic):
TV =T, (n¥,)"
T,=Tn"7
Process 2-3(Adiabatic):
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2.118

LV =T, (n¥)
T, =Ty
Put in (1)

n=1+*(T°T_T2)T”'_’ =1-n"7
2" 4o

Ans.

Process 1-2(Adiabatic):

AQ=0

Process 2-3(Isobaric):
R

80, =vC,(-T)=v-=1(T 1)

This is positive value.
Process 3-4(Adiabatic):

AQ=0

Process 4-1(Isobaric):
AQ, ,=vC, (T - T,)=v l(T -T,)
This is negative value.
AW =AQ,,+0,_ 3—V7 R](T L+T,-T,)

Heat given to system

YR
AQgiven =V 7 I(T T )

Efficiency
__AW_ _T-T+T,-T, | T,-T,
Alevcn TJ - TZ 7‘3 - T2
................... )

Calculation of 73,7,
77 (nB)” =T/ (B)”

S -
T,=Tn’

Again

17 (nB)” =17 (B)”

=l+y

=];)n 4
Put in (1)
Ler 1
T.-Tin” ol
77=1+ . 3-l+r =1=n"
T,~Tyn 7
Ans.
i K
nPo S Ve
N \
1...00 4
%I =1 A =4
v V3 >V

Process 1-2(Isochoric):
AQ,, =vC,(nT,-T,)=vC,(n-1)T,

This is positive value.
Process 2-3(Isobaric):

AQ, 5 =vC, (T, ~nT,)=vC,n(n- 1)7,
This is positive value.

Process 3-4(Isochoric)'

AQ, , =vC, (T, -n’T,)
This is negative value.
Process 4-1(Isobaric):

AQ, = VCp (To -T, )

This is negative value.
Work done by gas

AW =AQ ,+0,, +AQ, ,+AQ, |
Heat given to system

AQ - AQI—Z + AQZ-J
Efficiency
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2.120

ﬂ%

GG TG TAT) HG(F-T)

VG(rA)THCARnAT

From (2) and (3)
T,=n'T,

Put in (1)

n+y

n=1+
1+ny

Ans.

(@)

Pa
2

>V

oS mmp
A

Bng;

I,=T,=T,

Process 1-2(Isochoric):

AQ]—Z = VCv (nI;) - 7;)) = VCV (n—l)T(')

This is positive value.
Process 3-1(Isothermal):

AQ,., = AW =VRIT, m(%)

3
This is negative value.
Work done by gas
AW =400, , + O
Heat given to system

AQ= AQ,,

Efficiency

— AW =Q|2+Qu =1+Q3_
AQgiven Oy O

(%)
e N BL s 1

C,(n-1)
Using adiabatic process
Lyrt=gyr

n=1+

nT VI =T W

-1
(3]
Yo

¥ A
v, n,'j
Put in (1)
R -
17:1-}-_&._1)[]1 _ll_
R(n-1) —
n’!
7)=1—;1n(n)
n-1 .
Ans.
(b)
P " h=0=Ty
3
T3=nTo
To
1
>V

Process 1-2(Isothermal):

AQ,, = AW =VvRT, m(%-)
1

This is negative value.
Process 2-3(Isobaric):

AQ, ,=VvC, (TJ _TZ)
=ch (n]:i —7;))
=vC,(n-1)T,

This is positive value.
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Work done by gas
AW =AQ,_, +AQ, ,
Heat given to system
AQ=AQ,,
Efficiency

- AW ___QI2+Q23 =1+_Ql_2

n=
AQS'W" Q23 Qz:

Cp("—l)

g

¥(n-1)

n=1+

n=I+

"
Calculation of -V—
1

Using adiabatic process

TV = const

(nT)(%) " =1, ()"

Y™
5=4(3)

Also
In isobaric process

5._(1]7'
i \n

From (1)

(
it In(n)
T -l
2.121
(a)

)

Ans.

Process 2-3(Isothermal):

This is positive value.
Process 3-1(Isochoric):

4

3

AQ, , =AW =VRT, h{—’

AQS—I =VCV(I; ‘—I;):VCv(l—n)I;)

This is negative value.
Work done by gas

AW =AQ, 5+ O,

Heat given to system

AQ=A0,,

Efficiency

1] - :A_W_ - 1 + &_
AQgivm Q?J

n =1+ C,T;,(l—n) =

1+

1-n

' Vi
Calculation of v

2
Using adiabatic process
TV = const

ATyt =Ty

A0

wlf) ]

Page - 235



B~ (my
2
Put in (1)
. l-n
n(y =1)In(n)r-
—1- n-1
- nln(n)
Ans.
(b)-
P 2 n=T
7‘2=vT3=nTo
1%3
>\

Process 2-3(Isothermal):

AQ, , = AW =vRnT, ln(%—]
2

This is positive value.
Process 3-1(Isobaric):

AQ,, =vC,(T,-T,)=vC,(1-n)T,

This is negative value.
Work done by gas

AW = AQz-s + Q}-—l
Heat given to system
AQ=A0,;
Efficiency
AW
AQgivzn

0

=1+=1L

O

n:

|, CTa=n

=0
v,

T]:

4
Calculation of _V_
2

Using isobaric process

2.122

W 5o _1
V, nT, n
—i
|
n
Using adiabatic process
Ty =g
7=l
(%) = n)”
n
By
4
Put in (1)
1-
e (=n)y :
n(y —1)In(n)r-
PR .
i nln(n)
Pp 2 =T
T2=T3=nTo

Process 2-3(Isothermal):

AQ, , =AW =vRnT ln(—3

2
This is positive value.
Process 3-1:

)

>V

Ans.

AQ,, =vC(Ty-nT;)= V(Cv -ilj(l—n)ro
.

This is negative value.
Work done by gas

AW =AQ, ;+0;,
Heat given to system

AQ=AQ, ,
Efficiency
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2.123

(C, —%J(l—n)
ann(ﬁ) ............ )

2

n=1+

Using adiabatic process

TV =Ty
TL(V.)"' =nT, (Vz)H
%=(n)ﬁ
Put in (1)

n—1

=]——
7 nin(n)
Ans.

Process 2-3(Isobaric):
AQ2-3 =VCp (T3 —TZ)
This is positive value.
Process 3-1(Isochoric):
AQ;, =vC, (1 -T,)
This is negative value.
Work done by gas

AW =AQ, ;+AQ0;
Heat given to system
AQ=A0, ;
Efficiency

AQghal Q‘.'_!

Cr(z;—TJ) ................

Calculation of 7,7,
Using adiabatic process
BT =BT}

n

n=1+

BTy =(nR) " T

L 4

n=r(1)’
n

Using isochoric process

Ans.

n
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Process 1-2(Isobaric):
AQ,,=vC, (%,-T))

This is negative value.
Process 2-3(Isochoric):

AQ, ,=vC, (I; - Tz)

This is positive value.
Work done by gas

AW =AQ, s +AQ,,
Heat given to system

AQ= AQ:—;
Efficiency
n s AW = 1+ QI—Z
A Ois
n=1+ GO
C(L-T,)

Calculation of T, T;
Using adiabatic process
P =R7TY

I-y
g ¥ !
R)l ’T,’ =(_,:_)‘ 7;7

i

1)~
-1(3)

Using isochoric process

£3_=Z;—=n
P T
r,=2
n
Put values in (1)
L
n= nln(n)
-y
3 _Tn?
=1—}’
A
n

Ans.

Process 1-2(Isobaric):
AQ,, = ch (Tz -7 )

This is negative value.
Process 2-3(Isochoric):

AQz-s =vC, (TJ o Tz )

This is positive value.
Process 3-1(Isothermal):

AQ, , =AW =vRT,In (g)

2
This is positive value.
Work done by gas

AW =AQ, 3+ A0, +AQ;
Heat given to system
AQ=A0, ;+AQ;
Efficiency
AW - AQ,,
AQgiven AQz-3 + AQ:—)

Cp(Tz_T;)

Calculation of T,T,
Process(1-2)
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4

Dop
2
Put values in (1)

&(ﬂ_l)
U TC F:
W LR Y
(1 n)-l-cvnln(n)
_— y(n-1)
: (n—l)+(7—l)nln(n)
Ans.
(b)
P
L=n=Ty
2 3
!
i : T’
el
7o % e

Process 1-2(Isothermal):

AQ, , =AW =vRT,In (%J =-vRT,In(n)

This is negative value.
Process 2-3(Isobaric):

AQ, ,=vC, (I; —T2)=VCP (T3_T"’)

This is positive value.
Process 3-1(Isochoric):

AQ; =vC, (T; _7;)=ch (7(') _1;)

This is negative value.
Work done by gas

AW =AQ, , +AQ,, +AQ;

Heat given to system

AQ=AQ,,

2.125

Efficiency

AW 1 AQ,_, +AQ;,
n= =1+
Alewn AQI-B
vC,(T,-T,)~vRT; In(n)
]7 =
VCP (TJ =T )
................ 1)
Calculation of T;,T;
Isochoric process
L_&
I, R
L2 iy
R Sossera (2) (Because P, =F)

n
B,
R

ssisansidend(3)
From (2) and (3)
T,=nT,

Put values in (1)

. (=)(r-1)in(n)
s y(1-n)

Ans.

B v

Process 1-2(Isothermal):

0

AQ,, =AW =nRT,In (%J =-nRT,In(v)

This is negative value.
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2.126

Process 2-3(Isochoric):
AQ, y=nC, (TJ -7 )

This is positive value.
Process 3-4(Isothermal):

AQ,_‘ =AW = nRrTo 1[1(%) = nRtTo In (V)

0

This is positive value.
Process 4-1(Isochoric):

AQ, ,=nC, (T;J _77;)) =-nC,T, (T —1)

This is negative value.
Work done by gas

AW =AQ, , +AQ, , +AQ, ,+AQ,
Heat given to system

AQ=AQ, ;+A0;,
Efficiency

AW AQ_,+A0, ,+AQ, (+AQ,,
AQiven B AQ, s +A0,
__(z-1)in(v)

) 11n(v)+(r_1)

y-1

Ans.

Process 1-2(Isobaric):

AQI-Z = VCp (I;) —1'-7:))
This is negative value.
Process 2-3(Isothermal):

AQ, , =VRT;In (%J

2
This is negative value.

Process 3-4(Isobaric):
AQ, ,=vC, (TT;) = 7:))

This is positive value.
Process 4-1(Isothermal):

AQ, , =VRrT,In (K-J
v

This is positive value.
Work done by gas

AW =AQ,_, + AQ, ;+ AQ; ,+ AQ,
Heat given to system

AQ = AQ4_1 + AQ3_4

Efficiency

AW AQ ,+ AQ, 5+ AQH +AQ, ,
AQ,,+A0:,

n= =
AQgiwn

vC,T, (1-7)+VRT, m(f;i]
2

n=1+
(1
vC, (rTO—T],)+erToln(£;'—) O
‘ 4
Calculation of 4 d i
t 3 2 B
alculation of 7 and -

Isobaric process

L_V_,
L v

V, =V

Similiar

Vi=Vr
Isothermal process
RV, =nRV,

L

V, n

RV, =nFY,
.

Vi

Put values in (1)
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Ans.

f’l

>V

Process 1-2(Isotropic):

Here line(1-2) is passing through origin then
PV

PV =const

Compare with polytropic equation

PV* =const

x=-1

80, =vC(eT,~5)=v(C, 7 Je-1%

x-1
sl ol (z-1T,
y-1 2
This is positive value.

Process 2-3(Isochoric):

AQ, , =nC, (7; —17;)

This is negative value.

Process 3-1(Isobaric):

AQ,, =vC, (To - TJ)

This is negative value.

Work done by gas

AW =AQ, ,+ AQ, 5+ AQs-l .
Heat given to system

AQ=A0,,

Efficiency

i AW = AQ_,+ AQ, ;+ AQ
Aleval AQ“Z

C,(5,-1T,)+C, (T, - T,)

(r+1)R .
2L(7__1)To(,_1) ...... 1)

Calculation of 7 and T,
Isobaric process

n=1+

h_4L
v, T
Polytropic process
PV
PV =const
TV = const
TV =gy
L_L
L 0,

1
T,=T¢?
Put in (1)
n=1- 2_7_*L

(y+1)(l+~/;) ‘

Ans.

Carnot Reversible Cycle

.
Q] Reversible
Cycle
\\Y%
%)
Tmi.n
IQ2
n=1-=
)
Using Calausis inequality
dQ _
T 0 for reversible cycle
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o _0
7:\\0\‘ T:nin
© _ T
0T, w (1)

Irreversible
Cycle

r7‘=1—Q—,2
o
Using Calausis inequality

I%<O

_Qi__&<0
T T,

i T 2
—QQ.—’>-TL“£ ......... )
1 max

From (1) and (2)
2:,0
o)\ @

n>n'

2.129*

for Irreversible cycle

Ans.

2.130

aQ, T ar T

A = (oP)(aV) = (;i;)v (dT)av . A3)

Also we know :
09, =U, +PdV

(%)T = QU PV eeeeseremmananess 4)
oT

From(2),(3) and (4)
ERER
ov ), \aT)y

(a)
Isochoric Process
We know

Ans.

dQ= vC,dT
Here v =1
From(1)

nTy
fas=[c, &L
Te b
R
AS=C, ¢n(n)= '7—_7 én(n)

Ans.
(b)

Isobaric Process
dQ =v Cp dt

" . dT
jds=1{cp?

yR
AS=C, ¢n(n)= _y— 1 n(n)
Ans.
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2131

2132

For isothermal process
_ A
AS= T —
Also know
AQ=AU+Aw
V,
AQ=0+ \-F(I'(nv—(Z)

Here AU = 0 becuase T = constant
From (1) and (2)

V,
‘RTtn—L
v nv

i

.
(4

>V
Process 1-2:

k]
Asu=j$=£vcv$=vcvl"%

Process 2-3:

dQ ¢ . dT _ T/4
‘Ssz“‘:j'-?:{\'cp-?—vc,ln / 2

Net entropy change :
AS = val“% +vC, (n-|}4z
=vq1n%—vcp ln%

as=v(C, -Cp)l"(%) e

Calculation of T,and T,
P, T, _T, 1

=L =1 2
T,
R/ T, n
Putin (i)
AS:(Vlnn)(cp-cv)

2133

3 12
—V
Vv, nV,
Process 1-2 (Adiabatic process)
dQ=0
- [96 _
AS = I T° 0

Process 2-3 (Isobaric process)

AS, 5= ‘VCPln(n)
AS=AS,, +AS,
AS_, =0+-vCytn(n)

=R
AS_ = Y_1ln(n)

Ans.
2134

Since entropy is state function, entropy change
can be found by another process joining (1) and
(2)
Now take a random process as diagram, first
isochoric and then isobaric process
@
Pa

pl—1

PJB

v
o

aV, ki
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2135

Process 1-3

T,
AS1_3 = VCV fg = VCan%

T

Process 3 -2

T,
AS,_, = VCP J' -dTl = VCP (n%

T

Calculation of %4 and %4,

Process 1-3

A

Process 3 -2

=

M _L_T_
aV, T T T,
Then

AS,, = vCy ln}ﬁ +vCplna

AS,, = -v%enﬁ + v—YR1 ino

- y...

vR
=——(yfna—¢n
A~ p)

PA
2
1 3
VZ = V3
T
T, P
Y-
\Z
For entropy change S,~ S, take a other pro-
cess 1-3 -2
Process 1-3 :

T,
dT T.
AS,; = VCP!_T_ =vCpén %

Ans.

Vv

Process 3-2 :

T,
fdT T,
AS32*VC I T —VC €n_r—

Calculation of / andT/

Process 1-3

- (i)

Process 3-2
T=BT,
Putin (i)

T T,

BT, Ty

op (i)

Putin (i)
AS,,, = vCplna - vC, ¢naf
vyR

net =_7T1

AS

inp
= VR| tha -——
AS,, =V ( na 7-1)

2136 -

—V

We know

IdS J-dQ

dQ
AS = | —
I=
dQ =CdT

Ty

AS = jc

AS = Clm

no.— YV—R?( {no+ €np)

Ans.
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2137

2.138

Ans.

PxV
PV~ = const

Compare with PV* = Const
|
V,=aV, (Given)

T
_ [VvCdT _ T
R e

C= l"L-R -1—+—1- =R(Y+1)
b e T y=12) 2(y-1)
; ] T,
Calculatoin of %
i
PV-' = Const
vRTV™! — const
T
TV-2 =const

T{(V’)—z = “rl(\ll)-2

T, (VJ 3
—==|—| =a
T WM
Putin (i)

R(y+1)
=v(—2(T1—)]lnaz
_vR(7+1)

AS = (7_1)

na

P=P°-0V

O\
tan6=a

dQ
We know AS = I—T-

For AS maximum, dQ must be (+) ive and when

dQ will be negative AS will be decreasing.
The we know
dQ=du+dw
dQ=dU+PdV =0
du2-PdV
vC,dT 2-PdV
dT
—2-P
vC, v

Also
P=P,—aV

"ST =P,-aV

VRT =P,V —aV?

ng—\.l;- =P, -2aV

Putin(i)
P, 20V_ P
vR  vR vC,

-PR R
AT Nl Wi
0 — 20 c. Cv( A a.V)

Py —2aV Z%JQQV

v v

R Ra
Pl 1+— (2> N
o( +Cv]_(2u+ v}v
P (R+C,)

C(Tvma]
(22Cu+Ra
Cy

V<

PoY
a(1+y)
Maximum Value of Volume

V<

Poy
v -t
™ a(1+y)
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2139

S=8T+Cv(nT

dS =adT + %dT

Also we know
dQ=dU +dW
Also

dQ=Tds
Tds=dU+PdV

T(adT+ -C%dTJ =C,dT + -zvldv

RT
TadT = —dV
\

AQ
d
=l
1%0dQ
ss= [

(Because isothermal process )

1
AS = T AQ

V;
Q= |PaV+aU
Vi

e j'( M}:v,,wu

VZ
V,-b a
= RT +—
R (n(v‘_b) Vuv,

+AU

V. -
=RTtn| -2
-

Ans.

2.141*

Calculation of AU

S oy Rt
' v

m

o .
v, V,

Putin (i)

V,-b
AQ=RT ¢n V,—b

AQ V, -b
as == =R (v bJ

dU+pdV

ss=]%2

dU=C, dT + oxdV
Vander wall equation :

(P+V=’) (V-b)=RT

Ans.
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2.143*

2.144*

2.145*

dQ=mCdT =m (a+bT) dT T _ "
T
d 0
ds = —]9 = m(—of +de) (%)
TaTe °
T, T,
~ (ddT Fbdr

AS = m(a(n.'yT1 +b(T, +T,))

Ans. <0
T=as" °
) ( 1)" 2.146*
a (a)
Jh-1 = '(i
ds = i(IJ dT 57T
nala
Also
dS = ~—dT
dQ_CdT T
ds= T =T Ta
dQ=TdS =-—
Then T
1 [TV S dQ =-=dT = CdT
33 T
na\ a T a
C= —?
Loy
“nala nla (b) e
n VA
1(aS T, T,
4%) -
, dQ=[CdT=-[=dT =atn ")
= I Q !‘ £Td aln 7,
C= _§_ AQ = aln.%
n 2
C<0 Ans.
Ifn<0 ()
Ans. AQ =AU+ AW
T,
it congf . AU= levdT=Cv(T,-T,)
R "
e AW =AQ-AU
Then AW= “ln% -C,(T-T,)
5 de (CdT
w S T2 Ans.
Ids = J' = ns.
S=§,+CinT"
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(a)

We know
dQ=Tds

AQ,, = [d8= [T ds = Area uner TVS S curve

1 1
aQ,, =‘2‘(Tz "Ts)(sz —31)=§("_1)(Sz “S1)To_
Also
AQ =AU + Aw.
One complete cycle
AU=0
AQ =AW
AQ .= IT ds
if ds = @ then heat given will be positive through
process and this in 1 —2 process
A8,,.,=[Tds=nTy(S,-S,)
Efficiency(n)

=20,  AQ.

given

L
2n

(-+)

n
n

N| =

Ans.

(b)

1
AQ,, = a‘(nTo ~ Ty )(Sa - 31)

A0y, = Area under process 1-2

=%(T, +0T,)(S, -S,)

A0, ___n-1
Efficiency M)= 29 b

given

Ans.

Thermally insulated vessel

Value

V=V v, =0

V, 2V,

Initial volume =V,

Final Volume= 3V, _

Since valve open suddenly hence process is
not slow.

Now we can notuse PV = v RT for intermedi-
ate process.

But we know entropy is state function and de-
pends on intial and final state.

Hence we take another slow process in which
change in volume occure very slowly.

Pt Initial
P,3V, T,
Initial
P.V, T,
—\

Calculation of final temp (T,)
Change in internal energy of system is 0.

Take imaginary process in which heat may be
exchange but final and initial statges are
same

de dT _pdV

S
vC,dT % vRTdV

) VT

® 4T "rdv
As=jds=Tjnvc\,?+vRvj°v

AS = vRen(n)
Ans.
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2.149

2.150

v=1
¥s Ty

V, v,
Internal energy calculation :

Process (D——@Q

Ui = U'

Because AQ=0and AW =0

0=AU+0

T.I = T1 = T2

Process @Q———Q

Adiabatice process

V,=2V,

V1 = Vo

AU=U-U=vC,T-vCT=v CV(T-T)
TI = TO = TZ

Since

TVr! = const.

T, (V' = T,(V(,)"1

T 2T

Then

AU =y C, (2T, =T,)=v C,
AU, =0+ vC,T, (27'-1)

Vaccum

T, (27 -1)

RTo /-
AUnol \-;_1 (27 o )
Putvy =
R a5
AU, = Y‘_‘%(ZY t=il)
Ans.
(a)

If process is made sudden in first part while slow

in second part
then external force in part (a) will be more than

part (b)

Hence AW, < AW, (by gas )
Hence AU( " "< AU, (of gas)
T, Of Process (a) > Tpw Of process(b)

And Vina ® =V, nal(b)
Also we know

vRT,
P = V'

P fnal(e) >Proa ®

2.151*

2.,152*

C,= 5/2 R is for N, as well as O,
Atfinal equahbnum
U=y,
v,Cy T, +v,CyTo = (vy+ v, )CV* Ty
cMix = v,Cy + v,Cy =0 .
. v+ V, .
Putin (1)
TI=T0
N, Gas:
nVo+Vo
v,C dT °c " pdV.
W= Jos=[5 b |5

To nVy

nVp oV,

j —dV vRen(n+1)

0,Gas:

T nVp +V,
dT "% °pdV
Sn’ . 'rVZCv 4 PT

To nVy

(n+1)Vo
v,R n+1
+ [ il sztn( = )

nVy

AS

- AS,, +AS,,

AS

asom = VAREN(N+1) + szln(n: 1)

BS,pem = ViIREN(N+1) +v,ReN (1 + %)
Ans.

Suppose mass and tempreture of copper are
m,=300gm ,t =97°C.
While mass and tempreture of water are
m,=100gm t,=7°C .
Letusfinal tempis T,
Then
Using calorimeter principle
Heat given by (m,) = Heat taken by (m,)

01 (ta_tv) = mzcz (lrtz)

m,Ct, +m,C,t, :
= -~ —)

m,C, +m,C,
Form,:
fas- |2
- 'j_m_,Cf,g_T_ = m‘c,(n%
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2.153*

Form,:

t
88,, =mCytn'y

t t
A4S, e =M,C,ln % +m,C,¢(n K

Where C, and C, are heat capacity is of coper
and water.

Case1l: Ifvalveis open.

® Same ideal gas

Letusfinal tempis T,
U, = U, (For system)
vC T, +v,CT, =(v,+v,)C, T,
T+T,
2

For chanber (A):

dQ }C,dT *FRdV
le===1"F"={

% ¥

\"

T, =

.
AS, =Cvt’n/.|.1+Rln2

For chamber (B) :
Similiar

T
ASg =C¢n /1-2 +R¢n2

AS, um =AS, +AS,

T, T,
Assyﬂsm =C, [en'_lT'+ [nT—'jl+2R€n2

1 2

2
g%:lr_z—) +2R¢n2

&/

AS,qem = Cyén

Using AM >GM
(LAL) 4T,

AS20
Case2:
If value is conducting

_T+T,
N
For chamberA:

}CvdT
% T
Here AV - 0

AS = +IPdV

I
AS,=C, n T
For chanber B

I
AS;=C, ¢n T,
AS,, =AS,+AS,

(T, "‘Tz)zJ

ASM =Cv¢n ( 4T, T,
Using AM >GM
(T,+T,) >4T, T,

AS20
From above long function.
Ans.

(a)

Probability to find a molecule in one half part of
vessel = 1/2

Probability of find N molecules on one half part

(2)(2) (2] wume

(b)

Velocity of gass molecules is
v=10% cm/s

Time to cross the vessel

1
I—W—1045

No. of time of cross the vessel = }{

Where t = 10" year
Then there will be a certainty to occopic this
half will be 1

i
z

M=

1

X

n

Q|

AN

K int/t
n2
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2,155*

2.156*

¢ 2457

2.158*

We know statical wri
N molecules

NI
Cl®
" nl(N=n)!
Since In half part N/2 molecules will be occu-
pled then
Statical welght of n =
N

cg_l.

"N
51%1

Probability (P)

ght on n molecules among
N/2 molecules

P=(C)5

po| N |1
NN on
E!/21

Ans.

There is N molecules and all are free from each
other. Suppose probality to one molecule to
enter successfully in one part is P

Then probability of unsuccesful attemptis1-P

Then probality of n mole celes to enter in one
part :

P ="CP"(1-P)*"

Here
1
P=2
N!
oo = n!(N-n)12"

' Ans.
PutN=5andn=0,1,2,3 an get different result.
Like Q:2.156

N' N-n

-—7P"(1-P
Pm'n!(N—n)! ( )

Where P = Probability to find one molecules in
certain part.

No of molecules in sphere of diameter d
N= %nR’no

Where n, = Loschmidt's constant = no of mol-
ecules/volume

2.159*

' 1
<n>=-—2

Ans.
Also are know that average no of molecules in-
side sphere

Ans.
n

Gas is monoatomic gas and no. of mole ,
tempreture and volume are y =1,T,, V,
Now T =T, +T;V,=V,

We know
dQ ¥ vC,dT
dsS = J'_= v
I T ,{ T
A= cvtnT‘?‘AT

0
Also we know

AS = KenQ, -KenQ, = Kmﬂ%z‘
Then

Ty +AT
T -

Q,

Cyfn Kén

i
Here C, = 5 R where i = Degree of freedom

0

iR ( AT] o R
RO =2 R [, AT\
2R T (!1 (11 & To

Ans,
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2.5
Liquids,
Capillary

Effects

2.160

(a)
Mercury drop :
2T
AP = —RT
Hence T = a = Surface tension
R=d/2
20 4a
= AP =—
AP= R d
Ans.
(b)
Soap bubble :
2a
P =P, =— ...
=Py = 2 (1)
20 2a
P,-P, = z
2T TRIGR DR e (2)
Adding (1) and (2)
4a
P -P,=—
1 3 R
P,-P, = 4a _ 4o
d/2
APm 2%
d
Ans.
2,161
n| ¢

Force applied by surface tension and due to
hydrostatic pressure will be same.
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F= (nRz)hpg =(%"JKR2

h= 20

oa(%)
h=2%

P9

H

2.162

OR=dR.

Initial pressure inside bubble :

8a
Ph—-P +R——P +— __(|)

Final pressure msude bubble :

R, =.P_°+8_a

n d,
Given that
d, =nd

P, 8a
Pmn 0.4 9% -
! n+'qd (if)

Since process is isothermal
PV = Constant (Inside soap bubble)

(P,, 8“)3an (PU%“—‘) n(nR,)’

d n

2.163

E==5==

20
=P,+hpg + R

Phlﬂl

4a
=P° +hpg+—d—

tha

2.164

' 20
P —Pd—hpg+R

P _—.P°+hpg+4Ta

bottom
4a
Pﬂmaca = P + }G

Hence if process is isothermal then

4
Pbomm 3 "Rs lw’m 3 (nR1)

4
(Po+hpg+4—:Jx1 (P +n—‘;)n°

R’ -1)+4a(n?-1)
- Pg

- Ans.

Method : 1 (Force Method)
F.B.D. of liquid coloum

2.165

At equilibrium
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a2nR cosP = (hpg) A
a2rRcosf = hpgnR?

2acos(n-0)=hRpg
- -20.c0s0
pgR

Here
d=2R
-4 cos0

pgd
First coloumn :

h

_ —40. cosO
"7 pgd,
Second column
e s —40. cos0
2" pgd,
Ah=h,—h,
Ah= 4_ac050 (l-l}
" P9 d, d
ah= M[d_d_]
P9 dd,
Ans.
Method : 2 (Pressure Method)

P,= Atmospheric pressure
Using pressure equation from pointAto C

2.166

From (1)

he= 2T cos
Rpg
p=n-0
he —20.c0s0
pgR
Here
d=2R
—40 cosO
h=""pgd
First coloumn :
" —40 cOSO
1" pgd,
Second column
i —40. cOS0
27 pgd,
ah=h —h,
h _4.20059 [_1__._1-]
& P9 d, 4
4acos 6| [d, =
[ol¢] dd,

P,= Atmospheric pressure
Using pressure equation from point Ato C

2
£ -th—-r—=R)

2a
hpg

r=
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2167
A
O | [e=x P, T
{
Pressure at point (1)
20 40
P1 =P° +—R—=P° +—q—
Using
PV = constant (Because T is constant)
4o
P, (A= (Po + T)(l -x)A
c=—t
1+ Ed
4a
Ans.
2168
Pressure at point (1)

Calculated by Boyles law
P,¢A=P, (£-h)A

Pl .
Peton O

Also
4o e
P, =P, +hpg+—d—OOSB —(ii)

From (i) and (ii)
P ¢

14 hpg | _4oacosf
1422 |=——
P”[l—h R ] d

=P, hpg+——cos[3

Ans.
2.169

S

)
\

1
AR
TG
>

——————
ppp——
————— -
-
o - ——————

——————

A

At equilibrium
h
o (d1 +* dz) =png(d1 2 dz)(dz _d1)

h= .
Pg(dz —d1)
A Ans.
2170

y = (o cos B) dx
o =2 F, =2(a cos p)dx
Slnce every differential elements are free from
each other.
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217

Then

F, = Weight of liquid column of differential
length dx

2a cos B dx = pg [yx dodx]
(2a cos B)
~ pgxd¢
Ans.

<«—d
+1

<+«—d/n
Vv,

Pressure at point (1) and (2) are

4
P,= Po—?

4n 4an
P, =P, + 57n =Po+_
Continuity equation at (1) and (2) :

nd?

Bernaullis equation between point (1) and (2)

4a 1 4an 1 vz
(Po ——d—J +m€+5pv1z =(P° ——d—")+0+5 V2

Ans.

2172

Here

R,=zR,=h/2

Pressure point (1) and (2)
2a

P=P+ R

1

Ans.
2173

Method : 1 (Pressure Method)

- r,
B\ |h2

o

r,cos 6 =h/2
__h

"= 2cose

=R

Here R>>h
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2cos9

Hence % << %

From(1)

AP< 20.cos0

Normal force due to surface tension

N = (AP) zR? = (Zu;:se)ﬁ’ ........... )

Also
V =zR%*h
nR2=V/h

2acos6
h2 V= m1g
Where m, = mass of plate

2a.cosf
N= V=mg

2174

h2

1 1
Amg = (2a cos 8)V (F{-g)

Also h'=h%z
2 e R2 2 _1
Am = (2acos@)xR?(n )

gh

Method : 2 (Surface energy)

Surface Energy
U=(-o, +0,)R?

U=(acos 9)(21:R’ )

Also we know volume will be constant while R
will be change if surface area increase.
Then

V=nR%*
nR2=V/h
U= (a cos 8) 2V/h
Normal force
_ —dU _ 2a Vcos6
e R
Then

1 1
AN =2aVcosO (h—.z'p)ﬁimg

St
h? h? |=Amg

2

2aVcosH
n

2

n
2a (nR%h) cos 6 ( h?

):Amg
_ 2anR%cos@, ,
Am = T.(n _1)

()

Normal reaction at surface from question no.
Q.2.73

2aVcos6

hz
If wetting is complete cos 6 = 1
2aV

N=
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2175

2176

Normal force N =

For complete wetting cos 6 = 1

_ 20V 20(7tth)
TThe T T m
_ 2anR?

h

N

N

h, = height of liquid.
2al = p(d¢) hy g

2s
o= pdg
Pressure change at x height
AP =Xxpg
Force on dx thickness :
dF =(xpg)¢dx

ho
F= pgej'xdx
0

Ans.

2177

2178

Suppose at time t, radius of bubble is x.
Then pressure at point (1)

1 ]

P, =P, +7

Also we know
dQ _ (aP)ar*
dt 8n/

da_ (4_11)&‘
dt x )8n¢
4anr‘d

8n/x
Suppose in dt time dx radius is decreased then

dQ= t

4anr
8neéx

dt

dQ= (4 nx?)dx =
A
16/ x°dx = X dt
2 néx

x®dx =—|dt
nl!‘

ER ar‘ t
2 0

16R* _ar‘t
4x2 n¢

t= 2R*n¢

4

ar

Calculation of energy due to rise of coloumn

E=(pnrh g)g - (2nrh)a
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2179

2.180

2
E =L;ghz —2nrah

Also we know

=2
pgr
P’“’ g 4a? 21|:m.2c'~
PR r——
E_47‘9a2 4nra?
=
2pg pgr
E= 2na® 4na® __2na’
P9 P9 pg

This show that energy is decreased and hence
heat will be released

AQ= 2na?
Pg
Ans.
(@)
2
U= a|:4n(g) :| =nad?
Ans.
(b)
2
U= a|:41:(%) x2] =2nad?
Ans.

AT

A= 241(3 } 2nd?

Since volume is conserved then

3
4 (dY 5 4 [t
5"(5) "2‘3"( 2 J

d,.. = 21/3d

A = 22/3 ndz
AU=0cA,, —0A
AU=a(A,-A)

AU = (2% nd*-2nd?)
AU = and? (222 -2)
AU =2a nd? (27'?-2)

Intial ~ Final

Volume of bubble
=§nR’ = PV =nRT.

Work done by external agent
AW = Work done against increase pressure

from P, to (Po + 4%) + Work done against in-

crease surface energy

Work done by gas = n RT l"\% =nRT

n P p, == (Work done against gas)

AW =|nRT¢n P°4

+(a4nR?)2
o [+(eere)
R

AW ==PV tn (%)+ 8nR’a

Ans.

Pressure inside bubble

P=P,+—

We know that no of molecules msude bubble is
not change then

[Po +-4Ta-)%nr’ =VvRT
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2.183

Differentiate equation

(Po +4—a)4n r’dr+inr’(—4—adr)=vRT G
r 3 r?
a-da

8a
Po + 31| 4rfdr = vRdT
Also we know pA = work done due to given

8a heat j
Py +— |dV = ed
( ot 3r )d R Because of tempreture change,surface tension
will be change
ov =R oA = (a-do)(a+da)-a(a) =—(da) (da)
P 2% From (i
°*3r M
Also we know (da)(de) I
dQ= vy CdT =y C dT + pdV do T
do da
b ) S, -
(da) dT
c=c,+(P°+4_°‘) i i
p 432 qu=T==
o7 3r a7 /
Proved
4 R 2.184
C=C, —R+(P°+—(1-) e We know
Forar __7da
9 dT
Bt R (P " 4o ) R There is two surface in bubble then heat given
d S P, + 8o AQ=(q4c)2
3r _
AQ = —2TAcrd—a
: dT
Cc-C,= 1._R_\ Entropy change
2 1+ 3 &[ AQ da
8a) 88 == = 2ta)
Ans. Ans.
Also we know
AQ =AU+ AW
P Here
0 . AW = =20 Ao
T AU = AQ- AW
T-dT AU= —2TA0(-3%)+2(1A0
v da
: AU= 2Ao(a —T——)
We know efficiency of cycle aT
oA _,_ T-dT Ans
o T

Where 9A = work done in cycle
20 = Given energy in cycle
a = area of soap bubble

8A aT
w10
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2.185

2.6

Phase

Transformations

2.186*

Piston

We know vapour will be condensed in liquid at
constant temperature and pressure.

Then work done on gas

AW = AA=PAV
Where AV =decrease in volume

Also

PV=nRT

PAV = AnRT (Because P and T are constant)
From(1)

AW = AnRT

Am
=SV RT
AW M

Ans.
Put valuesin S.I. Unit

AW =12J Ans.

Suppose volume of vapoar and liquid are V_and
V v
V=V, 4y,

m=m_ +m,

Also suppose specific volume of vapour and lig-
uid are V;, and V;

V=m,V, +(m-m,)V;

V=m\V, +mV} -m,V}
V-mVv!
m, = —2*
-V,
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2.187*

2.188*

PutV==61t: m=5kg; VvV = 1lit/kg :

V, =50¢/kg
m, = 20gm.
Ans.
Volume (V,) =20 x 107 x50 =11t.
Ans,
.................. V, =5¢
t=100°C V,=V=1.6 It
Initial Final
Since PV=Constant
Means if we compressed then pressure
increased and according to phase diagram
curve vapour will condensed to get saturation
equalibrium.
Since temperature is 100°C and pressure will be
equal to atomospheric pressure P, .
Now volume of vapour freeze = V,—V and
equivalent mass will be equal to mass of liquid
Am
Py (V,-V) = —M_RT
Py (Vo — V)M
Am=—"pT
PutP,= 1.1 x10° n/m?
T=373°K
R=8.3
V,=5x 10°m?3
V =1.6 x 10°m?
Am=20gm
Ans.
1
A
. e —_— N
Given v, N
Suppose V = initial volume of vapour then initial
Y

Mass (m) = W
Assume mass of liquid and vapour ism, and m,
Then

\')
._..1-=m,+mv
v

vV =m,NV+m, NV, .... (i)

2.189*

>
8

1

<
+

<

m, V! +m, Vj

m,V; +m, NV,

3I<3I<3I<
I

=mV; +Nm, V; (i)

3|<

Now(i)—ii)

V(1—%]=m, V2 (N-1)

m,V, _
Vin

Ans.

We know AQ = AU +AW
At at atomospheric tempreture and pressure
AQ=mq

Where q = latent heat of vapourisation
AW =P (AV)=AnRT

m
AW = m RT
m
AU=mq M RT
- [ _ST_)
AU=m |4 M
Ans.
dQ
as= |3
Since T = Constant
AQ
AS =—
T
mq
AS = —
¥
Ans.
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2.190*

2.191*

—____

= - - —

m=20 gm(water)
S=410cm’

Heat required to increase temp by AT = 100° C,

up to boiling point

6,=m C AT

Where C = specific heat of water
Remaining heat

AB=0-mCAT

Also we know

A6 =AU + AW

Here

AW =P (Sh)

Where h = height rise by pistion

AU =(Am)q

(increase internal energy of gas phase)

AV M
AU = Q[W]
_ _P,ShM

AL=—RT

Then

qMV
=P, SH| 1+—
6-mC AT=Fo H( + RT)

b _8-mCaT

= M
P,S (1 + %1—,)

t, =22°C
m=1gm=m,_
m,=1gm

Temp of vapour is T = 373° K

Heat required to increase temp t,to T

A8 =m C (T-t,) .
This heat will be transfer from gas to liquid
AB=m,q

Then

m, = _";_C(T—to) = mass of vapour
Work done PAV =AnRT

AW = TMLRT = work done on gas

2.192*

2.193*

2.194*

\

We know

SHRT
AP= M Pv
_ 40M
pRTN

Put values
d=0.2um

Ans.

No of molecules condense unit are a in unit

second

Mass condense unit area in unit second

ool

m = mass of one molecule
_ M
k=P WorRT

From Q. 2193
M
2nRT

Here n =1 be cause other part is vacuum
Then

m=P,

2nRT
Py=p M
Ans.
Put values P,=0.9npa
Ans.
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2,195*

2.196*

2.197*

We know vander wall's equation

n’a
P+37 | (V=nb) =nRT

Assumen=1
Rl _a
T V-b V?

Here a arised due to molecules attractions.
Then change in pressure due to molecules at-
tractions vanish.

a

AP:W

Ans,
We know internal pressure

a
P,= vz (For one mole liquid)

Work done by internal pressure :

Ve v,
dw= [ Pdv= {2
o= e

a a

L . B

VvV, V,
But we know
Vv>>V(

a
Aw = v, =qM

(M - mass of 1 mole of liquid )

Ans.

We know for one moles gas

_RT 2
P= Vb V2 — (ii

Also we know in P — V diagram critial point act

as inflection point .
Then -

£

as wall as

(5

Then

2.198*

. -
0:—(V_b)2 VE

RT _2a
Vobf  VE el

Again differential w.r.t. V

2RT _6a
(V —-b)’ vl

_RT __38%a
(v_b)3 - v‘ (ll)
Solving (i) and (ii)
V=3b=V,
Put Vin(ii)

_ _8a
Te= 27Rb
Put in (iii) -

_ a
Pe= 2767

Also

PCrVMd _3
TCr A

We know

a .
P =275z — ()

8a .
Te= 27pr — @
Dividing (i) /(i)
b=R_e_

8P,

e 0.082x 304

73x8

b =0.043 lit/ mole
Put value of bin (ii)

.
¢ 2R,
27 R*T?
a=—

x8P,,
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2.199*

Specific volume
vV, V.
\V A - PR - SAY (
= et
Also we know

PCr Va=%RT"'
_3RT,
L TN
Put in (i)
3RT,
1 _ cr
Ver = 8MP,,

2.7

TRANSPORT

PHENOMENA



2.200*

2.201*

We know

5 :
(p +WJ(V -b)=RT —j)
Po Ve = T — (i)
dividing (i) and (ii)

_i a V b)) 8T
Gt bl

Here
Vv T

n= WWE—iT=—

/’,v VL AT
o7 1) 8
[“*Ev‘z)(“‘aa)‘s
Also
b=V_/3

(535
(s+2)0-9)-5%:
(v+3(z)(@v-1) =81

Putn=12;v =%

=%

(a)

We know at critical tempreture

P =P,
A'fter that only gas phase exist.

Then maxmimum volume of liquid phase is
Ve =3bxn
Where b = volume of 1 mole of liquid = 0.03 It

1000
nb= "18—"0-03 Lt.

Here 0.03 It is volume of one moles gas

1000 :
VMa = 3[-—1-8—X0.03] = V,m7 = 5lit

Ans,
Also P_ is maximum vapour pressure in satu-
rated water and vapour equilibrium

~a .
Pa™ 2707

2.202*

2.203*

For n mole gas
na

P,=—
« - 27nb?
5.47
= 20— 225 at
«~ 27x0.032 atom
Ans.
- We know
T = 8a _ 8x3.62 = 304K
o~ 27Rb 27x0.082x0.043
Also
3
pcrvcr = —8—R Tcr
3 (P
== | =L [RT
pwe[M) g
_8PM
P«= 3RT,
M( a 27Rby 8 M 8
per b= 20 o X— ==X
R\ 27b 8a 3 8 3
.. .
“ =35 3x43 0.34 gm/cc
Ans.
We know
P.V.= = RT_ (for one mole gas)

8
For n mole gas

3(m
=—|—[RT
P.V, B[M) =

Where V _ is maximum volume of vapour at
liquid vapour equilibrium.
Ans.



2.204*

2.205*

2.206*
P We know clausius - clapeyron equation
_d_p - Gz
dTt T(V;- V)
T(V) -V,
Jdt= _(_g fdp
12
" : T(V;-Vi)AP
Here 1-3-5 is a phase transition line at which il s a, :
pressure and tem
isothermal. i 9o sama Whils curve:are Put value in S.]. Unit
For reversible process AT =-0.0075K 21
) s.
Tdds= fdu+ fpav 2.207*
From Q. 12.206
ds=0
§ . T(V; -V/)AP
Because P and T are same on line 1-3-5 AT = —a AP
12
du=
f u=0 V; =Specific volume of vapour
Because curve is isothermal. . 34
Hence = Specific volume of liquid
We know
$Pav=0
Butin cycles V)<<V,
AT
v‘ - q1z
fPav=0 | 1=t
Which tell us this {s !rriversible. . 2250 0 9 3
Same 3-4-5 are irrieversible 2 —ﬁ —3—2- x10
Butcycle1-2-3-4-5
=1.7m% kg
$Pav=0 -
Which tell us at pomt 3 phase change from | 2.208"
and |l phase Here we know
Ans. dp _ iz
T_\v2)
Fraction of water turn into ice ar T(Vz -Vi )
(_ Cat Also
q (APSYA
Where d
At = temp of liquid a% - %
C : specific heat of water
= latent heat. of fusion dp = qu‘ dT
f =1x20/80 TV,
f=0.25 q
il AP = Tyr AT—()
I Also
e 1x At ‘ i
~ .80 B V=T
At =-80°C
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2.209*

2.210*

RT
P,M

Vv
Vs,

Putin (i)

9ATPM _ PMa, AT
TRT RT?

P=P,+AP=P +
2.211*

w Mq,, AT
P—Po[1+ R:‘:'z ]

dP M

T _RTEP (from Q; 2.208)

4P _Mq
P RT?

Also

dT —(1)

m
PV=—RT
vV ;

NP+ ¢nV = énm+nT+ Zn%

dm _MadT _dT
m RT? R
dm_(Mq_,)dT

m (RT )T
Put value in S.I. Unit
d

M _4.85%

m

A 2.212*

dP _MqP
dT ~ RT?

4P Mq dT
[5=R]¥

(from Q. No. 2.209)

(e
P=P°BR L

fT-T,<<T,

Mq

T-T
0 [ ¢ B
TR, ]]

This will be resonable .

P=P,

Here PxT
We Know

Gz
AP = T(V; —V:) AT
Then

V1

AT = = |lowering of melting point

12
Also
mCAT= m, Q,,

Ans.
(a

b
|ng-&—?

At triple point pressure and temperuture of solid
CO, and vapour CO, will be same.

3
log P = 9.05 __1;@0_ — (i) (Sublimation)
3
log P = 6.78 - 1‘—3’]‘,ﬁ— — (ii) (Vaporisation)
Solving (i) and (ii)
T=216K
P=5.1atm
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2.213*

2.214*

2.215*

(b)

Here

b
InP—a-?

b= o) — i
Compare with Q. 2.210

P= Poe[%lrl_%" —(iv)

Mq
R
Rb

M

b —
=
Quuo

1800 -
—783 |
=788 Am

8.31x2.303x1310
44

=8.31x2.303 x

=570

qiquid gas =

Ans.

fmCdT mq

AS=fA

AS = mCZn[%J+mS

t,

2
Heat Given (AQ) = f mCdT +mq
&

s

Ans.
mCdT ,ma
AS= f_—"' f R TV
_ Mg, t, mqy
As_-——T +mCt’n%+ T
Ans.

Suppose final temp is T which is greater than
0°C

Then entropy change
T

mCdT
AS = f -T = )

AS = mcen%

Where C = specific heat of copper
Put values AS =-10J/K

2.216*

Calculationof T

C=0.39J/gKPb Cw=4.18 J/g K. Heat given by
copper to make temp of mixture zero ‘C=>0=
mc AT = 90x0.39 x90. Heat taken by ice to
convert into 0°C temp of liquid 6, , =
50x4.13x3+50%80%4.2 ; 0" =50 x 4.18 x3 =
Here 6, > 0, and 8,> 0" . Final temperature will
be 0°C =27.3° K.

m, =100 gm(ice)
t=0°C

m, = 100 gm (water)
L

a)
:, 60C let us final temp ist then this
0°C<t<60°C
Now
100x80+100x 1xt=100x1x(60-t)
80=60-2t
t<0
Which tell us, some oficeis not melt. Then again
assume, m mass of ice is melt -
m x 30 = 100x1x60
- 600 _ 300
m= == 3 75gm
Finally mass of ice remain (m,) -
Mass of water (m,) = (200 - 25) gm = 175 gm.
Now

b
m,c,dT t
J e m,c,én A

2

Asl)tltm.= '“zcz [21_1 + ln%]
=m.C,|[=-—1—¢n"2
2 2[t| t1

(b)

t,=94°C

Suppose all ice is melt and temp at equiiibium
isT

A =T

Ans.

0°C<T<94°C
100 x 80 + 100 (1) T =100 x 1 (t,-T)
80+T=94-T
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-6 =-2T
T=3°C

dQ_m
Y e ‘q+ f m,c,dt

AS,, = i“t—'q- +mc T /t,
1

dQ " T m,c,dT

B =) 7777

AS,,.. = MC, inT/t,

mq T T
L = i
As.y.m. =5 +m,c, ¢n L +m,t.:, in L
< 9 S mmb
Asm«-m 1 +c, [m‘tn m,¢n T]
Ans.

2217

m=5gm:t,=327"C
t,=0°C

mCdT 1

Aslud_ - == a

Here t, = melting temp of lead

AS,, = mc int/t,) t—1-mq My
2

Since T is constant because amount of wate is

very high
AS,, = —=—fd0
fmch+ L =r1-(mc)(t,-t,)+¥
1 1

1 t

1 2

t 1
AS =mc£’/ mq|———|[+mc|-2-1
s v q[t t]+ [t,

1 1 t t
= ———|4+mc|-2-1-¢ /
AS mq Lt m [t1 n h]
Ans

We know
dp_ q

dar TV

Where /' = specific volume of gas = volume
/ kg

Also

PV=RT

Differentiate

PdV+VdP=RdT

Again

dQ=dU + PdV

CdT=CdT + (RAT-Vd P)

; dp
C=(Cy+R)-V 5+

q
C=C,-V ﬁ?]

2 q
C=C,-m T
Where m = mass of vapour since amount of
vapour taken is 1 mole
m=M

Mg
C=C,- <

Ans. -

Here at T, tempretor, all water is in saturated
vapour from which is boiling temp of vapour.

if you decrease temp. from T,. vapour will be
converted into liquid

Then
AS = fdQ AQ  rdQ,
T
mq dT
=—+VvC, | —
R
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2.220*

2.221*

2.222*

2.7
Transport Phenomena

(a)
We know fraction of molecules traversing dis-
tance S without collisions

N ___sn
N, ©

Now we want to find sum of fraction of molecules
having

lsSgoo:1S%<co

Assume

SN Toan SN s

Z‘E= !e dx=§%0= —| =5 2037
Ans.

(b)

Similar

2N 2 (1 1]

— = |e*dx= —— =0.23

ZN, J e*

- Ans.

Subpose intensity of moleculesis N at S =0
while N at S = A¢ then

N_1_gm
N, n

My B
lnn='i'=° —Znn

Ans.

Consider a molecule having velocity v
P(t) = Probability of molecule experiencing no
collision intime interval (0,t)

2223

o dt = Probaility of molecule suffers a collision
between time t and t+ dt.

Here ais function of speed (v)

1-a dt = Probability of a molecule suffer no
collision between timetand t + dt.

Then

P (t+dt)=P(t) (1 -odt)

o(t) + (%?) dt = P(t) - o P(t)dt

_c£=—dT

oP(t)

a4 __
P Iadt

inPt) =-at+C .
p(t) - e-ﬂl#C

At

t—0

P(0) =1

Because when time interval is very small, prob-
ability of no collision will be approach 1.

1=¢°
C=0
P(t)=e™

Ans.
(b)
Collision time or mean time or Relaxation teme

T
Probability that a gas molecenle survive for time
t and suffer a collision in next dt time

f(t) = P(t) (o) (at)
f(t) = o e*=dit

[t [Jaetdt
Sl <
[0 [Cae dt

Ans.

1
Mean time (1) = o

(a)
Mean free path of a gas molecule
. 1
~ J2nd™n
Also we know
P=nKT
Then
KT
V2nd?P

p
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2.224*

2.225*

Put value

1.38x10 ¥ x 273
A= \/ER(O.37 x10'9)2_ x10°
Also we know

=6.2x10"m

=y A
Mean time (T) = ﬁ

There
8KT

v =Avera =
v ge speed s

6.2x10°
= =0.13ns

J8x1.3x10'z’ x 273
nx28x107°

Ll

Ans.
(b)
Similar like part (a)
1.33x10% x 273
A= ~/§n(0.37 ><10"')2 x10° = 6.2x10°m

6.2x10°

JM = 3.8 hours
nx28x107°

T=

Ans.

We knwo at STP volume of 1 mole gasis 22.4
It.

Volume occupied by one molecule is

V, % 6.023 x10%=22.4 x 10°m?

22.4x10°°
Ve

6.02x10
4 22.4x10°°
iR
3™ T6.02x10%
R*z10% =
R=310x10"

Distance b/w two molecules =2R =23/10 x 10
A=6.2x 10°%m

ol |
A _19 . 100time
2R 10 10

Ans.

We know vander wall constant b is four time of
actual volume of gas molecule

4 (dY’
b=4NA':")'7l 5

2.226*

2.227*

(3 )"

3b _
=d _L41|:NA)

4N, n

¢ =

And

I KU

A= fondn  V2nd?P
KT

) \/Z-nP[——sb ]2’3

47N,

A

A

(o) ()

We know acoustic wave speed

—- <
a "
>
-2
Z|D
_'

>
]

- >
[} W
bl N P -|<
=[3| =[3
3=

Where

1
) WO
J2nd*n

fe Jiﬂ dznvhRT _ JinszPoNA
M

RT

2
f=nd?P\N, [—=L
¢ ".JMRTO

(a)

We know

A= L)[:}P(.—K-I;_
" V2nd?P 2nde

Put value P < 0.7 Pa

(b)
P=nKT

[RT
'™
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2.228*

2.229*

P

n=——
if P<0.7 Pa

1.38x107® x 273

And volume will be assume for one molecules

is

V=6

Then

2x10"xV =10%
2x10" x £3 =10-®

£,=0.2pum
(a)
We know

.-t second, no of collision is 1
. 1 second no of collisionisf =
Also

1
A=——r
J2nd?n
A 1

Tt v> JZndn<v>
Then
f=J2rd’n<v>

Put values
f=0.74x10"/s

(b)

1
total no of collision persecond (N) = 2 f(n)

N=—12-Jind’n=<v>

% is taken because in one collision, two mol-

ecules are participated.

We know

/m3 =n<2x10"/cm’

Ans.

1

1

Ans.

Suppose there are n molecules present then 2.231

Ans.

d = effective diameter of molecule = const.

1
A= Jondn

()
|sochoric process

V=nl[

For isochoric process
Total no. of molecules
Total Volume
Since V and n are constant
¢ will constant hence d = const

Then
A= const
No of collision pur unit time (v)

n=

(b)
Isobaric process
v =NRT
P
P =nKT
Since
d = const

n=v

Where N = Total no. of molecule
V = Volume of gas.
Hence A aV

<v> 1 [8RT
Frequency (v) = T T

Where C = const
For adiabatic process

TV =const

= const

Ans.
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2.232*

2.233*

veeV
v=KV 55— (i)
Where K = const
(b)
PV =K,

= (K,Py
Putin (i)
v =K (K,P)*"
v a P

-[¥) - V—% Ans.

Ans.

(c)
Similiar
AaT5?
AaT?

Similar Q: 2.231
(a)

raV

v a VA2

(b)
Aa P
v o P+n

(c)
l a T 11-n
va T(n01)2(n—1)

(a)
No of collision il <v>
time

T
f=+/2nd*n BRM

8RT
— 2—
fJ_dn =

d’N ’8RT PV 5
- \[_7! CPHZV 12
M  NR

Where C = const
No. of frequency per unit volume

Ans.

Ans.

2.234*

f' :-\f7 = C P1l‘2 V1IZ = COnSt
PV~ = const.
Compare
PV* = const
=-3

Also we know
2
e i
i
E(3+1+2/i)
C=2(rvzri—

o %(2;4.1)»

E(4i+2]
4\ 2

(b)
f= const
PV-' = const

Similiar as (a)
C= %3(i+ 2)
Ans.
No of particle approach per second toward wall
= ~1— n<v>
V=3
No. of particles leaks out from hole in dt time :

1
dN=— n<v>sdt

Then decrease in concentration

-dn= va = %<v>sdt

ﬂan V 0
en_n_=_l<v>St
n, \

n= noe-x Ans.
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2,235*

2.236

4V
-S<V>
8RT
™

<Vo=

Ans.

(1) ()

Po V BV

v PV
’_nRT
A

RT

Vi =

Also
n ‘<V‘>=nz<Vz>

V:J‘T‘;:V; nT
v} = vivh-— (i)
Also
PV(1+ ;
Vievl=v v, =§‘?T—[-—nﬂ) — (i)
0
From (i) and (ii) :

. P,V ( 1+n )
27 nRT, {1+ 40

Zi- 1+n
v, 1+vn
Ans.
! Ko oKI !
= — A= Ao
D=g 5 3Vam  onrd?
o1 [BKT T”z
3 2ud’
PD 23
=(?) el
Now
ns= 1<v>kP
3

2237

2,238*

1 BK 1 il PM
n=s :/2nd’ PORT
n= C' Tlll

(2] o

From (1) and (Il)

2 2/3
-
-

n R D
ot (%)m x p¥

a]

. .

oL
B

Form Q :2.236
CT’”
TP
n=C,T"?
(a)
Isothermal process
n = constant

CTSIZ
=JRT v
Dan

(b)

Isobaric process :
3/2
D=C (Pv/ ;R)

D e Vllz
D increase n¥2 times

pv]?
n=C, [VR]

nec V"2

'nincrease n'? times

We know from Q: 2.236

Ans.

Ans,

Ans.
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2.239*

2.240

For adiabatic process 1 [BKT J_'
TV~ =constant=C, J—Z? Fn. 3 —Fn
“2) oy
D=C, Vyuzv C,vV =C,V? , ﬂ=’2'JE PMKT
For diaatomic gas y-7/5 3Ym RTnd*P
D=sz:-_;/s_=csz n—z _K_T_MK
= 2
If V decrease n times then D will be decreased 3Vm Rad
by n*s . ( \
Ans. 2 MK
Also we know 3 Rn
¢ 1" tr Ans.
n=C,T?=C, [VT'“'] =n=C,CV? Put values
d=0.18 nm
n=C,C{? v*** 2.241*
If V decrease n times then n will be increase Assume C =8.7
nVS
Ans. x”=§<V>l P C=Cls
@ 3\, Bk, 3\, T2tin,
D= cT*? _c(rvY .
TP PR ,M_~ (g»;)["_»:](i) _de
P2 \2 = const M. Lpa e ACV ) di
PV? = const . \
n=3 ’ i(p..,\ ng
Ans. t Jkpk
®) Put values
= PV 3/2 dh
x=C,T"?= C(VR) E:=1'7
PV = const —
n=1 2,242
Ans.
(¢)
X= % <V >pCy
3
, x=1GC,
If x=const
n = const .
Same as part (b) We know viscous force :
n=1 ~oadV
Ans. F = ﬂA dz
F RW
We know ) 7 = n(2qu 1)(_‘;5)

G g - 6 i
L OV STV Cquny n=z<V>2p
D="F "NRT MR 3
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2.243

F ¥ '
Moment of force per unit lemgth ['e-) : 27“15]‘ ow = (N, f 93[
r
0 Ry

2mWR?
N, =RF=""1_""_
A = NG 1 1)

2mnw= 7L-§§‘+§?}

Ans.
Also we know viscous foce per unit area : NL 1 1)
E A =5\ R TR
<=5 PV>u-u) 2,
A 6 172 Ans
1 2.244
F= 5 p<V>RWx2nR¢
N, =(BZ)R
2n
N1 =?DR3W(V>
Now
dav rw
N,__2mWR’x3  6nR -dr:nA(Fz—) r=n(2xrdr) (—h—) r
N, " ARmpR*W <V> ~ ARp<R>R
N o 1<V>apR 2R 2 v 250 [y
N, = " 3ARp<V>R_ ARxR- AR 4
Since final moment is decreased by n time then nqwa'
2 1 2KT R
n= =
AR 2n - ARV2nd?P Ans.
V2nd'n 2.245
_ VKT
" nd? ARN
Ans,
1
N= E<V>prw Rrpdr][r]
1 a
; 10 3
Viscous torque at distanc (r) : war <V>pw ! rdr
ow , ‘
r=nr(-5r-) (2nre)r=N,¢ N=-1-151:<V> pw a*
Here it is assume Viscous torque (N,) will be ‘
constant ‘N= A, . 8RT PM wat
12" VaM RT .

ow
N,l=2nnr°t-5-r—

1 M
N= 3 wa‘P,/ﬁ

2.246
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2.247

2248

d _ na‘dP

¢ ~ 8ndx
dm pra‘dP .

qt = 8nax O
dm _ EL(EM) dp _ma'M (&)
dt ~ 8n \RT/ dx = 8nRT \ dx
For isothermal process
P - const=c

e onst =
R t

[PdP=C[dx
Py (]

_E-R
C="%

dm ma‘M(PZ-P?)
gt _8nRTL ¢

Ans.
— T —
I | T
6. % 6. %,

Heat current in both rod will be same.
T-T T-T,

R, R,

T-T _T-T,

I3 T,

‘XiA AzA

___(11Ttll1+12T2 /ez)

(x,/l‘+lee2)
Ans,

For equivalent heat conductivity ( % ) heat re-
sistance of system will be equal to that of one

2.249

2.250

Then
Lty bt
XA A X2A
2, +¢
1= g‘ tz
ps 2 S
X1 X2

Ans.

Assume T,>T,
ggg_xAdT

dt dx
—x AdT = cdx

= Const=C

7oA £
- I'Td.r = C‘[dx

—aAlnL-= Ce
T,

1

- L‘A[nk
¢ T

Ans.

Method: 1 (Basic Approach)

T T




ot

) 2/3
-]

Assume tempreture of two chunks att =0 are —xst
T, and T, while attime t=t, tempretureare T, T=aT,e
andT,. :xz( 1 ]'
1S(T,=T,) T=AT,e @ ®
da= —1 Zidt= -C,dT, =C,dT, — (i) 0
. : (L+_1_J_S_7€_
ow Assumea=|c""C, )¢
T, T
-C,[dT,=C,[dT, T=AT,e™
L Y
8 ( ) 2.251
T,==2(T.-T, -—(u)
G, r=C \/f
T,-T, — dr
S-T) g=c g7 T e
T,
Y T gT, e .
X9 (4t = 2
] !dt C’TJ: T,-T, Assume T, >T,
dQ_  xSdT _ _
_[dt ) dT, A T Constant = C,
7 22(T,=T,)+T,-T,
=C1( 2)+ =T, _2SdT=C,dr
AT =(AT), e T ’
Where _cg [T#dT=C,fdr
T, 0
- S '
o= ()/C1+)/Cz) 14 ZCS (T312 Tslz)_cr
Ans. 3 ti
3 3 3
Method :2 (Reduce heat capacity ) 72 T3
'o2cs !
Put
r=4;T=T,
t=t 312 | T2
“TR T =
. , A ) 2cs C,
C= =~ = Reduce heat capaci ;
C,+C, prcty = | T2 3r (ZCS T2
Let us difference of tempreture of object is T T=1"" ~2scl 3¢ ( !
which provide tempreture difference attimet.

2/3
dQ ST |72 _T(rarz _tan
9a_sst - [ -2 -]

T .
dQ= %dt -CdT 2.252*
We know
J‘ L LI -xS J‘ dt 1
o, T X=3 <V>ApC,
LI :1.?.
AT o«
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Suppose length of cylinder is £

1 [6RT KMi
by g IOV dT
X =632 \'nM nd? -?:-;(anl(dr] =constant=C
1 ( RT kMi e
3 V\RM a7 ___-Zéwx far=[=
From Q. 251 " R
o XBmawy) 2L (11 = tn R, — ()
To f ndC:
q=C ZS(Talz T312) 1 R KMi PutT=Tzandr=Rz
nM nd 2ntx (T, - T2)
. C = (R, /R)
2] R312 T312 T‘.!Iz z !
- (rem) Form (i)
9% ¢d*N, VM
i T=T,+ (n(R1 Ir)
2.253*
. _ 2 nlx(T, -T,)
t, . T"T{" (en(R,/R),)Zale"Ra/r
4 ; L
P R,
G . /4
" T=T1+(T1_Tz) gnRz
We know R,
R | 225 - A
= Pndn  V2ndP i
Since t, and t, not very large difference hence
tempreture of mixture
b+t _ _KI_ '
T= =>A= \[iﬁ’dzp 1 _ Ans.
For rarefied gas
1
9= g<V>pC, -t
1 E._M.(R_:\ (t - )
9=g<V> erzJ t
a= 3P<vol iy
Ans.
2254 For Calcultion of C

Putr=R, ;T=T,
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(1 1)
4ny (T-T)=C LE;‘?R:‘J

c= 4nyRR, (Tz = T1)
N R1 - Rz
From (i)

. C(11
T-T1+4ux r R,

(RR,) (1 1)
T=T+ (Rr) =N/

dT
=-x (2nrl)—dr— =@n(
(At steady state)

Ans.
2.256

«Q
at
T r
2y [ dT = wfrdr
LA R
®
s — 2
T=T,+ ye (R2-r?)

2.257

aQ dT _ 4
E:—x4nl’3 -~ w * 37“’1

d
(At steady state)
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