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Thermal Expansion

why does matter expand on heating ?
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Eig. Spring ball model
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#
Eig. Spring ball model

: Se > FX

875 : stope F
F =-(
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Linear Expansion

at temp O
10

n+ dt
temp of do

It has beeLen :
where X is a proportionality constant

al al
and is called Coeff of linear expansi

de < do We For small temperature differences,

I is generally independent of temperature
-

: al & 1 . do
However, if temp diff is very large,

d = G 1 . do then < doesnot remain constant,K

Alpha and varies with temp
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**

de= 2 . 1 . do
**

C(0-00)
- Assuming

Jal = Ja . 1 .do
1 = 1 . C Lis constant

-

&

240St= Jade 1= be

Special Cases Another Special Case :-

=> If I is constant
If (0) is very sm

l O

fa= I do we know that

l
Do

e It s++ --

In t = c (0-00)
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If x is very small , neglecting higher order termi

e It
240

= If (40) is very smal e - 1 + 240
-

240
1= 12 = l (1 + 240]
**

1= 10[1 + 240] = b(1 + x(0- 8)]
↳ valid only if,

I is Constant

and Go) is very smal
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Eg l 2- Constant

(given)
-

el

40 =?
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Sh : Wrong Approach :

41= 21 . 40

21- 1 = x1 . 40 is↳. b) very smal

40 : E = I Am

I
Applicable only when

1 = 21 . 40



GRIT Classes
9836442104

Sa l <- Constant (given)

40 =?
el

dl = 21 do

40 = In
2

And

St = (c . do &

21

It-- X ==
K

In 2 = c (0-00)
Change in length per unit length,

8 - 00 = In 2 per unit change in temp&
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Areapansion Volume expansion
-
-

a- v

////ja R+do- V +dr=

at O

drav

/// T/HotdA Ldd

at O + &P #v. do
dAd A dA = B .Add ⑭y . vo

dAC &P *

B=
-Cott Gr ⑮daG AdO Area

expansion. expansion
- -
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2 - Coeff of linear expansion. = to = d = C1 . do

B-copy of Area expansion. B- => dA = B . A . di

Yo <of of volume expansion. Y =t => &V = Y . Vdp

=> l- 10 = C140 => 1 = 1[1 + 240]

=> A-Ao = B . Asp -> A = Ao[1+ B40]

=> V- Vo = Y . Vo 40
-> v= vo [1 + y40]
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* Areal Expansion : gootropic
&2n
-

[x = Cy = Cz
Y

Gl
12

Anisotropic

4 < FCy + Cz

As= 1 1 12

12(1 + 2240)

1 , (1+ 440)
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A= [1, (1+ G 40)][12(1+440)]
*

A= 11 (1 + (40)(1 + 2240) B =G + Cy
For Anisotropic

A= As [1 + C , 40 + C40 + (3) materials

I

Neglected ,If 10 is very small

for gsotropic

A = Ao[I + (d + (2) d0] matecals:

Ci = Xz

comparing with A= fo [1 + B 40]
** : B = 22

we get: B= G + 42
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* volume expansion :

z

Cy

13
13 (1+C40) ↳

l 1 (1+ 4, 40

12
12 (1+ 2249

# I

V= 1
, 1213 v= 1 , (1 + 440) . 12 (1 + 640)13(1 + 2340)

v'= 1 , 113(1 + 440) (I + (2xx) (1 + (340)
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v
=

= vo [1 + < , 40 + 240 + 4402] (1+ (40)
to

Neglecting

v= vol+ 440 + G248 + 6340+-40+ 6344032+ 23627032+ 6345km)
Ny

Neglecting higher order terms

v= vo[1+ (4 + ( + (3)4p]

comparing with v'= vo [1 + Y 10)

we s
**

Y= G + (2+ dz
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for isotropic materials :
Anisotropic **

-

*

Y = G + dy + 27 materials. Y = 34-
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expansivity

Shin 1
/ ... 1 . / ... / .... ... ..........

/ ... 1 . / ... / .... ... ..........



expansivity



L2

J

A B #sim
- ⑱0x25im

J

A
↑ Bi
--

1 . 000411
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seconds pendulam

sec

T=2f
t=0

t=Ses
2 =2 T -

A

-> + =2sec

#
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* Pendulam Clock : +=2
T= 2π 10(1+ 240)

g
l

af tempt , 40 = tre, +<-------

Slow down

T=c
If tempt , 40 = -Ve, +<

will be fast
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T= 2+
Since, dl = 21 do

= C do

enT= 1n2π + thnl - zing *** = Ed
= o+ - &

=)+(g)
Assuming no variationing :

q = =
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So 48 = 40-15= 25
=

2 = 1246

= (0)

4-
-(12x16)(40)

-

7x24x3600s B
-

↳T=
-
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* variation of Density with Temperature :

#
--

-
-

m= SoVo = g
*

[Vo(1 + y40)] &-

-----

**

g
*
=

So #x = (+ x)
+

1 + y(40)

Special Case : Fornx + nyx2+nec+-

If Y Do is very less:
* gfx is very small, then, higher

order

g
*
= So(1- 440) **

term can be neglected
(+x)"1+ nx
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#yo = +yo
+

1 - y00~

Lif you is very sma
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E find relation between Y
,
and Is

3t
so that length ofCylinder
inside liquid remains same.

(x remains same)
A

-

x

-

-

to (Temp of both Cylinder & liquid
-

-

Y V

is increased by 40) (40 is small)
-
-

- -

-

-

- - - (neglect the effects of velsel)
-
- -

si
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A 34s Equit

mg = Fb

-

A
-

-

to
Is (Ans/= In XAx)

x
-

-
-

-

= m ⑮
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S : We knowthat:

3t **

=
A

-
-

-

to
-

-

-

x

-

-
-

=Y V
-

- - -
-

x

-
-

- 1(1 + Cs40]
=

(So40)

(i+0
Ne: Yg = 3 4

#

to (1 + <40)
="
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(+ (40)(1 + y140) = 1 + 34s48

=>Adg + Ye+p = /+34
↓

Neglected it 40 is Small

<s + Y = 34s

Y = 2Cs And
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Thermal Strain :

10
at O

at 0 + 40

10+ 41

Find Strain developed in the rud .

-



So : No internal restoring force develo

Strain = O
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* Thermal Stress

Y , 2

10

Rigid' clamp rigid clamp

40 ↑

Force developed = ?
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10
at O

at 0 + 40

10+ 41

Strain = 41 =(o + 11)
I

NR :

ll40

**

Strain = 2 . 40

Y= Strel T= 2 . Y40

F=A = LAY4P
y ==
- 48 An
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E
Y , I, A K

zen!
10

Rigid' clamp
404 Uspring = ?
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Y , I, A K

zen!
10

10 kat temp O

X 140
b + C140 < Y

kat temp 0-40

-(140 -x
x
XxX

K

mm,



Strain
,
G = <140 - x

~ -~

b + 2148

: y = E := Y . (Cy
F= A =

Art (GloOy
At equit F= A =k

.. (140)=

: YAG . 48

k + XA
= x

Aut ⑰
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Eg shift of junction :

Y1 , & Y2 , 92
Rigid ~ Rigid

camp
-

Clamp
M , A 12 , A

-

x = ?

If temp of the whole assembly is increased by 40,

find shift in junction.
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S : 11 12

4,1 , 48 C21240
j X ↑ &

x x
rY -X

↑ &

Gl 40 - x

Strain
,
= x , 1 , 40- G , 1 , 40

- x Strain= [2140+x (140 + >
El 1 + G, 1 , 40

Y

4 E
12 + 221240

X

2

StresYIG = (140-11] Stree, Ye E= [40)T
E

F = T A = Y (1,0
F2= A =

Ye[+]
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Now
, F1 = E2

: (1 , 40 -x] = (40

YI440- x
= Ye240+

:x= Y,4, 40 -Y2440 An

+



Bi-metallic Strip :

21
A 11 A

St /

- Itz

Y
Rivets

[1792

404
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l = 1(1+ C, 40)

(= 1(1 + (240)

*tot
T-Br

T
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1 = R, B ; 12= Ra

⑫ where
, R = R + I

↑

↳ B = R- 1
RI

I

- : B==
=> B= [1 + 448]

=
A(1 + [240]

R + ↳ -
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=>
Find&



*
I
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Eg
- 92 404

D
A
:

B
· E

Whether these lengths increase or decrease ?

1) AB

- BC

3) BD

↳ DE
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If 404 From in
D

A
:

B :
· E

If God
Zoom out

D

A
:

B :
& · E






