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1 Fazalkelogeam law of vector additip

— The law states that,” If two vectoss acti,
- glmul taneously {rm a: point  are wepgasen teg
both in wnagnrude and dizectin as adjacent
sldes Of ; faara}/elqjaram 7 then the dia goal of
.

a’epma,;mim z’gfa)i'dﬁ} b‘otyb Vo) wfa ygritudt 'gr)ol .
- | A& Shown In . an Bt S o
Z wpa’w'ef “Zwo adjdcent Iy [
Sides of parm- 4 I~ = z ]
vepresenss pesultantas -/ 10, /o
diggsna) 0P . n/f 6 71
oP is prmoduced uplo M - A p M

Such that PN)1DM- i
p-angle- between A and B g 6= angle between Bl
From %i- angled APMY, A

ging= OM =y M= Bsinf | NOw,
Py - ,Tm@ = ’Q_’M_
osp=pPM - pM= ERBavP | oM .
v P oryam: B0 B
NOW, Tp ¢ ang led o019 | A+ BB
09% OM*+9M jf’ﬂé””M s Jj —{)
oy RY= (0P+PM)R+ @7 | AtBOR)|

. 2 L
o, RE (At BeasB)Rf (BsinB) | CHEE
o 5 A2t 3ABsE + BlostBtBsinF | U the magnitude
o, 2% A+ A BwsRt B and dizection of wesula

on [N A+B24 2ABcork [ —0) |16 known frumd) L) regp-
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# Special cases-
¥ L\ﬁen B 0°7.6- When two veckols ac ! P”"W'
then we_have
R: Al A2482 478D
-NAZ g +MR
SR A+ 8 Manmum)
and +4an©®- Bsing - psn0 -0
At 8COB A+BLaID

or, -0’

v* Rhen  $= 90°; when oo vectors. al pespen ditilar,,

EoE
= N A% B+ 2ABCoSI0
-~AHE
and '8
tans: B sing0" - B
G0 A
< The digechmof P ise: ian"(_‘%)

* When B 1G5 [
;Ma/)%élf.qu-u_\zbqn o vectors acd  Onti-
TheN o ux ho ve
- ~ A B2+ D48c0s 140°
= A2 B ~2a0 |
S RIA-B)  ( Minimum)

At Cof 10"

et

L Taangle Law 0f vector addition \
T4 Ystates that “If 1wo vectors acting |

Simultanéously at a pont are ﬂPwdcn"tqué

both 7 'majr]/ﬁ/afé ancl  dbrection by

gides 0f @ Fngle +alken In sarme orderithen

Jhe thixd side of a {aiangle  alcen in

0 P,;o,;}—fe prder represents 20 The ’mcgjnifuda

and direction 0f >esultant

Let, A gnd B are two  vectors acting
simultancously o0 2 par ticle, sepsesented by
0P and pY of a taange PP and G be angle
botween them - Then B~ sepyesents The wnagnituds
gnd dizection Of xesultont yectore A andB.

Pis pooduced upto M suh tbat S

% PBzxMagnitude,
In ot-angled A P19, B2 ity
Gt sing= P12 OM1=BSiN6 ) : ,' 1

pY L N (9 § |
coso= P 5 PA1:=Beoso—) - A P Mo
PO
Now 2 < 2
! 09 = (0P+Pl"lj + 9M
or, (RI* = ( A+ Bose)’t (Bans)*
or, p2: A2+2ABCOsQ+ Bcosy +B2meE
o, |e= A A% B>+ 2ABalB
¥ dzection,
Lety, B be angle between 2 & A -Then,
Tan B = ﬂ = B ﬂ'QG
RN 1 At Beoso TAus, Maqnitude and
,:}p “Tan' f<ind ], disection of sesttant
A+ BaSo j$ Enown from (W2 dnoe
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. FHeat gnel Temped 5
Relagionsnip b ' linear.
3| Relationship between coéfffg:em‘ of N
@Xpansion, gupezﬁ'u‘al ex pansion._and tubical
T expansion. _

= % Coefficient of Jinear expansionlo) — 2
Tt s defioed as ihe Chongein -
lergth _pes _umt “onginal kngth pes. “unit change
in” tempesatuxe- TH'is wepresenteobby -
l"lﬂ[hzrf)dﬁ(a/{y; DY - ) IR~
, or= __change in~lengih (81)
—_oxigipal “length{l,] x_change_'In
ERR WSV v, ,fm,,iem};ewtm (s0)

% Coefficient of supeshrial oxponsim(p)
B 17 _deﬁbedp_ Zi ,fhaxypea,_:‘o“[,a/ea per
unit 0z9inal_asea )pes upil ciiange jo  tempautoe
- bf a watesiol- It is yepresented by P
—dfafhgmalidlly, . VO ‘

| i B ,L&Q?yz_&izm_gAAz___‘
AL BATEY 1 R R 7 onj/oa,a,_zfea_LA,j_xcbanyZe_,jm,

derpeaatuye (g,

¢ Coofficient of Cublal ermmamiy]
Tt s defined ar chaﬁyz /;:Qg;/ume per
| L{{;Z/{ on g{/ﬁ/ﬂl , V%/Z(Z/me PET _UNJt change /o
Ltemperatuye: It js yepsresend Oy
- Mathematically, N5y
s

| 033””47‘ volurne( vi) X change In termpe-

ZHure()o)

(l, skp L4 =40)

Ado - pe

As .

# TO deoive .,l-f‘ _SY_

lahns hip. beteween o and B
o with _Length. 1, at tempesatuve O°c and
with _ar Zd_jly-m/fi peated +o éémperd ti ye Q%

- Suth fbdf,#/eﬂ‘g?‘f) becornes L, dnd ﬂﬁedﬁecqmeg
| 7?12’;7, From._Linedr ,exmnﬂm, ' | |
y ‘-"e.,g?ﬂ;-[ 14 of ) 6)~i)eohese, o - ,///)ear_,e)_rpawzv,/fy

> - - 40> &97 _9,
N@,)énO,Lih, , RSN, VT
: ALZ ,I} kS = S { )
or, Ay = [y (14 D) [Poomd)] T
ory A, = QA1 4RBO+ 2007 T ‘|
since, value of et is very f{ v. “( c’

small o2 neglecd dermy TN T T L T
having 2. _Thep; A
A= AL 1+ 2x00] i) [ A=47]
From & _supesfidal _expansivy. 2ol =
Ay A T BLe)[ )3:,561/053'75/5/4/ expandivify]
Compazving (iff] Y gijs we bave
T adz p
gy e B
2

* pelation  between B o« anct Y i
Suppose a4 cubical  metallic  Sheet at be
with " lenglh A, and volume v is heated to G
Seh 7’/74}91'7? lengh  betomes L) and wilume &=

bleomes - |

|

Jwhich i seqdiyed aelalm.
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From Jipear €xpansith
14.-1,[1—/«00]’-{'1
- forg “cublcal Expan 300
Vo[t YO8 )
NI Zno;,
R ‘
o, vj_— [ (1,‘) /! +o'JA0}]3 f[ﬁormqﬁ'(")] .
o | \/1-.(!,7’[11‘ Z.42.400 4 314208
| + o)
Sinte, & 1S vevy small e  nifect tiheons
raving ot apdse Then
v, v, [1+8€] i
Lompazing @i & cin) we et

Y 5.3+ ,
b= "X | bichls  deguinal wélatin.
z
Thulq o - __ﬁ_ :_X
4 3 [
4. Method to cdleteaming . linear expan-
- Sivity of S0l d- , WY
| [ By MJ/'n; Pullin ger’s |
| Appabatvs]
2 | Appamatys: |
- Pullingex's appazatus is  uUsed 1o
- detezmine “linear  expansivity of solid(
et} The 0ppazatu’ consists of  a holjou

wooden  cham £rame in which the mes
wd s fyed which lincar expansivty iy i
# b Measnized Suth dhat The lower ey

\ 6 '
of w0 dnis fined at

!

the metalic Z/er'md £ |
1he upper €0 1S aLlVe
free / expand - Thermn- W77 Bas plave

rpeter 15 inSeited b P N N1 N 7 1
mga/d'fe *fmpeaﬂ./uz& ‘vr\_ ] [ mie |
Spheometer iS5 Fixed L T |
in the upper past WA
suth 4hed dhe centaal |
Scyew jus touches | =
the  ground and | | =
Jhe connected gala-
nome ttr Shows |
deflection- Lo oy e
Proceduwe:- ' AV e
At fFiast, ’HM,L', intial ~ Fq Tngr Y,Aﬂ,/’/’f”?’~’7f’—/»1-
kngth of 2 dhfinitial +empeoatuseare  rroted
and the o/t Feadiry of <phe rvme#éf,«"/'f aklo
wartsen - Then, spheseretor s votated ypuard
Such 4dbad There will be Spacé for expam’/’on of

pod.Then steam Is passed Indhe frame +7!
Femporature y1hen  1he Sphen-

the © fing!  Stead
meler is ovtated Aownwasd Ao TIote The
final = »éading. ‘b, | dz Ltk
Here, Let, L1(6,-61)
Toitial kengih of 90d=L, Thul, linear
/ expansivity of rod

Tnitial  tempesatuse= 6,
Final seading of Sphervmeter =, | TO find cubical
| expansivity

7/:’near ewans-

Trufial _weading of sphezompeter =%
/i;\de%:mfned-

firal  tempoyature =9,
Then, the €t | 'npar expans/'mo(af l1qui

s given by.. vity ir mu ipliy
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5. Relation_betwee? T, g

&® apparant EXpanse
| o | exponsion(¥)
*‘. Coe?zoe{;t dZ[ﬁ;:gl m'gfﬂ- el ancvldse ::,
volume of he liquid 101 «
pey umi wise in  temped it
Haﬂxmo\ﬁlol!y. ‘ ST
- V) X % I
original val mé gn ,i i
% Cotfficient of appmani exponsion(¥)
J4 f:; defimed arpj/;g appazant . in@eds

in volume of Ihe ligud fo he 0790l

volumg perunid 2ise in -/em,u—ramf. |

MMWmlly.
*

# Peoation bedween weal expansivly ond

Qppazant  expansiviy. PR
_ -Le{ us 500@5, a,nfy/aﬂ vesse] 0f wwlume
V. filkd with liquid” ai terpesatuse §, Khe

it ts heated T 8 /A expands and
weal intxease 1N volume 15 3[\/6,7 by
A\é: Y) VAG :
. Simibrly, appasant ncrease 1 volume
I XY givgn by .
Av,- Y, V48

A nd

z 0 'fn \,o’UIW (BVa)
on'jinol VO lume (V) X 2758 I dempizatire (b

> The '&vpz zimental

ﬂ"n".‘
o()“‘ '\{tﬁ
- . v~
incoease In volume 4nvessel as
A\/g.:- YJ’ /L0
WNE KL NOW;

Poal incsease In_ volumt = dppazandi niseas
‘ /n Volume + Incxeale 'n Vilymg

Df vesel
Thudr we have
AV): A\/a —M\{j
o, Yy Vo= Ygq VIO YJ
or, Yy: Yd + 19 / :
T4, o iy Jinear Expans/on of vessel

6 Determinatfion of Tl
' 04 //'gol/‘d bj uSing  babn fed colpman.

[By Duloigy and jpe?775 .
expeavmmf/

1\ T,

il
a— 48 S
Ao b
1o .
) | | b . - = . e \
~ 7

V40

" wWhich s 1he
wequiyed xélation.

expar S/t

| szrofyément far the
- determination 0{ reql 7
Ekpansivity of liquid 14 #7 E
Shown in"the figuse: ),‘ |
A U-Shaped 1t 1S [ 1N
Filled with Jhe  hgud | 11| |

B
Ld%]}(/? '0’60( g/r/gam_'_ hy j ;
vity is 1o be measuved: / A
One side of the tube | * »__-]

15 Covered by Jackes |
X’ which contains *
ice waerangl s hrer

p—

. - - ] ’
Flﬂ‘}af}pm/‘, (;V?f( /[),J»//://{

v
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And  amofher Jacked'Y is . supplied kw'fh
- steam- '/'Bnmo?nde(f T ondﬁ&e’ arﬂh p
in Jackéd X ondY despecively ,
. meagure . tempesature. %d#ht’ igozrit)
. Tnitially Hube on. beth side wll Maya
- Same level 0f meycuwy but as they 1ep
- GttBo 4hesmal i libaum _1heg” hae
diffeoent Jevel- To' psevens. fhe~ flou
- 8f htatl finm_ hot coltrm % cold Cofumn
wed clothit wiapped ~ip B¢ tube and
Supplied with cgd wajec 20N f7nutvsly.
J#+i1s based op bydostahiu  Lohich
S7ates the be{?")/ DF Fwo liguld column
L which produce I sare PFESUXE IS Ihversly
- Proportiung| 4 NHAS  clennty.
| -~ let, b bedhe height of liguid in limbas
| and 8, be rts”dernpesature with density .p and
l | ”){ be heljhf of //quid I'n  Jirmap CP with '/emlpgn_
tua® O and density 5.
Then, i ,
hya’mybﬁc presure at B=hydnstatic

presure az C
oy hhg- htkg :
Lo, h,ﬁ 7, hc?x \})7 l '-'~g: __;&_ J
14Y08 14Yne

where, Y iy weal expansivity of liquia

- ;‘0"7.-. : h1 +Yb YAQ-‘— hz
L Or, = S n
R Al v B

Héncg, Wsing  €42a) 7¢al eypaﬂm'\h'iy of
hrquid “can be deterroiped.

#- Chan ge in density Of substanie wWith
change 10 temperatu re.

When tempesature 0f 1he SUbstans
is incoeased '1hen s wvolume incxeases
bud density will Qbcrease as volunwe 07
dmﬁ'/y are. Inves fely propestioral,

led; m and vy bethe "may dnd volune

0/  Substance at tempesature 6y The
dgnﬂ'—ly of Substanece if Given by
' P 22 )
vy

When the substame. is heated fo dempesature

iy volume becomes V, and 7he

: deﬂf/dy of Substance 1S given by,w

b L —ij
V.
From () and i,
j’ V’ - \;)2 Vl - r— :
05, B Vo= B, [y 1t YDE] [where, Y = Cubica

expansividy bf Substance
Pf%’%%’fé voe/
Oory -
2 ¥ se

and D@- &;2—9,]
Thus, density decseases with increase
in +em'peaa+uar€-
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g wDeterrningtion 0 SPCCIﬁC //50{ Cd/’“’@ ﬁ A | “ B

| 0f a de by the Meéhodﬁ ﬁfﬁ““’ N\ Let, 5c,and 55 be 1he s pecifc heat |
| [By a ,L’.ejf’du/z‘f a/D}) . capacitj of ca on'emete v, water and |

ex;;emmvnhl solid: zespectively -

5 Speaﬁ heat capacity of un/énown 60"0’ | ThHen, , |
can be detesmine by Zhe  medhod Of" . _ Fom Pmnuple of Ca/ommelay
- Mixture- For v a e'"P’y calerncter with Heat ga ned by d pody:= Heal
- Sliger IS ﬂm;,,”é as (m and  veadter ‘ !

los? by hot bod

IS Afilkd upto U3 port of cabFerwter od | oy, Heat 3amecl by calooitme+ter and wa- er

Cgam 1he @108 0/  Edlomertter—roith water . = Heod Joid by 2lid
i¢ faken as ‘my), with injial v’é’mPafaJwe ‘9. | or -mcxé xl@ -6y) + XSy X (G -64)

In a steam chamber ﬂze eypemmzm/ | =g A w&l' %)
solid i heated . fv ‘6, %’ “ond i ﬂ |
mass IS Jaken  af o). The - steapn i Dy Sg = (Mede + M S) (05701

paved ég boiking wo-/és;’ Then, 4he  hot i -y (6,-&%)

expenmeitial “Sohd is  put  caweful | |

in dhe  calowermeder arg +he ?#LJCI-—?&’ | Hence, By /éhowlnj pavameders on i"/j/’ﬂ
IS stisred =Hl +he cqlyyiermpter and - hand side  specific bea/ m/yaa{y Of Unknown

dalla' will have Jéna} 571546/3 ,L;m/,grw}urgf " solidcan be deterrni7ie

Tg& expemmenm/ dira 4 ir <hownin | B 9 Detewmunatior 0 Speci fic heat Cdpd~
the figuse:- ! njemen S city of hclu/d by fmethd of coo/mj

ns law 0f coolm ;
| %Nemﬂ states “1hat,” “Z’he vate 0f lpss
of heat is diwectly  psvpostional 0 the |
I{fererce m tempesatvre  Of body omd
/f& - SUZY0UN Jng :
1-¢- Rate o/ T ~heat _
- A o (8-6, ,u)hzz”e O: tempozate
dt o/ body anct

0, : ternpesatuse D/J wamunding

/ f'ﬂl' Leqgnavl? s Gppa L . 1 8 body lasm hest] R
—-1 4. JLE€qrial a0 aly s j : ' :




| o1, =df- kOGS s RS
cd il ngRidat o 0@ - O '@ f
—L e ds - K (&6 LRSS Con {Jan:;i
RS S0 B/F I SR UAY ST M A SR L B o e T Fernpe vihire
L ox, dB s df . SESESY ge | endosure
SRS Y Rl SRR W O b L e b
____Integzating bolh sideswe qet =5 Gul A

| &

o logio-gy) - -let P
sofiind o A L ) MG ALY R A e Fig: Expemental cvsangnt 7
e Where , €is §0¥ goul Lonstapt: deferminadion of Specifie heat Capacity 0f

- Above - equationir dhe” equatibn of aigid 51
Stzarght _iine 0, S5 T —

o YT Ly o e | let, 8,,5, and.c bedh Specific heal
X | Specific _heatl ajL,_ugzn,omJ;_‘q_u[qt ¥ . Ca paC’/";rj of wattr liquid  and caloziemeire
g e g T NNT T U 1 mpertively. Then, |

- This _expesiment is based on the | B @ Newtn's Jow Of coohg, ]
| Newtons 14w 0/ cooling which statesr #hat | Rade of cooling of wader and - E’”ﬁf&ﬁ"“"’ &

- “When two liguids ‘are cookd under | CalozerneterA - de

- identital condition therr the sate of ‘ , calowiermder 3
| cooling will be same” 7. (_d.ﬁ‘.’ - (M/ |

- Hexe, Teoo identical calomiemeters are <aicen - \dt di 4 |
_';; and weighe o as ‘m,! and ‘rrgz_!..garesgpeqﬁ'\fc{y- | ory (MM, & + M) (6q-9,) = S, + 1ysy) [62-6)
| Then K5t calowemeter 1v  fijed ath wader : 1 : ‘ i1

- O mas ) and -dpd caloviemedtr s ' :

; ﬁVKed-M[f/?_, fl&?ﬁ%ﬂﬁ/ ﬁ?ulb(,,w/'ib_;maﬂ‘w ) 0 (m S, +Mpd,) - (h’kJ‘c -H’YI;QJ'])

\Bolh calomemetest ave kept ingide a box sueh ey P— Ve

\that dhey ave in identical condibon ineven, | O (McSctMulg)x o amg

J;e:n}?ecé- _ﬁl)low{éb,ofh Calomemeters with infhal ), =1 oy 2

| pesauze O are allped. coo! YT T

; steady tempexatire ‘g, . T/'Zz /Mezr%)//vﬁﬁq" = 51:' 7—’11 ok ks s,,,)% - T ]

L eooling ™ 0f cater and Tigud Ir . Mesotemeee—nrenioede . i §
| J;md %y Jf&’uch‘ye\}y.qu e Mm. % Thi$ equahon il usd 4y determine Spedfii heat
|

| capacity  of liquid,
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10| Detearnination 0f Latent heat Of
‘. fusion_of Ice by the method. Of
. ruxturé. e

 This expeaiment it based.on_painciplé B
- Calozernttsy which_states " if Lher e
\ D0 heat 15st 1o the »(Uavv(/ﬂdiqg.ibm,,‘heat
i ya/‘r)ﬁd éaf"”body,mflf,,equa/;iﬂ kot Jof/
Oy hot Body”? N \J ‘
Al ginst 5 a Calonemeter with-Fizser of mastm,
16 “Taken _and /3 pasi ] i Filled with
! ' mast of water ohd-unitial Fempteature
1 70ted as 6, - Theh, jce_0f mais ‘i, 040t
- S_added and Fhe final Steacy Femptrahur
]t l(,mgfq,-la':ud ' bycrh.izaiyyibe_ iXtuze whith i )"
| Let, "5, 85, be _Specife heat Capaciky Of Caloy -
t emttr and wagdtr ves pectively ano;i‘L," he . .
{ latent heat-oy jce. ~  C 205 THE
t Then, o dad 2 SR e
| Pom principle Of - calodternetry,
\Meat _los by hot body= heat” j} %
1 ~gained by cold bod, — N —
\ Meat 1ot by wdater &calme- [ ]

‘retey = Heat qgained by jcet

melt+ Heat qained by rmetted

9 e Fo xeach fina stealy
TR Hptsarye
O, ’(m“sc'f_m‘?.fw) [%—-Q}):*W‘Btit e

;' 7 35, (8:-0)
on | L;: Sct 1, $00) (84-8,)- 5,08, | e hedd
L. 3 f1) un of il

f
!L;:_i [em, S, + m, $u)058)] - gwgﬂ =
- This formula s~ used] '
| Lastn heal of fusip, a{;‘ce.’{p i

2-@-

F’ﬂ; Med $u 2rnén | )4

Ory

Gn,) 1S talken e of

i Latent heat -off Steam by the. method.
of MmiXture |

. 5
oy 1he detesmination of lotens  beat  0f steaps

\ # " !
a emply caloviemeter - with Hizyer 0f mass
4 Specific beat Lapacitf &/

opd 2z pazt of j1 i Filled wih water 0f

1 Ther)7 i [/ )

s ‘) and specific heal capacity ‘{u ) cuch
Jhod  bodh will have jnitia) dempesatzize O«
Some water is boiled i@ Sepasatly in a bo//e)r |
ond stearn 0 mas iy’ tempesatuve 6, and
L atend beat 0F evaporation L) i passed inihe,
caloiemeter. After 1hat,supPly of steam 14
shpped and final Steady Tempesarze Of

mixtuse 15 noted oS Gz

From painciple of calomereiay,

Heat losi by ha/dboa/y; Peat [ ———— e
aimed by cold body,, T . =
pl-C. gHeaf los &y 6+eam’ﬁf7fgaf o P spress €141
! Jost by evaporated Steam fo LN ;_ CF
2each final sleady #empeoature. | .. K |
= Mear ganed by water & -~ | ] ,
, Calomermeder e |
I Ori 7”‘3 Lv +—n:’35w(94"3): ’ . e
(1 Sct My 80) (05 -0.) e —
oy Ly- s amsglens)-msuld-) |
1 v | 22w/)L% «:mg 2 (2 | [:13:_ Meaxuze’mém 07[i ‘
o, [Dy= I [(rsc+m, ) (05-0)~ $wl0%)| Ladend heat of vapo 3 atio
Mg | of wateyr. ‘!d
Henwe, By knowing pazarneders on  2ighf hand Siae
we  ca .de%evminep Laten heal o vapoziativ
_Of wader- . s SRR ,
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| Chapterd: Refeachon

at plane Surfacs.

19 Vaziation of latezal St with

e

4 the_angle “of 2

¢ -

-

cosy

> Leb ws consider a._glas slab PIRS-

L With _thickpess {.1et

A be the inciden?

_2ay on Surface RS and AR be ki zefo cted

;@tha+ wenud ofind

. 2dr g
13: Peal olepth and

/],L:

apparant (A
Real cepth

When an object

Appazant dep
Placed at denser medium

th

is viewed from. oarer gedivpg 1hen 1he

Dbjett appeass
aféja/ depth due to  zéfraction O

—7:@5(*;1 a ,@V%
.a_(éﬁ{h:

t0_be in lesser cleplh than i¥
e . ;i lght.
- 2ay on gla® slab ond Bt 1 emexgent vayLet, o (of (s Consider an "Object ‘0’ kept i bottom
.+ BM be dhe pevpendicular distane betweer:

T ; " of beaker contaming  wWa1er where XY plane
divection of ,iﬂad(n}._aay, and emepgent way Sepazatés air and water medim- Then, 1he. vay
_.Called latezal beteﬂs"éi j'N}NqL&[C_ﬁUO, 0A C()rﬂl'f)ﬁ From bottom oormall w1k pads XV
N0omals on Syrface’ RJ 006, PP respec tivély Withow 82nding aling ADAnd apither say OB will
L - R, =L S PN LA : bga’éfmc’/fd avay frm 77027024) Along Bc-Then,
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