@ /

MIND MAP

PHYSICS

- /
)/ - (

e
S
w - ; =
//
.
9




CONTENTS

PRISIES. i ivdbniahididiiiiie it s o

e LIN1ESE85 NV CaSUTCTICT IS e srrents s s mmts st s e e e et S P s e e R s e P e e e 3-4
st VIOtON:AlONE 8 STl TN LTk vsessvmtmrmmonsssstirnes ovmnssssmmsrss isesm s s s SR T S S s S A ST Seessbatnas 5
o5t NIotion 10 8, PIATEE0I. ssssumasessssssiininammsssman st auintitinteusnss o samsssaesyemssssssss sy s sisausssaes ysuass 4o s s 5 eu s sw emsasses s s e s s oM e o S s mes 6
0 MOtioN 1N @ PIANE-02 ....c.oouiiiiiieiieieee et N 7
£ B 50 1) (0} o o S ————T 8-10
@ WOLK, BIEIEY 82 POWEL. couucvuuismmsssssisssmsssssnssmmsnsssuinsseusuussnsssmonums soosss siissss s sos i s ios 3558500410500 500440155444 4858 550445443 S04SR 8830458804 11-12
58 RotationalMotioN=01 s::sswesmmsnsrrormsussmmssfussyeerimeys s voss:55s s (o8 s s0o 50508 TS vt veshin 3346 a5 ¥ s s ST Se s AR G 13
¢ Rotational Motion=02. ;.o s smasessonssussssassss sontes 5l R 14
Bt (GBI ors sume e snint sumon s o s3usE et 135 s Se SR 8 i s ST S T T G i Sl Tl ST 15-16
g N EChanICSIOE SOIAS: wusom s v vy oomes omimsn s o i e S S R o 0 s S TR S P 17
% BlU1d NICChanC8-0 | rosenescsessimunsnmins o imsmessss oo muimes e e e s e o A S s s o s s S A i 18
& BluidINICehaniCs 02 ziuen . ster o stoss iverisins soises soims suss coomtustete S fowss s iotodk S shuins oo e Bt s S B A S e e 19
e Elnid NMechan1C8-0B et s s s e S s s s ot S e S A s e s S S A 20
gei” Lhermal Propetlics of Malter s meaiie s s mia s emn i soms s iomstitios oo sbes i donsait Sessin st s ooy s sbisios o 0 21-22
e THermOdYNAMICS «ssmssmes st Sumsrnsrssnims S s s A i s B s e s adenions 23
% IINCtIE The Oty 10F GASES s imwssrsrsstsmvessiresesnsvrsssinnsnsssss ssstonesssensorsunss sess ssessssasssssss sasssstessseasisss ot ssaveseavsssassssassss sos Fossvsngseniavsavsassopassss 24
T T T a0 e ———— 25
AN BT T | Foh (677 177U TSRO SS9 TSNS o 26
OB LToT | BTy (o70 Ll U1 S ———————— N . DU LSOO S, | 27
R T S Y 28-29
6 WAVCS 02 s sossosatoiiasesnsncsiishomenssssio cuaiue s esuass 5058 $ou s s 008 5o (e i AR s i ST s P S e s S Wi e i b P 0050 30
B8 WaATEE=08) oot s s s e o S B e S A e P A e A S s S A R R s o R e SR oA 31



MASS
*Unified atomic mass unit (amu) is used to measure
mass of atoms & molecules

»lamu =(1/12)* mass of

one C'2 atom

*lamu = 1.66x10% kg
*Electron mass- 10-* kg
-Earth mass : 10%kg
*Observable Universe 10% kg

TIME

+SI unit is second (based on caesium clock with an
uncertainity less than 1 part in 102

ie,3ps loss every year)

- Timespan of unstable particle: 10%s

\'\Age of universe: 10" s y,

*Large distance is measured by

parallax method /‘ 4 ’\
_ _Baszs _b
-Parallax angle- “DISTANCE - X %

+1' =1.745 x 102 rad
+1'=2.91x10* rad.
+1"=4 85x10° rad.

-For very small sizes, optical microscope,
tunneling microscope, electron microscope
are used.

-1 AU = 1.496x10' m
*lly=946 x10"m
*1parsec= 3.08 x 10'* m
- Size of proton: 10-° m
*Radius Of Earth: 10'm

-Distance to Boundary Of

\i)bser'vable Universe: 1026 m /

UNITS & MEASUREMENTS

D

7 Base units and 2 supplementary units
Base Units {
NO. [ Quanfity Unit Symbol . d
1 |Length meter m 4
2 | Mass kilogram kg = d9 = ds/r radian
3 | Time second s
4 |Temperature kelvin K r
5 Eleciric current ampere A o {é
6 |Luminous infensity | candela cd ﬁ
7 ?u’;;‘:*m:f mole mol A2 =dA/r steradian
NO Supplementary Units
‘| Quantity Unit Symbol
1 | Plane angle radian rad
2 | Solid angle | steradian sr
\\’*" S ————————
af? What is the unit of permittivity
i of free space € ?
i (a) coloumb/newton-metre
! (b) newton-metre? /coloumb?
i (c) coloumb?/newton-metre?
|

\ (d) coloumb?/(newton-metre)?

| The digits in a measured quantity which are reliable and confidence

in our measurement + the digit which is uncertain.

.

1. All non-zero digits are significant. For example, 42.3 has three
significant figures: 243.4 has four significant figures; and 24.123 has
five significant figures.

2. A zero becomes significant figure if it appears between two
non-zero digits. For example, 5.03 has three significant figures;
5.604 has four significant figures; and 4.004 has four significant
figures.

3. Leading zeros or the zeros placed to the left of the number are
never significant. For example,0.543 has three significant figures;

0.045 has two significant figures: and 0.006 has one significant figure. |

4. Trailing zeros or the zeros placed to the right of the number are
significant. For example, 4.330 has four significant figures: 433.00
has five significant figures: and 343.000 has six significant figures.

5. In exponential notation, the numerical portion gives the number of
significant figures. For example,1.32 x 10-* has three significant
_ figures and 1.32 x 10* has three significant figures.

e

1 If 'rhedcriig_if 1; 7be dropped is less than 5, fhe;l the precedlzng digit is
left unchanged. For example,x = 7.82 is rounded off to 7.8 and
x = 3.94 is rounded off to 3.9.

2. If the digit to be dropped is more than 5, then the preceding digit
is raised by one. For example, x = 6.87 is rounded off to 6.9 and
x = 12.78 is rounded off to 12.8.

3. If the digit to be dropped is 5 followed by digits other than zero,
then the preceding digit is raised by one. For example, x = 16.351 is
rounded off to 16.4 and x = 6.758 is rounded off fo 6.8.

4. If the digit to be dropped is 5 or 5 followed by zeros, then the
preceding digit, if it is even, is left unchanged. For example,

x = 3.250 becomes 3.2 on rounding off and x = 12.650 becomes 12.6
on rounding off.

5. If the digit to be dropped is 5 or 5 followed by zeros, then the
preceding digit, if it is odd, is raised by one. For example,

x = 3.750 is rounded off to 3.8, again x = 16.150 is rounded of f
to 16.2.

RULES FOR NG OF A

ADDITION & SUBTRACTION
In addition or subtraction, the final result should be reported
to the same number of decimal places as that of the original
number with minimum number of decimal places

3.1421
0.241
+0.09  «— (has two decimal places)
3.4731 <— (Answer should be reported to two decimal
places after rounding off)

Answer = 3.47

MULTIPLICATION & DIVISION

When numbers are multiplied or divided, the number of
significant figures in the answer equals the smallest number
of significant figures in any of the original numbers

51.028
x 1.31 «— (Three significant figures)
66.84668 «— (Answer should have three significant figures
after rounding off)

Answer = 66.8

© If L=2.331cm, B= 2.1cm,then L+B = 2
(a) 4.431 cm (b) 4.43 cm
(©)4.4cm (d) 4 cm



Dimensions of a physical quantity are the powers to which units of base
quantity are raised. Eg: [M]° [L]° [T] [AT [K]®

APPLICAIT.[ONS - Main Scale Reading
1TCl | e ——————

I | | No.of rotations

checking‘;|= the for‘recfness of conversion of one system Deducing relation

various formulae of unit into another among physical 5

B It Z-AeB. [Pl IA)IE a0, qQuantity Least Count = i

Eg: n[M* Lxs T.1 = n[M* L2 T

- M4 L, 8 T,.c
n=n, [Tl] [T-T] [T_1]

1) Pressure=stress=Young's modulus=ML-* T2
2) Work=Energy=Torque=M L? T-2

3) Power P=M L2 T3

4) Gravitational constant 6=M-'L® T-2

5) Force constant=Spring constant=M T2

6) Coefficient of viscosity=M L* T

7) Latent heat = L2 T2

8) Electric po*tenﬁal:%= ML2T3 A

9) Resis‘hmcei/"'?T =M L2 TS A2
0

10) Capacitance=M"! L2 T* A?

11) Permittivity €=M L3 T* A?

12) Angular momentum = planck’s constant
=M!L2 T!

= = _1| h
13) M k% L"';—f T-kc_f

TofTa TalT

Time period L _ .. /¢
R
1) Strain

2) Refractive index
3) Relative density
4) Plane angle
5) Solid angle

In SI Units, the dimensions of /& is:
™

b) A T2 ML
d) A2TEM1L2

Q) ATT ML
) AT3 ML~

Leaﬁ Count:

Smallest quantity an instrument can
measure |
I l
mm scale vernier scale screw gauge
13 4 {
1mm 0.1mm 0.01mm

Least Count = 1 MSD - 1VSD

If n VSD Coincides with (n-1)
MSD,
then (n-1) MSD= n VSD

o S——

——

Least Count = 1MSD - =L MSD = 1MsD

n
Total Reading = Main Scale Reading + (coinciding
Vernier Scale division x least count)

In a vernier calipers, one main scale division is x cm
& n division of vernier scale coincide with n-1 divisions
of the main scle. The least count (in cm) of the
calipers is;

O @Ehx bR O gy D

Total no.of divisions on
circlular scale

Total Reading = Linear Scale Reading + circular scale

reading x least count

The least count of the main scale of a screw gauge
is 1mm. The minimum no.of divisions on its circular
scale required to measure 5um diameter of wire is:

a) 200 b)50 ¢)400 d)100

COMBINATION OF ERRORS

Operations Formula|  Absolute Relative Percentage error
error AZ |error AZ/Z| 100 x AZ/Z
Sum A+B | DA+ AB | BAAB | AAAB 409
A+B A+B
Difference | A-B | AA+AB AAAB | DAYAB 40
A-B A-B
AA_ AB AA, AB
Multiplication| AxB | AAB+ BAA i (7*‘?) x 100
A
Division = BAA+ AAB| a4, 2B (A_"u.AB)X 100
B2 A B A B
Power An nA"1AA HM nMx 100
A A
1 4
i3 3 AA 1 AA 1 AA
Root Ar - —; 2 —;‘-— =—x 100
General rule:
APBI 5 < <
If Z = —— ,Then the maximum fractional relative

error in Z will be:
AZ_ B, B, AC
Z A B C

UNITS & MEASUREMENTS

IN MEASUREMENT

Difference between true value
& measured value of a quantity

Random Errors

Irregular and random
in magnitude & direction

Systematic Errors

Errors which tend to occur
cmlzlI in one direction,
either positive or negative

Instrumental Experimental Personal

Due to inbuilt defect Limitations in Due to individual

of measuring instrument experimental bias,Lack of proper
technique setting of apparatus

« Least count error is the smallest value that can be measured by
instrument (occurs with random & systematic errors)

+ +
- Absolute Error :- Aa = a-a_, . a,,=3"%"%" ----*4

_— n
A Aa+Aa,|Aa+ ....4Aq
« Relative Error:- # Aama":\ G:' | a, :3‘4' "'iA n|
- Percentage Error:- = _x 100

In an expirement four quantities a,b,c
and d are measured with percentage
errorl%, 2%, 3% and 4% respectievely.
Quantity P is calculated as shown below.
What is the percentage error in P?

a?b?
" cd

(a) 14%
) 7%

P

(b) 10%
(d) 4%



/ N\, / Motion with constant acceleration: Equations of motion \ /~ 3 ; - N\
( ISTANG | Important points about graphical M OT | o N
7 % || @)[veurar ; ;
s / ﬁ N | o i analysis of motion
e Distance = Length of actual path o . B [ A2=E S ‘ [vzdl]
e Displacement = Length of ?," R ‘ @ A Person travels from A to B covers unequal distances in equal | b I"ST:"M';;“US velocity is the slope of dt ALONG A
shortest path G TS (B) interval of time with constant acceleration a then PasiTon= e SN I:A = J'vd‘r]
Distance > |displacement| . I o ) 3s,-5, LB s ® Area of v-t curve gives displacement. ST RA' G HT
‘ initial velocity U= —+ e T R " @ Slope of velocity-time curve = instantaneous [a _dv.
— £k : Tdt
/ ; - | Acceleration a = 2*2 L A 0 - ORISR . LI N E
A :F”';lz moves from A| *‘é B ";'h“ C.I;‘Cl.lldl" P“'r;‘ Gf @ Area of a-t curve gives change in velocity. [Av =J'ad1’]
radius R covering an angle 6 with uniform spee | (iii) \_ )

o Distance=A8 = R ® Displacement=AB=2RSin (% )

7

@ The number of planks required to stop the bullet / v ) )

= '"'D A car accelerates from rest at a constant rate o. for some time, after which it
A

ntegration Integration

; ’ . 8 T
® Ratio of Displacement to Distance = Sin (2) N= Pv? decelerates at a constant rate B, to come to rest. If the total time elapsed is t, then
A
i =R6
o Teme?y T 2USin ( 0 ) % ® The two ends of a train moving with constant acceleration pass a Vi A
o Average Velocity = 2 certain point with velocities u and v. The velocity with which the = LB_ . 1168 Ve
) middle point of the train passes the same point is me  atp Total Distance == P B
3 " e e > 1
® Average Acceleration = UZ2Sin (%) \"/ ,u“-vz Q—W—Q—Q : :
RE 2 .
k . ——— e : @ Calculation of stopping distance s=% R s Iil MOTION UNDER GRAVITY
" i X i . Sign Convention
e For uniform motion (V)| s, =u+G(2n-1) «a (i) initial velocity
veloci
Displacement = velocity x time : . . . - . ;
A g locityl=li loci ® Ratio of distance travelled in equal interval of time in a uniformly +ve = upward motion
verage speed = |average velocity|=|instantaneous velocity| decelerated motion from rest -ve = downward motion
e —— 5 R 2y > (ii) Acceleration
- - e Gt S e S U t Always -ve
/e Time average speed Al ' o (iii) Displacement
_Total distancecovered _S;+S;+S3+ ... 48y Vit Vb, +vili ... @ for uniform accelerated motion VagzUtY +ve = final position is above initial position
Ve Totaltime elapsed  fie hetss ety | heheh . -ve = final position is below initial position
S o \ 1% TE0s L 1 3 B N B Zero = final position & initial position are at same level
g =i T g T e ~Tn . - - — — -
then R il Different Cases v-t graph st graph ® Object is dropped from top of a fower
e n i (i) Ratio of displacement in equal interval of time S,:5,:5,....=1:3:5.... -
forv, &v,, — 1. Uniform motion Vit veconstant: S 8 (i) Ratio of time of covering equal distance l
Voo —5— (Arithmetic mean of speeds) | % § 10h,-1 )i )= 1 (2= VI)(3-V2): (V=T |
| 5 SUS—— - . . = : T =12.92.32
| Dtstonce: avirege siesd . . v . I — (iii) Ratio of total distance covered at the end of timet:2t:3t:....=1%:2%:3% .
| Total distancecovered _s, +S,+s,+.....+s, _ 5 +5 +5,+.... S, 2. Uz:ﬁﬂrumlzoagge}f'é““d motion 7 ® If a body is thrown vertically up with a velocity uin the uniform gravitational field (neglecting
| Vo™ Totaltime elapsed i heheh oot s $,.% .5, o5 ) ) J T i B uw?
TESi=5,58 4= sunene s, W T ' ‘ s A H:Z_Q
then i 3. Uniformly accelerated with & ‘X s=ut+iat? (i) Time of ascent = time of descent 4
Ve =’ﬁ‘ for vy & Vo, 2V.V. u # 0 at t=0 & s=0 at =0 ﬂ"“ TR i i 2u 9
1,171,171, 1 e 1vz PT—— u 5 (iii) Total time of flight = 3
+ d
i Ve Vs el *Va Speeck) v S— — (iv) Velocity of fall at the point of projection = u (downwards)
7 i g ¥ s=s +ut+3at? P
- R ——————— — 4, Un::zrml ac%else_r:tei ‘rrn_o(')hon (».,o" ot @ At any point on its path the body will have same speed for upward journey and i
S e o with u70 and s=s, at 1= a : downward journey. If a body thrown upwards crosses a point in time t, & 1, MR
dr respectively then 1
% dv e ————— 1 tulh
Instantaneous Acceleration a=— AV = fadt . int h=% gt.t : ¢ e 2
j 5. Uniformly retarded motion till Y S ssut-jat? hiefginyof point Iy 91',22 Maximum height H 8 olt; +1,) _t__
Cose 1 Cose2 | Case3 | velocity becomes zero Los : Time of flight = 1,+1,= Eu_
v=f(t) or x=f(t) V= f(x) t=f(x) I -t y 5 s Y
P dv then ) P ! 3 T @ A body is thrown upward, downward & horizontally with same speed %
a= = a= Vg a=-(double diff. of T w.r.t. x) xVv? s takes time t,, T, & t, respectively to reach the ground then k-
‘ 6. Uniformly retarded then t.-Jtt . . 4 at't ¥
Differentiation Differentiation accelerated in opposite 3=V, T, & height from where the particle was throw is h=% 9Tz h
\ I




—w. T

Position Vector

Pxi+yjezk

IFlor r=/x?+y?+2?

@AY Eeiojek

Il ey ] peedek
& '3
Vertically
. upward (Z axis)

k 5m north

j‘ 3m down

. North 2m east

- - B ak.o:

o e & Wes {East - 5{ 35*2'
r=xi+yj+zk ST = 2i+5]-3k

-f(Ver'TicnIIy downward (Z axis)

IFl=17+12+12=[3

g VECTORS

Displacement Vector

Particle displaces from position
P:to position P,

G2

1 (carez)

Parallel Vectors

B b=b,i+b,j+b k
7 a a=mk
ﬂ_l a.

AP0, e (y,-y,) J(z-2, )k

laFl= f0x-x R ly,y,F+(z,-2,) v

Components of Vector

In two dimentions

|—2=Rcosef+Rsinej

sin?c+ sin?pssin?y =2

unit vector=pr=-1-=

Addition of Vectors
R=_ /A2+B2+2A Bcosb

Rmﬂx=A+B 'min
B sinf

+ =
. A+B cosf

Vector product

In three dimentions C=AxB |AxB|=AB sing
R = R cos X i+R cosPj + ReosYk ]k
5 cos2oc+c0s?B+ cos?y =1
< B.B, B,

Dot product
x=A.B= AB cosf

R_=|A-BI

AxB=|A A A|=i[AB-BAI]-JIAB-ABI+KAB-AB]

I N

L0 - 3NV1d

2) V,5=V,-V,

PROJECTILE MOTION ———r—
Projectile motion ¥ _Equation of Velocity
SNsE W Same range for 6 and (90-6) |KE P —— =,<coszg| v
Horizontal component = Ucoso " Vo= V.24V
Vertical component = Usine - 6 and (90-6) YMomen‘l‘um = [lu cos oy +(u sino-gty
2¢in2 v U2 4 -
H=Y ;m 0! = (Uzsme) =2_y 45+0,45-0 ) ) usino-gt
9 9 9 P,=m(ucos0 i+(usin 0-gt) j) ot
- U3sin26 - 2Usino Ucose - ZUXUY 30° & 60°
g9 v=_ [ucos6i+(usin O-gt) j]
=—— H
T shortcut ° AL =tano e —1 =tan% x
shortcuf 5 ,
o 4H=Rtane=5T?2 4 Net displacement
z A e « . Tifo% ° Hlez=--1&62 - - > X x=Ucosot
u Ucose i 4R R P L Y=U5i"ef-%9"’2
f— T,2+T 2= _m_g ax H,+H,= —pex
H 2 AP=—IT\91'j r= x2+Y2
. =-m u sing 3 |y
z 0 Maximum range From the relation, Ix=g / B=tan"(y/x)
L L - 4H=Rtano=5T? i iw
R = For 6 = 45° 5 S-mu sine § .
> ' 4H=R , tand5=> H="mex
R..=F 4H=R u
max- g ~max =>H= ﬁ
i - Minimum separation to avoid collision
Relative Motion
selglive el < Relative Motion in one dimension (overtaking & chasing) u_=u,-u, a,=-a,
" " =V .-V__ =60-0=60 | Tree e e
1) Velocity of A with &Yﬂ. ﬁ!. 3V arrree™Va Ve — PR sy 0= u?.42a. s =
b R d+L+L 4 3)d+L +L,=(u,-u)t+ L (a,-a )2 rei ¥ €0reiSrel a i "
t to BV, =V,- < 2 e Yo ’ -
respect: 30 AB T A VB Vs/nu‘vs'va‘ 40 &_' h@ | s V;’lvz : LV;‘* l e v 0=(u1‘uz)z 5 2015 s=(UZIGUZ) %— : &
L ?—y“"* —— - . 1 a
i &v:' "‘& 2) t= —d*Ll"LZ L i—»v, - ;2 gpossallm; a,= retardation of car 1
=VA-(-VB)=VA#-VB | = 1=V T_"’x = di(u‘z;quZ)z




RELATIVE MOTION

.

Escalator
i P
Man-river problem 2) Down stream 4 d —— s»E:‘r:e::iﬁg;th _d ) .
1) Vig 0" Viystit warer = Velocity due to o Vyefoso V., —— YV, dLd 1"+ZT
effort of man, Vi VuzViretVe _ Vie | v, Sl b A
; i Xy =(VyeCos 6 +V )x 1 v )
OR velocity of man in still " MR Vi Vyucos0 t,=Time taken by a man to move
water & distance d on a stationary
2) V.= velocity of River V. =V, qCos0xt + Vv, t V. Vosimo ¥, escalator
o ) t,=Time taken by a stationary man
N . __d 6=90 | Horizontal component of V, becomes 0 2 o 4
3) V, = Resultant velocity of man Swimming across the river l [ oty PR Wi e o move dls*'tu:ce d along with
with RispRc 1o ground D + ffort ot =3 C::diﬁon for no ::ifﬁng ) e
ue to effor Additional L™ 5=Time taken by a man to move
1) Upstream : of man sing= ve distance d while walking along a
V. sino # 1) Vi=V,sine due to push of X, Vxt V.. . s
MR ~ E Fiver moving escalator
v V=V, % 2) V, =V uc0s0+V, oV, = [P (V. =)fm=% V,=Velocity of escalator
MR
Vicoso  V, DV, 2 [V,-V,2 V,e=Velocity of man w.r.t escalator
A ’ = brift=0
. —_— MAN RAIN PROBLEM —
Man-rain problem Method Case 1 Case 2 Case 3 minimum distance
v i Terms V V, sin V,sino>V,, V,>V,sino V,=V,sino
LA, e A V| v, = Velocity of rain w.r.t Vesine -V, V,~V,sing
stationary man o L Ve V,sine
A B V.= Velocity of man Va Ve "
In order to find the VoV Via, Vyow.r.t Al V., = Velocity of Rain w.r.t man Vi cos® V,coso b Vs u A
relative velocity of B Vycosd 5 v Onf f B
P V,e= V-V, .V, wr.tB ’ VvV, = 2 . 2 R B rame o
with respect to A am™ VoV Vo Wor. & win 5 [(Vecose)+ (V,sine -V, ) V,coso B 4
S = : <V
R || o B —" | evenen Vi JET AT = L
vector A and add it |3—> sl ~ Vicoso V. sino V., =V.sine dxU
with vector B 10ms 10ms o[ V.sine -V «:fan"(lmﬂ) Rl R Time taken fo reach = —=
& Vamz, [ (Vesino-V,)2+(V,coscy? el (W) Vicoso «<=0 minimum distance 2V
» R

=0
= 0=
= O
o - _2 - ZT (in uniform circular motion), V=
V=0x7

Not a

Angular acceleration

a =ra

@ =0xT

Equation of angular motion

1) Constant angular velocity : (D= constant
2) Constant angular acceleration

my ol
FE

Centripetal acceleration

Directed towards centre

*a_ is due to change in the
direction of velocity

=, +OLt
ot +1/20(+2
? =5 +20U(0)

constant vector

a

r

wn, <y

v
In direction of tangent
do
=dvV cpg > A= —
a=="=ra
T ar dt
Tangential Force
vV F;= ma,

a, is due to change in magnitude
of velocity

Resultant acceleration

= 2 2
[ aZ+a,

Velocity is tangent
to the circle

Circular Motion

Uniform Circular Motion
- Speed Constant
- Direction of velocity changes

CIRCULAR MOTION

Tangential acceleration

- (@ = Constant
o VB

- Q.= =rQ

-a=0

Non-uniform Circular
Motion
- Speed not Constant

- Velocity changes in
direction and magnitude

- a_= Centripetal acceleration
- a, = tangential acceleration

- © = Changes — 0. angular
acceleration
Horizonfa(ln circular motion

T,=m,l, @2+m,(1,+1) @2+m (1, +1,+1,) O

T,amy(,+1,) @2 +m (1, +],+1.) 02
T3=m3(|1 ’Iz*la) O

Flat circular track

Vi =~ /KR

Banking of Road

Ny

V= [rg(tang +Ll)

1-|ltang

./ rgtang  (for smooth
road)

V.= [rg(tang -LL)
1+ |ltan g

\

opt —

At Bottom
AT, =2 +mg

b) min velocity at bottom
to complete circle = /5gR
At Top

- v
a) Tmin B mg
b) min velocity at top to

complete the circle = \/7
gR

€O - INV1d V NI NOILOWN



/INERTIA "\ (NEWTON'S THIRD LAW )

. [ Inclined Forces E
A body cannot change its state of rest or -To every action, there is always an equal Eain o If, Fsin® <Mg
uniform motion along a straight line. This (in magnitude) and opposite (in direction) reaction. N . block remains in
property is called inertia.Inertia has no - Forces in nature always occur in pairs. - -F ?M“T w“;h 9';‘°u'.‘d Tall I AWS o F
unit and no dimension. - A single isolated force is not possible. geceleraies hartzominly
INERTIA - Counter force experienced by a body- reaction ‘i Feasg o If, Fsin® =Mg
| - Action and reaction never act on the same body block just leaves
Mg contact with ground M I I N
Inertia Inertia Inertia of * Force exerted on body A by body B (action) * If, Fsin® >Mg .
of Rest of Motion Direction * force exerted on body B by body A (reaction) Thi block leaves IC°"1'°C1' ;I’ffh_lgr°““d and
- Inertia of Rest & Reaction (on A) \” Sains 19 gestisrate aniguly. J
Innbl'lfY to chang.;e state of rest by itself. Bctior ~Reaction T 2
= Tnerkia of Motion , ; 5 m)TION OF CONNECTED BODIES N\
Inability of a body to change its state of Action (on Bll
uniform motion by itself. _ F>F 4,
- Inertia of Direction | Some common forces _E=
. F,- F,= Ma Foeek M dyF
Inability of a body to change direction of 1.Normal Reaction_ F-E
motion by itself. - Occurs when two surfaces are in contact with Y
Newton's Second Law exh; sthee Condition Free body diagram Equation Force and acceleration
F .= Rate of change of linear momentum. Always perpendicular to the surface. _,
_— F
Ins‘ranifneous Average_) N e N g (e on Ngy, b F r F-f=mpa gy
- = = — — 1 2
X3 P 2. FF gl B = [Vt ’
dt A A e N . i "
nd b — >
MOMENTUM R i I —s|m| ™ g — g
Tension N # iy +m
Por? L g LI i
-Itisa v:cforfquarfi?y having direction a Restoring force developed e 7
sam'e "fs That of velocity when a longitudnal force is f=ma a=———
tUnrr is kg m/s. ) lied bod m, +m
\ applied on a body '< B 1 2
/LIQUID JETS T d 23 | = 5 e
to¥ Ideal Rope LLLLLL2L0L ™ . F—f=myua f=——
When jet is stopped at wall —deal kope T r B =y my -+,
4, wall — L2 (PR
*Massless T
= a
ginen=A ‘AL“,'(‘ *Tension is same everywhere — P F—fi=ma a :;
- PP, _mxO-mu v=0 *Opposes only elongation . ; e 5 E PR my +m, +my
© AT At *On compression it becomes slack. A B
= *Tension always acts away from the object. 2
mu +
= =-pAu(m=pAAx, %:u) _F> m | m s — f—-f=ma £= M
At 4 Rod 4 I3 3 my +m, +my
F = pAw 7 Rod 7 — | ™ |e—
wall 7 7 here, f, f,and f,are
PR ¢ Sie 11 2
When liquid jet bounce back 2 Tg—>F ; T ——F normal reactions R P f= myF
+ve =
F. PfA' :i = 'Z":‘ _’ . Elongation 2 Compressive between blocks £ L
E; = -2pAu can support both elongation and compression \ J
20Au -ve«— \_ J

Fis™®
When liquid jet strikes obliquely KSINGLE BLOCK ) (THICK ROPE - . )
u=no Horizontal Fopce Tension will be different at different points. 1 o 7 —F
Horizontal Force . M
3 o Acceleration is along x-axis only Mass per unit length=- " -
3 Along y-axis a,0, " Mass of x length of rope ==X
[} a Note: .
N - Mg = Ma — . total mass given
4 —_—
u 0,20 AIA B Mass of given length Total Tength ~ length
ucosp N = Mg | % = constant Bz = - —F
Fi.= -2pAuicos®  F,, = 2pAucos® Along x-axis , _ _F lMg engt! . Eor(l_.)-x) rope length, A T "
Change in momentum=-2mu cosé F-0=Ma M rope =2 Femd= T=Mr R ey
N J S P A J




/MOTION OF BLOCKS CONNECTED BY MASSLESS STRING

Condition Free body diagram Equation Tension and acceleration
a
. F
T IT'=ma =
B ny +m,
A
T m, F
- ,
—_— F-T=mya = =
T F my+m,
— T —
a
— F
F-T=ma a=
F - r my +m,
B T
A 2 mF
F T o T=m,a T=—2
<—’T|—->—‘- = T my+m,
— m
— F
A I, =ma a=—
m my +my, +my
mF
c i T, —T;=ma L=—3
A B T - 7 my +my +ig
% % F
S AN
my +m
s F—Ty=msa = @ FmE
=% my+my +my
7 F
— m

\ (FRAME OF REFERENCE & PSEUDO FORCE\

[LIFT PROBLEMS

Frame of Reference

A frame in which observer is situated
and makes his observation

Non-Inertial frame
of reference

Inertial frame of
reference

At rest or moving Accelerated frame of
with uniform velocity | reference.

along straight line.i.e
unaccelerated

Newton's law of Newton's law of

motion hold's motion not applicable.
T—‘;.,:mi' T:Tm +T=:uud° = ma
= - >
Foeso = -Ma,

Apparent weight of body in a lift

) e

PULLEY-BLOCK SYSTEM
Ideal pulley
M > M,
__F _M-M
R I T
MM,
T om0
= "
-
M,
_ Mg
- =
M, |le - MM,
M + M,
Mg

INCLINED PLANE + PULLEY

= =[nn, —m sine:lg

ma=T-mgsing
my ity

mym (1 +sin
it 7 = mymy{ +5in6)
my+m,

T-mgsina=nma my +my

= mlm;(sma +sin B) e

mya=nngsing-T = g
ke,

y g sing

mygsing - T =ma o=TugS8
’Hl +Yllz

T=ma :

T=mm,sinfg

m,+m,

NOILOW 40 SMV

Readi reaction
eading of =  force exerted b
weighing machine weighing machine

Apparent weight ,(W__. ) = Reaction

Case 1: Lift is at rest force (R)
R=mg , W =W, =mg

apparent

Case 2: Lift moving up or down with

constant velocity

R = mg * wappar‘em
Case 3: Accelerated upward at
a rate of 'd’

R-mg=ma = R=m(g+a)=W,
Wnpparenf
Accelerated upward at a rate of ‘g’
R-mg=mg R=2mg,W,_=2xW,_

app

Case 4: Accelerated downward at

a rate of 'a’
mg-R=ma,R=mig-a) =W, .W_<W,
Accelerated downward at a rate of ‘g’ [ Freefall]
mg-R=mg,R=mg-mg=0, w, =0
Ifa>g:

body leaves contact from ground and begins free-fall

Lift moves from ground floor to first floor

= wal:fuul - mg

> W_,.. ~ Feels over weight

v=0, a=0 N=mg (true weight)

c L -

v decrease N=m(g-a,) first floor
luz (retardation)
B
v Increase Nemlgsa,)
A G‘T Ground floor
12

v=0, a=0

N=mg (true weight)

‘03 a=0
&
T i lift moves 5
<>/ with constant 3
v speed %

Acceleration,a,=tan@,

Retardation,a,=tan®, J

Ny
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(o RELATIVE SLIPPING N ( RroDSLIDING ON AWALL ) [ aneLE oF Frictzon [ o ) \(~  HORIZONTAL TRUCK BOX )
: o i -
Minimum force required to push the inclined plane Angle(6) made by resultant of iv)When slipping has started, Case-1
F % such that "m” does not slip with respect to "M" normal (N) & frictional force f=f, Box does not slip
- = (f,) with normal .
N F = (m+M) gtanoe , a = gtane R = N [ton
c- Zgamier e A ‘max
Minimum acceleration of Minimum mass M_ such that = K ';T R, cssesea N
“M" such that there is n i i ippi : = ineti
r'ela‘rsi\tlj: slip;ing_ e e thiere 800 relntive: slipping velocity of B fowards A = vsin¢ ucosO : 2] F . ?ricﬁAor:‘gle of kinetic
velocity of A away from B = ucose L : olm |—
these velocities should be equal, B f 0 L
= vsine = ucosd s f=MN J
= v = ucotd mg
> < R =IN?+ f2? R is resultant \
FRICTION >
) L = g ° ( ANGLE OF REPOSE ) o2 hd
Static friction tan 6 = ~ —
; tust Angle made by inclined plane such that a
. - It is a self adjusting force. 9 Y P! 4
(E_gg;:g:RIUM A LAWTS PARALLELOGRAM LAW h - The opposing force that comes into play, When f_=(f)., R =N |1+p? block kept on it just begins fo slide
ULS, when object tends to slip over the surface i - \
of other object, but slipping has not tan 8=ug. ugis Coefficient of S:gei:di?\do:zn?e# N (fs)’“""
yet started. friction )
- As applied force increases static friction ] of mass. ( VERTICAL TRUCK BOX
also increases. i) f=0 +and
- The body doesn't move until a maximum tan6=0 R —» 9;
value of static friction is attained =0 N = mg e fs
- This value is called limiting friction or (f ). Variation of R mgsing Pl N
F— Fnec™ N e mg mg
) TN As angle of inclined plane increases, R [OIO) ©©
‘fs pa remains constant (=mg) and when sliding
(" maN-caGE PROBLEM \ [ IMPULSE ) )0« f <) starts R starts decreasing. Case-1 Casaiid
Man holds the cage If a large force acting for short : N Variation of angle of friction. Box does not slip. Box slips
stationary P:""-’d of time, "'fhef‘e will be a sudden Kinetic friction K 5 As angle of inclined plane increases, angle f,<u N g
change in momentum : of friction will also increase and as sliding > . Hic < “a;
— dp’ If the applied force is increased further and m starts its value becomes constant and mg < g r“QT
" i =‘; slipping between surfaces start, the friction : —F tan@=p, = H, 5
T =F%_a g opposing the slipping is called kinetic friction. f =7 g < z
, PP, f F__ dt = area under F-t graph ; 8 " Minimum & Maximum force (applied parallel | \_ J
™ =(™ to inclined pl
N (_2_)9 T = Impulse = P, - P = f F,, dt = area of (is)"‘: 0 < tan6 < p, v el plane)
e F-t graph =W : N < R< N |1+
< if m>M k J fis 1N
man cannot i) .= (F), R =N '1"1‘5
hold the cage
] ) LAWS OF
K j l—static region kinetic —! f E tan emax =”’I's \(‘%
region : -
8 | Nl ®
T = ) b MOTION
I v=0 o (f‘)“ﬂu N J = mg ( sin® - pcosB)
h & O Impulse Average imp!
L I=p, -P force ( PULLING FORCE & PUSHING FORCE ) F .. is the minimum force required fo keep
: v 44 =mV,-(-mv,) | F_= _impulse _ AP the block stationary if the angle of
v @ ] Vew T % FS]’_‘? ______ F pmg inclined plane is greater than angle of
< SR T = m (v, m(v,+v,) : : Fcos® > p(mg-Fsin@) F . = ———— repose
B = iz ! : PO cosB + psin®
N\ : :

A

T, : 1.mg
% ) - F2 Cos® + psiné F . is the maximum force required to keep
( u-0 v=ol| Case-2 | ) " Feoso the block stationary on the inclined plane if
O O f 3 the angle of inclined plane is greater than
T i Tmpul Average impulsive : Fcos6 2 1 (mg+Fsin6) angle of repose
I : : L e force B Fcoso umg F Hmg
h : g m(v+v) = J _ AP _ 2mv F2 = - i e Q - i
l i : l = m(2v) Fos® 21 N Fsino| TN cos® - ysiné P cos@ - p sin® ,,\\‘ F..= mg ( sin® + p_cos6)
Q V@ J = 2mv k - Fousting > Futing mg(sin® - L cosB) < F < mg (sind + pcos6) /
J 1

i




' WORK N\

Work is said to be done
when a force applied on the
body displaces the body
through a certain distance

;_——)

( wWorRK DONEBY )
CONSTANT FORCE

(" WORK DONE BY

CONSERVATIVE & NON
CONSERVATIVE FORCE
Conservative: work done does
not depend on path followed

Non-conservative: work depends

on the path followed

N

( WORK DONE IN PULLING )
THE CHAIN

(RELATION OF KINETIC )
ENERGY WITH OTHER QUANTITIES

Linear momentum:- P=\/m
Variation of graph of kinetic Energy

K K

'8 STABLE

UNSTABLE

NUETRAL

oIf particle displaced from
equilibrium position, force
acting will try to bring the
particle back to the
equilibrium position

e Potential energy is minimum

e If particle displaced from
equilibrium position, force

acting on it tries to displace it} then it does not experience

further away from equilibrium
position

¢ Potential energy is maximum

o If particle is slightly
displaced from equilibrium,

a force or continues to be
in equilibrium

® Potential energy is

Fsind L = Total length at stable equilibrium at unstable equilibrium constant
F A B (1/n)* part of length hanging m constant, Eocy?’  m constant, Eocp?P * F= -j_,l:m = o= 'f,j—g=° o F=dV o
Feosb M —> Mass of chain % dU o
Work done in pulling the hanging ‘B hegative . U
S o W, (Path 1)=W,_ (Path 2)= portion back on the table dx?

W=Fcosx S

= =

\ =FScos =F.S /

W, ,(Path 3)

(for conservative force)

w= Mot

\ 2n? »,

3 . %(Qz =positive .
k .

im
P constant,& EX

*

oW, (Path 1)#W,  (Path 2)¢ P constant,&EcP \ y
{ NATURE OF WORK DONE) | W, _,(Path 3) \ ) —
1) Positive work (0°< 6 <90°) (for non conservative force) r Y N\
7 Note : WORK 4 POTENTIAL ENERGY "\ [ CONSERVATION OF ENERGY el
0 - — Direction Work done for a complete cycle . - . . PE= | P.E=max
s ofmotion) I o o conservative force is zéra E N E RGY & - Defined only for conservative force For an isolated system or body in the °.E=max I K_E=min
- Energy possessd by a body by presence of only conservative K.E=min | P.E=min PE
2) Negative work (90°<0<180° virtue of its position/configuration forces, the sum of kinetic and I i€ E=max [ %
o - Can either be positive, negative or : . : .
F S_’ D;"ECf;_Oz POWE R zero according to point of reference po:"e;lt:;l :’? er‘glﬁs T. T‘I:I;Y po;?tnremalns I —~K.E
oF merio rWORK DONE BY DIFFERENT " - Force always acts from higher conzta roughon matio :
FORCES potential to lower potential K.E+P.E=constant
= 2 vzve':;( v:{::t Besomas B on B Identifying forces with the help of —_—— J
Ol .
three conditions /. \ petentil ene.r'gy )
1.Force is perpendicular to | h ENEREY 1) T orces uppusing the motion:- rPOWER i )
displacement o Capacity of doing work On increasing x, if U increases . i
2.if there is no displacement 0 o Scalar quantity U e e Rate at which body does work wor dW
3.if there is no force acting L2 i . LeT2 P X w tan 6= ar
on the body A A A e Dimension M| (BC portion of graph) e Average power(P_)= T 0 i
L—_) Relation between different units 2) Force supporting the motion: - =Pinst
xli’“g"l =."‘9h | b leV=1.6x10""Joules On increasing x, if U decreases ¢ Ins.mn*enemis power
WORK DONE BY VARIABLE) e LSt Ol A - pegative e )9W_Fds_=o
FORCE =mgh 1calorie=4.18Joules dx X inst/™ d¢ dt v R
- W,=mgh, +0+mgh,+0+mgh, +O+mgh, 1 Joule=107erg (AB porticeef grapk) ) : time
dW=F.ds 3) Zero force:- Relation between units:

Kinetic Energy ® Area under power-time graph

Work done by spring force .
gives work done

e g i f i e 1 watt=1joule/sec =107 erg/sec
w= f F.ds —f Fds cosO magnitude of spring force, F.=-kx On increasing x, if U does not change J g

© Energy possessed by virtue of

in ferms of rectangular motion c * 1 HP=746watt, 1MW =10° watt A
components x=0 K.E:%mvz U e 1 KW=10°watt T p AW
= A A A A . ==
ER R PR _/mmm_m o Always positive v, ® If work done by two bodies Power t
ds=dx i+dy j+dz k %50 «F o Depends on frame of reference dx L is same then power Time dW=Pdt
. s = =
W=/F dxs [F,dy+ [F.dz _/a’a—nf)_|—|_, F.. | | Work Energy Theorem B e Unit of power multiplied by time Ji:
Graphical representation of %<0 F 35S Change in kinetic energy of a ) > always gives work W=?de1'
work done D F body is equal to network done B,C points on the graph 1 KWh=3.6x10¢ Joules s A =
g W= dx l on the body Types of Potential Energy o Slope of work-time curve gives t oar 1, Time
4 [ €s = -Elastic Potential Ener: i =
i W; d% S 7 KZ-K1=f F.dr -Electric Potential Eneg;y Instanteneos. power W=Area under P-t graph
= /'F.dx W= f F..dx" = kxdx -Gravitational Potential Energy
X,
) =-SK(x2-x2 . Types of equilibrium
Rl Displacement 2 ( t ) If net force acting on a particle \. S s J

is zero it is said to be in equilibrium

\, W= Area under F-x graph J




rPosiﬁon and velocity in

terms of power (P=constant

1) Velocity, v=[22t ]"*
2) Position, 5= 8] "1+

Power delivered by an elevator
a=0, T=(M+m)g tr
P=T.V

=Tv v("'\l"I"J
Power, P=(M+m)gV

l (M+m)g

Power of a water drawing pump
_dW_dm

o Power,P= P —[9h+ > ]

® h=height of water level
dm
dt

V — velocity of the water outlet

e Power required to just lift
water, V=0

—ohfdm
P=gh(GF)
Efficiency of pump

_Output Power
~ Input Power

=>mass flow rate of pump

(4

r

\———)

WORK
ENERGY &

POWER

Collision is the event in which impulsive force acts
between two or more bodies whlch results in change

of their velocities.
Line of impact

Line passing through common normal to surfaces
in contact during impact

Line of motion
of ball B

Common normal
Line of impact)
Line of motion of ball A
Coefficient of restitution (e)
Velocity of separation along the line of impact

~

Velocity of approach along the line of impact

Relative velocity along the line of impact after collision

COLLISION

If initial velocities of the bodies are not along
the line of impact.

Oblique collision

Before collision

- Particle collision is glancing 2

- Directions of motion after collision are not
along initial line of motion

- Impact parameter O<b<(r,+r,) where r,,r, are radii
of colliding bodies

” Relative velocity along the line of impact before collision N’et‘fecﬂy elastic Head-on collission

Conditions

1. For elastic collision: e=1

2. For inelastic collision: e<1

3. For perfectly inelastic collision: e=0

Classification

Based on conservation of Based on direction of V=uU m,-m, ” 2m,\,
kinetic energy colliding bodies Uo7 my+m, m,+m, 1say 3K
v v Total time taken by the ball until ot stops bouncing T =( e) —
l-e 9
m,-m, 2m,U,
Vs U, Pl P ly inelastic collisi
Perfectly Inelastic  porfectly Oblique Head-on/ m+m, | mo+m, erfectly inelastic collision
elastic inelastic one dimensional . Colliding bodies stick together
Special cases: After collision are moving in the same
1) Projectile and target having same mass m,;=m, ,then
v,=u,,v,=u,, the velocities get interchanged. m,U,+m,U
Perfectly elastic collision voee v d @_' @_’ @@_’ = +mzz £
K.E before and after collision is same 2) If massive projectile collides with a light target
: oo i.e. m;>>>m, then v,=u,,v,=-u,+2u, 1
Inelastic collision Loss in kinetic energy Ak= — S T, (U,-U,y
K.E before and after collision is not same 3) If a light projectile collides with a very heavy
Head-on collision / One dimensional collision target, m<<m, ;then v =-u,+2u,.v,=u, Colliding bodies are moving in the opposite direction
Initial velocities of the bodies are along the line of impact. Energy transfer from projectile to target o m,U,-m,U, , Change in kinetic enargyAK= 1 m:’i‘zm U,-Uy
Before collision 1) Fractional decrease in kinetic energy of projectile g .
(If target is at rest)
Yi C > Y, AK _ 4mm,
K (m,-m,)?+4m m,
. Greater the difference in masses, less will be
After collision transfer of K.E and vice versa
vy v Transfer of K.E will be maximum when difference
in masses is maximum
Impact porameter b=0 5 AK _ 4n
If m=nm, S~ = Teny?
e /

Before collision After collision

Velocity after collision

Inelastic collision

- V.-V, Relative velocity of seperation
U,-U, Relative velocity of approach

(1+e) m,U (m,-em,)U

Velocity after collision V, = 22 e
m,+m, m,+m,
_(1+e)ymu, (m;-em)V,

Ratio of velocities C m, +m, * m,+m,
\'A l-e

1

= m,
V. l+e in kineti = — 2
A Loss in kinetic energy AK 2 [m = ](1 -e?) (U,-U,y¥

Rebounding of ball

Height after 1 rebound
h, = e?h,

Total height covered by the ball before it stops bouncing

H=h [ l*ez]
° [1-e?
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Centre of Mass

* Avg.position of all the parts of the
system, weighted according to their mass

For homogeneous objects,
centre of mass lies at
their geometric centre

*Centre of mass may or may
not lie inside the object

-~

Centre of Mass For
System of n Particles

Y

= _ Zmr
rcm zm
b4
mZ
xy:2) 9 (xy,2,)
o™
/ CM m
A % (%,y:2) .
r _.-- for n particles
e
(xy.2)

X
General Equation
T N N mr,
rcm=
m +m,+m;+----- +m,

mX; + MX, + MX, + —--- mX,
cm_
m +m, +mg+ ----- +m,
_ My my, + my;+ ----- MY,
m+m+m+ -oo-- +m,
mz, + mz,+ mz, + ----- mz,

cm
tm:
/ Centre OF Mass For
Continuous Body
48 Jdm.F

r =
e Jdm

%= mass per unit length
G= mass per unit area
P= mass per unit volume

X
1) Mass distributed over length = dm=7.dl
2) Mass distributed over area = dm=c dA

3) Mass distributed over volume = dm= pdV

Uniformly distributed
mass

1) Rod i
L/2, L/2

e
1
L
0o ——2zac -+~ (4.0)
1

centre of
mass

2) Square Lamina

~
|
l\;}l—
~

3) Semicircular Ring

,

0,0)

()

4) Hemispherical shell

(o,i
2
5) Solid circular cone
A
h o h
(o3

@tre of mass for various sh%

fMotion of centre of mass)

velocity of centre of mass

g - M)VI *® szz i M:Va e

Acceleration of centre of mass

~ _ Ma +Ma,+ Ma, +--

T MMM M - - -
N\ ‘ J

/" Isolated System N
*No net external force acting
on the system

-bodies within the system can
mve mutual force between
en

cm

et r;

\M,l"fMJ‘z ucmzo,vc,,\:cons'l'any

-

Moment of Inertia
(For a point object)

Ieme (LN i T
Y [

m= Mass of body
r= Perpendicular distance of the
bodyfrom the axis of rotation

Moment of Inertia

!

1
Tensor Quantity Ronllﬁunul
analogous

_ s,

( Two Point Masses \

1
I=mr?

- 2 2
IcoM‘ mre, + mre,

r
Cavity in object \ m, ry o m,
If some mass is removed from a body, e
COM will shift towards the side with L. i =
more mass m+m, m+ m,

COM of

remaining

body
C.M of original ,
body (assumed C.M of
origin) cavity

Assuming COM of original body is at

the origin

J

e

Factors Affecting
Moment of Inertia

Mass
distribution

Mass of
the body

Axis of
rotation

J

s

.

Moment of Inertia

i) for discrete system of
particles

N

For n
particles

i) for continuous body

I = JdI = fridm

\_

7

Parallel Axis Theorm
I

parallel

I =L mtMa?

parallel

Conditions: -
1) the two axes must be parallel

to each other

2) One of the axis must pass
through centre of mass

T

'COM

Perpendicular axis theorem

Note:-

I-=I + Iy (Only valid for laminar bodies)

X and Y axis must lie in the plane of body
Z- axis must be 1 to the plane of the body
Axes need not pass through center of mass

IX
@ Ix
T,

\

|

L

N\
/, Moment OF Inertia For Various Objects A
Disc ) , Ring I=MR2 Thin Rod §
1
gy ——
¥ 1
i // ; I
le——— E
2 2
! / M ! I=L;"L IznfmTl
7 i / '
4 ! ! _3 i
L= 2 me: ! 3 Li=3 MR: I,=2MR? Hollow sphere
MR? IF?MRZ _2
=7 , 1 I=-2 MR?
2 T=5 mp2! 3
3 MR? i
Hollow cylinder 3 i
|
I=MR?
/_ R ] M
oo PoT
P
1
Solid sphere
. 7 P
I= ?MR/"’/’

//
= i 2
% B
//
,/

. J >
4 )
Moment of Inertia along the centre of mass and perpendicular to the plane surface
1) Ring 2) Disc 3) Square sheet 4) Rectangular sheet
MR?(Lto plane) .MZRZ
} LM
o MR?  (parallel to plane) T 4
2 R
‘ MR?
4
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Radius of Gyration \ . Mechanical energy conservation
Definition: The distance of a point mass Equilibrivo \ B[ Angular velocity with which the
i d P X, X 1) When 9=90° Discs initially rotating rod hits the ground with
1 2 ground without
from the axis whose mass is equal o the . F = . in opposite direction:- slipping, released from rest
mass of whole body and whose moment of For translational L 1 ILI=r p sine i —
inertia is equal to moment of inertia of the equilibrium ZT @ = rp sin 90° Lw-Tw I3 WW%
body about that axis ) r L Y T, 21 -
mR2 ' i Fm =0 m T Lo A : * .
I=T | | - +b ¢ = 2m;m,g Spin angular momentum I
T=mk? T rer may or maynot be T, em, m,g '
| I zero r m] iz Rolling Motion A
i o o w w,
gt TR ; B F \ 2Tx, = mgx, / L=Iw C) Translatory+Rotatory R°IJ,'"9
- # m
= ——p — N\ R
L L g Velocity in rolling .
R d
Disc ! . PrPYR [ Angular acceleration I I « Condition for rolling without, 3
Rotational Equilibrium
| mRE ., | F 1 slipping: - V=Rw (rd v
| 2 mk | -0 — T = IO, IA | 4 « Velocity of any point on V..
| R I Tnef - T-+ 1 w, rolling object,V,
e BN - torque Pt
! z ' e : i i Le=T,w = % R
F... may or maynot be zero I moment of inertia . . i &
. | d is the distance from point of contact
(O, angular acceleration I |
k is the radius of gyration . . ! Energy in rolling motion
\ % / r Initial angular acceleration when s I Work,Energy & Power 'm )
@ rod is released . rotation 1) Translatory Motion
F Conservation of Angular momentum 1) Work done by a torque, =L
Initial angular acceleration when a body is . W= Ts(if torque is uniform) xe2
Torque released from an angle g If there is no external torque, o . ” . 2) Spinning motion/rotational motion
q = frde (if torque is non uniform)
Static Equilibrium T-10. angular momentum is conserved R q & okt 1LV 1 K
) 5 2 T= dL 2) K.E for are rotating bm'iy=lIu.rz xem 7 T0F =gmk ® fmvzl(F)
Fsin® , F Combination of both translational (mg sine) ro,=I0. M 3) Rolling motion
Gt = of 1 and rotational equilibrium — * IfT=0= g'— L= T o
orce; : em +R, -—mv2+—mv=x— =—mvz 1. K
r : F.. = 0=Forces are balanced o T . L=constant —— " =EL“' TreRee 2 R? (
K—H _ _ Pewsde _ ork-Energy theorm
9_ - Toer = 0= Ttacimise = Vemticockaise Frorined C: _Mz o Tw=constant sw=AK=L1(w -w,?) Ko - (1."_2)
O ~ = 9\/’ P Fcosf S * ITw-=ILw, 2 2 Kirons R
~ Principle of moments E i
s / . o If moment of inertia increases Energy loss when 2 discs are i incli
es - Q/ When a body is in rotational equilibrium Translation - retation combination angular velocity decreases and if Joined: - Mo mclme:g:nlune
sum of clock wise moments gbouT any _ Tappliea™ Topposition moment of inertia decreases 1) Same direction: - Velocity at bottom= e
= - pPsi point is equal to sum of anticlockwise ©= Total T angular velocity increases 1 lexe
orque T= r Fsing moments about that point \ / E.= 0K E-ﬁl:‘]:—](w W,y VO ———
i 2
= Fsingxr=Fr (6] w=-MRI-MRg_ . \ 1+ £
m,RZ+m,RZ+T . N I R
=Fxrsing=Fr, (@) d d 1 2 Moment of inertia when I KT_ Time
PEL. Y 2 two discs are joined @W. R | =>V]=Time
= _—_= I |
To = r x F (Vector form) Discs initially rotating in same ]
é >} direction: - i
If force is radial i.e. § = 0° or 180° {\We
T \ Lw+Lw W
orque’T= 0 F Wz STz
z f I1+Iz % i
If force is tangential and 1 F,xd =F,xd,
to radius vector i.e. 9=90° Angular momentum & its conservation I 2) Opposite direction: - Velocity:solid sphere > Disc > Hollow >
- 3 - o Load x load arm = Effort x effort arm i 1z Sphere > Ring
orque,T=T,,, = r Angular momentum of a point mass:- » Ejoe™ K E= gy (Wi W Time to reach bottom:Ring>Hollow
X, V\ 1 sphere>Disc>solid sphere
X Tx Angular momentum about origin i
A = i Value of velocity:-
=P P ’
1 L° N y © s | )‘.”1 1) Ring/Hollow cylinder=1 gh
a 2 :
o e ; id cylinder= |4
P=mv /Q',,@ 4 | v\wz ! : 2) Disc/Solid cylinder= 3gh
I I r W
Ro A Io N A L m.9 1) When 6=0° or 180° 3) Hollow sphere= ggh
msg L,=mvr sin 180°=0 ! .
M o Io N 02 MgX, = M@X, * Mi9Xs OR mvr sin 0° =0 - I \\ / 4) Solid sphere:\ 17_°gh
I > I ‘
Acceleration i o
Angular momentum is minimum o . Time ofldesce"d'
_ gsin = 2
=L a0 1'- —=— [2h ([, k2 K2
1+% 1+k—z, Tg X 1=
R Ring>Hollow sphere>Disc>solid sphere  /
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NEWTON S LAW OF
GRAVITATION

ne——F F—e, ! B

Gm mZ

Value of 6

6.67x10'! Nm?Kg2 (SI or MKS)
';‘ 6.67x107® dyne cm?g™? (CGS)

Dimensional formula &
[61=[mLoT2]

i
i
|
é F= :
i 6 - Umversal gravitational consfun‘f

q

=

IMPORTANT POINTS ABOUT
GRAVITATIONAL FORCE

1. Gravitational force is
* Always attractive in nature
* Independent of the nature of medium

between masses

* Independent of presence or absence
of other bodies

2. Is a central force, acts along the line
joining centreof gravity of two bodies.

3. Conservative force

VECTOR FORM

_F;,=force on 2 due to 1

- 6 mimz( '?‘12)

2
r!Z
- 6mm, _
or F21=—_3 12
Simi G2
Similarly
F,, =force on 1 due to 2
- 6mm, s - 6mm, _.
Fr—s ("12) or F-= L 5
12 rlZ

Clearly, Gravitational force follows:
Newtons third law F,,

—
=—F12

The principle of superposition is valid here.

“Force on a particle due to a no. of particles -’-(

is the resultant of forces due to individual
particles.”

-

ROTATION OF 2 MASSES UNDER MUTUAL
GRAVITATIONAL FORCE OF ATTRACTION

- szz
' (mgem) e

_/ 6m?
(my+m,) r

r;,=vector from m, fo m,

" on the surface of earth, g =

Gravitational force is a two body interaction.
Force between two particles does not depend
on the presence or absence of other par‘l‘icles.;;é

ré

THREE EQUAL MASSES REVOLVING

e ————
s 6(m,+m,)

| UNDER MUTUAL GRAVITATIONAL FORCE

vV Time period
T20 P

FOUR EQUAL MASSES UNDER MUTUAL
ERAVITATIONAL FORCE

| S
My Q
/) \/
1 1
R =? —(2{2+1) |
& 7 /M,VTZ(X * Here R =

GRAVITY
Acceleration due to gravity gm

| 3
mo R:

[Put GM, = g R? to solve

' problems easily]

M - mass of earth
i R - Radius of earth
=

IN TERMS OF DENSITY OF EARTH
g=4TGPR, g=PR,

"If density is mentioned use the
above equation”

v ofem _[em
VT T RE

J=

i

GRAVITATION

VARIATION IN THE VALUE OF
ACCELERATION DUE TO GRAVITY

@ Variation due to height 'h’

General Equation

Approximate equation
h<<R (h < 100 km)

Note the point
If h<<R, then decrease in the value

of g with height

Absolute decrease =A g =g - ¢ =2_:9.
-a
Fractional decrease = Ag _ 99 2h
9 9 R
Percentage decrease =Ag _ g-d x 100
9 ]

Absolute decrease =

g R
B I
Fractional decrease = A_g %979, d
g R

Percentage decrease = A_Qxloo =% x100

Very important graph
The graphical representation of change in
the value of g' with height and depth

gl

R, gl=% forr 2R, g'==

forr <

@ Variation of g due to rotation of earth
LO

Latitude -

F. Angle which the line
Jjoining the point to
the centre of earth
makes with the
equitorial plane

%R cos?L

Note = value of (2R = 0.034

For poles ) =900 9'=9

There is no effect of rotational motion of the
earth on the value of g at poles.

g=9-©R

The effect of rotational motion of the earth on
the value of g at the equator is maximum.

When a body of mass m is moved from equator to
the poles, weight increases by an amount

m (g, - g) = MOR

For equator ) = 0°

'ORBITAL VELOCITY OF A SATELLITE
Orbit at a height 'h' from the surface

vo|em .|
* N R+h) (R+h)

If orbit is closer to oM a
earth’s surface( neglect 'h’) Vo=|—% | ¢

(called first cosmic velocity)

_‘ Note - for easy calculations

= 8 km/s = 8x 10°m/s

gR =8 km/s or &M
R
M

= 64 x 10°

or

K.E. P.E AND T.E FOR AN ORBITING
SATELLITE

kg = EMm  , __ EMm
2r r

TE = EMm

2r

Relation between K.E, U & T.E "'».‘_

U=z2xT.E
KE=-T.E
Graph

- \
KE

/ EE distance

" WORK DONE IN MOVING OBJECT |

FROM ONE ORBIT TO ANOTHER

CONCEPT - WORK DONE BY
EXTERNAL AGENT = CHANGE IN
MECHANICAL ENERGY
W eE. . GMm [1_ . L]
2 rl rZ

WORK DONE IN MOVING AN OBJECT
FROM SURFACE OF EARTH TO
HEIGHT h ABOVE SURFACE
om
m h

W=@U-U) =‘G%“-['GM"‘ ]

or. [w = mah ——
W = mgh Rh

Work done to move object
to a height h = R

Work done to move object
to a height h = R/2

WORK DONE IN MOVING OBJECT
FROM SURFACE TO CIRCULAR ORBIT

: -6Mm . GMm




| ESCAPE VELOCTTY KEPLER'S LAWS OF PLANETARY

— o . . MOTION
Minimum velocity given to an object |
| such that it escapes out of Earth's | = LTHE LAW OF ORBITS

| gravitational field” v=0 Om o A\\ T

- e

GRAVITATIONAL POTENTIAL
DUE TO OTHER BODIES

SOLID SPHERE HOLLOW SPHERE

Case-1 Case-1
M M

i 1 =

K
»
™

2 i
E after, 1 . _ ¢ I .6M ’
v ; Every planet moves around the sun in Neutral point i Case-2 ™ e (1) P
3 ; an elliptical orbit with sun at one of ®<—x—»' S (r—x)—>® | B |
v=[28% [ 20r (from the surface of carthy [§ the foci. I, I, E |
o8 R . P—> Perihelion (perigee) (nearst point) r % T v =-%AA
v B—> apogee or aphelion (farthest point) LI, N | ¢ " Case-2
= | | II) THE LAW OF AREAS EM, _GM ™ r ¥ = GM (o Caze-% R
= . | il = = | £ T = Y | =|
Ve=[2x8 =8f2 ks » ' 0 > mom, It gz (1) r=R C _-GM
J g L Vm='% suface” R
§ Case-3 ; Case-3 Case-3
P i GRAVITATIONAL FIELD INTENSITY : =5 GMr o V,=V_, r.=Same everywhere
DUE TO A SPHERICAL SHELL ‘ rR T80 ¢h | Vo= SR BREr) o
“The line joining the sun to the planet CASE-1 r>R Lxr ]; Atcentre, V. =~ 3 GM -3V, .. Graph
sweeps out equal areas in equal % I cen 2
interval of time” I G__ P Io(l B "
“i.e. areal velocity is constant” feis g 6Graph v v
“According to this law,planet will move | 2 =R |
slowly when it is farthest from sun & _ & =l 1” "
rapidly when is nearest to sun.” i & T r<R__R=P LR,
“Law of areas is due to law of - =P § =M i
conservation of angular momentum” - Veci/r
o S — -
Arecl velocity= 2 - =
ESCAPE ENERGY FOR ORBITING BODY L L A — CASES el
AE = Escape energy = T i momentum GRAVITATIONAL POTENTIAL S
2(R+h) ? -Areal velocity is constant -
III) THE LAW OF PERIODS V= W.__-Work done L
R =i . —ﬁaﬂ net e
: 67 e CH SR
— T, \ T B GRAVITATIONAL POTENTIAL
ESCAPE VELOCITY FROM SURFACE OF | e —_— " . EOR POINT MASS
EARTH AND RELATION WITH DENSITY \\

O"—P V.=-EM
2O . CASE-3 r<R I > [
- g =Ji_n?kﬁ m a — semi-major axis

< i of elliptical orbit The point is inside then I=0 at r=0,value of V - maximum,
@ @ o

equal to zero
TRICK TO SOLVE PROBLEMS
Given speed greater than escape speed(Hint'
- find the final speed after escaping (quesflon)
hor't trick
‘i f = nV, (when n>1)
i final speed, v-v, w1

&

| Given speed less than escape speed(Hint)

.§ find the maximum height it reached (question)
~ short trick

f V__=nV_(n<1) maximum height,

given

3

M =Mass of sun = Graph V‘

" GRAVITATIONAL FIELD .
INTENSITY (T ok vk

. vector quantity
direction:same as that of ok | )

. gravitational force RELATION BETWEEN FIELD
| ST unit- N/kg  Dimensions-MOLT-2 AND POTENTIAL

Due to point mass
e, | (e GRAVITATION
_ 7 S P ]

T=-2V;-2Vi-aVj
GM I=9x ! 3y d 5z K

"1 i 1 I:-GMF
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VOLUME STRESS

YOUNG'S MODUILUS TO IT'S OWN WEIGHT
Longitudnal stress FL AND ENE'ZGY DENSITY
: Longitudnal strain AL X = e
’ ) —— = A
Comparing with a spring of force constant K " - i mg = rx
y=% F:Md(x k:A_y E.PE=?kXZ=—2"'(=? Fx 2 L/2
- 1[YA '%
o = ?( T) xt 2yA I
1 Stress Py P.E = i mg
i volume x strain 2k
= %x Stress X strain x volume m? g2 1 mglL
Energy Density=EPE ' 4
volume

W

RATIO OF DENSITY OF BODY TO N\

THAT OF LIQUID IN WHICH BODY

03

kbriﬂ’le materials

\ E - Fracture occurs )

Lateral strain

¥ N
_ (=dr/r) _ AL

= G =
o - i
Longitudinal strain (T)

Theoretical value

i--1<5<05

Practical value :- 0 <0< 0.5

/ ELASTIC POTENTIAL ENERGY\

\ —e=1xstress x strain
AD 2
r._D
ik

INCREASE IN LENGTH DUE

tfensile stress in wire
LONGITUDINAL STRESS Fm Sk 25 TMMERSED 01
——— F = * Same as pressure _,¢ |
(M+m)/A * Causes change in volume el T X | Kl
Longitudinal/Tensile stress causes ; iress = F_ = mg=Kla
increase in length IJiI . T.5 = T=@*a) Valme:SIness Simg— = [Pressure mg(1-£) =K
A here,F = normal force (or thrust) G/ e
1A u LT _6mg SHEARING STRESS ((APLE STRAIN
J = S, =—— = — ) & ]
:ET 3 E r L A A « Causes change in shape r i nl 4
: P - ¢
[2on ] F D s—a b £
-, TS, =L :ﬂ shearing stress = A' L ) < [N N
Longitudinal stress = —— unit N/m2 o] A A : |
A T, 3mg ’ F,= tangential force O . b
: | TR \ el
e ommm - |
here, | and |, are extensions in the {
rod in the two cases.
/ , / STRESS STRAIN CURVE \ /
HOOKE' S LAW \ =
Ductile Material Brittle Material \
Stress Stress , Uttimate Tensile strength ( ——— Lol
= Fracture point U UE
Strain Fluid region OA - Hooke's law obeyed = Y' Y,
(E= modulus of elasticity) & - Propartisnal linit § f . 4
tan 6= modulus of elasticity AB }:'s:ﬁf.?..ii m :;;p:er;;r’::! ol . ; & ;‘?’o |
| &2 S
0 . : it's original shape and size al & 4 2 3 al of ¢ p 5
1. For rigid body E = infinity Steain 9 strain, & regains load is removed El%f ; Plastic region £| &/ / Plastic region
2. Steel is more elastic than rubber  risid body i Biastomen = eld,point 7 &f ;
— i B fo D - Body doesn't regain it's 3 /
. Doesn't obey o H 2 !
3. Depends on :- Hooke's Law original dimension. Beyond B ;
(a) Nature of metal . Eg:-Rubber is plastic region. !
(b) Temperature Young's modulus D - Ultimate stress point :
4. Independent of di Beyond D - large strain is Strain, € Strain, €
oduced f ] . o . o o
strain,& eplied forcey O Plastic region is large for ductile materials and smaller for
Bulk Modulus Modulus of rigidity /

/RATIO OF EXTENSION

-

MECHANICS OF SOLIDS

Fim . _ AL Change in length
S sitdinalistrain= L  Original length

V. ¢ in_vol
02 Vol o _AV  Change in volume

V  Original volume

Shearing strain=0 = A:-

BREAKING STRESS \

g Breaking Force= breaking stress x area, B F « A
| Ly
E

o — i
(A =
L T Y

BREAKING OF WIRE UNDER IT'S OWN WEIGHT
B.SX A=T=mg

BSX A=Vxpxg=AL_pg
B.s

L m—=

\ max g i
BULK MODULUS
Volumetric stress_ AP

Volumetric strain -%/

L,

‘max

Bulk modulus,B =
K= —§r= compressibility

= = B_, . ._=xP
isothermal P' Badibuﬁc YP' isotropic

MODULUS OF RIGIDITY

__shear stress

s FL
shear strain Ax

B
AD
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[Densﬂy EF i )

- unit= kg/m?
- density of water=1000 kg / m®
=1g/cc

- for two bodies of same mass
p1v1=p2v2
if p.>p, <4/

V‘¢V2

Mixing of liquid

Calculation of resultant/final density

1) If volumes of the liquids are equal

d= dl + dZ
2
2) If masses of two liquids are equal
2dd,
For 2- liquids=>d= ————
dl * dZ
For 3- liquids= d= 3d,dd,
d,d,+d,d,+d,d,
For n-liquids, n_1+1+1+_ .1
ddd,d, d,

3) If masses and volumes of two liquids
are different
_ Total mass _

m1+m2

Total volume ~ Vi*V2

mz=p,v, & m=p,v,

~

/ Pressure
Normal force or thrust exerted by liquid

per unit area

o E
P-A

Pressure-depth relation
P=hpg
Hydrostatic paradox

Whatever the shape or width of vessel the pressure
at any particular depth is same

A B c D
3 PA=PD=P£=PI>
e apy

- Gauge pressure = P-P_
= hy

m 2 T
\ R ”2/
ﬁtive density (R.D)/specific gm\h

1) Relative density of a body

A W,
R.D), " d_H = w
water

a—wlt
2) Relative density of liquid

di
(R. D)quul'd= f:d
W. - W

wn _wl'l

3) Relative density of a solid
to that of liquid
R.D)yy W,
(R'D)quu; WrW,
weight of object
where,
W_= weight of object when in air
W, = weight of object when dipped in water

W, = weight of object when dipped in liquid

Pg
Q: 1.01325 x 10° Pa /
/ Inclined barometer \

if B=angle with horizontal

Sin@ = L
LI
h
L
sin@

if ©=angle with vertical

CosO= %

Gconstant temperature

Bubble rising up

radius 'r' becomes ‘nr’ when bubble rises
in liquid from bottom to the surface

pgh=p [n3-1]

L
& Cos®

Conditions for equal forces on wall
and bottom of a cylinder

1) U-Tube manometer

L
S L
R then, FﬁFj
/ Manometer \
lP.mn
P h

5)

h, = h, +h,
= thZ . h3d3

3) The third liquid is in level with
other

IZ

h h=®_

MECHANICS




Pascal’s Law

Any change in pressure at a point of an enclosed
incompressible fluid is equally transmitted at all
other points of fluid

Pascal’s Law

External Pressure

Pascal’s Law States that Pressure Applied on One
Point of Liquid Transmits Equally in All Direction

Archimede’s principle
liquid applies net upward force on an immersed
| body,called asupthrust or buoyant force

upthrust=weight of the liquid displaced=Vvpg
Apparent weight=Actual weight-upthrust

Unit of Coefficient of viscosity

1) The €GS Unit of n is dyne s cm2 and is called poise.

2) The SI unit of n is Nsm-2 called decapoise or poiseuille

1 poiseuille = 10 poise

Wapp=wair--u
=Wnir[1—%] P o ." . I
Body of Fluid P,> P, P,-P;= Upthrust(U) oiseuille’s formula i '?_‘AP_? L r
Q= wAPr* Q :p.l:. > :‘P27 >
= ) — =1 ’; —_—
Law of floatation where, Q= rate of flow -
w

w

Stoke’s law
F=6énnrv
F...=Apparent weight-viscous force

If the cylinders are connected

Exposed volume(Ve)

F, T F.

D:

Total volume(V)

Relative density of a solid=

=1- % (Exposed fraction)

weight of solid in air _ W, _ p&
Loss of weight in water Wo™W. Fw

Significance of Reynold's number:
¢ If R, lies between O and 2000 the flow is streamlined or laminar.
e If R,>3000, the flow is turbulent. |

o If R, lies between 2000 & 3000 the flow of liquid is unstable.It
may change from laminar to turbulent and vice versa.

Application \ . .
K PP © w=u Terminal velocity
Hydraulic Lift (4) w>u v.=-2rt (-
I P> P, P,=p, Po< P, o )g
s m . 1) If p >0, the body will attain terminal velocity in the downward direction.
F . :7dy Msllr!kls‘f o Body floats just Body floats partially 2) If p<C the terminal velocity will be negative and the body will move in the
- J : n fi— v =>U :\9 1‘0 - i sl e ded in the fluid
= Upthrus 3) p=0,the body remain suspended in the fluid.
0 A
: I
F f U N Critical velocity
- = > Fractional submerged volume ReyTITs Nisbe
Displaced volume(V) . D
As A>> a theref ¢ = 9 (submerged fraction L
FASIG Thereliors z Total volume(V) 3 ( g )
|

. ; .. _ Loss of weight in liquid _Wow P
@mve degatiy v v Inglo= Loss of weight of an object dipped in water ~ W.~W, Py /

Fl FZ
TR2 = TIR? Newton’s Law of viscosity Equation of continuity
Flz = Fzz FOCAg_: = F= nAg,—‘: VA, ATp,=v,A, Atp,
R Re d since the liquid is incompressablep,=p,
F, F, Where,Velocity gradient= a’—‘: . V,A;=v,A
Srm———. = - il § 2"%2
2 D.2 _F 5 5 5 _F/A _ F/IA _ F/A _ F/A
! : n=—T— fficent = n=F4- = =F/A
Adv/ds > coefficen of viscosity v/dx" "/ (d_X) /I d fx Av=constant.
. dtJ/ 1 &

_shearing stress

dv
= "Sfrain rate Av= a—Q=>Volume rate of flow
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Energy of fluid in a study flow

r )

kinetic Energy = %mv2
kinetic energy per unit mass = %vz

kinetic energy per unit volume = % pv?

Potential Energy = mgh
Potential energy per unit mass = gh

Potential energy per unit volume = pgh

Pressure energy = PV
Pressure energy per unit mass = —pE—

Pressure energy per unit volume = P

N

.

f BERNOULLI'S PRINCIPLE \

-:—g + z_v; + h = constant, pLg = pressure head
v 5 I

2_g = velocity head h = Gravitational head
Conditions:

-

PVs - PaVa =om (v,%-v,) +mg (h,-h)
Ps - PV =dm@2-v) + mg (h-h)
1
P1 - PV =1 (%7 -v,*) + {h-h)
P+ % pv? + pgh = constant

1. Flow should be streamlined.
2. Non-viscous and incompressible fluid.
3. Friction is absent everywhere.

( VENTURIMETER \
Device to measure the flow of speed of incompressible fluid
_—

v.=|_2hg k
Y lawan-1 T

Note: It is based on conservation of energy)

#

Torricelli's Law of Efflux

v |2§P-Pﬂ) « 28k

+ It is assumed that size of hole << size of top of tank

If tank is open, P = P_

Then v= [2gh
Time of fall, + = |2(H-h)
9
Range R = vt
=[2gh x | 2(H-h)/g
R =2] h (H-h)

R is max, when h= _l;l_

-

APPLICATIONS OF BERNOULLI’S PRINCIPLE

at

- i J

/

Surface tension T =

SURFACE TENSION

Force i
|

Length

N
Unit in ST system = =

Unit in C6S system = dyne / cm

R

¥,

SURFACE ENERGY

-

p Soap film A A

_.F

|
c B B!
—x—i

Work done W = F x x

Energy of the additional surface = W =
= T (2LX)=TAA

\_ AN

/ PRESSURE DIFFERENCE ACROSS A CURVED LIQUID SURFACE \

T-A T
p=p’

2T
But F = 2TL Peoncave - Peonvex = R
Om\surfm::
= W=2TL xx Pinside - Poutside = 2—; [ Liquid drop or air bubble ] ////

A
‘

p>p'
Pressure on concave side> pressure on convex side

u
pep’

iate _ Pl = 4T Y
inside outside = =5 [ Soap bubble ]  Two surfaces?

o

2T

P-P= S

4T

P -P =
i ° R

Excess pressure inside a liquid drop

Excess pressure inside a soap bubble

Shape of liquid meniscus

~

Consider the equilibrium along the surface at
line of contact
T.l= T 1+ Tl cos

T5d= TSL+ TLacose
Tea™ Ta
T
O = Angle of contact.

cos =

J

MECHANICS

Capillarity

é N

Meniscus

0<90° Meniscus

o
Ascent/descent formula: 6>90
2T o 2Tcosp 5
h -@'h>0(6<90) h = W’h‘o("’”)
where, R= radius of meniscus
radius of the tube

r=

-
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C_F-32
5 9
any scale conversion formula

Reading on any scale - lower fixed point

-K-273 (celcius-fahrenheit-
kelvin conversion)

=constant

J

\Upper‘ fixed point - lower fixed point

Cu
Cu
e —
B Fe
Fe

%>, — So when temperature increases
—Alof Cu >Alof Fe

— strip with higher value of o will be on
\ convex side

. eeasonoFcaIy

Area of hole increases. Body expands on
heating.Expansion of area of body is
independent of shape and size of hole

heat
1. Al=xlAp | —I%
2. |'-|(1w<Ae)
_ Al

—unit—/° or/k, dimension-K!

)

Whatever be the change Xy |
in femperature,if the 2
difference in length lp. %z
remains constant, then
liox,=l,0¢, l;‘,«, i
[N

Pendulum clock
Fact — When temperature increases, time period
increases, clock runs slow
— When temperature decreases, time period
decreases, clock runs fast
1) Loss of time in any given time interval t,

At=Lanet
2) Time lost by clock in a day
=1 =1 5
\ At= 7 QAot=5 AA086400=43200aA 0

No stress in rod 4 Thermal stress in rod

Ao

f—_— ] — il |

Y-Young's Modulus
a-coefficent of linear
expansion
Aps-temperature change
A -Area of rod

Thermal Stress=YdAp
Thermal Force=YAd Ao

o 7

1. Apparent expansion of liguid— (Real expansion of liquid -
. expansion of solid in which
2. Apparent change in volume liquid is contained)
Result: At6'>6 True value> Scale reading AV etV aparens B0
At0'<6 True value< Scale reading S AV =V Vs )AD % -Real expansion of liquid

True value= Scale reading (1+ccA e)|

1.MA=ApA0
2.A'=A(1+pA0)

p-coefficient of areal
expansion

J

Cemeaiswe o cuousewiw

1 calorie=4.27

=N

2. sm,=1§3'—é=4.z;{3=4zoow

-1cal _ J - J
[ Siu-z C ZI'EQE ZlkaOC

| i

/l.AQ=msAT I
] s-specific heat capacity Ahachar:-g Bollrlnnf
m =
ST unit- Jodle 7 gy L,-Latent heat | | L, Ltent
Y Kelvin of fusion of vaporization

*

° Lﬁ'—.JBOCTOI:aO“ 4,2-}:80:4200—3;

cal _ J -540x L
M=54°T‘54°'4'29 540=4200 kg

J

3p= AAT—~ unit — /% or/ kK, di

K]

4 p=2x

CUBICAL EXPANSION/VOLUME EXPANSION
1.Av=VYAs

Y = coefficient of volumetric
expansion
2.v'=v(1+ Y Ae)

3.7= A—V—~uni1'—~/°¢: or/K
Kk, di K1) ——
. ¥ i [x<:p:y= 1:2:3

Variation of density wnufh temperature
Density

Heat supplied at constant rate )
6raph & equation

Boiling
point

Melting
point

1
Volume
= V(1+YA0)
P'=PY Ab)

then

if specific heat is variable

s=f(T) T,—T,

HEAT CAPACITY
Heat capacity=massxspecific heat capacity
Unit= == cal <~ SI unit IS"E‘

| The mass of water that will absorb ‘

| or lose the same quantity of heat as
! a given substance will do for same

| change in temperature ‘
! w=water |
L ™SMS popody f

4 e 0

Problem solving methodology

1. m, gram ice [-6 °C] mixed with m, gram water[§ °C]-
2. Convert -6 °C ice —> 0°C ice
AQ,=

3.Convert 0°C ice —> 0°C water
AQ,=m,L,

m,S,.0

ice "1

4. Convert 6,°C water—— 0°C water

AQS = mzsmm- 0 2

AQ,>=< or AQ+AQ,
|

check

AQ,>AQ,+AQ,
1. Whole ice melts into water

2. Additional heat [AQ=AQ,-(AQ+AQ,)]
is used to increase the
temperature of system from 0°C

3. Final temperature can
be found out by

AQ= M50 T
-

CONVERSION OF MECHANICAL ENERGY TO HEAT ENERGY

1. Potential energy to heat energy
AU=mgh _converts to heat AQ=mL, [m' = mass of substance
melted/vaporized]
When equating, multiply AQ with 4200 J if L, is in cal/g
i.e., mgh = m'L,* 4200
2. Kinetic energy to Heat energy

AQ3<AQ1’AQZ
1. Only m' g of ice melts
2. Mass of ice melted can be
found by [m=mass of ice
mL.=Q melted]
3. Final temperature is 0°C

i

7 ;7;,7 X =\ K.E=%mvz converts to heat | AQ= mL [m' = mass of substance
1‘ “ Tf Lis in Calorie melted/vaporized]
| L i [ i 9
1. Water has maximum density at 4°C (minimum volume) ]‘ @Fe s:sgstllss Liquid :‘"g’e::’" ; then
2. On heating, 0°C—— 4°C, water contracts ( d 1 Lmve=m =4200
4°C —— above, water expands ( m, m, m, I 2
I —Cu glass I
e R " > O 1 meaTTRansFR
\
0 e i il | damte ot initial —| Tt Ta Ta || 1. Conduction:
EAERS 23 Z|gs i , i ‘: Heat flows from hot end to cold end.
3§ & £ g E: | Heat lost by the hotter bodies = Heat gained by colder bodies /| Medium is necessary. Q.
S [< 2! g3 8|3 \ ‘ Q,=Q,+Q, e /| Slow process. gt - Rate of flow of heat
(°C 4°C  Temperature —y 0°C 4°C  Temperature —3 f Final equilibrium temperature, ‘i d_O_=K A _@_ A = Area of cross section
® ® J | T o MmSTemS,Tems, T, SmsT | it of 'K=_Watt watt % = Temperature gradient
| = mS;+M,S,+m,s, 3ms | Unit of K= etredt o metre K
| K = coefficient of thermal
| 'K' depends on the nature of material conductivity
4

VoY, -3)A0
= ’Yﬂpparem=yl -3

= AV, &
e of solid

, -coefficent of linear expansion

7

THERMAL PROPERTIES

OF MATTE
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| OHM'S LAW OF CONDUCTION CONVECTION ?
ot e e S s > 3 ¢ For ordinqry body EzeoT* NEWTON'S LAW OF COOLING
Requires a medium. Actual movement of fluid. Occus naturally AQ _ 4 il EQUATION FOR PROBLEM SOLVING
Electrical Conduction Thermal Conduction or forced. \_ At eAST e=enisivly if% -0, is small, then
dq dQ Natural convection takes place due to the effect of gravity '[92 81] [ 82+6;
1) current, I= - 1 = o= . { =K 8
dt ) Heat current, H dr Applications: In the presence of a surrounding. ( )
|2 I= AV (AV=V,5- Vi) 2) H= 4 Re —9- (6>0,) Sea Breeze Land Breeze (T,=Surrounding temperature) 90
| Wind blows from sea fo land : For black body, m AT ﬂ
. . Pl 3) Thermal resmfnnce, R= o diiriia davisim Wind blows from land to sea
3) electrical resistance, R= A KA uring day time during night L E=0A(T*-T,9) .
s 62
4)H= 8-6, _6-6, _ _K_ -9 >
4 1= \A RVZ " (VIPVZ A= UA v;-V2) R (I/K A) | (-%) T In the presence of a surrounding. At=time
) (T,=Surrounding temperature) 9— surrounding temperature
- : 5) Combination of conductors B
5) Combination of resistors ) Series Combination Absorptive, reflective and Transmittive power For general body,
i) Series Combination Q, _Energy absorbed E=ceA(T*-T,%)
0 62 O _ __ _ On-1 n Absorptive power(a)—— —_—— :
R R R m— -l—k—l Energy incident == = 2=
> . S——— —MA - L] Wi ;
=== e T Q. _Energy reflected Wisola™
R =R +R,+....... +R, | Reflective power(r)- = Energy Incident L Wien's displacement law .
Here 'T' is same in all resistors replace to resistors T - )= Q, _Energy transmitted A Am <
R:h r.ot R, R, \ ransmittive powerti=Q Energy incident Aml =b
i P . pet Ryz 2o
i) Parallel Combination KA KA b=Wien's constant
R, Find Req=R1"Rz"’ “““““ He.re, heu*l: current,
From fhat find K., Hissemeina S— 4 g
n
ii) Parallel Combination Emissive power(E)=—:%:e—e unit — Wer B Hence%‘d[;]
: R, i 9% . Energy radiated .. Watt ‘ i}
i ;\',—\21 : Spectral emissive power(€))= groax fime <wavel ength unit—>=r Koy T A T b=2.89 10-*mK
g A d h h, A= _E=oT¢ [Dimensions]=[b]=[LK] I I I
i T P (R, Relation between E & Ej =——=>E-= J.Exd). rea under the grap J‘Exdl E=oT
R : O
eq 1 2
gl . o, : 4 Z
Hine V-Vl st 3o oll veastors — “As the temperature of the body increases, the o
replace with resistors Energy radiated by a general body wavelength at which the spectral intensity () is
“ “Energy radiated by a black body maximum shift towards left.” “ >
value of e =>0<e<1 2 ay
If e=0 , the body radiates no energy € z I
S 6
If e= i B
\_ f e=1 , the body is a perfect black body P 1,
( KIRCHHOFF'S LAW § >
from that find K,, Ratio of emissive power to absorptive power is same 2 ¥ % z
i " 1 for all surfaces at the same temperature and is . Sl gL, N
t‘::d;i:‘: bifference iz sanie for ol equal to the emissive power of a perfectly black - -
body at that temperature.
LB, ... =E, NEWTON'S LAW OF COOLING
\%_ % : J
Rate of cooling oc excess temperature of the body
| TEWPERATURE OF INTERMEDIATE JUNCTION over the merecndn A m
STEFAN'S LAW -dT
oC (T-T, I '
62 L1120 Emissive power fourth power of gt < -T)
TRt E of a black body OC  absolute temperature T=Temperature of body
0105, 02-0; 03-0; _ 0 and surfache a;e: T,=Temperature of surrounding
o ej R, R, R, E= °AT4| OR _AA$=0AT4 of the body T, = initial femperature of the body ]
Temperaure m
! : 61,0 , 6 o — Stefan's constant —Q-AA e — Radiant power T-T,_ & o
2'RTR T-T,
K.A 9= Rl Rz Ra value of 0 — 5 67x10-8 W m-2K* ne i m
! L B 4 + 1 Dimension—[0] =MT-3K-*
R, R, R, 7
k ) Time
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Internal Energy(V)

(1)aU=8Q =nc,aT=n £RAT

Work done from P-V Graph

Equation of state

Refrigerator and heat pump
PV'= constant

04 «

Isochoric process

Compression

_nRAT _A(PV) TV'"'= constant T, (High Temp.)
v-1 "~ v¥-1 Adiabatic ey AV=0 or V=constant
if!vf'_fiﬁ Q, e PT ' ’=constant equation of state =>Po<T=>:_1 e
= + )
(Internal Energy is only the function of T orerme Isochoric Work done by the gas Work done by the gas z T
temperature of the gas)
P =-AU=nC (T,-T,) AV=0 =>W=0 f
4 f specific heat =GR
=nZR(T-T) P N
= = v ) ) Isobaric _nR T V-1
-First law of T.D=x> Q=AU+ W Al"eg gﬂgel‘b”-*‘/h 3'09;‘0'“ gives vV— w= 30T
+ Q, W==>path functions WY - \wadiabﬂﬁc > ' W cothermal | > ‘Wlsubnric >‘wisoehm'ic PV-PV,
+AU ==> state function ? W=T
© W, EW, PIiote Slope of adiabatic process ‘Device that converts T, (Low Temp.)
Q#Q - W=are inside the graph =Y x slope of isothermal process heat into work’ Coefficient of performance of
state@® state® iy L i e o - For clockwise process, W=-ve specific heat of gas =>C=0 refgeration(p)
U,=0U,=U-U, ) p —’j - For anti-clockwise process, W=+ve | C=EQ+__, Q=0 b:%h —Q?sz b=_-|-TfTZ
@ —> O I W=P(V2-V1) (- O c=0 > 0 2 Coefficient of performance of heat pump
| 1 2 . Q,—> heat absorbed by W=&—= TT_‘T
\ ! Isothermal process engine AR T /
Isothermal process =>AT=0—>AU=0 v, Vv, W=Q,-Q, : :
i = =5 AT=0=>AU=0 Relationship between
Cyclic process A Isochoric process 3
) eg:- perfectly conducting Q,— heat released by _1-n
A—B—C—D—A B slow process engine (com, _—ln(COP)
AU=U,-U,=0 Q=AU+W Sink ek pm. g
Q=W (surrounding) Cascaded engine
equation of states => PV=Constant| LOW Vemp. Same work output
WORK Vi Y Workdone by the gas PVi=PaV, efficiency(n) W,=W,
Work done: =(P,-P,)(V,-
o We@,oP)0V-V)) W=2.303 nRT log (X;) N W QR Q ToTeT-T
W=F dx= [Pdv Vi Q, Q Q, 2 2
« Unit: Joule(J) P 2T=T1’Ta
] J W=2.303 nRT Iog(—‘—) P P W
) ) B Thermodynamic processes P, T T 1 TeT
Sign Convention welq W ) Slope: Now —>Wh B ST G T= —JZ
! 01 o Slope of adiabatic process s = Whett Q=0 ot 2'-b|
@ " Adiabatic process =Yxslope of isothermal process Gt pesal e)/ Same efficiency
. e . specific heat C=co T,
(!:mpr'essive) (zxy;a:\iswn) i W, #W,| '} - Q=0 [no exchange of heat] . 1‘%‘”'7—"‘
work done on the gas :;rth:;:s el Q 2 W, > W, 0 3 f( i’ Carnot Engme 1’21T T
Work Heat ¢ +Rapid or spontaneous ¥ —> Ideal engine —
Expansion - process/insulated vessel Isobaric process T=| TT,
= T,-T T, w.
Isobaric Q=AU+W AP=0 — |n= 4__2-_‘_ = 1.?z 2
\ Q=0 AU=-W 1 !
Heat: path function T Q=AU+W
=> unit:calorie/Joule P Tsothermal Compression equation of state =>V«T
For any process, W= + ve AU= - ve v, T N A "
Q=nCAT Adiabatic Tl = T_l N
where, C= Specific heat capacity for the Isochoric aut=>Temperaturel z 2 4 sl
process vV— = Pressure} Work done by the gas 2 :
i = = - = - 4 "
Adiabatic process =>AQ=0 [No heat transfer] isobaric” Wisothermat > Wadtabatic” Wrsochoric Expansion W"f?_v : (V; V,) = nR(T,-T)) =
At constant volume => Q =AU=nC, AT W= ve AU= ve specitic :" i
At constant pressure => Q =AU+ W=nCAT AU} =>Temperature] °Cp=( +T)R ™ Adiabuic exprasion
:Pressurel YR

Tsathermal campression ot
temperature 7o

— ———— A = — = - —— = —
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DEGREES OF FREEDOM

. For monoatomic gas, f=3
. For diatomic gas,
(a) at room temperature, f =15
(b) at high temperature, =7

* For triatomic gas,
(a) Linear f= 5
(b) Non-linear f= 6

For each vibrational mode, f =y

02

SPECIFIC HEAT CAPACITY

LAW OF EQUIPARTITION OF ENERGY

e

®— Q‘l

Total degrees of freedom is
a)12 b)14 ~)8 d)é6

Ideal gas is composed of polyatomic
molecule that has 4 vibrational modes.

a)C,—C, =R
b)C,-C,=R 5
— M Mono-7 = ——  —
® 1 (specific heat M v 3 ®
per unit mask) : 7
£ Dia-Y= B
¢)C.= =R
VT V 1~ 2 ) 4
s Tri-/ = 3~
= 1+ f\R
D¢z (" £
) Y=S=142
If C, and C, denote the specific heats
®— of unit mass of nitrogen at constant pressure

Qz and volume respectively, then

b)C, -c =R

-R =
& 960 accoR

MIXING OF GASES Energy for each molecule per f =1?lg T
c ne, * e v Total energy for molecule = —KB; T
Vmix =
n*n, .. . Monontomic Molecule = g—K;T
c nc, +ng,+ Total energy for a mole= ;—RT
Pmix = — Total energy for n moles=nfRT
G
Mononfomlc- 3VR T
C " (1 mole) 2
'Y - P mix 5
mix = C Diatomic= =R T
V mix (1 mole) 2 3
Translatory Kinetic energy= —R T
(1 mole, f= 3)
Cons;der a mixture of n moles of helium gas and I ‘ : ::T,sm I;?u;: ::"::I:;:Zfirgo':'e,srj:g%c:inn:
[o——— Q3 12n moles of oxygen gas (molecules taken to be rigid) all vibrational modes, the total internal energy
‘as an ideal gas. It's C /C, value will be: F of the system is

a) 4RT b) 15RT ¢) 9RT d) 11RT

QIWIS b) 67/45 ¢) 40/27 d) 23/15

144

Square root of mean of square
of speeds of different molecules,

3RT

Consider a gas of triatomic molecules.
The molecules are assumed to be

triangular, made up of massless rigid
rods whose vertices are occupied by
atoms.The internal energy of a mole
of the gas at temperature T is:

\ »5 3 9.
A5-RT  B)5-RT & —o-RT ) 3rT

/" The rms speeds of the molecules of Hydrogen,

Q6

- B

Voo VoV, =1: 11311225 THERMODYNAMICS
" =/AUW
Arithmetic mean of sPead of Sheed b . QP AV
okl o 2 o e Sty | Lu=nc LT
—
= = _[RT _[2P [2kT O =
Vit lv[+|v|+ ....... +1V) Vmp_\g_‘/;:_:‘g_ 7 W= [Pdv

ot

06

VELOCITY OF GAS

FIRST LAW OF

&
4
m
=
0
-
L
m
O
kY,
o
°)
“
Q@
P
n
m
n

MEAN FREE PATH

Average distance travelled by

1
Y

Oxygen & Carbon dioxide at the same temparature
are V,,, V,and V_ respectively, then:

a) V,>VoV, b)) V. >Vev,,
d) V,=V,=V,

Q

b) r?

dr

a) r?
c)r

- c) V, =V,oV,

lecules betw: Twe :
e e d P oL
- + ! J R
The mean free path of molecules of gas) o A X ,.z J
(radius r) is inversely proportional to 2nd’n \\

d = diameter of molecules. AX 5 P

n = no. of molecules per
unit volume

BOYLE’S
LAW

. PV = constant, if T =Constant

. P,V, = BV, ,when gas changes it's
state under constant
temperature.

I?
.VaT: —- constant; P = constant. PoT P
Vi _V; ,when gas change its state P. P
T. T, under constant pressure. =2
T T

\
'| / 'I PRESSURE GAS = o
P r PIT OF GAS LAW R=8.314 JK'mol"!
T— P —

Relation between pressure
and Kinetic Energy.

3
= 2p
E 2V

4

= constant; V = constant.

, when gas changes its state
d lume.
iy o Specific heat of Solids =
WATER = 9R
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~
/ \ (Graphical Representation of Position and Velocify\ / . \ 6'“"0.”"“ of Time period
|

Phase difference between v and a= >

\ Phase difference between x and a= T /

\ | : ‘ ‘ ‘ Phase difference between x and v= -~
N N Vzk/%%;;/ 2

Position and o £ Rt ‘: : and amplitude
& ar rom mean position, =
- = ALY2
Velocity of SHM i  x=0 x, % VAW 0 =AW
x=Asin(wt+D,) " i v, 2
_  Mmax = ax
v=Awcos(wt+QD) . . A= VxSV X/ w= |-V W= Vinax & Cprax
N_/7 %Z\/ VERVE: X.2-X.2 2 @
v=W—/ A2-x2 2 1 2 2 1 ?: max
vmax
a) x=0 —~v_ =AW v=Awcos(wt) -
= ¥ T=27
BT I O e )
. 2 % 8 AN 8
c)x:‘/%_,v:% N 1 \ ar \
d) x=A — v=0 Start from extreme position (Dozg O
x=Acos(wt) =-Awsin(wt)
s | e | "
}\f/\T/i, EVANEVAN (@)
TN N N o . 2,
z r
Acceleration of SHM \ >
Graphical Representation of Acceleration \ v I
x=Asin(wt+D,) =
Start from mean position, ®,= 0 Start from extreme position, (Do:g v= chos(w1'+q)°) ﬂ? % o
a=-Aw?zsin(wt) a=-Auw?cos(wt) a=-Auw?sin(wt+D,) z
| [FAWA e, »
—
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AEnergy \
Energy of SHM T‘EP . Two particles executing SHM meet at X= 'E_ZA \
K.E .
A
1 2.1 2( A2— 32 Dx= =
= -mv? = -mWw?(A%-x
K.E 2 2 oy ) " Ez HE E for particle A
- - X
ST BT S = = V3A, =0 ., V3A = Asil
KE=0 KEmz %meAZ o A —‘F% 1/% A X 5 T => B Aslﬂ(DA
l 2) x= A 0
X== x=0 x=A 1 (DA=60°=?
K.E= %E .P.E= % Total mechanical energy(E) = ?mszz
P.E= 1 mw?2x? :
3) x=0 Note: In SHM, if particle oscillates with for particle B

PE,,= g4 PE=0 PE, = Fmtat frequency W, then the K.E & P.E oscillate X= ‘/3_—2'4 =0 =>‘/% =AsinQ, | Ao

il | KE=E  P.E=0 . -J- =

X=- <=0 A with 2 W ®,=900+30

LW _2m | Bg
) 1 4) x=A 2 6 3 x=0 x: 34 x=A
Total mechanical energy,E= mezAz CBf) —— Phase difference between particles X 2

=Constant ‘ \ O- 2—“ —3- 3 =60° j

PROJECTION OF CIRCULAR MOTION 1 Quadrant 2% Quadrant
INITIAL PHASE FROM POSITION & DIRECTION 1) Particle is at x=%[1‘=0] and moves towards A 1) Particle is at x=-A-[+=0] and moves fowards O
Projection/shadow of uniform circular motion on y axis is SHM % 2
Xe %,T:O = 5-=Asin0, X= A 0 = % =Acos®, w | o=s0us0r
3Quadrant 15 Quadrant o o £ Br et LA
T oF i osane o35 K8
A O @@ x=+A x=Asin(wt) x=Acos(wt+ %) \J
i\ < 2) Particle is at x-— [+=0] and moves towards A
4"Quadrant 27Quadrant X= A +=0 = ‘/T= Asin®
A ‘/— 2) Particle is at x=‘/% [+=0] and moves towards O
Eg: Particle is at X [t=0] and moves towards A 0,=45%= 7 A .
o Ao 9004450
x=Asin{ut+ ) X=7-120 = 7-=AcosO, 0~90°+45
A
—6—0—)—0— 1s* Quadrant 3 17
x=0 4 x=A o 3) Particle is at x*‘/_A [+=0] and moves towards A ®,-90°:45°= %" %= Tﬂ
> 3x
x=Acos(Wt+7]
X= @,1:0 34% =AsinQ, b
0,-60°= 3
/ Calculation of ‘rir:e \ x:Asin(wh%)
w y - —l—o—o—o—o
N x=0 1 T X=A
o, | 1 o A A 3A x=A
@ 2 V2 2
% x=0 A x=A
T 4 5
K‘/ . ot —
x=0

o+
N

RS OSCILLATIONS 02
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1) Series

m
T es™ 2V

T2

'series

kZ Tscries= V le*Tiz

=T 2472

2) Parallel
k. T,

000000000

R keq= k,+k,

1 .1 ,1

OSCILLATION OF
LIQUID COLUMN

T=2m/ 2';9 A

T=2ny
m=mass of liquid
p=Density of liquid
A=Area of U-tube

OSCILLATION OF
FLOATING BODY

m=mass of body
o=Density of Body
p=Density of liquid

TIME PERIOD OF S.H.M
3 4 5 6
k:
m A
D « ‘ 7 | . s
Ta| | |
= | . .
P | N A | e | | T2V
T= Zﬂ‘\/_ ‘ | Liquid 4= X:::lﬂ;s m_= :;’:‘;\
F=-kx F=- | SR
m
T=2m 1/— | Tem m T=2n WV
( COMBINATIONS OF SPRINGS SPECIAL CASE \

keq= k+2kcos?

T=2n'\/—%“

eg:

if0=120° or B=60°

kcq: k+2k=3k
4 2

T=2m

[

CUTTING OF SPRINGS

ko % bl =l = L
k k, k,
O — O -
—L—> L L,
L=L,+L,
KL _ kL
k= L ==
Yo, L
k= k(Li-LZ) - k(Li )
< ; 2
eg:
k
T — LolbsLe1:2:3

k = —k(Ll*LZ+L3) = ﬂ =

! L, 1
6k
=% -3k
i 2
6k
= -2
k3 3

®,
"
2
r
>
-
O
Z
"
o
w

[ DIFFERENTIAL \

EQUATION OF S.H.M
ma= -kx
m ﬁ = -kx
dt?
?x _ -k x
dt? m
ﬂ + L x =0
dt? m
X, 2x =0
dt?
_ |k
where, W?= W= m
Solving,

x=Asin(wt+Q,)
A=Amplitude of SHM
@,=Initial phase angle

Ea: m = 4 Kg
. [K=320N/m

4 9% | 30x=0
dt?

+ 80x =0

wa/ﬁ

dt?
w2=80

27 - [go
=

T 2w

I

e

Pendulum in a truck moving
constant acceleration

a

m

' 2. 2
a *a

9
- ]
T=2m/ v
Pendulum in Water
2 o=Density of Bob

l p=Density of liquid
9.79(1- 7 )

-2111/9(1%3} /

[

SIMPLE PENDULUM \

T=2m/ -

\_/

* Second's pendulam
T=2 second
1=1 meter

Concept of g,

effective

reen g

Pendulum in lift

Case 1-Moving with constant upward
acceleration ‘a’

! =g+a
l Ta e

T2 4

Case 2-Moving with constant downward
acceleration ‘a’

=g-a
i la Bl

T=2m V IT

g-a

Case 3-Moving with constant velocity

o v

Case 4-Free fall
a=g
ggﬁ:g-q:g-g:o T—- o0

a=0

T=2m V Ig—

. J
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Wave is a disturbance which carries
energy and momentum from one place to

Characteristics of Wave

simple harmonic motion.

on changing.
=> Wave carries energy and momentum.

velocity of wave.

another without the transport of medium.

=> The medium should have elasticity and inertia

=> The particles of the medium are executing

= The phase of vibration of the particle keeps

= The velocity of the particle is not equal to

Ve

Classification of waves

According to

~

.

1

Necessity of medium

Energy propagation

I
Vibration of particles

Mechanical Progressive
waves: can not travel waves
in vaccum

. Stationary
Non-mechanical Waves

waves(EMW):z
can travel in

Dimension
One Dimensional Transverse
waves
Two Dimensional Longitudinal
waves

Three Dimensional

|

vacuum I[ A

J

; N\
5 7

Transverse wave

A

Longitudinal wave

7

(i) y=A sin(wt-kx)
(i) y=A sin(urr-ﬁx) Displacement
(iii) y=A sin 2=[d T-

(iv) y=A sin2x SE(vi-x)

(v) y=A sinw( -%)

\_

Angular frquency

Equation of progressive wave

The general equation of a plane progressive wave with initial phase is

Amplitude

YO H=A sin(wtlocs §)

—————wave number /

\

Oscillating term
phase

;Iniﬁal phase

Direction

/ . Important Terms
velocity of particle Accelerq‘hon
of particle A= Amplitude f= Frequency
A= wave length ~ T= Time period
V=W, Az-y? asw?y v= wave velocity
WA = Angular frequency K=Wave number
v, SWA O™ )
" w=Z%or 2uf k=S¢
If v, of the particle = nxv,,
WA=n x fx n=% Intensity of wave
2wfA= n x fX rakk E
A= 2mA _ nergy  _ 5 o4z
n I TmesArea 2" Ay
DN
2n P
= 2 A2
\§ J I=gerz | I f?A

Y

—Y

/ All travelling waves satisfy a differential
equation called wave equation.

Y

Py 1 ¥y
dx? 'vz 912

Qalocify of particle=-Velocity of wave xSlope of the wavefory

Classification of waves based on vibration of particles

Transverse waves

Longitudinal waves

Particles of the medium vibrate in a
direction perpendicular to the direction
of propagation of wave.

Particles of
the medium v

Transverse wave on a string

Particles of the medium vibrate in the
direction of wave motion.

Particles of the medium.

Longitudinal wave in a fluid

It travels in the form of crests (C) and
troughs (T).

N/
N W

i T

It travels in the form of compression
(C) and rarefaction (R).

ean

Minimum Pressure and density

Transverse waves can be transmitted
through solids. They can be setup on the
surface of liquids but not inside the liquids.
They can not be transmitted through liquids
and gases.

Transverse-wave in a rod

These waves can be transmitted through
solids, liquids and gases because for
propagation of these waves, Only volume
elasticity is necessary.

C C C

Longitudinal wave in a rod

Medium should possess the property of
rigidity

Medium should possess the property of
volume elasticity

Transverse waves can be polarised

Longitudinal waves can not be polarised

Movement of string of a sitar or violin,
movement of the membrane of a tabla or
Dholak, movement of kink on a rope,waves
set-up on the surface of water.

Sound waves travelling through air,
vibration of air column in organ pipes,
vibration of air column above the surface
of water in the tube of resonance

apparatus.

>,
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Rate of Energy Transmission

Power transmitted by a wave

dK_dU_
dt  dt

4 HVwA? % HVw?A?

p=mass per unit length of string

\
/ Velocity of Transmission of wave in a string
——~Solid

v=/T T=Mg M-Mass of block
L =0 m-mass of string
s il l p-density of material
V=1 Prr? H=PA of string
vl = T1 2
vZ K T—Z ) 1
Casel
i/// ’—\\\ //"—"‘\
\\\_ // \\
T=Mg[1-%] p-density of the liquid

o -density of the block

H-Linear mass density of
the string

%

/Case 2

massive
/ string

Velocity at any Point

Time taken by the pulse to reach the top

{1
|

Case 3

Velocity, v=, —-'-‘;—

| Time taken by the pulse to reach the top

string of
very small
mass

Tv = = o

T= Tension in the string
p= Linear mass density of the rope

Factors affecting velocity of sound

— Pressure — Density — Temp

* Velocity of sound in air Vo L V= }m‘

is independent of pressure o m
Vi, | VM[T
V, VP V. 1T,

Temp Coefficient(c)

Increase in velocity of sound for 1°C
or 1K rise in temperature of gas

Value of a=0.608
=0.61

m/s

oC

Humidity
Humidity 7
Speed of sound 1

Sound travels faster in moist air
than in dry air

J

Relation between 2Ax and AD

ACD: E AX
A

/

[CGSG 4

)

mass of string,m

velocity at bottom

v,=Ma

1T H
ViAo
velocity at Top V: - )\: - MA...Am
v,: M+um9

N V=\}% (E=Elasticity of the medium; p=density of the medium)

Velocity Sound (air) C
Y= <

Velocity of Longitudiual Wave

(1) As solids are most elastic while gases are least,i.e. E;>E >E,:
so the velocity of sound is maximum in solids and minimum in gases

V=i % —Newton !

Mono atomic

diatomic

y=5/3
y=7/5

V=1 lpE — Laplace

e
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Reflection of Mechanical waves

Transverse
wave

%,

_, Reflection from rigid end/denser medium— Phase change by T

L Reflection from free end/rarer medium— No phase change

\

1) From rarer to denser medium

Incident wave

Rarer medium

N\

Waves on combination of strings

/ \ boundary X X
|

Denser medium

~

=X +X

2) From rarer to denser medium

Incident wave
boundary

Denser medium Rarer medium

N_ "

-\

—

-

Principle of superposition

point at same time

\_

The displacement at any time due to number of waves meeting simulatoneously at a point in a
medium is the vector sum of individual displacements due each one of the waves at that

Superposition
Interference Beats Standing wave
- Constructive « In a string
« Destructive = In an open pipe

- In a closed pipe

N Reflected wave

Incident wave y,= a, sin(wt-k,x)

Reflected wave y = a_ sin(wt-k,(-x)+m)
= -a_sin(wt+k,x)

KTr'ansmiﬁ'ed wave y,= asin(wt-k,x)

Transmitted wave —

Reflected wave Transmitted wave
Incident wave y,= a sin(wt-k x)

Reflected wave y = a_ sin(wt-k,(-x)+0)
= a_sin(wt+k,x)

# Echo \

Source ] —————
Observer& |

- d

Source at distance “d” from
screen

_d.d_2d
ey

Persistence of hearing for
human ear is 0.1 sec

Conditions for echo:

Transmitted wave y,= a,sin(wt-k,x)

Py

J

Gn'er'ference of sound wave

Condition: -
-Two waves of same frequency, same wavelength, same velocity

-Resultant intensities will be different from the sum of intensities
of each wave seperately

- This is due to the interference of waves

Y,= q, sin wt, y,= a, sin(wt + ¢)
$-Phase difference between two waves
_Y.=_Y.1"—Y.z=y= A sin(wt + 0)
As/a?+a,?+2a,a,cos

a,sind

tanB= 22—~ _
a,+a,cosd

Intensity « A?
A? = a? + a? + 2a,a, cos®

I=I+1I +2]I Icosd

L

ax=D % ,———OR Ax:(Zn-l)% ;where,n=1,2,3,-----

I, \%) L. (a-aF (F,-Ly

i) For Constructive interference:-
=0, 2w, 4m , ---, OR P=2nT; wheren =0, 1, 2, ---
Ax=0, N\,2\, ---, OR Ax= n\;wheren=0, 1, 2,---
Imnx = Il " IZ ’ZJIIIZ
= di! ’ﬁz)z = (A+A)

i) For Destructive interference:-
¢=m, 3w, 5, --- OR {= (2n-1)m; where n=1,2,3,---

2 .
Imin=I1*Iz'2 I1I2
=(/T,-/I,)? X (A-A)

——
Imin

if?>0.1=%>0.1=d>%

\_

Beats:-

e sound waves travelling in same medium with slightly different
frequencies superimpose on each other.

® The intensity of resultant sound at particular position rises and falls

regularly with time.

® The phenomenon of variation of intensity of sound with time at a

particular position is called beats.
Point to remember: -
1) One beat:-

Maximum intensity
(at t=0)

|

Intensity
becomes minimum

One beat is formed

Again acheives
maximum
Beat period:-
Time interval between two sucessive beats (ie.two sucessive
maximum of sound) is called beat period.
Beat frequency:-
No.of beats produced per second

Beat frequency:- I
i b L

T g 1 |
\ Beat period:-T= Beat frequency - i - 1

=

@) SsaIAvVM

/
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6eferminaﬂon of Unknown Frequency

Let n, is the unknown frequency of tuning fork B, and this tuning fork B produce x beats
per second with another tuning fork of known frequency n,.

As number of beat/sec is equal to the difference in frequencies of two sources, therefore
n2 =nl £+ x

By waxing By filing

If B is loaded with wax, its frequency
decreases

If B is filed, its frequency increases

Q) A source of unknown frequency produces 4 beats/s when sounded with a source of
known frequency 250 Hz. The second harmonic of the source of unknown frequency gives 5
beat/s when sounded with a source of frequency 513 Hz. The unknown frequency is?

a) 254 Hz b) 246 Hz  ¢) 240 Hz d) 260 Hz
Solution:
2™ Unknown
Unknown harmonic
5
1" Known 254 508 beaf 2 known
250 513
‘
246 492 ©°

Hence unknown frequency is 254 Hz

N

.

»,

f Resonance tube experiment

4 )

ok
Frequency Increasing N .
L [ Resonance
Tube | ¢
Av|| Av|| Av| | Av || Av
LU S— A . T 1
V4=V, + (n-1) AV L

“

Speed of sound, v=2/(l,-1,)

End correction: -
1(;.-
e=T(£2 3[1)

[Shmding Waves:

-When two progressive waves (both longitudinal and transverse) having same amplitude,
time period, frequency moving along a straight line in opposite direction superpose, a
new wave is formed. It is called stationary Or standing wave.

y=2a sin(kx) cos(wt)
Both end \/\_, vel T, en X No. of nodes = n+1
fixed String “-------1'; ’ avVy’ 2 No. of Antinodes = n
vV iv,iv =12
e n=1,2,3....
y=2a sin(kx) cos(wt)
One end ~ n
~o B X
fixed String |  “=~-___ VEa %’ e .
V,iV,iV,=1:3:5 «€= length of string or air column
n=1,3,5....

y=2a cos(kx) sin(wt)

Vv,V =1:2:3

No.
No.

of nodes = n+1
of Antinodes = n

n=1,2.3....
y=2a sin(kx) cos(wt)
Closed pipe -n [p N
v= wVe’ €=n x Y
v,:v,:v,=1:3:5 n=1,3,5....
Nofe : - A T 1

Distance between an adjacent node & antinode is%

Phase difference between 2 particles at the nodes is 180°or 1

Strain and pressure is maximum at node and minimum at antinode

\

n=1= Fundamental frequency / 1" harmonic
n=3= First overtone/ 2" harmonic

( Both end fixed string/open pipe One end fixed string/closed pipe

n=1= Fundamental frequency / 1s* harmonic
n=2= First overtone/ 2™ harmonic

n=3= Second overtone / 3™ harmonic n=5= Second overtone / 3" harmonic

=

leif(de)

L log,, (Intensity)

ur{if W/m?

dB= 10!10910-%—
0

I
L,=10xlog, i3~
0

I
10*|0910I—
0

I
L=10 log _2)
Il

/ Relation between loudness and intensity \

I,-10-2W/m?

I,=Threshold intensity

I, —L,

I, —L,

LZ-L1=10[IOQ(%)-|09(%L)] AL =change in loudness
0 0

J

Octave: The tone whose frequency is double the fundamental frequency is called as
Octave.
(i) If n, = 2n, it means n, is an octave higher than n, or n, is an octave lower than n,.
(i) If n, = 2°n, it means n, is 3-octave higher than n, or n, is 3-octave lower than n,
(iii) Similarly if n, = 2'n,, it means n, is n-octave higher than n, or n, is n octave
lower.
Unison: If the two frequencies are equal then vibrating bodies are said to be in unison|
Resonance: The phenomenon of making a body vibrate with it's natural frequency
under the influence of another vibrating body having same frequency is called
resonance.
Comparative Study of Stretched Strings, Open Organ Pipe and Closed Organ Pipe
S.No Parameter Stretched string | Open organ pipe | Closed organ pipe
Both ends| one ends
1 Fundamental frequency or | fixed | fixed | s e o oo
1¢* harmonic I [ e oAl
o2l tooal
F n,=2n, | n, = 3n, n, = 2n "
2 mq':'e"CY °f. 1st 1st % : n, = 3n,
or 2™ harmonic overtone | avertone 15" overtone 1+t overtone
n, = 3n, n, = 5n, n. = 3n n, = 5n, L2=
3 Frequency of 2 2nd 3 4 ] y
or 3~ harmonic overtone | overtone 2 overtone 2 overtone
4 Frequency ratio of 2:3:4. 3:5:7... 2:3:4 3:5:7
overtones | | T TEET
5 Frequency ratio of 1:2:3:4... |1:3:5:7.._ 1:2:3:4. . 1:3:5:7..... Al
harmonics \
Transverse| Trans Longitudinal Longitudinal
6 | Nature of waves stationary | stationary|  stationary stationary /
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Doppler Effect Case 4 (source approaching a stationary wall)
Whenever there is a relative motion between a source (sauree is s‘t:honar'y, lisiener I8 Sovilg -
of sound and the listener, the apparent frequency of sound away from the source) Q<D: E
heard by the listener is different from the actual < ve
frequency of sound emitted by the source. '&\ T -
V+V
V=0 v vi= v
General equation L V-V,
(when both source & listener are moving) V-V
- Y
ey —V, V— e v Y Case 9
v= hEvlY T s°“"d‘&3 (source is moving away from stationary wall)
S
Case 5 _
Case 1 (source is moving away from the listener, <0-
] Y v Q
(listener is stationary & source is approaching the listener) listener is stationary) s
c5— fw = fueo V-V
Pl V= Sy
ve V+V
vi= (—V—)v V= ( v =
V-V, v Y
Case 10
Case 2 o
(The source is stationary & listener is approaching the source) . L ] .
V=0 v (source and listener moving in same direction) I[V-V,cos6,
CE - v =(_v~vscose_, )"
= T <=
f_, &,
e 141 v, 2
o V+V,
Case 3 V4V, Case 11
(source & listener are approaching each other)
Ve V+V ¢
Case 7 @Eﬁv——i——l————— v- V—nggigj]
<O- V. (source and listener moving away from each other) — i
g Y
@ S ‘—T v = :7 COSGF?TYZ
Vv <0< T L |
s S = N cose= L=
VS E x2+y’
vi= —&Y,L v v.=(v-vL]v ‘ v §
S, J . PR J

(v IR

VIA=(V\_/—VL)V vl,;:(v;vL)V Seat BrepEnsylany =1, A= 2V
f_,v =V VY, -V+V,] Y

WAVES




