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Lecture 1



Text Book :

Thornton and Marion : Classical Dynamics of Particles and Fields
* John Taylor : Classical Mechanics

* Gregory : Classical Mechanics

* Morin : Classical Mechanics ( Lots of Problems)

Marks Distribution:
Homework : 30
Quizzes :30
Final : 40
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Figure 4.12 The potential energy for a typical diatomic
molecule such as HCI, plotted as a function of the distance
r between the two atoms. If £ = 0, the two atoms cannot
approach closer than the turning point r = a, but they can
move apart to infinity. If £ < 0, they are trapped between the
turning points at b and d and form a bound molecule. The
equilibrium separation is r = c.
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Johann Bemouli posed the problem of the brachistochrone to the readers of Acta Eruditorum in June, 1696.1! He said:

|, Johann Bemnoulli, address the most brilliant mathematicians in the world. Nothing is more attractive to intelligent people than an honest, challenging problem, whose possible solution will bestow
fame and remain as a lasting monument. Following the example set by Pascal, Fermat, etc., I hope to gain the gratitude of the whole scientific community by placing before the finest
mathematicians of our time a problem which will test their methods and the strength of their intellect. If someone communicates to me the solution of the proposed problem, | shall publicly declare
him worthy of praise

Bemoulli wrote the problem statement as:

Given two points Aand B in a vertical plane, what is the curve traced out by a point acted on only by gravity, which starts at A and reaches B in the shortest fime.
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Bead on Stick:
A stick is pivoted at the origin and is arranged to swing around in a horizontal plane

with constant angular speed w. A bead of mass m slides frictionlessly along the stick.
Let r be the radial position of the bead. Find the Hamiltonian. Explain why this is not

the energy of the bead.
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A particle moving arbitrarily in space, can always be considered, at a given
instant, to be moving in a plane circular path about a certain axis. That is, the
path that a particle describes during an infinitesimal time interval Ot is
represented by an infinitesimal arc of a circle. The line passing through the
centre and perpendicular to the instantaneous direction of motion is called

the instantaneous axis ofgtatio_lg. g-) g_g X ;:5
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A pendulum consists of a mass m and a massless stick of length |. The
pendulum support oscillates horizontally with a position given by
X(t) = A coswt. What is the general solution for the angle of the pendulum as a

function of time ? You are allowed to make a small angle approximation.
—>

77/&> COOFELiV\OO!'QA 5,\, Mmo.S ¢ (X) \/>

1\(9@ ()()\/) = (:{_FQQW@)’QC’DSQ) |
| " 10 jLwVLO\ KE )'FVL(JL \/2 -

\/1’_ XZ+ 70/2: JZZBZ-I—D"CZ‘F 2% 6 cosV

= Lo (67 274 g0 b weD) + mghcesO



L = L m (Qléz‘f‘ il‘l’ 20z éws&) —+ W\Zﬂwﬁé

2
E-L 2w
d @L j _ oL -
96 Y O
L (m'B + wlicnst ) = —mLxBswh —mdaed
—) Qe—f Scensd = —%S\ZV\@ 7f—:ACOSUIP'

ﬂé‘~AwlCO§m{: (os & + %Sw\@ = 0
. swmoll M%& o pPrOX

z__
8 + wo G = a w2coswt wo - g/ﬁ

o = A/L



oco llador
Bley = Lo—, @) + Cone(wit +¢)
(Do — e~

\ﬂr/ojﬂﬂ'wl o ot A hromegetos



Physics |

Lecture 19



CQWF“L’Q Force D\MM\A«LC/)

—_— YV

Motion 64 o o boda +enn %DQ‘LA (a»é( a_{c—rca

OLLfW“j e Arue jotwtwé, Huerr  Coutren -
L——) ot o~ D’f /flcur\ﬁé,vvxoffw)/ CME/‘—S;"‘RU_HLQA‘%E\’A gm,t(e/r(w%

elc.
F = F(r\/% S ( pncevvndue ijL

[
lﬁ—— LB {7’)7( r = O
O —

CU[) exisks = - YU

/



R=0
Iy
mg
(,‘-f ‘,/‘ (a) (b)
\y "2
(R,?) — R =maf™h
) Mt Mg
_ \ 2 l "’_1__:
= =Wy, T — My T - V()
L- 7 | = 2 2 (



2 2 Mt my
R=0,R=0 (M frome s

Co n se e & U_QM}—\'P—‘Q/')

0 EV\Q/% iy congene d

r Lv epbancallypgrmdic 0,4 Lot wpic
COM&PO‘Y‘A/‘:\/\—S W%@A TY\O‘YM/IA*‘L\ CUNE C,ASMOC/\/\)'CED






Comm une 2.4 \;o&cur CDETON nodos

S

O —

\i = L [fr Bt - U }

0 Wb oychac
/(.; — 9L = O p— ,6,-—- (_D/L.>
°~ 5o i 28)
_— 1 Angq monr
= L prh = const] constanbion
006




Avea awept oub by radico vedor 0 dime db

2
dA = —v . rdbB :%rﬁﬁ EQZHV&

, 6 =L
M— = —(Y_ng = Lqu-é - ’L’: }'uﬂz
Wz i







T = é/r_ — ,t ,?’—-(E U)"_Q/l— /_@
ot J b
LooE gobr

—
JZ (-v) -2,
M P



Ouwr (nderet O o {waw mm r(f})
_ i _
A6 %ﬁ@’ ﬁ; . %M % B = E
S e ke — (Y
T—\) com be oH—w"wMQ]CrMU(/Y@
, m%ecrﬂﬁﬂwﬁ)/‘/ —
(’_) _ j ’FKQ/”\ Abr/, /’_@

m—

In( E-U —
o berms " m ﬂA/S







Physics |

Lecture 20



A
V)
\/V\ ‘A

E _
e
up‘“‘% Q%Lr s ﬁz
obove o 235: + U(Y_)
T = |
ijr C
Q: mflé - Ouj \jif—’
- - (E- 0) _
TY\Y”- < _’ g Pzrl
L FETE
() VG (o) 5
[\A’L\rl

>

et dtn (%)

&
\,—cﬁ/Xv/\/o%eJ:



Ouwr (nderet O o {waw mm r(f})
_ i _
A6 %ﬁ@’ ﬁ; . %M % B = E
S e ke — (Y
T—\) com be oH—w"wMQ]CrMU(/Y@
, m%ecrﬂﬁﬂwﬁ)/‘/ —
(’_) _ j ’FKQ/”\ Abr/, /’_@

m—

In( E-U —
o berms " m ﬂA/S
















r

Huwalid abs e Ou\,«aLa/&A’S o} Mo+ on

E=Lpr+ 22 4+ U .
e Rocali A d proble

/,"— — 0O ?/,\rw "'u%wu& P+5 . 3 — U(i) +UT‘A‘.%P4'S.

E — U(r) —ﬂz?_ = O
2w

l/ \ 8,ZAAMU~Q Foss/uw +oo Tootc T i ) rvma% .

< F < Ywox

m m

\,f Com & be bounded lacd not ”\”Q/"‘GDLC?



£ the poh on W F.e/v{a—zﬁc/ Gow  oxbit U closed
f tie ohbit does nof Coce on dsely offer file



£ U(r)
Recal G(r) 0<][YL,,/W£1

clogedj Nno

o(r) = J * () de e

' — Ne s i
2 E——U——QZ m/\bﬁ Q-FGT
G:)M /u ( qu7_> N=-2 o¥ +9
AG = &J l/rl
Y o JZ)"“CE—U_Q%{LN?

mMmohon 1S S\XW\VWQ‘I‘V;C on e
> ‘Fa,bt«, ‘wclo <ed % AB » a Ta.vp-{gv\aﬁ jﬁfnc;l—vmo’q,
27T AD =2 wm , My oE ””‘4'&?/@': |

4 — N Pff/mo—z’lg v mode
I CJDW\P/Q-Q/!'C /)_,a_,km*eq_:pﬂ'au/: .



Physics |

Lecture 21



E':U '—>+LLY'V\(\A%
?:h' WD‘J‘IE‘F‘- Ekﬂ.-"":: +D l:.u’i
%,7&74 confived o T
V it VRl i lbeburren,

£ the pmoh on 1 FME?LLJ Gor oxbit U closed — AB

J — Znm
(f b Ohbit doos wot Close o Usefy offer fiuile r

T vm b G'j[, Dgﬂﬂa_;fmm .



E«Q%Q@Q\w& > oj‘e/ucg—\'o.a-




L et w»n A/Fea%at F (r) :—%1
U(F) = =R pofure e ove fake
v U) = O -

—

\/(r) - -k =

'S 1/\,m_

_ A\

\

Recadl @ E = lin2+ liwlél + U(r)

) P

B & prO-=

L, 6=V



RO

Energy

<

—

ay
'
S

l’\)

|
=




l\f) E;El — CLlSO LA/V\(DOLUM\(LL”Q E — _‘_}4?2+\/(Y—> |

2

Energy

kg 0
repuig (Ut
2l o broetihe
/ngwh*aﬂ
Al &Wﬂﬂ'w)

Uanlo pumd 24
W\o‘\"lpm







dp* e
L Sl
v I
\M:_\?, [‘_j_\;k__l, AC06(@-'QD ._/®
l?._
. //\
Bo gveo e Uikl position B ovewdahom OL bk

Lok wr +ake A do he posihve, which (aun loe

WW



L= pr b — &

Y -

ond I )“‘__E—Ai@
1, [

\jfwcp/\cuﬂ— A>[‘*k

r murdk be 4ve )
We will Coww part mjrbumug H—;)U\ﬂ'lﬂ’» ﬁo’e‘_ﬂ; 61 E =\









Hyperbola, & > 1 i E >i) E> O l’\'j'FUL”ez\
¢ =1 E=0 perbea

» Directrix
; for parabola
I

Ellipse, 0< £ <1

7
f.*

i
Circle,fe =0/

Fo;:us E 6:0 l;: VYY\I:/W




s

/]




Physics |

Lecture 22



Qs : mj'

COM C /lLdL\UW

{WUM %ww sgcovtred —> oL = rcost



— >
M

Hyperbola, £ > 1

Ellipse, 0< £ <1

!
ff

I
Circle,fe =0 [

L
Focus

€71 E 0 byperbde
Etpoi:{;ﬁio]a

E:i ) L-0 )70\/1-64)2;5’[&
O < ES L YpenLE 40O
J’ QW{DS/L

Q:O ) Et\/ymr(,u
Circador -









_ -2
- TTk E\ 72
T =T El | ©
b: £ O b = /QZ
’Fl_a
Swam(u.% X
7T _ W/L(aijb\ U_: \—3
< = 4nt (lgf
5 k.







L. Planets move in elliptical orbits about the Sun with the Sun at one focus. (/

IL.  The area per unit time swept out by a radius vector from the Sun to a planet is v’

constant,

III. The square of a planet’s period is proportional to the cube of the major axis of the

planet’s orbit.
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Figure 1: The LRL vector A (shown in red) at four points (labeled 1, =
2. 3 and 4) on the elliptical orbit of a bound point particle moving under
an inverse-square central force. The center of attraction is shown as a
small black circle from which the position vectors (likewise black)
emanate. The angular momentum vector L is perpendicular to the orbit.
The coplanar vectors p x L and (mk/rjr are shown in blue and green,
respectively; these variables are defined below. The vector A Is constant

in directinn and mannitiide



Consevuak 6
—

F = AP D = () r s okal £
dx

uc O{X d A*_D—V‘AIQT/} =0
Wart to show @&A  _ 0 'OT;%[/F%L :}

-

dt
— = A
%{(?xi> :%xk_ [%:O
= ?(r\ﬁx(ﬁKM%B EX*@YC\>
=B(A-C
- ) P AR
0n P () - ey









Physics |

Lecture 23



Mc{m\xﬁ PM%JE Sﬁﬁw O(/\Z/r\a/vuut'C}s

A ] 5 NPM"’\J(ZA T
| o Neuo%ovxlg L cud v~ Fa//*\ﬂj—”-
) >, ® . ""\(E) |
T ko= ZFH TR0
] 7 J

4]
ﬁssww@ Newjfm’“l/) ODN’J{ Lowo (NQCJL %Ym> ‘

not nececso
S —) .
L achwe ol Lene
\:\'5 = — Fjb @ Jom[gmuxﬂméwﬂ]ﬂaﬁﬂn
Sumn () over el particles
— —)
S ki o= 2T Fju 4R —G)
L= ST ey
'ty 0 F2 botal &t Jod
























\\/\ak% une O) ’{’mvb/&r 1o CM coovdinale
T= 5 T i GHV) - (FEAV)

gy
A i If — =/
— [ é : —+ —l— VV\L’l}L —+ ® Ok <—2 MLr'>

| 2_
T = liMVL + L Zmivn _,@
) T
1 - N
R&S} LE 6F motion



coon e o~ Ve irﬁ'v\/\ o Fo-r—@wlﬁ’all Ufj

ij.‘g = ij UW—'D‘@ —> o sakigfy 3
fy = —MoUy = # V3 Uiy = b
B 15 :-—F"BMU_@



’\_J;). Ul) (—‘:\*‘FJ — r—r)g
Pleacse ,g—.\)\ m sheps —>
)

'(;\’V\all’} 3 W fS:-uual ak
Total petertial  omwcg
— , | .

L Co;ec(/m/; —\T"F U

~
-




Physics |

Lecture 24



| ooked at -
P) L aud B Conpepuze
= an

Lo
ey /Fa/#‘o@m
Tod
“4 T wn L oMaJAd/
8‘2 collisiovn -

COMISIO‘\/\, /F o
Q ) O Ce7r2Ln
’HJ\O%DPOSL (hat (G prahual
S 6 ﬁdﬂ/’ — 0 ol uterachon  befween
: CA a//]’ e g—{w&

e gelligon o} bk
| R RuUILr_jL@rA SC@H@V‘%




Before m 1. / After
ml__, y Mo é}
® .\/ —————‘f_,_:i,}i-"“;}": 0.+ 6,
et TN

152

[AE ][TW ) &/:SCQH%vx.j CU\A?/QL

@2 _ mMecond a,m_gﬂ,a :

Lo cur Mmomertim CW

N — —
MU= mu 4 m, U, ’_@

\g/ /@szﬁm me {I’) (I(*)—u; — 3 velochie, bz



k IRV\Q/+'\‘C,
CDUA‘SI.D’va Cwre mo’t LA A~— ‘ “-P1Zaen~ ;4,\

Cons. cﬂ( M(M‘j@

2 _ | Ex
Lot 8 = gms -;—mzuf}_@

LQVIQ% %C,'\,Med C/@C)g’(:) . Q@%‘S[W
E]QS')‘IPC COwS;M — KE COVLQQ/VLD:UJ.

Lols U nokom of Velaste collicion” frane
"V\‘-/‘a-/r%aj.«:% (4




( —
= C—\/
Recall Alat we IDrouvfd{ Aat [UL v ]

/>(ﬁ LZZTMQ |
- TCM 4 ‘!—Cr K& 0} o e a b ot

Lpmyz e

wmA cou/'gn'mn .

(not offected by muhil)

[ 7|lA-JrQ/ra£7"10“n)
Hewce e  nob'ore OJC Volashc C/Du/r's{&/n// E/J

vudeed 7@24»& (LA&LL/F-E/LLCQ.QA/«Q’



Clactc Colnsions
‘_\_—-—

L = L mu? U,
= | = ' | + = 2 UL, —
W . Cons.
MO n N . ~——ny l

TOLICZ 3Qala4— \DrDO?/LLij' O+ —QCLCJIA Qr[&ﬂ O} @






—

—X - BC'-M ‘5:(» mcuy ' W\j E v awm Z/(cz_g-!—fc
colision 61 prass G 5 VV\L’l—\CLufd at rest

Obsewved;, Two beadls &Qf@ﬁ ak |20 o each
o las .

%2—:? €(9 Ez 'Ffvxal WTQO

CosB :@l—W\L)UZ :> \ﬂ, :3 ]

Z-VV\,M‘ U;Q_,
- ]
El _ - Wmyu= _ g
L= 1 bm w,E Lt



Cou\'Sl'm\DmCﬂﬁj L1 CM/ZM ’]C*‘CUWLL — C M F

— -

particle paths and e~ -7
initial and final velocities initial and final momenta

T we F@A'ch/) v iscloded STW 5 CM nioves un s
Covns Y aud UC(,OCH-H . So W rglrw An wlucl, CM =G

ot F‘f/ft v OUV\#UV\D.//\’{O.& {‘fbn/m.( .
— — — — — —
R = MTm+m,r, vV = MV A0V, — 0O
J
M+ w5 Mitm 5 Zero

= [ F+ f. = 0]/t







Physics |

Lecture 25



Before

my
e — u

Lab frame

y 9

U
my / After
L
O
6:3! 9 _ 91 4 99
T 9 b



ZM frame

particle paths and
initial and final velocities




Co TR v o/f QM%

ST+ L2+ Q = ,,m) I1+Z‘mzf51’

2

et Jo Le UWe WO»’@'NMOQL OJC ol ormon  Mmomaudana
[ot P 1 ¥ [\ 7C’}MO‘,Q Y 3)

Comg.ﬁd)r Lmerg

L—9 ,)Ei_{,_b\i + & :£+J;//;L

2 | 2myp 2

——

—_

doshe olWsion, & =0, b= F .

—

(P, ) debemmine final waonawte ) f2



|

i

2 Ml

2L I 2 [ 2
+ /l’ + & = [7 + __/(D,__
ZMZ_ Z,VV\] Z»VV\Z,

Q

Peo= # {%@
- Mmitmz_

|

0D propr L, MR



,V\ 0N ‘I'Lg/P»(c,o.L SC&H%‘LS/ F‘mb&/vu w’eﬂi_ w MU\-—OU\— o€

Mmassen V‘AI)VMQ_

o witol £, K,

—
/1.9{ p—

—

Uy

l\/ll"lﬂ'ai e et w

vV

By

L —

/F = Mg 3,

|P

VY\\ W\Q_‘U-

WH’W\Z’_

—)

Ls conmeckion  bobwen Lab %

7 M wmitiad wvelouties
—

—
’\/ — VVI]".L

- —

W itmg |

hoh“m% Tk ‘@( :\7]

PR — .



Returning to Lab frame  glaskic colicions Q=0

)
— F =
o, o= v+ s
— —> —
U = ’UL/-F\/
./ u I _ U
t My C 9, = M
MMy M +m o
- V@
‘J'C‘-MBI 4.9\/§vv\ = SV‘/’W
O cosy 4V s ¥+ V!
_
7 = —<Tr’q/) tanp = sin
l i




To ,f—.u() e fS:-\Ao.Q Wfia/-eo

——p/

— —)

o

— A —_
U = By ‘I“\/D_Jr’ 2.(\91,/"\/

— (2_\/2 — 2_\/1_60 9“{/
— V 2 sut A
- 4 Swn /Z




17: m. (2V Sur Ll//zyL

A
ST ‘fl‘z’, 72 Ue
Eo . _f m ”LLQ" - /LLZ%’—__-
2 Wi |
Ez — 4 W\VMZ S'an Raaau v




f('cupgl — f’w‘q/
o + ¥
A2 B - T+1 cot ¥
(Y«i 2

2.




Physics |

Lecture 26






Before m 1. / After
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Elastic collision formulae

A. tanf; = B. 6, = 3(m — V)

E 4
D. 2 _ ' 4
Ey (y+1)?

sin’(79)
(10.22)

Y is the scattering angle in the ZM frame, and y = m/m>, the mass ratio of the
two particles.
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particle paths and
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In an experiment, particles of mass m and energy E are used to bombard
stationary target particles of mass 2m. The experimenters wish to select particles

that after scattering have an energy E/3. At which scattering angle will they find

such particles ? / Edfe,= /3
_ 2
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In one collision, the opening angle was 45 degrees. What are the individual scattering
angles ?
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In another collision, the scattering angle was measured to be 45 degrees. What was
recoil angle ?

T =1 O,= 4%° 92=2

n AN
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In an elastic collision between an alpha particle and an unknown
nucleus at rest the alpha particle was deflected through a right
angle and lost 40% of its energy. ldentify the mystery nucleus.

(f tho
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M= 16

> Onpg e

Elastic collision formulae

sin : 1
A. tanf; = B. O =5(r — )
cos v + y -
1 E 4
C. tanf = (&) CUT(%?}’I} D. = = 4 . Siﬂz*'«%]!f}
y — 1 Eop (y + 1)2

(10.22)

Y is the scattering angle in the ZM frame, And y = m/m-, the mass ratio of the
two particles.
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Motion in a Noninertial Reference Frame

Newton’s Laws are valid only in inertial frames

However, there are problems where treating motion of the system in a non-
inertial frames is simpler

For example, to describe the motion of a body on earth, or near earth, it might
be useful to use a coordinate system fixed on earth. This is clearly a non-inertial
frame, since the earth rotates.

To describe the motion of a rigid body which is free to rotate and accelerate, it is
often convenient to use a reference frame fixed to the rigid body.
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Rotating Coordinate Systems

X)
The x, are coordinates in the fixed system, and x; are coordinates in

the rotating system. The vector R locates the ongin of the rotating
system in the fixed system.

Pa—

__~_)_;

v/ = Rtr |—()

- —




Recall, we had learnt that a particle moving arbitrarily in space, can be considered , at
a given instant to be moving in a plane, circular path about a given axis. An arbitrary
infinitesimal displacement,(which can be a combination of translation and rotation )
can always be represented by a “ pure rotation” about some axis called the
instantaneous axis of rotation.

The line passing through the centre of the circle and perpendicular to the
instantaneous direction of motion is called the instantaneous axis of rotation.
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Motion Relat
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In order to study the motion of an object near Earth’s surface, we
place a fixed inertial frame x'y'z’ at the center of Earth and the

moving frame xyz on Earth’s surface.
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3 The Coriolis force deflects air in the Northern Hemisphere to the right
producing cyclonic motion.
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