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1 Concepts of Motion
distance travelled 0

average speed = = —
gesp time interval spent travelling At

AF =17t~ 7
(=2 (@=2

2 Kinematics in One Dimension
For motion in a straight line:

Vg = % =slope of position-time graph
as = dé’; =slope of velocity-time graph

Sf= S + f ttif vg dt = s; + area under velocity curve from t; to t¢
Vg f = Usi + fZ' as dt = vs; = area under accel. curve from ¢; to ¢
Uniform motion:

sf = 8; + v At
Uniformly accelerated motion:

Vst = Us,i + asAt

sp = si + vs i At + 0.5a5(At)?

v =07+ 2a,As
Free fall: a, = —g = —9.80 m/s*
Motion on an inclined plane: as = +gsin

3 Vectors and Coordinate Systems

g.L:A.L/i
=
= A+ Ay = A+ Ay

_df _dz,  dys__ . » 5
=q@ = att a) = vt T vy)

dv __ dvg » dvy ~ A~ A
* = @ttt @ ) = et tay)

Constant acceleration:
Tf = T + vy ; At + 0.5a, (At)?
Vg f = Vg + ag At

Projectile motion:

Tf = T + Uy ;AL
Vg f = Uy,f = COnstant

Uyt = Uy, + ayAl

yr = i + vy 1At — 0.5g(At)?
Uyt = Uy, — gAL
g = vy — 29(y — i)
Relative motion:

TCB = TCA + T'AB

UcB = TUica + UaB

UAB = —UBa
Circular motion:
— la — A0 — do
=% (W= Y=
Uy = wr a= ‘é—‘t“
Uniform circular motion (constant w):
= 2 __ 2 [rad]
ho= T w= T
O = 6; + WAL
=2

- ,
aT:7‘zw2r

Non-uniform circular motion (constant a):
a, = 9% =ar
Of = 0; + wi At + 0.53(At)?
wr = wj + @At
wt? = w? + 2aA0

wn

Dynamics I: Motion Along a Line
F net — Zl -F_:’L =ma
ﬁg = mg (downward)
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yr =y + vy 1At + O.5ay(At)2

W =mg (1 + a—;) (object with vertical acceleration)
A model for friction:

—

Static: Fy=0to ugF, (direction prevents motion)
Kinetic:  F = ,ukﬁn (direction opposite motion)
Rolling: F, = urﬁn (direction opposite motion)
Drag: Fy= % (direction opposite motion)

6 Newton’s Third Law

FAonB = _FBonA

7 Dynamics II: Motion in a Plane

Fz,net = Z F, = ma,

Fynet = > Fy = may

Frpet = Fr =ma, = mTUQ = mw?r

Fy et = Y Fy = ma; (non-uniform) or 0 (uniform)
Fz,net :ZFZ =0

8 Impulse and Momentum

P =mi

7 _ dP

L

Jr = [, Fx(t) dt = area under force curve = (F)At
éﬁm = ;(impulse-momentum theorem)
P=>.P

]5} = f’l (conservation of momentum)

9 Energy

By = 0.5mi?

E, = mgh

Emech = Ek + Ep
Eis+ Eps = Fy; + Ep; (conservation of mechanical energy)
Fps=—kAs E,op=05k(As)> As=s—s,

Perfectly elastic 1D collisions (ms initially at rest):
mi—ma,, Vo ro = 2my
m1+meo x,i,1 x,£,2 — m1+ma

Vg f,1 = Vg,i,2

10 Work
W = j;tf F, ds = area under force-position curve

W =F AF=FArcosf (if F is a constant force)

AEy = Whet = Weons + Waiss + Wexe (work-kinetic energy theorem)
AE, = Eys— Ep; = —Weons (i = f)

Fs= ddEsp
Q = —Wiiss = FxAs

Ei+ Epp+ AQ = Exi + Epj + Wex

Pz—ddE;y’ P:%’:ﬁ-ﬁzﬁ”ﬂcosﬁ

11 Newton’s Theory of Gravity
m' >m

_ Gm'm
monm’ — T 2

_ Gm
Gsurface = ~R2

Fm’onm =

Circular orbit: v = % T? = (4”2 ) r3
12 Physical Constants

g = 9.80 m/s?

G =6.67x10"""N.-m? kg2

ms = 5.98 x 10?4 kg

Ry =6.37 x 10°m
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13 Electric Charges

ol _ kelaallga| 5
Fq1q2 == 2 €

g=(N*—-N")e

o =
I
5'\" 2 [y

q
76

14 The Electric Field

E =Y E,
p= q; §:—q— +q B
Field on axis: E = ke —ﬁ’
Field in bisecting plane: E =k %
= % q=[qrdl
4%=% q¢=[[a, dS
qu% q=[fapdv

Uniform infinite line of charge:
E= kf% L line
Uniform infinite plane of charge:
E= 2% L plane
Umform sphere of charge:
E= ke & 56 r>R
Parallel plate capacitor:
E= ‘é—" +q¢— —¢q
Ring: E, = ke(ﬁfﬁ

€0 (1 a \/22171'?2)
7| = |pl|E| sin 6

15 Gauss’s Law
dp=F - A=|E||A|cos
Cp = E-dA =%

E at surface of a charged conductor: E = Z‘;

16 The Electric Potential

Parallel plate capacitor:

Ug=Ugo+qEs V=Es BE=5"m

Ug = k.22 Ug =ke Y. quq,
1<J “J
Udipole = *ﬁ FE = 7‘13’”E| cos 6
V = Yassouees
q

Point charge:

V= keg V =k Z %ﬁ

(2

17 Potential and Field

2
AV =V (s2)=V(s1) = *fE ds=—[E.d§
51 1
__dv
E E
AV = Wama — g (ideal battery)
C = A?/c C = ERCO

. . _ A
Parallel plate capacitor: C' = =5~

Ceq = > C; (parallel)

—1
Coq = E&) (series)
Uo =% = 10(AVe)?
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18 Current and Capacity
Electron Current:

N, = I.At
I = PN, eA Ud
" — ETE
Conventlonal current:
J - Z
J =pneely=0F
2
_ PNe€'T — 1
0= Me P
Eyire = V?m
— AV —_pt _E
I ==3" where R=5 ==

19 Fundamentals of Circuits
J = AV

R
Junction law: Y I;y = > Lo
Loop law: AVigep = Y (AV); =

Pbaltery =16
PR = IAVR = IQR =
Req = Y R; (series)

Ro= (T4
Q=Qoe™ /"

20 The Magnetic Field
g — #70(]77;(1; _ <u0|q|11 sin 6 RHR)

(av)?

—1
> (parallel)

I=1e /™ 7=RC

i r 4nr2
53 SX 7P I|(A:
B = e logx _ (wlllBs)sind pyR)

__ po NJ
‘Blcoil centre — o 1’3

o
— Mol
|B| straight wire — o9 -

pg=Al S—N
Baipote = 42 2 on axis of dipole

§ E d‘;* NJOIthrough

|B|solen01d - MO?I[I
Fan = ¢ x B = (JqlvBsinf,RHR)
Cyclotron:

_ @ _ mw
_‘f Sz g|B
Fyive = I0 x B = (I{Bsin§, RHR)
|F|parallel wires — %1(15]2

7=ji x B = (uBsinf,RHR)

21 Electromagnetic Induction
& = {|0]| B = IR

®p = A-B = | A||B| cos 0 (uniform B-field)
Pp= [ B-dA

loop area

d®

=" do i
Ecoil = Nt|%
8ol = wA|B|Nt sin wt
‘/2 N,l Vl
22 Electromagnetic Fields and Waves
9SE dA = %o
$ B-dA = O
§E-ds= —dop

55 B-ds= ,Uofthrough + eopo 132

F=q(E+7xB)

do
Lyisp = €0 th

UEM wave — C0 = (50H0)70.5
co=Af .
Bl =clB|
= Mlo (E ><HB)
e — % = < - 2(;0#0 E2 COQEO Eg
Pay = % = —O (perfect absorber)

E.= E,cos? ¢

Ee transmitted = %Eeo (incident light unpolarised)

23 Physical Constants

g = 8. 85 x 10712 & or
ke =

T = 8.99 x 10° 8
e=16x10"1C

me = 9.11 x 1073 kg

mpy = 1.67 x 10727 kg

po = 1.26 x 1076 T

co =3.00 x 108

24 Useful Geometry

Circle:
A = mr?
C =2nr
Sphere:
Ag = 4mr?
V= %71'7’3
Cylinder
Ay = 27rf (+ ends if closed)
V =nrl

25 Supplemental: Simple Harmonic Mo-
tion and Waves

w=2nf T== Up = Af

WSHM = \/7 \/7 \[ mg :
y(z,t) = Asin(kzx — wt + ¢) kETﬂ
Ey = 0.5kA?

ﬁslring = % n= %

Open cylinder: f,, = ng; *7 neN

Closed cylinder: f,, = n4é n € [2N* + 1]

26 Supplemental: Optics

Co

n= g n1sinf; = ny sin O
0. = arcsin Z—f . A= 70
Thin lens: % = S;g + Sibi
by = 7%

'lime Si
e
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