Equation Sheet for PHYS-203B College Physics

(Last updated: September 11, 2025)
This list will evolve during the semester.

1. Electrostatics:
(a) Charge and masses:
e=160x107"C, m,=911x10""kg, m,=1.67x 10> kg.

(b) Coulomb’s law:

I 1 Nm? 2
Fo 08 o~ p =899 x 10°- 50:8.85x10*12f’2.
r2 4meg C Nm

(c) Electric fields:

B-a’. E-nl. EB-'% F-¢E
2¢e0 €0 r?
(d) Electric flux and Gauss’ law:
A — Edcos _ Qe
dp=E-A = FAcos0, CPE—E—
0

(e) Electric potential energy and electric potential:

kq

:M_] v="1  y=vq

U

(f) Capacitance:

2. Electrial circuits:

[
(a) Current: I = %7 Resistance: R = %, p—po=ap(T —Tp),

2
(b) Ohm’s law: V = IR, Power: P =1V =I’R = VE

1
(¢) Inductance:
AT 1., 1
V=L—, L=pm?Al, U=LI* =_—B%
R pon® Al gl u=gn
5. Electromagnetic waves:
(a) Speed of light: ¢ =2.998 x 10%m/s.
1 1 1
(b) Energy density: u = -goE?+ —B?=¢)E* = — B2,
2 2110 o
(c¢) Doppler effect: — f'= f (1 + U%) for v < c.
(d) Polarization:
i %Ig, for unpolarized light,
Iycos® 6, for polarized light.
6. Ray optics:
(a) General equations:
1 1 1 h d;
R g me i &
o a7 A P
(b) Refraction:
nysinfy = nysinfy, n:g, c=2997 x 10°m/s.
v

7. Wave optics:

(a) Double slit (interference):

tan 0 — %. m=0,+1,42 43,. ...

dsing _ |m for max.,
=

m+ % for min.,
(b) Single slit (diffraction):

tanf = %7 dsinf = mA for minimum, m==+1,4+2,43,....
(¢) Thin films:

Ty — T 1 m for max.,

fmE o = 0,41,42,43,....
" A m 2 {m + % for min., " : '

8. Special relativity:

1)

(16)

(17)

()

(19)

20)

(21)

(22)

(c) Resistors:
Riot = Ri+ Ry (series)
U
Rt  Ri Ry

(parallel)

(d) Capacitors:
Ciop = C1 +Cs (parallel)

ot + 1 (series)
Cot  C1 Oy i

3. Magnetostatics:

(a) Magnetic force:

|F| = quBsing, |F|=ILBsing, w= Lp
m
Right hand rule-1: ~ Fingers-v/I, Palm-B, Thumb-F.
(b) Torque on current loop:
7= NIABsin.
(c) Magnetic fields for some relevant configurations:
. . pol . .
Straight wire segment : B= 4—(sm 01 + sin ),
T
1
Infinite wire : B= Ho s
2mr
I
Circular segment of wire : B= :wLR s
. ol
sular 1 : B="
Circular loop R
Solenoid : B = pyIn, n=N/L.

Magnetic permeability:  po = 47 x 1077 Tm/A.
(d) Ampere’s law:
z BAlcost = piplen.

4. Faraday’s law of induction:

(a) Magnetic flux:

$p = BAcosh.

(b) Induced voltage:
Adp
Vor = =N75p

Electric generator: V= NABwsinwt.

Transformer:  —* =
Vi

(a) Lorentz factor: =

(b) Lorentz transformation:

= y(z —vt)

/ v 7
t :'y(—§1‘+t),

(c) Time dilation: 7" =~T.
(d) Length contraction: L' = L/~.

. - VAG — VBG
(e) Velocity addition:  vap = 1_ tacuaa

¢ e
(f) Relativistic momentum: — p = ymu.

(g) Relativistic energy:  E = ymc>.

(10)

(1)

(12a)
(12b)
(12¢)

(12d)
(12e)

(13)

(23)
(24)



Equation Sheet for PHYS-203A

College Physics

(Last updated: August 19, 2025)

1. General mathematics:

(a) Units:
c=10"2, m=10"%, =10"°,
d=10% k=10°% M =10°,

(b) Trigonometry:

ot it adj. t it
opp. toangle ., adj. to angle

n=10", p=10""2
G =10°, T=10"

sinf = ,  COos , tanf - .
hypotenuse hypotenuse adj to angle
(c) Pythagorean theorem: A® = A2 + A?.
(d) Quadratic equation: az? +bx +c=0
v —b+ Vb — dac
N 2a ’
2. Kinematic equations:
(a) Constant speed (a = 0): Az = vAt.
(b) Constant acceleration:
1 ;
vy =v; +alt; Az = v;At + 3 aAt? 11? =} +2aAx;
Ar v +up 1 2
=== Az = v At — - a A
A B) x = vpAt 7 t

(c) Acceleration due to gravity: g = 9.80m/s?.

(d) Time of flight, horizontal range, and maximum height in projectile motion:

T 2up sin Oy R— v sin 26, H— vg sin® G,
g g 29
(e) Relative velocity: Vap =Vac — Vpa-
3. Forces:
(a) Newton’s law:
Fi+F,+F;+...=ma

1

(b) Elastic collision in 1-D:

vip = = e vy + 72”12 Vi,
my + ma my + my

2my my — my
Vaf = —— v+ | ————— | va-
my +ma my + ma

(c) Center of mass:
Keom =

MmyTy + Moy + ...

myp+mo+ ...

6. Rotational dynamics:

(a) Kinematic equations:

i. Constant angular speed (a = 0): Af = wAt.

ii. Constant angular acceleration:

1
wp = w; +alt, A@zwLAt-%-iaAﬂ

; ; 1 ; A witw
5 o _ 1 Al wituwy
wi=w; +2aAf, Al = wsAt zaAt. N- o
(b) Rotational inertia (moment of inertia) of a point mass:
I=MR%
(c) Torque:
7= RFsinf.
(d) Rotational kinetic energy:
Keow = 51w?
(e) Angular momentum:
L=1Iw

7. Gravitation:

(a) Gravitational constant: G = 6.67 x 107! Nm?/kg?

(b) Gravitational force versus gravitational field:

Fia = mugs,

Gmay
g2 = R

(c) Gravitational potential energy versus gravitational potential:

Uiy = my Vs,

3

Gmgy
R

Vo =

_opp. to angle

(1a)
(1b)

2

(4a)

(4b)

©)

(19

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(b) Gravitational force:

Gmym: . _ p
F(;:% G =6.67 x 107" Nm?/kg?.
(c) Force due to friction:
Fy < pugN,  (static),
Fy = N,  (kinetic).
(d) Force due to a spring:
F = —kx.
(e) Circular motion:
T
v =wr, w=2rf, ==
) ) T
v? P 2 g 4n?
ac=- =W =4n?fPr = ="
4. Work and energy:
(a) Kinetic energy:
K= 5771112
(b) Work done by a force:
W = Fdcosf
(c) Work-kinetic energy theorem:
Wi+ Wyt ... =AK
(d) Potential energy due to gravity:
U, = mgh
(e) Potential energy due to spring:
1
Us = 51?12

(f) Mechanical energy:

Eean = K + Uy + U

5. Linear momentum:

p=mv,

(a) Conservation of linear momentum:

MV + MoV + ..

Br — B = FAL.

L= myVip A+ maVap .

2
8. Waves and oscillations:
pl_m
[ w k
(a) Simple pendulum:
L
T =2my|—.
9
(b) Mass-spring system:
m
T =2my|—.
V%
(c) Speed of a wave on a string:
Fr
v=4/—
o
9. Sound waves:
(a) Speed of sound in air:
v =331+ 0.67,

measured in m/s, where T is the temperature in °C. v = 343 m/s at 20°C.

(b) Resonance in strings and tubes:

A
L=nZ,
7L2

(c) Intensity in decibels:

8 =10log (%) R
0

measured in decibels.

(d) Doppler effect:

A
L=(2n- 1)1,

I'=r

Iy=10"%

vy £ vp

W

m?’

vg g

n=123...

Power

Area ’

Wl

(83)
(8b)

(11)

(12)

(13)

(14)

(16)

(34)

(35)

(36)

(37)



