Equation Sheet for PHYS-205A University Physics

(Last updated: January 16, 2023)
This list will evolve during the semester.

1. General mathematics:

(a) Units:
c=10"2, m=1073, pu=1075, n=10"", p=10"12
d=10% k=10% M =105, G =10°, T = 10"

(b) Geometry of a right triangle:

opp. to angle opp. to angle

sinf = R tanf = - ,
hypotenuse adj to angle
dj. to angle ; ; ;

Cosgzw, A? = A% 4+ A2,
hypotenuse * Y

(¢) Quadratic equation:

. —b+ Vb2 — dac

ax?+br+c=0,

2a
(d) Calculus:
d n+1
%x” =na"", /I”dx = :;Jr T
2. Kinematic equations:
(a) Velocity and acceleration:
dx dv
() = — 1) = —.
o=, at =5
(b) Uniform velocity (a = 0):
Az = vAt.
(¢) Uniform acceleration:
1 . .
vp = v; +aAt; A$:viAt+§aAtz; vf:v?+2an;
Ar v+ vy 1 5
— = ; Az = v At — — a At*.
At 2 e

(1a)
(1b)

(2a)

(2b)

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

AT — 21 sin O R Vg sin 290. o v3 sin? 00' ()
g g 29
(e) Relative velocity: Vap = Vac + VaB.
3. Forces:
(a) Newton’s law:
Fi+Fy;+...=ma (9)
(b) Gravitational force:
Fo=SMM2 G667 x 107 Nm?/kg? 10
G= " =0.0rx m"/kg”. (10)
(¢) Force due to friction:
< usN, atic case
RS sV, (s‘r'atlc- case), (11)
= N, (kinetic case).
(d) Circular motion:
1
v = wr, w=27f, f:TA, (12)
2 4 2
a, = L? =Wl =4n’fr = %7‘ (13)
e) Resistive forces: R = bv (for small speeds) and R = 1DpAv? (for high speeds).
2P g
4. Work and energy:
(a) Kinetic energy:
K= imvz (14)
(b) Work done by a force:
W= /F‘ -dl = Fdcos 0 (15)
(¢) Work-kinetic energy theorem:
VV1+VVQ+... =AK (16)
(d) Potential energies:
1
U, = mgh, U, = §kx2. (17)
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(e) Mechanical energy:

5. Linear momentum:

AK + AUy + AU, = Wi + ... (18)

I,
By — i = / Ft (19)

p = mv,

(a) Conservation of linear momentum:

ﬁlz+ﬁ2z+...:ﬁlj'+ﬁ2f+.... (20)

(b) Elastic collision of two objects in one dimensional motion:

(c) Center of mass:

6. Rotational dynamics:

(a) Kinematic equations:

mip — Moy 2ms
v = | ——— | v — ) vy; 21a
Y (ml + m2> it <m1 + m2> 2 (212)
2m, my — my
vop = | ———— v —— | vy 21b
2 (ml + m2> Ui+ <m1 +my v2i (21b)
Xo — mixy + Mmoo + ... . fxdm- (22)
mi+me+ ... Jdm

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

ii. Constant angular acceleration:

wr = w; + aAt,

w_% =w?+2a A,

1
A = wilt + S a At?, (23)
AQ o w; +Wf

1 2
AG—wat—ﬁaAt, AL 5

(b) Rotational inertia (moment of inertia): I = [r*dm.

(¢) Torque:

MR2,
MR?,

MR,
IMR?,

MR

3

Point mass, distance R from axis,

Circular ring, about symmetry axis of ring,

Spherical shell, about diameter, (25a)
Solid cylinder, about symmetry axis of cylinder,

Solid sphere, about diameter.

dL
= RFsind T =—. 2
7 = RFsind, = (26)

(d)

(e)

Rotational kinetic energy:

Angular momentum:

7. Gravitation:

F= —fG’”;mZ, G = 6.67 x 107" N'm? /kg?.
,r.
U— 7Gm1m2'
r
8. Waves and oscillations:
1 27 2m
T'=—-=—, A=—, =\
7 " % v f
(a) Oscillations:
x = Acos(wt + §)
(b) Simple pendulum:

()

Mass-spring system:

L

g

m

T=2m, )
™k

9. Fluid dynamics:

(a)

(b)

Denisty-mass relation: (Density of water = 10% kg/m?.)
m = pV.
Pressure:
F
P=—.
A
Pressure in a static fluid:

P, = P, + phyg.
1 atm = 1.01 x 10° N/m?.
Buoyant force:

B = maisg,

where mgis = paisVais is the mass of the displaced liquid.
Continuity equation:

Alvl = A2U2.
Bernoulli’s equation:

1
P + phg + ipv2 = const

(27)

(28)

(29)

(30)

31)

(32)

(36)

(37)

(38)

(39)

(40)



