Physics 121, Formula Sheet Final Exam

Geometry/Trigonometry:

cos(30°)=%\/§ sin(30°):% tan(30°)=%\/§
cos(45°)=%\/§ sin(45°):%\/§ tan(45°) =1
cos(60°) = % sin(60°) = %\/g tan(60°) = NE)

cos(%n—@)zsin(@) sin(%ﬁ—@jzcos(@)

cos(20) =1-2sin*(0) sin(20) = 2sin(0)cos(H)

circle sphere
circumference 2rr
(surface) area r’ 4rmr?
4
volume En’r

Integrating and Differentiating:

d(x") _ n—1
=nx
dx
n+1
Jx”dx =
n+1

Linear Motion in One Dimension (general):

dx
y=—

dt

dv  d’x
a:—:_2

dt dt
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Linear Motion in One Dimension (special case):

a(t)=a = constant
v(t)=v, +at

1
x(2) = x, + vyt + Eatz

Linear Motion in Two/Three Dimensions:

. dr
vV=—
dt
. Ay dF
a:—:—2
dt dt

Circular Motion:

2
1%
ap =—
r
dv
Ay = Z

Force Laws:

Zf’l =ma Newton's Second Law of Motion

F,=-F, Newton's Third Law of Motion
Friction:
F, <uN Static Friction

F=uN Kinetic Friction
F,=-bv Dragg Force
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Newton’s Gravitational Law:

mym, 2
2 T
21

E:_G

Kepler’s Third Law (Law of Periods):
2 3
Ll_|a
T, r
Work Done by a Force:

W=Fed Constant Force

b = —
W= J Fedl Variable Force

Translation Kinetic Energy:

1
K =—mv*
2

Work-Energy Theorem:
W =AK

Potential Energy:

2 o —
AU=U,-U, = —L Fedl =-W General Definition of Potential Energy

dx dy Y dz
U(h)=mgh Gravitational Potential Energy (Close to the Surface)
M
U(r)=-G2=£ Gravitational Potential Energy (r>r,)

1
U(x)= Ekx2 Spring with Spring Constant £
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Conservation of Energy:

AU+ AK =0 Conservation of Mechanical Energy
AU +AK =W, Conservation of Energy

Power:

_dw
dt

P

Linear Momentum and Newton’s Second Law:

p=my

—

Collision Impulse:

y —

J=| Fdt=p,-p,=Ap

Elastic Collisions in One Dimension:

m,—m 2m
m, +m, m, +m,
2m m,—m
V2|:V1 1 +V2 1 2
m, +m, m, +m,

Center of Mass:
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Motion of the Center of Mass:

Macm = ZF;
Rocket Equations:
dv - dM
M—=)F +V, ——
d 1 2 ext rel d t
Ma, . =RU, First Rocket Equation
M, )
v, =v,tu ln(—) Second Rocket Equation
M,
Angular Variables:
Definition | Linear Variable
Angular Position 0 l=RO
do
Angular Velocity o= o v=Rw
!
. a6
Angular Acceleration | o, = — a,, = Ra,,
dt

Equations of Motion for Constant Acceleration:

Rotationional Motion

Linear Motion

Acceleration o) =a alt)=a
Velocity ot)=w, +ot v(t)=v, tat
. 1, L
Position 0=0,+w,+ Eat x()=x,+ vyt + Eat
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Moment of Inertia:
Moment of Inertia: I= 2 mr” (individual point masses)
1= J r’dm (continuous mass distribution)
Voume

Parallel-axis Theorem 1=1, +Mh’

Perpendicular-axis Theorem 1 =1 +1,

Torque:
Definition: T=rxF
Newton's Second Law for Rotational Motion: 7 = Ila
Angular Momentum:
Definition: L=7Xxp
Rotating rigid object: L=1I®

. dL —
Relation between torque and angular momentum: o = 21’
t

Rotational Energy:
. |
Kinetic energy: K= 5 lo
Work: W = _[Td@
Power: P=10
1, 1.,
Work-Energy Theorem: W =AK = 51 o, - 51 ,
Precession:
o= Msr,
L
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Moments of inertia of various objects of uniform composition.

Axis
(a)  Thin hoop Through -
of radius R, center Q- MRj
Axis
(b) Thin hoop Through
of radius R\ and central it fless g 5
width w diameter 3 > MRG + 15 Mw
Axis
(c) Solid cylinder Through i i
of radius R, center = > MRj
Axis
(d) Hollow cylinder Through , I el
of inner radius R, center RS 123 2 M R+ R3)
and outer radius R, 2
(e) Uniform Through
sphere of center 2
radius r sMr 0
; Axis
(f) Long uniform Through o | ) L2
rod of length / center = I o 12
Axis
(g) Long uniform Through )
rod of length / end I—+ 3
(h) Rectangular Through L M2 +w?)
thin plate, of length center 12

! and width w
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Conditions for Equilibrium:

YFE=0 >1,=0
2E=0 27,=0
2E=0 37.=0
Hooke’s Law:
F =kAL
Stress:

stress = force/area = F/A

Strain:

strain = change in length / original length = AL/L,

Young’s Modulus E:
E = stress/strain

Simple Harmonic Motion:

Definition: x(t) = Acos(wt + ¢)
A = Amplitude

® = angular frequency

¢ = phase

Force Requirement: F(x) = —mm’x
Period: T=2r/w
Frequency: f=1/T=w/2x

The Physical Pendulum:

T=2r L
\/mgh
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Damped Harmonic Motion (damping force = -bv):

Solution: x(t) = Ae™* cos(wt)

A = Amplitude

k b?
®=,———
m 4m
b
o=—
2m

Forced Harmonic Motion (external force F,, = F, cos(@f) and damping force = -bv):

Solution: x(r) = A, cos(wr + @)

A K

¢, = tan”'

\/?
Wy =,[—
m
Thermal Expansion:

AL = oL, AT Linear Expansion

AV = BV,AT Volume Expansion
B=3a

Ideal Gas Law:

PV =nRT
PV = NkT

Average Translational Kinetic Energy for an Ideal Gas:

K ==kT

N | W
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The Maxwell Distribution:

3 2

=5 1 mv*®

Y
ve

flv)= 471N(2nkT

Mean free path in a gas:

. 1
" 4mr(N1V)

Specific Heat c:
Q = mcAT

Molar Specific Heats for Gases:
Q=nC,AT  Constant Volume
Q=nC,AT Constant Pressure
C,-C,=R
C, = %R Ideal Monatomic Gas

Latent Heat L:
O =mL

First Law of Thermodynamics:
AU=0Q0-W

Adiabatic Expansion of a Gas:

PV7” = constant

- 10 -
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Work Done during Volume Changes of an Ideal Gas:

\%
W =nRT In-£ Isothermal Process
A

Vv .
W =nRT, (1 - V_AJ Isobaric Process

B
Heat Transfer:

A_Q:kATl_Tz
At [

Efficiency of a Heat Engine:

vl
0

Coefficient of Performance of Refrigerators and Air Conditioners:

Coefficient of Performance of Heat Pumps:

cp =12

W]

Carnot Efficiency:

T
e=1-—+
TH

- 11 -
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