
Physics 182 Equation Sheet for Exams

� Good Stuff from 181:
Kinematics: v⃗ = dr⃗

dt ; a⃗ = dv⃗
dt ; (⃗a = const : x = x0+v0∆t+ 1

2a∆t2; v = v0+a∆t; v2 = v20+2a∆x)

Dynamics: F⃗ = ma⃗ UCM: a⃗r = (v
2

r , toward center)
Conservation of Energy: ∆Emech = ∆K+∆U = Wnc; K = 1

2mv2; Ugrav = mgy; Uspring = 1
2kx

2

Gravity: F⃗g = (Gm1m2

r2 , attractive) Ug = −Gm1m2

r

� Chapter 18:
Moles : n = M

Mmol
= N

NA
Ideal Gas : PV = nRT = NkBT kB = R

NA

Temperatures: TF = 9
5TC + 32◦ TK = TC + 273

Pressure: Patm = 1.013× 105 Pa = 1.0 atm Hydrostatic: P (at d) = P0 + ρgd
Thermal Expansion: ∆L

L = α∆T ∆V
V = β∆T

� Chapter 19:
Work:

W (on the system) = −
∫ Vf

Vi

P dV = −(area under PV curve) (general)

= −P∆V (isobaric)

= −nRT ln

(
Vf

Vi

)
(isothermal)

= −
[
PfVf − PiVi

(1− γ)

]
(adiabatic)

First Law: Solids/Liquids: ∆Eth = Q = Mc∆T Qf = ±MLf Qv = ±MLv

First Law: Gases: ∆Eth = Q+W
Specific Heats: (constant volume) Q = nCV ∆T (constant pressure) Q = nCP∆T

(any process) ∆Eth = nCV ∆T CP = CV +R
Adiabatic Process: Q = 0 PV γ = constant TV γ−1 = constant γ = CP /CV

Heat Transfer: Conduction: Q
∆t = kA

L∆T Radiation: Qemit

∆t = eσAT 4 Qnet

∆t = eσA(T 4−T 4
0 )

� Chapter 20:
Mean Free Path: λ = 1

4
√
2π(N/V )r2

r ≈ .5× 10−10 m(monatomic), r ≈ 1× 10−10 m(diatomic)

Kinetic Theory: P = 1
3 (

N
V )mv2rms =

2
3 (

N
V )ϵavg ϵavg = 1

2mv2rms =
3
2kBT vrms =

√
3kBT
m

Discrete distribution: vmp = v at maximum vavg =
1

N

nbins∑
i=1

viNi vrms =

[
1

N

nbins∑
i=1

v2iNi

]1/2

Continuous distribution: v for Nv maximum vavg =
1

N

∫ ∞

0

vNvdv vrms =

[
1

N

∫ ∞

0

v2Nvdv

]1/2
Ideal Gases: Eth = nCV T
Monatomic: CV = 3

2R CP = 5
2R γ = CP

CV
= 5

3

Diatomic: CV = 5
2R CP = 7

2R γ = CP

CV
= 7

5
Solids: Eth = nCT C = 3R

� Chapter 21:
Work done by the system: Ws = −W (on the system) = +

∫
PdV

Heat Engine: QH = QC +Wout η = Wout

QH
= 1− QC

QH
ηCarnot = 1− TC

TH

Refrigerator: Win +QC = QH K = QC

Win
= QC

QH−QC
KCarnot =

TC

TH−TC

1



� Chapter 22:

Coulomb Law: |Fq1q2 | = K |q1||q2|
r2 = 1

4πϵ0

|q1||q2|
r2

Charge in a Field: F⃗ = qE⃗
Field of a Point Charge q: E⃗ = K q

r2 r̂ = 1
4πϵ0

q
r2 r̂

� Chapter 23:
Dipole Moment: p⃗ = (qs, from − q to + q) E⃗(on axis ∥ p⃗) ≈ 2Kp⃗

r3 E⃗(on axis ⊥ p⃗) ≈ −Kp⃗
r3

Continuous Charge Distribution Q: dE⃗ = K dq
r2 r̂ E⃗ =

∫
Q
dE⃗

Charge Densities: 1D : λ = Q/L 2D : η = Q/A 3D : ρ = Q/V

Special Field Results: Infinite Wire: E⃗ = ( 2K|λ|
r ; away for λ > 0, toward for λ < 0)

Infinite Plane: E⃗ = ( |η|
2ϵ0

; away for η > 0, toward for η < 0)

Parallel Plate Capacitor: E⃗ = ( η
ϵ0
, positive to negative)

Ring of Charge: Ez = 1
4πϵ0

zQ
(z2+R2)3/2

Disk of Charge: Ez = η
2ϵ0

[
1− z√

z2+R2

]
Torque on a Dipole: τ⃗ = p⃗× E⃗ or |τ⃗ | = pE sin θ (Direction by RHR)

� Chapter 24:
Flux through Surface S: Φe =

∫
S
E⃗ · dA⃗

Special Cases: Planar surface & uniform E⃗: Φe = E⃗ · A⃗
Planar surface ⊥ uniform E⃗: Φe = EA

Gauss’ Law: For closed surface S: Φe =
∮
S
E⃗ · dA⃗ = Qin

ϵ0

Some Geometry: Cylinder (radius r, length L): A = 2πrL+ 2πr2; V = πr2L
Sphere (radius r): A = 4πr2; V = 4

3πr
3

� Chapter 25:
Electric Potential Energy: Uniform field: U = qEs point charges: U = kq1q2

r = 1
4πϵ0

q1q2
r

Electric Potential Energy of a dipole in a uniform field: Udipole = −p⃗ · E⃗ = −pE cosϕ

Electric Potential: V = U
q ∆V = −

∫
E⃗ · ds⃗

Special Cases: Uniform E⃗: ∆V = −E⃗ · s⃗ Point Charge: V = kq
r = 1

4πϵ0

q
r

Continuous Distribution: dV = kdq
r

� Chapter 26:

Field and Potential: ∆V = VB−VA = −
∫ B

A
E⃗ ·ds⃗ Ex = −∂V/∂x Ey = −∂V/∂y Ez = −∂V/∂z

Capacitors: C = Q
∆V Parallel Plate: C = ϵ0A

d Energy: Uc =
Q2

2C = 1
2C(∆V )2

Energy Density: uE = 1
2ϵ0E

2

Combinations: Parallel: C = C1 +C2 Series: 1
C = 1

C1
+ 1

C2
Dielectric: C = κC0 E = E0

κ

� Chapter 27:
Electron Current: ie = neAvd vd = eE

me
τ ie =

neeτA
me

E

Current: I⃗ = (dQ/dt, direction of E⃗) I = eie = JA J = neevd
J⃗ = σE⃗ = E⃗/ρ σ = 1

ρ = nee
2τ

me

Conservation of Current: Current is the same at any point along the wire.
Resistance: R = ρL

A Ohm’s Law: I = ∆V
R

� Chapter 28:
Kirchoff’s Laws Junction:

∑
Iin =

∑
Iout Closed Loop:

∑
i(∆V )i = 0

Conventions: EMF: ∆V = ±E
(

from − → +
from + → −

)
Resistor: ∆V = ∓IR

(
with I

against I

)
Power: Pbat = IE PR = I2R = (∆V )2

R = I∆V
Combinations: Series: R = R1 +R2 Parallel: 1

R = 1
R1

+ 1
R2

RC Circuit: Discharging: Q(t) = Q0e
−t/τ I(t) = I0e

−t/τ τ = RC Q0 = C∆V0 I0 = ∆V0

R

Charging: Q(t) = Qmax(1− e−t/τ ) I(t) = E
Re−t/τ Qmax = CE
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� Chapter 29:
Vector Cross Product: C⃗ = A⃗× B⃗ = (AB sin θ,direction by RHR)

Or: C⃗ = A⃗× B⃗ =

∣∣∣∣∣∣
ı̂ ȷ̂ k̂
Ax Ay Az

Bx By Bz

∣∣∣∣∣∣ = ı̂(AyBz −AzBy)− ȷ̂(AxBz −AzBx) + k̂(AxBy −AyBx)

Biot–Savart Law: Charge: B⃗ = µ0

4π
qv⃗×r̂
r2 Current: dB⃗ = µ0

4π
Ids⃗×r̂

r2

Ampere’s Law:
∮
B⃗ · ds⃗ = µ0Ithru

Field of an Infinite Straight Wire: B = µ0I
2πr Field of an Ideal Solenoid: B = µ0NI

L

Field of a Current Loop: B(z) = µ0

2
IR2

(z2+R2)3/2

Magnetic Dipole Moment: µ⃗ = (AI, South pole to North pole (RHR)) Field: B⃗dipole ≈ µ0

4π
2µ⃗
z3

Magnetic Forces: on a Charge: F⃗ = qv⃗ × B⃗ on a wire : dF⃗ = Ids⃗× B⃗
on a straight wire in uniform field: F⃗ = IL⃗× B⃗

Cyclotron Motion: rcyc =
mv
qB fcyc =

qB
2πm

Force between parallel wires: F⃗ =

[
µ0LI1I2

2πd ,

(
attractive for parallel

repsulsive for anti− parallel

)]
Torque on a Dipole: τ⃗ = µ⃗× B⃗ or |τ⃗ | = µB sin θ (Direction by RHR)

� Chapter 30:
Magnetic Flux: Φm =

∫
B⃗ · dA⃗ Faraday’s Law: E = |dΦm

dt |

Lenz’s Law:
The direction of the induced current is such that

the induced magnetic field opposes the change in flux.

Faraday’s Law for Fields:
∮
E⃗ · ds⃗ = − d

dt

∫
B⃗ · dA⃗

� Chapter 31:
Transformation of Fields for frame S′ moving relative to S at constant speed V along x-axis:

E⃗′ = E⃗ + v⃗ × B⃗ B⃗′ = B⃗ − ϵ0µ0v⃗ × E⃗
(inverse: interchange primes and unprimes, replace v⃗ with −v⃗)

Maxwell’s Equations:∮
E⃗ · dA⃗ = Qin

ϵ0

∮
B⃗ · dA⃗ = 0

∮
E⃗ · ds⃗ = − d

dt

∫
B⃗ · dA⃗

∮
B⃗ · ds⃗ = µ0Ithru + ϵ0µ0

d
dt

∫
E⃗ · dA⃗

Lorentz Force Law: F⃗ = qE⃗ + qv⃗ × B⃗

� Chapter 36:
Galilean Transformations for frame S′ moving relative to S at constant speed v along x-axis:

Coordinates : x = x′ + vt′ ; y = y′ ; z = z′ ; t = t′

Velocity Components : ux = u′
x + v ; uy = u′

y ; uz = u′
z

Lorentz Transformations for frame S′ moving relative to S at constant speed v along x-axis:

Coordinates : x = γ(x′ + vt′) ; y = y′ ; z = z′ ; t = γ(t′ +
vx′

c2
)

Velocity Components : ux =
u′
x + v

1 +
vu′

x

c2

; uy =
u′
y

γ(1 +
vu′

x

c2 )
; uz =

u′
z

γ(1 +
vu′

x

c2 )

where:

γ =
1√

1− v2/c2

(For inverse transformations: interchange unprimed quantities with primed and change v to −v.)

Length Contraction and Time Dilation:

Lp = γL ; ∆t = γ∆tp

Dynamics:

p⃗ = γpmu⃗ ; E = K +mc2 = γpmc2 ; K = (γp − 1)mc2 ; E2 = p2c2 +m2c4
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