
Final Exam Equation Sheet

Sound:

v = 331 m/s

√
T (K)
273 K

fO = fS

(
v + vO

v − vS

)

v =

√
F

µ
v =

√
B

ρ

fn =
nv

2L
n = 1, 2, 3, ... fn =

nv

4L
n = 1, 3, 5, ...

I =
P

A
β ≡ 10 log

(
I

I0

)
fb = |f2 − f1|

Electric Forces and Fields:

|F | = ke
|q1||q2|

r2
12

|E| = ke
|q|
r2

~E ≡
~F
q0

EA = ΦE =
Qinside

ε0
Electrical Energy and Capacitance:

∆PE = −WAB = −qEx∆x

∆V = VB − VA =
∆PE

q
∆V = −Ex∆x

V = ke
q

r
PE = ke

q1q2

r

C ≡ Q

∆V
C = ε0

A

d
C = κε0

A

d

PEC = 1
2Q∆V = 1

2C(∆V )2 =
Q2

2C
Cparallel = C1 + C2 + C3 + · · ·

1
Cseries

=
1
C1

+
1
C2

+
1
C3

+ · · ·
Current and Resistance:

Iav ≡ ∆Q

∆t
I = lim

∆t→0
Iav I = nqvdA

R ≡ V

I
∆V = IR R = ρ

`

A

P = I∆V = I2R =
∆V 2

R
Direct-Current Circuits:

∆V = ε− Ir P = εI

Rseries = R1 + R2 + R3 + · · ·
1

Rparallel
=

1
R1

+
1

R2
+

1
R3

+ · · ·

ΣIin = ΣIout ΣVclosed loop = 0

q = Q
(
1− e−t/RC

)
q = Qe−t/RC τ = RC

Magnetism:

F = qvB sin θ F = BI` sin θ τ = BIAN sin θ

B =
µ0I

2πr
(long straight wire) B = N

µ0I

2R
(flat loop)

B = µ0nI n =
N

L
(solenoid)

r =
mv

qB

∑
B||∆` = µ0I

F

`
=

µ0I1I2

2πd

Induced Voltages and Inductance:

ΦB ≡ BA cos θ ε = −N
∆ΦB

∆t

|ε| = B`v ε = NBAω sinωt

ε ≡ −L
∆I

∆t
L =

NΦB

I
L =

µ0N
2A

`

I =
ε
R

(
1− e−t/τ

)
τ =

L

R
PEL = 1

2LI2

Alternating-Current Circuits:

Arms =
A√
2

ω = 2πf XC =
1

ωC
XL = ωL

∆VR,rms = IrmsR ∆VC,rms = IrmsXC ∆VL,rms = IrmsXL

Z ≡
√

R2 + (XL −XC)2 tanφ =
XL −XC

R

∆Vmax =
√

∆V 2
R + (∆VL −∆VC)2 ∆Vmax = ImaxZ

Pav = Irms∆Vrms cosφ f0 =
1

2π
√

LC

Irms =
∆Vrms

Z
=

∆Vrms√
R2 + (XL −XC)2

∆V2 =
N2

N1
∆V1

Electromagnetic Waves:

E

B
= c c = fλ fO ≈ fS

(
1± u

c

)

I =
EmaxBmax

2µ0
=

E2
max

2µ0c
=

cB2
max

2µ0

(absorption)
U

c
≤ p ≤ 2U

c
(reflection)

Reflection and Refraction of Light:

E = hf θ′1 = θ1 n =
c

v
n =

λ0

λn

n1 sin θ1 = n2 sin θ2 sin θc =
n2

n1
for n1 > n2

1



Mirrors and Lenses:

M =
h′

h
= −q

p

1
p

+
1
q

=
1
f

1
f

=
2
R

1
f

= (n− 1)
(

1
R1

− 1
R2

)

n1

p
+

n2

q
=

n2 − n1

R
M =

h′

h
= −n1q

n2p

Wave Optics:

d sin θbright = mλ m = 0,±1,±2, ...

d sin θdark = (m + 1
2)λ m = 0,±1,±2, ...

ybright =
λL

d
m λn =

λ

n

2nt = (m + 1
2)λ 2nt = mλ m = 0, 1, 2, ...

sin θdark = m
λ

a
m = ±1,±2,±3, ...

I = I0 cos2 θ n = tan θp

Relativity:

∆t =
∆tp√

1− v2/c2
L = Lp

√
1− v2/c2

γ =
1√

1− v2/c2
E = γmc2

E2 = p2c2 + m2c4

Quantum Physics:

λmaxT = 0.2898× 10−2 m ·K En = nhf

KEmax = hf − φ

λmin =
hc

e∆V
2d sin θ = mλ m = 1, 2, 3, ...

∆λ = λ− λ0 =
h

mec
(1− cos θ)

λ =
h

p
=

h

mv
E = hf

∆x∆p ≥ h

4π
∆E∆t ≥ h

4π

Atomic Physics:

mvr = nh̄ h̄ =
h

2π

rn =
n2h̄2

mkee2
En = −mek

2
ee

4

2h̄2

(
1
n2

)
n = 1, 2, 3...

rn = n2a0 En = −E1

(
1
n2

)
hf = |∆E|

a0 = 0.529× 10−10 m E1 = 13.6 eV

Nuclear Physics:

∆m = (Σmparticles)−msystem r = r0A
1/3

r0 = 1.2× 10−15 m = 1.2 fm

R =
∣∣∣∣
∆N

∆t

∣∣∣∣ = λN N = N0e
−λt T1/2 =

ln 2
λ

Dose in rem = Dose in rad × RBE

KEmin =
(

1 +
m

M

)
|Q| Q = c2∆m

2


