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PHYSICS 2220 — Final Exam Equation Sheet

1. k = 8.99 × 109 N·m2/C2 ε◦ = 8.85 × 10−12 C2/N·m2 µ◦ = 4π × 10−7 T·m/A
e = 1.60 × 10−19 C 1 eV = 1.60 × 10−19 J g = 9.8 m/s2 1 yr = 3.16 × 107 s
c = 3 × 108 m/s = 1 ly/yr h = 6.63 × 10−34 J·s h̄ = h/2π a◦ = 0.0529 nm
hc = 1240 eV·nm 1 u = 1.661 × 10−27 kg uc2 = 931.5 MeV
electron mass me = 9.11 × 10−31 kg proton mass mp = 1.67 × 10−27 kg

Circle: C = 2πr A = πr2 Sphere: A = 4πr2 V =
4

3
πr3

Cylinder: A = πr2 (end) A = 2πr` (side) V = πr2`

2. Coulomb’s law: F = k
|q1||q2|

r2
k =

1

4πε◦
F = qE

3. Gauss’ law: Φc =
∮

E · dA =
∮

E dA cos θ =
qenc

ε◦

4. ∆V = VB − VA = −
∫ B

A
E · ds = −

∫ B

A
E ds cos θ

5. ∆U = UB − UA = q(VB − VA) = q∆V

∆U = UB − UA = −q
∫ B

A
E · ds = −q

∫ B

A
E ds cos θ

6. For point charge: E = k
|q|
r2

V = k
q

r
U = k

q1q2

r

7. C =
Q

∆V
C =

ε◦A

d
∆V = Ed Parallel: Ceq = C1 + C2 + . . .

Series:
1

Ceq

=
1

C1

+
1

C2

. . . or Ceq =
C1C2

C1 + C2

(2 only)

8. V = iR P = iV = i2R =
V 2

R
R =

ρL

A
Parallel:

1

Req
=

1

R1
+

1

R2
+ . . .

Req =
R1R2

R1 + R2
(2 only) Series: Req = R1 + R2 + . . .

9. Kirchhoff’s rules: 1) current in = current out; 2) sum of voltage rises and drops = 0 around
a closed loop

10. q = q◦e
−t/RC q = q◦

(
1 − e−t/RC

)
i = i◦e

−t/RC τ = RC

11. UC =
1

2
CV 2 =

1

2

Q2

C
=

1

2
QV uE =

1

2
ε◦E

2 UL =
1

2
Li2 uB =

1

2µ◦
B2

12. FB = qv × B |FB| = |q||v||B| sinφ F = qE + qv × B r =
mv

qB
T =

1

f
=

2πr

v

13. FB = iL × B |FB| = i|L||B| sinφ τ = NiAB sin θ

14. Biot-Savart law: B =
µ◦i

4π

∫ ds × r̂

r2
=

µ◦i

4π

∫ ds sin θ

r2
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15. Ampere’s law:
∮

B · ds =
∮

B ds cos θ = µ◦i

16. Faraday’s law: E = −N
dΦB

dt
= −N

∆(BA cos θ)

∆t
E = −L

di

dt

Inductance: L =
NΦB

i
Solenoid: B = µ◦ni L = µ◦n

2A` n =
N

`

17. RL: i =
E
R

(1 − e−Rt/L) i =
E
R

e−Rt/L τ =
L

R

18. RLC circuit: VR = ImR VL = ImXL VC = ImXC ω = 2πf XL = ωL XC =
1

ωC

Z =
√

R2 + (XL − XC)2 Im =
Em

Z
ω◦ =

1√
LC

Irms =
Im√

2
Erms =

Em√
2

19. I = I◦ cos2 θ reflection: θ = θ′ refraction: n1 sin θ1 = n2 sin θ2

n =
c

v
fλ = v n1λ1 = n2λ2 sin θc =

n2

n1

20.
1

f
= (n − 1)

(
1

R1
+

1

R2

)
(lenses) f =

R

2
(mirrors)

1

p
+

1

i
=

1

f
m =

h′

h
= − i

p

21. double slits: d sin θ = mλ m = 0, 1, 2, 3, . . . (max); order = m

d sin θ = (m + 1
2
)λ m = 0, 1, 2, 3, . . . (min); order = m + 1 sin θ =

y

D
(small θ)

22. single slit: a sin θ = mλ m = 1, 2, 3, . . . (min); order = m

23. for θ in radians: θmin =
λ

a
(slit) θmin =

1.22λ

d
(circular)

24. diffraction grating: d sin θ = mλ m = 0, 1, 2, 3, . . . (max); order = m

25. ∆tmoving =
∆trest√

1 − v2/c2
Lmoving = Lrest

√
1 − v2/c2 u′

x =
ux − v

1 − uxv/c2

26. γ =
1√

1 − u2/c2
K = mc2(γ − 1) E = γmc2 E2 = p2c2 + m2c4 p = γmu

27. Ephoton = hf =
hc

λ
= pc Kmax = Ephoton − Φ ∆λ =

h

mec
(1 − cos θ)

28. p = mv (except photons) λ =
h

p
∆x∆p ' h̄ For estimates, pmin ' ∆p

29. En =

(
h2

8mL2

)
n2 En = −13.6 eV

1

n2
Ephoton = Ehigh − Elow

30. N = N◦e
−λt R = Nλ R = R◦e

−λt τ =
ln 2

λ

31. Ebinding = [ZmH + Nmn − M(A
ZX)]c2 Q = [(masses in) − (masses out)]c2


