SUMMARY
Phys 2123 (General Physics II)
Compiled by Prof. Erickson

e Coulomb’s Law: F = ke% r
T

where ke = = 8.9875 x 10° N-m?/C?, and €, = 8.85 x 10712 C2/N-m? is the permittivity of

Ireo
free space. Generally, the electric force can be written in terms of the electric field, E

F =q¢E
e Electric Field (N/C=V/m): E =k Z g—; r; (distribution of point charges)
i A

The electrical force is conservative, and the electric field can be derived from a potential V. For
example, in rectangular coordinates each vector component can be obtained from

AV

Ei =— lim — X
Az; — 0 Zq

e Electric Potential (V=J/C): V=kS L (distribution of point charges)
g T3
i

e Electric Potential Energy (J): PE = ¢,V

The work done performed to move a charge in a potential V' is

W = —q, AV
Electric charge is quantized in units of e = 1.602 x 1072C. An electron volt, eV = 1.602 x 10719J.

e Electric Flux (N-m?/C=V-m): ®p=E-A = EAcosf

e Gauss’s Law: Oy = Qinside
€o




e A conductor in electrostatic equilibrium has the following properties:

1. The electric field is zero everywhere inside the conductor.
2. Any net charge on the conductor resides entirely on its surface.

3. The electric field just outside the conductor is perpendicular to its surface and has a magnitude
o/€s, where o is the surface charge density at that point.

4. On an irregularly shaped conductor, the surface charge density is greatest where the radius
of curvature of the surface is the smallest.

5. The potential is constant everywhere inside a conductor and equal to its value at the surface.

e Capacitance (F): Ei
(F) C=45

and the energy stored in a capacitor is U = %C(AV)Q.

e A dielectric material is composed of electric dipoles of magnitude p = 2aq, where a is the dipole
separation. A background electric field exerts a torque 7 = p x E on the dipoles. The potential
energy of the system of an electric dipole in an electric field is U = —p - E. The potential energy
of the dipoles reduces the potential difference in a capacitor,

AV,

AV = ,and C = k(C,

where k = E,/FE is the dielectric constant. The alignment of its dipoles results in an induced
electric field (F;,q) that reduces the background electric field (E,) inside the dielectric to a value
E =FE,—FE;,q. A charge density o;,q = (%) o is induced on its surface. Its dielectric strength
is the maximum electric field that can be applied to the dielectric before its insulating properties

break down and it begins to conduct.

The capacitance of a parallel-plate capacitor is

Keo A
d
where A is the area of each plate, and d is the plate separation.

C =

2
e Energy Density (J/m3): b
is the energy density contained in an electric field, where € = ke,.

e Electrical Current (A=C/s): I= %
t



e Ohm’s Law: J=0cE

where J = ngvy is the current density, and o is the conductivity. The resistivity p = 1/0 =
me/(ng?7) in units of Q-m, where 7 is the mean time between collisions. Over a limited temperature
range, the resistivity of a conductor varies approximately linearly with temperature, p = po[1 +
a(T —T,)], where o = p%% is the temperature coefficient of resistivity. Resistance, R can

be expressed similarly.

AV

e Resistance (Q=V/A): R —

Note that this equation, V = IR, is also referred to as Ohm’s law. In terms of the resistivity,
R = pl/A, where [ is the length and A is the cross-sectional area of the material.

e Electrical Power (W): P—IAV = I’R — (AV)?
R

e The emf € of a battery is the maximum possible voltage that the battery can provide between
its terminals. The terminal voltage will be AV = € — Ir, where 7 is the internal resistance of the
battery.

e Combinations of Circuit Elements:
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e Kirchhoff’s Rules: S Iin = Iou (junction rule)
YAV =0 (loop rule)

closed
loop



e RC Circuits:
Charging: q=q [1 — eft/T} o =T '™

where ¢ is the charge on the capacitor at time ¢, ¢go = C(AV) is the equilibrium (fully charged)
value of the charge, I, = AV/R is the current at ¢t = 0, and 7 = RC' is the time constant of the dc
circuit.

D. h . : = g5 725/7'. I: qio *t/T
1scharging q go€ ; Rce

where ¢, is the charge at ¢ = 0.

e Magnetic Force on Particle:

Fg =qv x B; Fp =quBsinf

muv
r, =
" laB

e Gyroradius:

where the sense of rotation for a negatively charged particle follows the right-hand rule.

e When placed in a force field, F, in addition to a magnetic field, B, a charged particle’s gyrocenter
will drift with a velocity:

FxB

in order that the net force on the particle be zero. For example, when the additional force is the
electrical force, F = ¢E, a charged particle will drift such that F,.; = ¢(E + v x B) = 0. Solving
for the velocity of its gyrocenter:

ExB E .
Varift = —pg i Varift = g sin 6

e Force on a Current Segment:

F=ILxB; F=ILBsinf

e Torque on a Current Loop:

T =NIAXxB=T7 xB; 7=NIABsinf

where the magnetic moment is 7w = NTA.



e Magnetic Field Due to Currents (T):

Long, straight wire: B = fol

27r
Center of a current loop: B = Npol

2R
Center of a partial current loop: B = NpoI0

4R
Interior of a solenoid: B = jonl = po NI

l

where p1, = 47 x 10~7 T-m/A, N is the number of turns, and the direction of B is found using the
right-hand rule.

e Ampere’s Law: Z B- m = Z B||Al = tolenclosed
. 2 B?
e Energy Density (J/m®): u =
20

Magnetic Flux (Wb=T-m?): & =B-A = BAcosf

e Faraday’s Law (V): € — _NA(I)B
At
Motional Emf: € =vBL
Electrical generator: € = NBAwsinwt = €,,4, Sin wt

where w = 27 f is the angular frequency, and €,,,, = NBAw

e Lenz’s law is stated as follows: The induced emf resulting from a changing magnetic flux has
a polarity that leads to an induced current whose direction is such that the induced magnetic field
opposes the original flux change. This statement is a consequence of the law of conservation of
energy.



e Inductance (H):

Self Inductance: I — Nep
1

AT

— _Li

At

Energy stored in inductor: U= % LI?
Mutual Inductance: M = Ns®s

Ip
Alp
— _Mi

At

Transformers: E — &
Ve Np

Is Np

Ip  Ng

where the subscript “P” refers to the primary coil and subscript “S” refers to the secondary coil.

e AC Circuits:
The output of an AC generator is sinusoidal, the voltage varies as

V = Viax sinwt

where w = 2nf is the angular frequency, and f is the linear frequency. The rms current and
voltage are

1 Vi
Iims = % ; Vims = e
The voltage and current across a resistor are in phase
VR,rms = IrmsR
The voltage across a capacitor lags the current by 90°, and
VC,rms = IrmsXC
where the X¢ = i is the capacitive reactance.
The voltage across an inductor leads the current by 90°, and
VL,rms = IrmsXL

where the X1, = wL is the inductive reactance.



e RLC Series Circuit:
Ohm’s law for the LRC series circuit reads

Vmax = Imax Z

where Z = /R? + (X1, — X¢)?2 is the impedence of the circuit. The phase angle ¢ between the
current and the voltage obeys

X1, — X¢
R

The power delivered by the generator is dissipated in the resistor; there is no power loss in the ideal
capacitor or inductor.

tan ¢ =

Pave — IerR — Irms‘/;ms COS¢

S

where the voltage across the resistor is Vg = Vims cos ¢.

e Resonance in a Series RLC Circuit:

According to Ohm’s law, the rms current is maximum when the impedence is a minimum. The
minimum value of the impedence is R and occurs when X1, = X¢. This occurs at the resonant
frequency:

£ = 1
° 2nV/LC
e Electromagnetic Waves/Light:
c= = 2.9979... x 10°m/s
Ho€o
1
v=fA=

NG
Intensity (Poynting vector) (W/m?):
1 _
S=-ExB; |S|=vu, S=va=1
w
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in a vacuum; use €, 4, and v for the material in other media.

Doppler effect: fobs - fsou'rce (1 + Urel)
c

7

where “+” sign for motion toward, and “—” sign for motion away.



Reflection: 0; =06,

Index of refraction: n—

Snell’s Law of Refraction: nysin 6] = ny sin Oy

Total Internal Reflection:  sinf, = @, where (nq > ng)
ni

Single-slit diffraction: sin O ggrk = mA

=41,£2, ...
W’m Y )

Double-slit diffraction:  gip Opright = %)\, m=0,+1,£2, ...

1\ A
sin Ogark = <m+ 2) > m=0,+1,£2, ...

. . . A
Diffraction grating: Sin Opright = mT’ m=0,+1,+2, ...

Additional properties: Interference, Fermat’s Principle, Dispersion, Huygens’ Principle

e Quantum Effects: (h = Planck’s constant = 6.626... x 10734 J.s)

Photon: E:hf,p:%—ﬂ
c

Photoelectric effect:

hf = KE 40 + W, where W, = work function

deBroglie wavelength: )\ = ﬁ

Heisenberg Uncertainty Principle:

ApAx > i, AEAt > i
47 47

Bohr model (1 valence electron):



7"1712

rn = ——, where r = 5.20 x 107" m = 0.529A = Bohr radius
eff

E, =—(13.6 eV) Ziss
7’L2

Quantum numbers:
Principal Quantum Number:
Z2
n=123,.. (E,=-(136¢eV)-4)
Orbital Quantum Number:
1=0,1,2, .., (n—1) (L=II[+1)L)

Magnetic Quantum Number:
mp=—1l,..—2,-1,0,1,2, ..,1 (L, =m)
Spin Quantum Number:

1
ms::l:§

The Pauli Exclusion Principle states that no two electrons in an atom may have the same set
of quantum numbers.



