PHYSICS 1012 Exam Equation Sheet

“Never memorize something you can look up.” — Albert Einstein

Constants and Conversion Factors

Im = 10° gm = 10°nm = 10*° A = 10'2 pm = 10" fm
1 GeV = 10° MeV = 10° keV = 10 eV = 1.6022 x 10717 J

e = 1.6022x 107" C

g0 = 8.85418781762 x 107'* C*/N - m?

1/4mey = 8.99 x 10° N - m?/C?

po = 4mx 1077 T-m/A
c = 299792458 x 10* m/s ~ 3.0 x 10° m/s
kg = 1.380649 x 107 J/°K

N4, = 6.02214076 x 10?® per mole

R = 8.3144 J/°K - mol
o = 567x107%J/s-m?.°K*

m. (the electron mass) = 9.11 x 107! kg

M, (the proton mass) = 1836m,
Work:

W=AU=~[F-ds AU = QAV
Coulomb’s Law:
Fo L 0%
dmey |72

The Electric Field: ﬁ(x,y, z) = QE(CU, Y, 2)

Energy density stored in an electric field: Up = 5€ 0’E ’2

For a point charge;




For an infinite uniformly charged sheet;

- o
Bl =
€0

-

At a distance ¢ away along the bisector of an electric dipole (p'= gd);

dmeg [ + (d]2)2]3

; 7_'):]7><E
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For a dipole p’ in an external field

Gauss’ Law:

(I)E _ ?{E_: ) d/f _ Qenzlosed
0

Electric Potential:

AV =V, =V, =~ ['E-d§

At a distance r from a point charge ¢ with V(r = o0) = 0;

q

V p—
(r) dmeor

Electrical Properties of Materials:

d S - 5
z:dz:/j-dA ] = —envy
For ohmic materials:
L .
R=p— AV =iR

P



DC Circuits: P =AVi=#R=AV?/R
Kirchoff’s Laws

Current Law: At a junction > 25y = > Zout
Voltage Law: For a closed loop > AV = ()

The equivalent resistance R for N resistors:

e On the same current path
N
R=3% R;
i=1

e Having the same potential difference across them

1 N1

R El E@
Capacitors: @ = CAV U=Q?*2C

Parallel-plate capacitor:

A
0250d

With a dielectric filling the space between plates C' = k.C

The equivalent capacitance C' for N capacitors:

e On the same current path
1 N

1
oA
e Having the same potential difference across them
N
C=3C
i=1
For a charging capacitor:
AV (t —ty) = AV (ty) (1 — e~ U0)/7)
T = RC



Magnetic Force:

On a moving charge at the instant it is at the location (z,y, 2)

—

F(z,y,2) =qu(x,y,2z) X B(z,y, 2)
On a current-carrying wire;

— —

F=iLxB
Torque on a current-carrying loop of N turns: 7 = Ni7A x B

Magnetic Field:

Due to a moving charge:

5 MoqU X T

dm |12

Around a long, thin, straight current-carrying wire:

Along the axis of a thin, current-carrying ring of radius R:

poi R
1Bl = 2 | 12\3/2
2(R? + d?)

Inside an ideal solenoid:

|B| = poni

Magnetic Dipole Moment:

waf]
=
I
|
=

fi=iA 7= x



Ampere’s Law:

%B - ds = MOienclosed

Magnetic Flux and Faraday’s Law of Induction:

Op=[B-dA
d®p
£=——1+
dt

Induced Electric Field:

- ddp
E ds=———=
$B-ds dt
Inductors:
di 1
AVp =L = _Li*
VL dt U 9 1

AC Circuits and Complex Impedance:

AV = Vycoswt — AV = Vel

AV =7
Zr = R
7 1
¢ jwC'
ZL = ]WL
A‘/out
A pu—
b Ay,




Optics

Reflection and Refraction

Reflection: 6, = 6;
Index of Refraction: n = c/v c=f\N v=fl\, AN =A/n
Dispersion: n is a function of A
Snell’s Law:
nysin @7 = no sin 6y
Critical angle:
n

. 2
6, = sin~! () for nqy > no
n?

Double Slit Interference

Constructive:
Al =dsinf = mA with m =0, %1,£2, £3, ...
Destructive:

1
Al =dsinf = (m+2))\ with m =0, &1, +2, 43, ...

Distance from central maximum to m'™ bright fringe:

B mA\D

Ym d

Diffraction

Single Slit Destructive Interference:
asin@ = mA with m = +£1, £2, £3, . ..

Rayleigh Criterion for Circular Aperatures: 6 = 1.22%
Bragg Equation: mA = 2dsinf with m =1,2,3, ...



Thermodynamics

Temperature Scales — Celsius to Kelvin: T = Ty + 273.15°

Pressure conversion: 1 atm = 101.3 kPa
Heat

Heat and Temperature: () = mcAT
Phase Change: () = mL

Conductive Heat Transfer:

0 dT
p="_ 4%
-

Radiative Heat Transfer:

Gas Kinetics

[deal Gas Law:
pV = NkgT =nRT

Temperature and Kinetic Energy:
1 3
< K >= S < v? >= 2/~cBT

RMS speed:

3kpT 3RT
URMSZ’\/<UQ>: B = |——
m M

Internal Energy:

3
Eint = QHRT



First Law of Thermodynamics

Work and gases:
W= [ pdv

The First Law of Thermodynamics:

AEjint — Q_W
AE, = Q = nCyAT

Q = nC,AT
d

CV — 2R

Cp = Cy+ R

Thermodynamic Processes:
[sothermal (AT = 0): W =nRT In (“2)
[sobaric (Ap =0): W =p(Vo — V)
Isochoric (AV =0): W =0
Adiabatic (Q = 0): pV"7 = constant

TV 7! = constant
W = Va—ph

1=y
Entropy:
2 d()
A
(at constant T') AS = ;2 =nRIn

(

Vs

Vi

|



Table 1: Specific Heats and Thermal Conductivities of Some Common Materials

(Temperature range 0°C to 100°C)

Substance | ¢ (J/kg°K) | £ (W/m°K)
Air 0.026
Water 4184 0.61
Copper 386 401
Steel 502 46
Glass 753 0.8
Wood 1400 0.11

Table 2: Heats of Transformation (at Atmospheric Pressure)

Substance | Melting Point (°K) | L, (kJ/kg) | Boiling Point (°K) | L, (kJ/kg)
Copper 1357 205 2840 4726
Lead 601 24.7 2013 858
Oxygen 54.8 13.8 90.2 213
Water 273.15 334 373.15 2257

Table 3: Index of Refraction

Substance n
Air 1.000293
Water 1.333
Ice (at 0°C) 1.309
Glass, crown 1.52
Glass, flint 1.66
Diamond 2.419




Volumes and Areas:

Area of a circle of radius R and area of the side of a cylinder of length ¢ and radius R;

A= 1R2 A=2rR/
Volume and surface area of a sphere of radius R;

4
V = 37TR3 A = AT R?

Vectors, Trigonometry, Derivatives, Complex Numbers

We will use Cartesian coordinates throughout.

Vectors
A = |A|A = A+ Ayj+ Ak
Al = Ja2+ a2+
i A4
A JAT+ AL+ A
C = Cu+Cj+C.k
A+ B
(A, + B,)i + (A, + B,)j + (A. + B.)k
A-B |A||B| cos 0
= (A,B,+A,B,+ A.B,)
Ax B = |A||B|sin6n

where # is the unit direction vector normal to the AB plane
— (A,B. — A.B,)i + (A.B, — A,B.)j + (A,B, — A,B,)k



Derivatives

dzx

X

Trigonometry

sin® @ + cos® 6

—Acosbr = —Absinbx
jA sinbr = Abcosbx
dAT™
dzx
+bx
dAe — L+ Apett”
dx
=1
= 2sinfcosb

sin 26
cos 26
sin (0 £ ¢)
cos (0 £ ¢)

sin 6 =+ sin ¢
cos ) 4 cos ¢

cosf — cos ¢

Complex Numbers

|2

= cos’f —sin® 0
= sinfcos ¢ + cosfsin ¢

— cos0cosé T sinfsin &
50£6)|cos 567 0)
S0+0)| cos |50 - 0)
50+ 0)|sin[50-0)

= 2sin coSs

= 2cos

= —2sin sin

a
= atb

= |Z|(cosf £ jsin0)
_ |Z|€j:j6

= Va?+ b?

= +tan! (b>
a



