PHYSICS FORMULAS

Electron = -1.60219x107°C = 9.11x103'kg Rectangular Notation: Z =R+ jX where +j represents
Proton = 160219x10"C = 1.67 x 1027 k inductive reactance and -j represents capacitive reactance.
Neutron = 0C = 1.67 x 1027 kg For example, Z =8+ j6()2 means that a resistor of 8Q is
6.022 x 10*° atoms in one atomic mass unit in series with an inductive reactance of 6.

e is the elementary charge: 1.602 19 x 10° 19‘% lag Notation: Z = M 0, where M is the magnitude of the
Potential Energy, velocity of electron:-Ajli= ¢ 1.‘ ‘ re!ctancéng_d 0 is the direction with respect to the

_ _ g -_1.1 \l > l horizont istance) axis. For example, a resistor of
1V=1C 1N"'%_ 1V/m 1 N= .ﬁ: 40 in s pacitor with a reactance of 3Q2 would
1amp=6.21 x 10 electronsfsecon 1 G¥tiomb/second 5 /-2

1 hp = 0.756 kW T- Ao 1Pa=1N!m2 N
Power = Joulesfseﬂﬁnd e  [watts W] T Re-ntanqular ant
Quadratic mperage, voltagesand,

= 4M Kinetic Ene [l .
Equation: -ﬁ_ " i ar notation:
[Natural Lo hen ¢ —x, In x= " . ; ; »
Lyt m o 10 8 . ith-theysign before the ")

nce is used as an example.
on can also be used to

ar No

\ 2I+ Y = M '
i iy \IIUHE ‘\f I I Ca l 0 e
Addltlon of Mltlple%{ tdn g' ular notation
: i 5'3
- - . e to the wa Iculator W if X |s negative,
}3 C | esfitant = Sum . jdd 180° a |ng the in§erse tangent. If the
R o o G n 4 reater than 1 ° \J.fgl_l !'n::\.L nnfmn‘l\r suhtract
; . : m the value tto the r ngle

L _y-'s:iomponen

E . -
£ ular (j n:
R Smddagnitude (len .
R, M cos0 vl
0p = tan or tan@, =— Angle o - S oMy
] I, I \Jrsydiue. ivi Silio v i‘
o ) ’n conversions, the j value will have the 0 ..;E
Multiplication of Vectors: ; same sign as the 0 value for angles X
] Positive direction: having a magnitude < 180°.
Cross Product or Vector Product: i Use rectangular notation when adding
and subtracting.
ixj=k Jxi=—k Use polar notation for multiplication and division. Multiply in

polar notation by multiplying the magnitudes and adding
the angles. Divide in polar notation by dividing the
magnitudes and subtracting the denominator angle from
the numerator angle.

ixi=0

—
=

Dot Product or Scalar Product:

i-j=0 ivi=1
a-b=abcos0

Derivative of Vectors:
Velocity is the derivative of position with respect to time:

v—i( i+ +k)—§|+d— +dz
A= a0

Acceleration is the derivative of velocity with respect to
time:

v,. dv, dv. K
— +—' F— - i3
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Electric Field inside a spherical shell: [N/C]

ELECTRIC CHARGES AND FIELDS
- kqr E = electric field [N/C]

Coulomb's Law: [Newtons N] E=—; g = charge [C]

R o
|‘1‘1 ||4’2| where: [ = force on one charge by r= dlstzncehfrom [c;?ter of sphere to
the other[N] € charge
¥ k = 8.99 x 109 [N-m2/C?] R = radius of the sphere [m]
g1 = charge [C] Electric Field outside a spherical shell: [N/C]
g2 = charge [C] _
r = distance [m] kq E = electric field [N/C]

q = charge [C]
r = distance from center of sphere to
the charge [m]

Electric Field: [Newtons/Coulomb or Volts/Wer .‘
4 i |

1| Lo where: E = elestric d N a

E=k 4 _ | x Mrf‘c _ r_unit_area of an electric or
2 - -
¥ Q‘ [C mag :
B W = watts
| - orce " "' F " 11/ / yn__— - = -}“ = ma_)_(.ﬁl_?ctric field [N/C]
c /‘HO _.__.-'Ju‘, T XU
Electric field lines radlate putwa rd from c 9792 x 10° [m/s]
positive ¢ The electric — magnetic field [T]
A DOSltI

ving in the ion as the electric
field directio pS potentcal ene the potential of
the electric fi |shes in thi ection.

ntial lines olSs I Jilies at rlgh‘_angles
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r = distance [m]
k=8.99 x 10° [N-

E = electric field [N/C]

Electric Field due to ring of Charge: [N/ k = 8.99 x 10° [N-m?/C?]

kqz E = electric field [N/C] , <03 gggnggjmfngf free space 8.85 x
= k = 8.99 x 109 [N-m?/C?] E= P SR e w ;
(z"+R") - charge [Cl 27 e z3  D=qd[Cm] "electric dipole moment
q_ dist g ltJ tha ch =0 in the direction negative to
. kq z =dis sflnce (0] e‘ charge [m] il 5.8 positive
orifz>>R, E=—R=radius of the ring [m] z = distance [m] from the dipole
Z center to the point along the
Electric Field due to a disk Charge: [N/C dipala axis whare the;slectric fiekl
a large: [N/C] is to be measured
E = electric field [N/C] . . . R
(o3 z :
E= (l e J = charge per unit area Deflection of a Particle in an Electric Field:
2 g, V22 + R (emy oy’ — gp V= deflection [m]
€0 = 8.85 x 1012 (CIN-?] Yy =g m = mass of the particle [kg]
z = distance to Chafge [m] d= p|a[e Separation [m]
R = radius of the ring [m] v = speed [m/s]
Electric Field due to an infinite sheet: [N/C] q = charge [C]
E = electric field [N/C or V/m
o F = electric field [N/C] L = length of plates [m]
E= o = charge per unit area [C/m?}

2¢ g = 8.85 x 10712 [CIN-m?)




Potential Difference between two Points: [volts V]

P

il

q

APE = work to move a charge
=—FEd from A to B[N-m or J]

g = charge [C]

Vi = potential at B [V]

VA = potential at A [V]

D = UIULAIIL; ilb‘lu [I\lfl.f or V.Fiimi

d = plate separation [m]

t

AV =Vy—V, =

Electric Potential due to a Point Charge: [volts V]
' = potential [volts V]

Gg=c¢C

Y

q d
k=8.99 x 10
T ,._,.har.-.,.rrrﬂ i ] J k..

Potential Energy of
cV] ...‘l

k 414> lI|“ & i

al:

Wi S _?’F
rk done gn a par’

AV =V, =V, =—— applied[m]
F = is the force sc
r d =is the distancq
_ _I E.ds 0 = is the angle between the
force and distance vectors

ds = differential displacement of
tha ~rharma Taal
uic viiai BG llllj

V = volts [V]

g = charge [C]

Flux: the rate of flow (of an electric field) [N-m’/C]

@ s the rate of flow of an electric
D= ﬁi;E -dA field [N-m’/C}
§ integral over a closed surface

E is the electric field vector [N/C]
A is the area vector [mz] pointing
outward normal to the surface.

= I E(cos0)dA

is the electric nn_nn‘ga! I' r ' 1 G-‘_K =
¥4 at a point P Ll
i ; U|r to
b

— _ T/ ..LHU G.e;;tnc potential enercu‘

T ,
; a
' C =4nx € g

Gauss' Law:

eg = 8.85 x 10712 [CZ/N-n?]

@ s the rate of flow of an electric
field [N-m’/C]

qene = charge within the gaussian
surface [C]

E is the electric field vector [J]
A is the area vector [m2] pointing
outward normal to the surface.

_ CAPACITANCE

ic constant (1)
of free space

]

plates [m]

= length{m] _ 4
= radius

Thin conductor,
= radius r
conductor [m)]

J

Capacitor:

C = capacitance [farads F]

K = dielectric constant (1)

€9 =8.85x 10" CIUN-m?

b = radius, outer conductor
Tl
I.I'llj

a = radius, inner conductor [m]

Maximum Charge on a Capacitor: [Coulombs C]

o=Vrc Q = Coulombs [C]
V = volts [V]
C = capacitance in farads [F]

For capacitors connected in series, the charge Q is equal for
each capacitor as well as for the total equivalent. If the
dielectric constant « is changed, the capacitance is
multiplied by k, the voltage is divided by k, and Q is
unchanged. In a vacuum K = 1, When dielectrics are

used, replace g with K 4.

Electrical Energy Stored in a Capacitor: [Joules J]

= ) ~1 11 = Patantial Enarav [N




Charge per unit Area: [C/m?] Resistivity: [Ohm Meters]

_ 9 o = charge per unit area [.‘,/mZ] E P = resistivity [© - m]
&= A q = charge [C] p= 7 E = electric field [N/C)
A = area [n7'] RA J = current density [A/m’]
Energy Density: (in a vacuum) [J/m’] P="T k= rasiziance [ ohms)
_ s A = area [m"]
u=+e E* YT energy per unit volume [J/m'] L = length of conductor [m]
0 = permittivity of free space o ) .
8.85 x 10712 C2/N-n? Variation of Resistance with Temperature:
E = ener
oy 1 pP—py=p(T-T,) p = resistivity [ - m]
r]' Y po = reference resistivity [ - m]
Capacitors in Series: . o = temperature coefficient of
it "_ - resistivity (K]
1 1 1 ' "« Ty = reference temperature
S T - T, = temperature difference
Co G G : 3, [Kor™Cl
1 . T i
Capacitors connected’- ins rles all have the same ¢ ; ‘=_dr

For parallel; ors e total ¢ iggequal to the su
charge on'eacl itor. ﬂ‘ L

Time Cgl_'ﬁsgp'[seconds] gf; “ : g 1
S R(hl T"'q‘flﬁ‘fﬂe aci‘to_  reach . [ ; jcurrent [A]

12X I rag G nt density [A/m’
= serig ce thm LEY[ ] .
C capacitance [farads F) ga [m’]
B e"bth of condug] ]
Char xXels Voltaqﬂr?Seconds e —me per carri
charain s, § = r*hnrm:: after f ¢ ne = carrier charae riengihljﬁ{ma'l
chargi ng 5= N i
r [coulombs Va= eed [m/s
- 20 = maxi
4 4 (l . C 0- Change of Chwtnerqv ttery:
- e = natural log
. P = power [W]
discharging: t —_t|me [seconds] i = current [A]
oy -tiT T = time constant R " .
q=ve ¥ = volts [V] | - & = emf potential [V]
V=V eVt Vs = supply volts [ _
o b_ - .
[Natural Log: when e’=x, Inx=5] Kirchhoff's Rules
Dirift Snead: s ., o ; i ’ o . v i
SR o i ) 1. The sum of the currents entering a junctions is equal to
A AQ = # of carriers x charge/carrier the sum of the currents leaving the junction.
P A0 o (nqv ) At = time in seconds 2. The sum of the potential differences across all the
I3 d n = # of carriers elements around a closed loop must be zero.
= charge on each carrier
?, = driftgspeed in meters/second Evaluating Circuits Using Kirchhoff’s Rules
= ; : 2
A = cross-sectional area in meters 1. Assign current variables and direction of flow to all
branches of the circuit. If your choice of direction is
incorrect, the result will be a negative number. Derive
RESISTANCE equation(s) for these currents based on the rule that
currents entering a junction equal currents exiting the
Emf. A voltage source which can provide continuous current junction.
[volts] 2. Apply Kirchhoff's loop rule in creating equations for

different current paths in the circuit. For a current path
beginning and ending at the same point, the sum of
voltage drops/gains is zero. When evaluating a loop in the
direction of current flow, resistances will cause drops
(negati
provide
they wi

3. The n
variabli

e=IR+1Ir & = emf open-circuit voltage of the battery
I = current [amps]
= load resistance [ohms]
r = internal battery resistance [ohms]
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MAGNETIS
André-Marie Ampére is credited with the discovery of
electromagnetism, the relationship between electric
currents and magnetic fields.

I'Il:.‘lllll(.,ll FIEH.Z Was llllﬂ Illbl. I.U gb‘llt.‘ldlt.‘ -
electromagnetic waves in the laboratory.

Maanetic Force acting on a charge q:

Nl
F =qvBsin® F=force [N] '

= char e Gk ,‘
F=qvxB 1

ty&
G—an nvand B

resent the dlrectlo‘crf-‘e

[Newtons

Right-Hand Rule,.r Fl

IIIngIUI.IL- IUIW D,'I.IIUII'&J Ib‘pl enis e airecuon
any angle and tie force F on a posutlvel l
emanates. alm The di gne
is from h to south. Use th d¥for a negative
charge

Also, |f asped uahth nd with the thl.jﬂp
fhp i nf curreat fln hp fingers will cur )
dlrectl e mag ;

In a solenoid, with current fl g in the

magnetic field js in the direc
When pplied to % flow cause
maundtic field, thing more complica
dle of Pl moving towar
ﬁ ic fiel creasing). The

In pgle of the magnet, the finger
; Howgw’[rical activity
the change in the magnetic field, so
actually flow in the opposite direction. If t
being withdrawn, then the suggested curre
decreasing so that the actual current ﬂo in th
direction of the fingers in this case to oppose the decrease.
Now consider a cylindrical area of magnetic field going rnto
a page. With the thumb pointing into the page, this would
suggest an electric field orbiting in a clockwise direction. If
the magnetic field was increasing, the actual electric field
would be CCW in opposition to the increase. An electron in
the field would travel opposite the field direction (CW) and
would experience a negative change in potential.

Force on a Wire in a Magnetic Field: [Newtons N]
_ . F = force [N]
F'=Bllsin® B = magnetic field [T]
F=1{xB I'=amperage [A]

¢ = length [m]
8 = angle between B and the
direction of the current

Torgue on a Rectangular Loop: [Newton-meters N-mj]
: N = number of turns
v = NBIAsin® B = magnetic field [T]
[ amperagze [A]
= area [m"]
0 = angle between B and the
plane of the loop

Charged Particle in a Magnetic Field:
r = radius of rotational path
m = mass [kd]
qB v = velocity [m/s]
g = charge [C]
B = magnetic field [T]

ind a Wire: [T]

gan Id Aroun
] B = magnetic field [T]
B=-9 Ly = the permeability of free
2nr space 47x107 T-m/A
I = current [A]
'_l- w r = distance from the center of
j . the conductor

t-:ﬁ‘re center of an Arc: [T]
= magnetic field [7]

B= Ly =.the permeability of free
1 - 4o ce 4nx107 T-m/A
i , L.-frcur_ [A]
: ] -,m'é- in radians
0 X digihce from the center of
t n r

e width of a
gnetic Fleld
—
carrier charg
# voltage aci
V difickness of The conductor [m]

| 5 R e ey ) r“_J
B = netic fiel
Pouglont 4] =

v = drift yélocity [
st Y

tween Two Conductors: The force is
ve if the currents are in the same direction.

Hall Effect: je _acro’

to a

F = force [N]
i ““I 1 ¢ = length [m]
4 2nd Uty = the permeability of free

space 47x107 T-m/A

I = rnirrant TA1
i CUIment (A

d = distance center to center [m]

Magnetic Field Inside of a Solenoid: [Teslas 7]
B n wil B = magnetic field [T]
R Uy = the permeability of free
space 47x107 T-m/A
n = number of turns of wire per
unit length [#/m]
I = current [A]

Magnetic Dipole Moment: [J/T]
1 = Nid 1t = the magnetic dipole moment [J/T]
N = number of turns of wire
i = current [A]
A4 = area [m2]

Magnetic Flux throuah a closed loon: [T-M? or Webersl




Magnetic Flux for a changing magnetic field: [T-M? or
Webers]

®=[B-dA

B = magnetic fieid [T]
A = area of loop [m?]

A Cylindrical Changing Magnetic Field

dD,  E = electric field [N/C]

§E-dS=E2JT?‘= » = radius [m]
g t = time [s]
©,=BA=Bnr @ = magnetic flux [T-:m* or
Webe
@ e ﬁ B = tld ield [
dt dt Jettlel 1 4
€ =_Nd£ ﬁ = rate of change of
dt ___,r
I

N = number of orblt

Faraday's La nductlon

taneo f induced in a

chande o etlc q,d e circuit. Michael
Far made u ena discoverie
magne electng.

(0]
At

umber of
& = magnetic
time [s]

' cJ:angeTh magnetic
Motional'emf is in d when a con

through a perpendicular magnetic field.
— B= llldgllellb IIBIU
=igkr ¢ = length of the
= speed of the bar [m/s]

emf Induced in a Rotating Coil:

N = number of turns

A = area of loop [m?]

B = magnetic field [T]

® = angular velocity [rad/s]

&= NABwsinomt

t = time [s]
Self-Induced emf in a Coil due to changing current:
Al L = inductance [H]
g=—J— 1 = current [A]
At ¢ = time [s]

Inductance per unit length near the center of a solenoid:
= inductance [H]

¢ = length of the solenoid [m)]

Ho = the permeability of free space
47x107 T-m/A

n = number of turns of wire per unit
length [#/m]

A = area [mz]

L 2
Vel 4

r'f'&ds CEHId move through space as waves.
1 Tl o 1 YO .-..f tk

Amperes' Law:
B = magnetic field [T]

My = the permeability of free space
4nx107 T-m/A

i.ne = current encircled by the
loop[A]

Joseph Henry, American physicist, made improvements
to the electromag net.

James Clerk Maxwell provided a theory showing the

close relationship between electric and magnetic

phenomena and predicted that electric and magnetic

i |:: credited with the ulabuvery' ne

the magnetic fle‘i.ﬂ'ﬁ
] -' £= nntpnhnl I'VI r ' 1 . I_

S the rate of

Tlt & REL CIRCUITS

nuger of turns
D= neti ux[T-mQ]
I= current

cui .2% of?s f
r‘
‘i = Potenti _J
volis [V]
mres:stancew

e = nadlural log
Ime [secon
7. = inductive time constant L/R

[s]

ren LA

[ = current [A]

lﬂaq_netlc Energy Stored in an Inductor:

Ug = Potential Energy [J]
= inductance [H)]
1 = current [A]

U, =1LD

Electrical Energy Stored in a Capacitor: [Joules J]

5 2 Ug = Potential Energy [J]
oV _ 94 _Q_ Q = Coulombs [C]
2C V=volts [V]

C = capacitance in farads [F]

Resonant Frequency: : The frequency at which X, = X.
In a series-resonant circuit, the impedance is at its
minimum and the current is at its maximum. For a
parallel-resonant circuit, the opposite is true.

1 fr = Resonant Frequency [Hz]
fk =— = inductance [H]
2aNLC C = capacitance in farads [F]

@ = angular frequency [rad/s]

1
WiE—
JL




Voltage, series circuits: [V]

Ve = voltage across capacitor [V]

Ve=2 v,=IR _

& g = charge on capacitor [C]
v v fr = Resonant Frequency [Hz]
X _"R_ 7 = inductance [H]
X R C = capacitance in farads [F]
72 172,172 R = resistance [()]
Vio=Vy TV 1=l

1 = current [A]

V = supply voltage [V]
Vx = voltage across reactance [V]
Vr = voltage across resistor [V]

?—I

Phase Angle of a series RL or RC

X v A
— ¢ = Phas e
tang = R X = reacta Qm j
= FESI

voltage W]

Oltage across rpnrtnn.:-l]

= voltage across re5|st0r

V

(¢ would be nagative
in a capaciti :

: Aligle [degrees] ,‘
= reamsnce [(]
istance [

The esdam Phas

in the direction of the larger reactance
and determines whether the circuit is

X, - X, |

inductive or capacitive. If X, is larger
than Xc, then the circuit is inductive
and X is a vector in the upward
direction.

series circuits, the amperage is the
reference (horizontal) vector. This is
observed on the oscilloscope by
looking at the voltage across the
resistor. The two vector diagrams at
right illustrate the phase relationship
between voltage, resistance, reactance,
and amperage.

Series RCL R
Impedance cos ¢

Impedance may be found by adding the components using
vector algebra. By converting the result to polar notation,
the phase angle is also found.

For multielement circuits, total each resistance and reactance
before using the above formula.

Ve

72 =

=R (X, —X)

_..rj_"

Damped Oscillations in an RCL Series Circuit:

e Qe—Rf.QL CGS(G) '+ ¢) ¢ = charge on capacitor [C]
@ = maximum charge [C]
where e = natural log

R = resistance [(]]
= inductance [H]

o = angular frequency of the
undamped oscillations
[rad/s]

@ = angular frequency of the
damped oscillations
[rad/s]

U = Potential Energy of the
capacitor [J]

C = capacitance in farads [F]

ow=1/+LC

When R is small and o' = o:

—RHL
Parallel

!\?mtf‘
4 l T & 4

ﬁ/!R (T L,.y

.

. » '
total current a se angle iﬁ i
d I for each pa ahadd vectoral
i and resi
ug® of polar

of 5|gn for tf gie since
from)an angle g¥zero.

tation Ed resulting

WIVIUEU into

ent Senes Circujt: Givepthe Z in ation of a
circuit, the r ce and c e of the
nt series circuit is as follows:
R Z,cos0 X =Z,sin0
AC CIRCUITS
Instantaneous Voltage of a Sine Wave:
] "= voltage [V]
K= Vm Sin 2‘1‘51‘3 [ = frequency [H:]
t = time [s]
Maximum and rms Values:
L v . 1 = current [A]
\/— = ﬁ V" = voltage [V]
RLC Circuits:
V=\JrE+W,~V.) Z=ARP+(X, - X.)
X, -X. P =1V cos
tang = —-——¢ avg ¢
R PF = cos¢
Conductance (G): The
reciprocal of resistance in i B - Y

siemens
Susceptan
reciproc
siemens
Admittanc
of impet




ELECTROMAGNETICS

WAVELENGTH

¢ = speed of light 2.998 x 10% m/s
A = wavelength [m]

e=Af = frequency [Hz]
E = electric field [N/C]
=E/B
e W B = magnetic field [T]
1A=10"m A= (angstrom) unit of wavelength

equalto 10" m
m = (meters)

_113

TR-‘I,

WAVELENGTH S

BAND METER ROMS
Longwave radio 11 kol ¥ 1013 - 10’5
Standard Broadcaaﬂ: 100_; m
Shortwave radj + 104100 m 10“-10
TV, FM 'h{).l-lﬂm | g &0
Microwa 1-100m g 0’ - “109
Infrare _ 03"‘5‘ ]@ pm 8000 - 10/

visible light o 3 nm 00 -

10 -390 nm

X-rays 5-10,000 pm
Gamma rays 100 - 5000 fm 0.001 - 0.05
Cosmic rays < 100 fm < 0.001

Intensity of Electromagnetic Radiation [watts/m?]:
I = intensity [w/m?]
E P, = power of source [watts]
4’ r = distance [m]
4nr = surface area of sphere

[ =

Force and Radiation Pressure on an object:

a) if the light is totally F = force [N]
absorbed: I = intensity [w/m?]
A = area [mz]
F= ﬁ P = i P, = radiation pressure [N/m?]
e rT e ¢ =2.99792 x 10° [m/s]

b) if the light is totally
reflected back along the
path:

214 21
P ot

Poynting Vector [watts/m?:

d A

Ho = the permeability of free

S = ! - ! space 4nx107 T-m/iA
M Hy E = electric field [N/C or V/M)]
B = magnetic field [T]
¢cB=E ¢ =2.99792 x 10° [m/s]
LIGHT
Indices of Refraction: Quartz: 1.458

Glass, crown 1.52
Glass, flint 1.66
Water 1.333

Air 1.000 293

e angle measured from the

= index of re on
ed of lightj m 3 x 10® m/s
Pd of light ®'the material [m/s]
Ao Angth of el
Ay = ’wﬁwelength in tH
raction: Swelli® Law
n sin 6, ndex of reF
mangle of in
ellng to a region ef I,ql' trav

density: 6, > 6, gre

@2 vacuum [m]
terial [m]

reglon of

<6

Aefracted o f
[ 3/y Yo/ refracted
n; __ r
HJ
Source
Souace |
Critical Angle: The maximum !
angle of incidence for which light t) et
can move from n; to n
§in0, =-2  for m;>n
n Source reflected

Sign Conventions: When M is
negative, the image is inverted. p is positive when the
object is in front of the mirror, surface, or lens. QO is
positive when the image is in front of the mirror or in back
of the surface or lens. fand r are positive if the center of
curvature is in front of the mirror or in back of the surface
or lens.

Magnification by spherical mirror or thin lens. A
negativ




Plane Refracting Surface:

plane refracting surface: » = object distance
n n,

o i = image distance [m]
p i n = index of refraction

Lensmaker’'s Equation for a thin lens in air:
1 1 1 { 1 1l Az f= focal |engl_h [m]

i = image distance [m]

ho n p = object distance [m]

r; = radius of surface nearest the n = index of refraction
object[m]

r2 = radius of surface nearest the
image [m]

Thin L'Enﬂn the t
i is negative'on the 18, p
f !

Con\?‘!rglng Le

pasitive ( ft) B .|
#;2 are pgsitive in_.

exampl

Two-Lens System  Perform the calcum i
Calculate the image produced by the first g th.

presence of the second. Then use the image positiori
relative to the second lens as the object for the second

calculation ignoring the first lens.

Spherical Refracting Surface This refers to two
materials with a single refracting surface.

p = object distance
i = image distance [m] (positive for real

n i n, n,—n images)
p i r 1= focal point [m]
n = index of refraction
W n,i = radius [m] (positive when facing a
M= i —E convex surface, unlike with mirrors)

M = magnification
h' = image height [m]
= object height [m]

Constructive and Destructive Interference by Single

and Double Slit Defraction and Circular Aperture
Young'’s double-slit experiment (bright fringes/dark fringes):
d = distance between the slits [m]

Double Slit _
Constructive: 0 = the angle between a normal
AL = dsin@ = mi line extending from midway
between the slits and a line
Destructive: extending from the midway

AL = dsin@ = (m+1) point to the point of ray

T ircular Aperture
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4, Ii

Intensity: intersection.

2 m = fringe order number [integer]

j’ = ! (cgsz R](Sin aw 1 = ul:n!nlonn*h nf tha linkht Tl
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: ' a = width of the single-slit [m)]

B= ﬁsin 0 AL = the difference between the

A distance traveled of the two

rays [m)]

a="2sin6 I=intensity @ 6 [W/m?)

A _ I, = intensity @ 0 = 0 [W/m?]
Destmgili:]f el.e-Sht d = distance between the slits [m]
asinf = mi

In a circular aperture, the 1%
minimum is the point at which
an image can no longer be
resolved
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Reﬂect# Refracted rays

Interference

a thin mateffl jpnded by, another medium:
nstructive: = index of refra
! w 2nt = (m++ )k""m thickness material [m]
L twe = fringe o number [integer]
"Wt wavelength of the Jight [m]

rlal is betw o differen . one with a
n and the other lower, tifen the abge cpnstructive
structive fomulM?sed. N

th within a medium:

A = wavelength in free space [m]

A« = wavelength in the medium [m]

n = index of refraction

¢ = the speed of light 3.00 x 10° [m/s]
= frequency [Hz]
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P(‘Jlalluuu Huquc by Drewsiers Law, the angie o
incidence that produces complete polarization in the
reflected light from an amorphous material such as glass.

n non-polarized
tanf, = —= Source
nl /FJ ’_':—__81’
6, +06,=90° n : polarized

n = index of refraction

8 = angle of incidence
producing a 90° angle
between reflected and
refracted rays.

6. = angle of incidence of the
refracted ray.

partially polarized

Intensity of light passing through a polarizing lense:

[Watts/~"
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