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A few concepts:
electric force, field and potential

 Electric force:

— What is the force on a charge produced by other
charges?

— What is the force on a charge when immersed in an
electric field?

o Elecitric field:

— What is the electric field produced by a system of
charges? (Several point charges, or a continuous
distribution)

» Electric potential:

— What is the potential produced by a system of
charges? (Several point charges, or a continuous
distribution)




Plus a few other items...

Electric field lines, equipotential surfaces: lines go from +ve to
—ve charges; lines are perpendicular to equipotentials; lines
(and equipotentials) never cross each other...

Gauss’ law: @=qg/¢, . Given the field, what is the charge
enclosed? Given the charges, what is the flux? Use it to
deduce formulas for electric field.

Electric dipoles: field and potential produced BY a dipole,
torque ON a dipole by an electric field, potential energy of a
dipole

Electric potential, work and potential energy: work to bring a
charge somewhere is W = —qV (signs!). Potential energy of a
system = negative work done to build it.

Conductors: field and potential inside conductors, and on the
surface.

Shell theorem: systems with spherical symmetry can be
thought of as a single point charge (but how much charge?)

Symmetry, and “infinite” systems.



Conductors and insulators

Will two charged objects attract
or repel?

Can a charged object attract or
repel an uncharged object?

What is the electric field inside a
conductor?

What is the direction of the
electric field on the surface of a
conductor?

What happens to a conductor
when it is immersed in an electric

field?

Ey



Electric forces and fields: point charges
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e Coulomb’s law: F =1§

: . . F
e Electric field measured with a test charge: FF = —
o
e Force on a charge in an electric field: F = gF
. e . . ., F i
e Electric field of a point charge: F = — = bF——
qu r=

Figure 22N-14 shows an arrangement of four charged particles, with angle 6 = 34°
and distance d = 2.20 cm. The two negatively charged particles on the y axis are
electrons that are fixed in place; the particle at the right has a charge q, = +5e

(a) Find distance D such that the net force on the
particle at the left, due to the three other particles,
is zero.

(b) If the two electrons were moved further from the
x axis, would the required value of D be greater
than, less than, or the same as in part (a)?

Other possible questions: what’s the electric field produced by the charges
XXX at point PPP ? what'’s the electric potential produced by the charges XXX
at point PPP ? What's the potential energy of this system?



Electric dipoles

, 2kp
¢ Electric field of a dipole on axis: E = —
e Torque on a dipole in an electric field: ¥ =ji < E

e Potential energy of a dipole in electric field: 7 = g E

— —

 What's the electric field at
the center of the dipole?
On axis? On the bisector?
far away?

 \What is the force on a
dipole in a uniform field?

 What is the torque on a
dipole in a uniform field?

 What is the potential
energy of a dipole in a
uniform field?



Electric fields of distributed charges

- » ~ . » - - . - U
e Electric field of an infinite non-conducting plane with a charge density o: E = Y
--Fu

2k

e Electric field of an infinite line charge: F = —
-

Possible problems, questions:

* What’s the electric field at the center
of a charged circle?

* What’s the electric field at the center
of ¥4 of a charged circle?

* What’s the electric field far from the
ring? far from the disk?

 What’s the electric field of an
infinite disk?



Gauss’ law

o Gauss’ law: ¢, 711 E-dA = @ene

A long, non conducting, solid cylinder of radius 4.1 cm has a nonuniform volume
charge density that is a function of the radial distance r from the axis of the
cylinder, as given by p = Ar?, with A = 2.3 uC/m>.

(a) What is the magnitude of the electric field at a radial distance of 3.1 cm from
the axis of the cylinder?

(b) What is the magnitude of the electric field at a radial distance of 5.1 cm from
the axis of the cylinder?



Gauss’ law

At each point on the surface of the cube shown in Fig. 24-26, the electric field is in
the z direction. The length of each edge of the cube is 2.3 m. On the top surface of
the cube E = -38 k N/C, and on the bottom face of the cube E = +11 k N/C.

Determine the net charge contained within the cube.
[-2.29e-09] C



Gauss’ law: applications

. . . . . . g
e Electric field of an infinite non-conducting plane with a charge density o: E = By
2¢,

2k
e Electric field of an infinite line charge: F = —
,

. ol
e Electric field close to the surface of a conductor: F = —
€o



Electric potential, electric potential
energy, work_

e Work, potential energy, and electric potential:

s —~ av av av
AU =T L'.j = -W E=-—-3V, Er = —. K, = —. E.= —
A d ~ ’ gr’ U oy o
U=-Wi potential of a point charge ¢ V = l.'i
-
u‘.‘\ n ] )
V= p potential of n point charges: V' = E Vi= I.'E :1—'
i1 i1

f—4
ViV, = / E - dg

. . - - . . iy if2
potential energy of two point charges: U, = W, = @V, = ¢V, =k 19

12

In Fig. 25-39, point P is at the center of the rectangle. With V = 0 at infinity, what is
the net electric potential in terms of g/d at P due to the six charged particles?

+5.0q -2.0q -3.0q
F-d 2 d—==
; 1 !
d 3 d
' v

@q d heq d h@
+3.0q -2.0q +5.0q



The figure shows conducting plates with area A=1m?, and
the potential on each plate. Assume you are far from the
edges of the plates.

* What is the electric field between the plates in each case?

* What (and where) is the charge density on the plates in
case (1)7?

« What happens to an electron released midway between
the plates in case (1)?

=50V +150V =20V +200V -200V =400V
(1) (2) (3)



Derive an expression in terms of g2/a for the work required to set up the four-
charge configuration of Fig. 25-50, assuming the charges are initially infinitely far
apart.

+f -
F——
i L
a a
L '
- a +
-4 +4

The electric potential at points in an xy plane is given by V = (2.0 V/m?2)x2 - (4.0
V/m?2)y2. What are the magnitude and direction of the electric field at point (3.0
m, 3.0 m)?



« Questions: from checkpoints and
guestions in the textbook!

(1)

4 —

10




Problem

» Calculate electric field at point P.

X P
dx
< > 4>
L a

* Field very far away?



Potential of Continuous Charge Distribution

e Uniformly charged rod

e Total charge Q A=0/L dq = Adx
e Length L 7
* What 1s V at position P V= kdq kAdx
shown? - f ( L+a-x)
xﬁj_ ............................................ I =k)\'[_ 1n(L+a—x)]%
< > ¢—>
- ? L+a
V =kAln
A




Problem

Field at center of arc?



Line Of Charge: Field on bisector

Distance d =+a? + x>
dE | J
Charge per unit length A = =
P

L
| a dE = k(a;‘”
d.j,; d
:li(’ dEy = dE cosf = kz()L df)?/ .
J%_ Q (a” +x7)
< > A
L cosO = NTE

(a2+x



Line Of Charge: Field on bisector

L/2 dx ~L/2
=kA a =k)ua i
y _zf;z (a2 +x2)3/2 -az\/xz +a2 [
kAL
a\/4a2 + I

What is E very far away from the line (L<<a)?
E~2kNL/a(2a)=kN\L/a*=kq/a>

What is E if the line is infinitely long (L >>a)?
kAL _ZKA ottt ‘

S
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Problem: Gauss’ Law to Find E



Gauss’ Law: Cylindrical Symmetry

R=1
» Approximate as infinitely long E=7? T mm
line — FE radiates outwards.
 Choose cylindrical surface of < I >

radius R, length L co-axial with
line of charge.

® =|E| A= E|27RL

L
o4 _ML

€y &

AL A _o A
2re RL 2me R R

E|=



Potential Energy of a
System of Charges



Potential Energy of A System of Charges

« 4 point charges (each +Q) are
connected by strings, forming a
square of side L

« If all four strings suddenly snap, Q) N
what is the kinetic energy of
each charge when they are very
far apart?

« Use conservation of energy:

— Final kinetic energy of all four S |
charges = initial potential energy Q@ +Q
stored = energy required to .
assemble the system of charges Do this from scratch!

Don’t memorize the
formula 1n the book!
We will change the
numbers!!!

3




Potential Energy of A System of
Charges: Solution

+ +QO)
No energy needed to bring in @ <
first charge: U,=0
 Energy needed to bring 5
in 2nd charge: 17 _ oV = k
2 1 L
+QO +QD

 Energy needed to bring

in 3rd charge = Total potential energy 1s sum of

all the individual terms shown

U, =0V =00 +V,)= kQ kO’ on left hand side = sz (4 N «/5\

NG

 Energy needed to bring
In 4th charge =

charge =
Uy =0 =00; 4, 47 = ML ﬁL (4+I

So, final kmetlc energy of each




Electric fields: Example

Calculate the magnitude and direction of
the electric field produced by a ring of
charge Q and radius R, at a distance z on
its axis.

/




Sample Problem

Figure 22N-14 shows an arrangement of four charged particles,
with angle 6 = 34° and distance d = 2.20 cm. The two negatively

charged particles on the y axis are electrons that are fixed in
place; the particle at the right has a charge q, = +5e

(a)Find distance D such that the net
force on the particle at the left, due to
the three other particles, is zero.

(b) If the two electrons were moved
further from the x axis, would the
required value of D be greater than,
less than, or the same as in part (a)?



Exam 2

« (Ch 26) Capacitors: capacitance and capacitors;
caps in parallel and in series, dielectrics; energy, field
and potential in capacitors.

 (Ch 27) Current and Resistance: current, current
density and drift velocity; resistance and resistivity;
Ohm'’s law.

« (Ch 28) Circuits: emf devices, loop and junction
rules; resistances in series and parallel; DC single
and multiloop circuits, power; RC circuits.




Capacitors

E = o/e,=q/Ag,
E=Vd

C=¢,A/d

C=x¢g,A/d

C=¢,ab/(b-a)



Current and resistance

i = dg/dt
~—1A Junction rule R =pL/A
. 2N —»
=2 T L/2
A D D

E=Tp P = Po(1+a(T-T))



DC Circuits

Loop rule

IR

v <
I

Single loop Multiloop



Resistors and Capacitors

Resistors

Key formula: V=/R

In series: same current
Req=ZRj

In parallel: s—W—W—e
1/Req= Y 1/R,

Capacitors
Q=CV

same charge
1/Ceq=21/C;

same voltage
Ceq=2.C;

-



Capacitors and Resistors
in Series and in Parallel

» What’s the equivalent resistance (capacitance)?

» What’s the current (charge) in each resistor (capacitor)?
» What’s the potential across each resistor (capacitor)?

» What’s the current (charge) delivered by the battery?



RC C i rcu its Time constant: RC

Charging: ¢(¢) = CE (1 —ee )

-t/RC

Discharging: q(¢) = q,e

i(t)=dq/dt



Capacitors: Checkpoints,
Questions



Problem 25-21

When switch S 1s thrown to the left, the plates of capacitor 1
acquire a potential V,,. Capacitors 2 and 3 are initially
uncharged. The switch 1s now thrown to the right. What are the
final charges q,, q,, and q; on the capacitors?



21. The charges on capacitors 2 and 3 are the same, so these capacitors may be replaced
by an equivalent capacitance determined from

L _ 1 1 _G+C
c, C C, CC

Thus, Ceq = C2C3/(C2 + C3). The charge on the equivalent capacitor is the same as the
charge on either of the two capacitors in the combination and the potential difference
across the equivalent capacitor is given by ¢»/Ce. The potential difference across
capacitor 1 1s ¢g;/Cy, where ¢; is the charge on this capacitor. The potential difference
across the combination of capacitors 2 and 3 must be the same as the potential difference
across capacitor 1, so ¢i/C; = q2/Ceq. Now some of the charge originally on capacitor 1
flows to the combination of 2 and 3. If ¢ is the original charge, conservation of charge
yields g1 + g2 = go = C; Vo, where V) 1s the original potential difference across capacitor 1.



(a) Solving the two equations

q q, A |
F]lz C. and ¢, +q, =C},
for ¢; and ¢», we obtain
g, = C12 Vo _ Clz Vs _ Cl2 (Cz +G ) Vo
| .
C,+C GG C C,C,+C,C,+C,C,

C,+C,

With Vy = 12.0 V, (1= 4.00 u4F, C>= 6.00 4F and C3=3.00 ¢F, we find C¢q = 2.00 uF and
g1 = 32.0 uC.

(b) The charge on capacitors 2 is
g, =CV,—¢q,=(4.00uF)(12.0V)-32.0uF =16.0uF
(c) The charge on capacitor 3 is the same as that on capacitor 2:

gy =CV, —q, =(4.004F)(12.0V)—32.04F =16.0 uF



Current and Resistance: Checkpoints,
Questions

1.5 L /2
a9
-] A : 2 2
2/ (@) (b) (¢)




Problem 26-56

A cylindrical resistor of radius 5.0mm and
length 2.0 cm is made of a material that has
a resistivity of 3.5x10~> @m. What are the (a)
current density and (b) the potential
difference when the energy dissipation rate
in the resistor is 1.0W?



56. (a) Since P = PR =J%A4* R, the current density 1s

yoL P v [P
" AR A\pL/A \pLA

LOW

= - =13x10"A/m*.
n(3.5 X 10'5Q-m)(2.0>< 107 m)(S.Ox 107 m)
(b) From P =iV = JAV we get
V P P LOW =94x107V.

A 1(50%x10% m) (13x10° A/ m?)



Circuits: Checkpoints,

Questions _

VY

b R
% %L

;

BENE




1. HRW7 27.P.018. [406649]

Figure 27-33 shows five 5.00 resistors.

(Hint: For each pair of points, imagine that a battery 1s connected
across the pair.)

Fig. 27-33
(a) Find the equivalent resistance between points F and H.

(b) Find the equivalent resistance between points F and G.




18. (a) Req (FH) = (10.0 £2)(10.0 €2)(5.00 €2)/[(10.0 €)(10.0 €2) + 2(10.0 £2)(5.00 Q)] =
2.50 Q.

(b) Req (FG) =(5.00 ) R/(R + 5.00 €2), where
R=5.00 €+ (5.00 £2)(10.0 €2)/(5.00 Q + 10.0 Q) = 8.33 Q.

S0 Req (FG) = (5.00 £2)(8.33 €2)/(5.00  + 833 Q) =3.13 Q.



5. HRW7 27.P.046. [406629]

In an RC series circuit, £ = 17.0 V, R =1.50 MQ, and C =
1.80 uF.

(a) Calculate the time constant.

(b) Find the maximum charge that will appear on the
capacitor during charging.

(c) How long does 1t take for the charge to build up to 10.0
uC?



46. (a) 7= RC = (1.40 x 10° Q)(1.80 x 10 ° F) = 2.52 s.

(b) g, = C = (12.0 V)(1.80 u F) = 21.6 uC.

(c) The time 7 satisfies ¢ = go(1 — e"-"'RC)

t=RCIn| Lo | =(2.525)In 21.opC —3.40s.
qdy —4 21.6 uC—-16.0 uC

. Or




—_

F =

F - i

Magnetic Forces and
Torques , , .

gVxB+qE 1%}
dFf =idLxB 1"
X B



LN £5: LNECKPOoINTS anda
| | Questions
e /;* /1*

(a) (b) (0)




5. HRW7 28.P.024. [566302]

In the figure below, a charged particle moves into a region of uniform
magnetic field , goes through half a circle, and then exits that region. The
particle 1s either a proton or an electron (you must decide which). It
spends 160 ns 1n the region.

(a) What 1s the magnitude of B?
(b) If the particle 1s sent back through the magnetic field (along the same

initial path) but with 3.00 times its previous kinetic energy, how much
time does 1t spend 1n the field during this trip?



24. We consider the point at which it enters the field-filled region, velocity vector

pointing downward. The field points out of the page so that v x B points leftward, which
indeed seems to be the direction it 1s “pushed’’; therefore, ¢ > 0 (it is a proton).

(a) Eq. 28-17 becomes T'=27zm / e|B]|, or

21(1.67x1077)

2030}(10_9)=(1.6O><10"")|§|

which yields ‘B‘ =0252T.

(b) Doubling the kinetic energy implies multiplying the speed by V2 . Since the period 7
does not depend on speed, then it remains the same (even though the radius increases by a

factor of /2 ). Thus, # = 7/2 = 130 ns, again.



e Generating Magnetic Fields

T -m
=47 x 1077
HO A
: = dS X 7
Biot-Savart Law: dB = £2222 ~
4 rd
: : : : o 21
Magnetic field of a long straight wire: B = Tr
. . . Ko i,
Magnetic field of a circular arc: B = ——=¢
A7 r
. : Lolalp
Force between parallel wires carrying currents: Fy; = 5 L

(parallel currents attract, opposite repel)

Ampere’s law: ]( B - ds = ppiene

Magnetic field of a solenoid: B = ugin

Magnetic field of a dipole (on axis): B = ';—OZ'L—g
T Z



Checkpoints/Questions

Magnetic field? i
& Force on each wire due to
currents in the other wires?
© O, ®
a b C
b DO P
Lo B @
(a) () () (d)
Magnitude of |B-ds?
! ) (@ -
——— » | )
(o — ] Y, @
<> —|>a (0 (>
‘ o<1 =D




f thealiagrams stoem belowr cor-
rectly denotes the dimcons of the megnetc
fiedils firmn emch conchictor st the poirt 57

1. B, R,
B, B

2 By By
B

1. s
B B

da

aa Z

Four Peralke] Conductors
S0:00% caloubhs, munerice, = 1 .
027
Fonmr bonyg, paralel condue tors camy eoqual our-
rerits of 5 AL An end view of the conchictons
s shom mothe fignme, Each side of the sqpoare
has lengrth of § = 002 m.

Node: The cvurrent direction 3s ont of the
page at poants A, 17 and I incdbeated by the
dots aned Trto the page at pomt © inedicated
ey the cross,

The current in wires A,B,D is out of the
page, current in C is into the page. Each wire
produces a circular field line going through
P, and the direction of the magnetic field for
each is given by the right hand rule. So, the
circles centers in A,B,D are
counterclockwise, the circle centered at C 1s
clockwise. When you draw the arrows at the
point P, the fields from B and C are pointing
in the same direction (up and left).



A length of wire 1s formed into a closed circuit with radii a and b, as
shown 1n the Figure, and carries a current i.

(a) What are the magnitude and direction of B at pbint P?

#if1 VN i Dy w1 1N a1 1y ol ®
s\as ) 4\a b a4 a 2 \etd B = R

(b) Find the magnetic dipole moment of the circuit.




e Inductors:

Magnetic Flux: & = / B-dA

1D 1D
Faraday’s law: & = —(T (= — V(T for a coil with N turns)
dt dt
Induced Electric Field: 7{ E.ds= —%
Motional emf: & = BLv
\’<I>

Definition of Self-Inductance: L =
i

Inductance of a solenoid: L = pon?Al

di
EMF (Voltage) across an inductor: & = —Ld—;
o . : E : .
RL Circuit:  rise of current: i = E(l - e"‘f) decay of current: i = ige™ T
: - | , , B?
Magnetic Energy: Up = §Lz Magnetic energy density: up = ﬂ
0



Induction and Inductance

: . 4D
Faraday’s lawizy - - _ 995 it d5 = -—¢
dt c

Inductance: L=N®/|
— For a solenoid: L=uyn?Al=u,N2A/I

Inductors: E, =-L di/dt
RL circuits: it)=(E/R)(1-eRL) or i(t)=i,e Rt

Magnetic energy: U=Li?/2; u=B?4/2u,



Checkpoints/Questions

Magnitude of induced emf/current? Magnitude/direction of induced current?
p Magnitude/direction of magnetic field inducing current?

a ) 4 « !
— )
0L o o
a b :o .
(, :o °

iven B, dB/dt, magnitude of Given |. E-ds|, direction of
lectric field? magnetic field?
Current inducing E; ?
Current through the battery? Largest L?

Time for current to rise 50% of max value?

P ELEEfIE o

R,L or
2R,L or
R, 2L or
2R,2L7?

|II+
VWA




Chepter 32, saction 2, RL Corcudts

AP EMIS93 MC 59 61
F2, caleuiis, multiple cheace, = Lmin.

00z

Consider the cinonidt shomr.

fi

Whet 35 the nstantaneos curmeat at poiot
T anmed@mtely sfter the switch I8 cosecd?

£
2. | = —
Ipl0) =
£
3. 4ol = =
£
d. | = —
0 =7E
£
5. 000 = 75

When the switch has been closed] for a ong

003

tane, whet & the eremy stomed nthe Twdoe-

tor?

2.0, = £
3-:.’.:3;
wr-
54.—%

After the switch hes been closed o s long

o4

tarne, 11 = opened at time 4 =0,

Whach of the folowng graphs hest repm-
sers the subsecuerdt corment € st pomt 7 oas a2

finc o o

Crrrent, PNA|

Ftime 17

N123456T8910
Tirme, 4 |4

=
wta 0
o I %—
F 4
= 1
2. 210
= D123456 78910
Tirme, 4 |4
=
L |
—- % :
o 3
E 2
E 1
3- 20
- ODI23456T89I0
Time, # |4
=
=0
-] ﬁ
R |
= a
E 1 %
- 20

12345675910
Tame, # |5

When the switch 1s closed, the
inductor begins to get charged,
and the current 1s
i=(E/R)(1-e®L),

When the switch 1s opened, the
inductors begins to discharge.

Flaj

Crirent,

Crrrent, § [4]

Chrrenit, § A

FIA]

Crirent,

1 el B0

12345678910
Time, # |5

e PO AN

123456 THEOIN
Time, # 6

1 e B 0

012345678900
Time, 4 [§

[ LA )

OD123456T89I0
Time, 4 6

The current in

this case 1s then
i= (E/R) e2RL



e LC circuits:

Electric energy in capacitor: Ug =

Magnetic energy in an inductor: Up = —

LC circuit oscillations: ¢ = Qsin(wt + ¢) (i = - 1= Cv) w=

e Circuits with generators

E =&, sinwyt i = Isin(wgt — @)
single circuit elements: resistor inductor capacitor
resistance or reactance: R Xy, =wil Xeo= ch
phase constant ¢: 0 +90° —90°
voltage drop: Ve=IR VL =1X, Vec=I1X¢

-~

“m

RLC in series with AC generator: [ = —

Z

Impedance: Z = \/R2 + (X1 — X¢)?
X, —Xe
R

power: P,, =1 2 R=E&,.,,..0.,.,cos o)

rmsT

phase constant: tan g‘) -



Maxwell’s Equations:
Gauss’ fE'dA=Q/80

S
nameless f BedA=0

S
Ampere- Beds=u{,—E°®dA
Mafwell’s‘f ‘uo ‘uo

Displacement current

Faraday’s f Eeds = 7 f BedA
C




Checkpoints/Questions

Given A, B at top and bottom, flux through curved sides? -
circle,

edge?

(@) (c)

S~ -

B= Magnetic field induced by E.
Is E increasing or decreasing?

Given a uniform E(t) in a

magnetic field at the

d

(1

b

: : . .
Discharging capacitor: direction of
displacement current, magnetic field?

Charging capacitor: Which curve is for the B in
the wire, which for B in the capacitor gap?

Map points: a,b,c,d into 1,2,3



A parallel-plate capacitor has square plates 1.0 m on a side as in Fig. 32-35. A current of 3.2 A charges the capacitor, producing a uniform
electric field E between the plates, with E perpendicular to the plates.

= 0.50m=

' ]
1 B |

i ! 1

Y A | 1.0m

X ]
lll L-..—J '
1

Edge view Top view

(a) Whatis the displacement current through the region between the plates?
(b) What is dE/dt in this region?
(c¢) What is the displacement current through the square dashed path between the plates?

(d) What is § B - ds around this square dashed path?



. Electromagnetlc Waves: Wave traveling in +4x direction: F = E,, sin(kr —wt) B = B,, sin(kr — wt),
where E L B and the direction of travel is E x B

E/B =e, fA=c, A= 2" . Velocity of light in vacuum = ¢ =

\/_
Energy flow: S = :—OE‘ xB I= —Ef.’ms Erme=E./V2 . —13-
Radiation force and pressure: total absorption:  F, = & :‘ Pr = % total reflection: F, = ﬂcA Pr = %
e Polarizing Sheets: unpolarized— > polarized : [ = %Io, polarized— > polarized : I = I cos? 6
e Reflection/refraction: (Angles are measured from the normal to the interface)
Law of reflection: #; = 6, Law of refraction: nssinfs = ny sinfy
. . " . -1 N2
Total internal reflection (critical angle): 6. = sin™! —
ni
e Images from mirrors and thin lenses
Thin lens and mirror formula: % + % = -}.-
Spherical mirror:  f =r/2
Magnification equation: |m| = -*j-:-, m = _z%’ m > () means image upright, m < 0 means image inverted.

Total magnification of a two-lens system: M = mqymag



e Interference:
Constructive interference: Phase difference= (m )27 (path length difference mA)
Destructive interference: Phase difference = (m + %)QTI’ (path length difference (m + -})/\) m=0,1,2,..
A

Index of refraction: Ap, ==, v =%, v = velocity of light in a medium.

Phase difference (in wavelengths) when traveling through two different media: Ny — Ny = %(712 —nq)

e Two-slit interference: bright fringes: dsinf = (m)A, dark fringes : dsinf = (m + %)/\ m=20,1,2,...

Intensity in Two-Slit Interfence: I = 41 cos? %qf), b= %“isin )

e Thin-Film Interference Thin film in air: Constructive interference when 2L = (m. + %-) %
Destructive interference when 2L = (m)%, m=0,1,2, ..

e Diffraction :
Single Slit diffraction: minima : asinf =mA, m=1,2,.. mtensity :  I(0) = 1I,, (&)2, a= Ssinf
Circular-Aperture diffraction: 1st minimum : sinf = 1.22%
Rayleigh’s criterion for resolvability: sinfg = 1.22%

Double Slit diffraction: I(6) = In(cos? 8) (822)%, o = Zesinf B = Zsind



