Chapter 23: Mirrorsand Lenses

* Real Image Animagewheelightdoesin fact passthroughtheimage

e Virtual Image Animagewherelight appearsto come fromtheimagebutin
actudity it does not

* ForMirrorsand lenses. Real imagesareinverted. Virtual imagesare upright
Thedistanceto areal imageisALWAY S postive! (Theefore, thedistanceto a
virtud imageis always negative)

Flat Mirror
¥ For any object in frontof amirror, theresultingimageis as far behind the mirror

astheobject isin front (q:-p)

¥ (isthedistance fromthemirror to theimage. Distances onthe same side of the
mirror are postive

¥ P isthedistance from themirror to the object. For mirrorsand lenses, Pis
always pogtiveif thereis only one mirror/lend

¥ Theimageisunmagnified and upright.

Spheical Mirrors

Concave

Center of Curvature: infront of themirror
Field of View: smaller

Imagedistance: greater

Imageheight: greater

Focus. R/2

KK K K K

Convex: Opposte of Concave

Center of Curvature: behindthemirror
Field of View: greater

Imagedistance: smaller
Imageheight: smaller

Focus: -R/2

K K K K K

Mirror Object Image Sign Sign
Type L ocation

Location| Type | Orientation| Off Of m

Plane | Anywhere| Behind | Virtud Upright N/A 1
Mirror

Concave | InsideF Behind | Virtud Upright +(R/2) +
Mirror

Concave | OutsideF | InFront Red Inverted +(R/2) -

Convex | Anywhere| Behind | Virtud Upright -(R/2) +
Mirror




Two I mportant Equations!



Problem 1
Theimageformed by a convex mirror is located adistance 53cm behind the mirror when

theobject is112cmin frontof themirror. Wha istheradiusof curvature of this mirror?
(incm)

(8)661 (b) 100 (c)201 (d)727

Thin L enses
¥ Still have same equaions

M :E:
h

1,11
p 1 f

But now sign conventionshave changed

LensType Object Image Sign Sign
L ocation

Location| Type | Orientation| Off Of m

Converging | InsdeF | InFront | Virtud Upright + +
of lens

Converging | OutsideF | Behind Rea Inverted + -
lens

Diverging | Anywhere| InFront | Virtud Upright - +
of lens

¥ Pisalwayspostivein onelenssituaion



¥ Real images have postive distances and form on opposte side of lens

¥ ForaTwo lenssystem: M = myms,

Problem 2
An object islocated 40am from a converging lenstha produaes areal imagethree times
thesize of theobject. To make theimagefive timesthesize of theobject, the object

mug be moved:

()14 cm farther away from thelens (b) 20 cm farther away fromthelens
(c) 14cm closer tothelens (d) 4 cm closer tothelens
Problem 3

Lightfrom an object passes throughtwo lenses placed onthex-axis. A diverginglens
with focal length Imislocated at x=-.5m and a converging lenswith afocal length .75m
islocated at x=+.5m. If theresultantimageisrea and at x= +2m, at wha postion onthe
x-axisistheorigind object located?

(a)-1.0m (b) 1.0m (c) -1.5m (d)-3.0m



¥ Also have formulato calculate thefocusof alens

L ens maker @ Equation
1 , 1, 1
LN i
/ vy Ry

¥ Rispodgtive when surface is convex (relative to the object) and negative when
thesurface is concave (relative to the object)

| mages formed due to Refraction

*  When an object forms an imagefrom arefractive surface we can till calculate image
height and magnification.

n . n_n'!n

P g

M= =y G
h

wheren; >n,.

* Forrefracting surfaces, real images are formed on the side opposte the object.
* Formirrorsthereverseistrue
* Rea images are alwaysposdtive distances!!!!!

Sign Conventionsfor Refracting Surfaces:

Postive Negative
p object in front of surface object in back of surface
q_ imagein back of surface imagein front of surface
h imageis upright imageisinverted
R C isbehind surface Cisinfrontof surface



Problem 4

An angdjack swims 5.27 m bdow the surface of apool filled with dextrazene (much to
thedismay of PETA). If dextrazene has an index of refraction of 2.22 wha isthe
appaent depth at which the beast swims?

(@ 2.37m (b) 1.0m (c) 8.5m (d)117m

Chapter 24: Wave Optics

| nter ference

* Interferenceistheresult of two or more light waves overlapping at agiven point.
* Thisinterference will maintain a given patern if:

- the sources are coheent (they stay in phase)

- the sources have identical wavelengths

Young® Double Slit Experiment
" =dsin!

Congructive Interference

* Think of it as postive overlap - produdng bright patches of light, bright fringes.

dsinb,y, = MA



Destructive Interference

* Negadiveovelap - dak paches, dark fringes.

dsin” g =(Mm+3)!

wherem isO, +/- 1, +/- 2, etc.

* For two sources heading in the x-direction, we can locate the postion of thedark and
light paches alongthe y-direction starting from the center of thetwo sources:

I'L
ydark = _(m+ %)

d

I'L
Yoright g m
Problem 5:

A viewing screen islocated a distance 2.2 m froma doublke-dlit source separated by
0.055mm. Thethird order brightfringeis 7.75 cm from the centerline What isthe
distance between adjacent bright fringes?

(@ 2.2cm (b) 2.6 cm (c) 29cm (d)3.1cm



Thin film interference

- Lightwhich reflects off ahigher index of refraction experiences aphase
shift of 180; (hdf a wavelength)

- Lightwhich reflects off alower index of refraction experiences no
phase shift (0j)

1
If nz>nand nz>ns; 2nt =(m+ 5)’ Brightspots m=0,12,3,E .
If ny<n; and Ny<ng 2nt =m! Dark spots  m=0,1,2,3E .
If n;>nyand np<ns: 2nt =m! Bright spots  m=0,1,2,3 E.
1
If n,<niandny>ns 2nt =(m+ 5)’ Dark spots m=0,1,2,3,E .
Problem 6

Ultraviolet lightwith auniform intendty with wavelength 200-420nmis perpendicularly

inddent onawater film (n=1.33) with thickness of L=320nmtha is sugpended in air. At
what wavelength isthelight reflected by thefilm brightest to a bee which observesin the
uv?

(8) 210 (b) 280 (©)340 (d) 390



Diffraction

Diffractionisthe spreading out of lightfromitsinitia line of travel.

This usudly occurs when waves pass throughsmall openings(dlits) or goaround
obdacles.

Theresult of diffractionis a patern condgsting of abrightand relatively wide central
line (band), with a series of less intense bands(secondary maxima) on either side
separated by an equd number of dark bands(minima).

for single dit diffraction, the dark paches, referred to as destructive interference are:

/

SN gk = M—

a m=+1+2+3...

where: aisthewidth of thedlit,
andtheangle is measured between the center of the dit and the distance to thedark
pach onthe y-axis.

Problem 7:

Lighttravels throughadit of width 0.25 mm before being observed onascreen 1.5 m
fromthedit. If thewavelength is 590nm, wha is thewidth of the bright central band?

(@ 7.1 mm (b) 3.5 mm (c) 24 mm (d) L.5mm



Diffraction Grating

* A seriesof equdly spaced parald dits, causes lightto form light and dark patches.

* Thelight paches, referred to as maxima, can befoundusng:

dsin”gige =M/ m=012_3...

where theta is the angle between each maxima, and d isthedit spacing and equds the
inverse of the number of gratingsper unit length.

Problem 8
A diffraction grating of width W produces a second-order patern at an angle! for light
of wavelength . Thetotal number of dits mug be

(@ (2W")sin! (b) (2")/sin! (©) (W/2")sin! (d) (W/")sin!



Polarization

¥ An E field component parallel to the pdarizing direction of polarizing sheet is
passed. Thos tha are perpendicular are absorbed.

¥ Unpolarized light tha passes throughpolarizing sheet will emerge with half its
original intensity

1

after = 0
2

¥ If light isalready polarized, it emerges according to theequation
| oo =1, COS"!

after

Problem 9

I sotropic, unpokrized lightleaves supenovaremnant M16. It then passes throughthree
dud cloudsthat act as polarizing sheets. Theangles of polarization are 20%270 ¥and 50 ¥4
with respect to thevertical. Wha percentage of theinitial intengty is trangmitted?

(a) 47.8% (b) 38.9 % (©) 18.2% (d) 78.2%



Chapter 25: Optical | nstruments

Eves and L enses

Near point: Closest a person can seethingsclearly (any closer and ith blurry)
Far point: Farthest a person can see thingsclearly (any farther and it@ blurry)

Nearsighted
¥ Imageformsin front of retina(too clox)

¥ Correct with diverging lens

Farsighted
¥ Imageforms behindretina(toofar)

¥ Correct with converging lens

P 1
- T f isthefocal length (in meters!!!!)
Problem 10

A person@near pointis 25 cm and his far point is 1.5m. His contact lenses are designed
so tha he can see objects that are infinitely far awvay. What isthe closest distance tha he
can see an object clearly when he wears his contacts?

(@ 22anm (b) 27am (c) 30an (d)33cm



Simple lens
25cm

My = 1+ f imageat near point

_25cm
- f object at infinity

Microscope

m= fi (25fc_m) wherefo andfe are thefocal length of the objective and eyepiece
(0] e

Resolving power

Rayleigh@criterionisthelimit for resolving two objects and occurs when the
central maximumof onesource falls on thefirst minimum of a second source (due
to diffraction)

! !
min #g foradlit min :1-226 for acircular aperature

where aisthewidth of thedit and D isthediameter of the aperature



Problem 11

Dot matrices can be used to print thingslike the newspgper, or printer pagper. Assume the
dot matrix that is used to print onto a poger has an average distance between the dots of
.1mm. Use "=400nm Assume that thediameter of the pupil of youreyeis 1.5mm. Wha
istheleast viewing distance from which you cannotresolve the dots used to create the
dot matrix? (in m)

(@) .256m (b).307m (©1.14m (d) .56m

Chapter 15: Electric Forces and Electric Fields

Coulomb® L aw

* Thedectricforce, F, between two stationa’y charged particles can be calculated
usng thefollowing equdaion:

“11“‘12‘

2
r

F =k,

where,

g isthe magnitudeof the chargein coulombs
ke isthecondant = 8.99x 10° N m?/ C?

r isthedistance between thetwo charges.

Electric Fields
* Themagnitudeof an electric field, E, exerted by achargeat any distance fromthat
charge can be calculated usng thefollowing equdion:

\Q\
re CIO

where qp represents a small postive charge

E=k,



* Remember tha thedirection of thefield is based on thecharge

If gispogtive, thefield points away from g.

If gisnegative, thefield pantstowards q.

To summarize, thearrow points in thedirection that a postive chargewould go

For equation sheet: Write down equaionsfor E fiedd dueto charge arrangements. i.e.
infinite sheet of charge dipole etc.

Electric Flux

* Thedectricflux,! g, isaway of representing the extent to which an electric field
passes througha given area, andis calculated usng thefollowing equéion:

I £ = EAcos"

where,
A isthearea of the surface throughwhich thefield passes
" istheangle beween the plane perpendicular to the surface and thefield.

¥ If Eisuniform andis perpendicular to the surface, then
Il £ = EA
* Remembe that:

- flux lines goinginto a surface are negdive.
- flux lines going out of a surface are postive.

Gauss@ L aw

* Forany closed surface containinganet charge Q, the electric flux can be calculated
usng thefollowing equaion:

where,
# is a condant called the permittivity of free space = 8.85x 102 C?/ N m?
Therecan never NEVER bean dectric field inside a conductor!!!



Chapter 16: Electrical Energy and Capacitance

Potential Difference and Electric Potential Enerqy

* Potential difference is a measure of the energy pe chargerequired to moveachage
from point A to point B and can becalculated usng thefollowing equaion(s):

|
IV =V, "V, ="Ed=-"2=

g

where,

V isthepotential difference (measured in Volts, V)
d isthedistance between points A and B

PE istheelectrical potential energy.

Point Charges

* Theédectric potential created by a point charge can be calculated usngthe
following:

v=kd

* Theédectrical potential energy of two charged particles can be calculated usng the
following:

PE — ke qqu
r

Relating Potential with Wor k

* Thework doneby electric forces on acharge can berepresented in terms of achange
in electrical potential ener gy and the potential differ ence beween two points:

W =-$PE = -q(VB - VA)



Capadtors

* A capadtor isadevice designed to store energy tha can beretrieved when needed.
* Theamountof energy tha can bestored is called the capadtance, C.

* Thecapacitance, measured in Farads, is defined as follows:

C:Q IA

" =0
\V4 d

where,
Q isthemagnitudeof the charge on either plate/condudor
$V isthemagnitudeof the potentia difference between the plates/condudors.
A istheareaof theplate
d isthedistance between plates
*  When capacitors are arranged in paralléel:

Ceq = Ci+ C+C3 +Cy4....

Each capacitor in parallel has the same voltagedrop acrossiit!

*  When capacitors are arranged in series.

1 1.1 1 1
— Tt —+—
Cq C C, C, C,

Each capacitor in series hasthe same chargeonit!

Work and Energy in a Charged Capacitor

* Wed€dinethework required to chargea capecitor, and the energy stored as aresult,
with thefollowing equdion:

2



Problem 12
A negdive chage Q= -1uC sitsat x=0. At postive chage Q.= 0.5uC sitsat x=1m. At
which of thefollowing values of x does theforce on a chargevanish?

(83.4m (b) 2.2m (©24m (d)0.6m

Problem 13

Two charges of 7jC are placed onthe opposte cornes of a squae of sides a=20an and
charges of -4 uC and -2 uC are placed at theremaining two vertices. What isthework
required to bringin acharge +Q frominfinity to the center of the configuration?

(a) -360000Q  (b)-610000Q ()+510,000Q (d)+270,000Q



Problem 14

If theplate area of apaalée plate capacitor is hdved and the plate separationis doublked
while the chargeis hdd condant, theelectric field between theplatesis

(@unchangd (b) octupled (c)hdved (d)doubkd

Chapter 17: Current and Resistance

Electric Current

* Current isdefined astherate at which chargeflows across an area:

where,

| representsthecurrent, in Amperes, A

t represents thetime in seconds.

n isthe numbe of mobile chargecarriers pe unit volume (aka. free charge densty)
g isthechargeoneach carrier

v istheaveragedrift speed tha the carriers moveat

A isthecross-sectional area throughwhich the carriers/charges travel



Resistance - Ohm@ L aw

* Resistance, R - measured in Ohms (%), is defined as theratio of voltageto current
across a condudor:

Resstivity

* Thedegree of resistance of a condudor isreferred to asresistivity, andis given by:

R=12L
A

where,

| isthelength

A isthecross-sectiond area

& isaconstant uniquefor each material.

Electrical Enerqy and Power

* Therate at which energy isddivered to aresistor is defined as power, P, and has
units of Watts, W.

P:|!V:|2R:M
R

where theterms containing R represent the power ddivered to aresistor.



Chapter 18: Direct Current Circuits

Resistance - Ohm@ L aw

* Resgtance, R - measured in Ohms (%), is defined as theratio of voltageto
current across a condudor:

$V = IR
¥ Electromotive Force (EMF) B! (epsdlion)

¥ Forus EMF isVoltage
¥ |deal EMF Device hasnointernd resistance

Power
* Therate at which energy isddivered to aresistor is defined as power, P, and has
units of Watts, W.

P:|!V:|2R:M
R

where theterms containing R represent the power ddivered to aresistor.
* Whenresistorsare arranged in sexies.
Rg = Rit Ro+Rs + Ry....
- Each resistor in series has the same current flowing throughit!

- Therefore, theresistors can bereplaced by oneresistor of Req with thesame
current flowingthroughit and same total voltagedrop acrossit

* Whenresistorsare arranged in parallel:

- Eachresistor in parallel has the same voltagedrop acrossit!

- Therefore, theresistors can bereplaced by oneresistor of Rgq with the same total
current flowing throughit and same voltagedrop across each resistor

¥ DONQ@ BE FOOLED BY FUNNY CIRCUITS!!



Multiloop Cir cuits

Kirchoff@ Laws

¥ Junction Rule: Thesum of the currents entering any jundion mug beequal to the
sum of the currents leaving thejundion

¥ LoopRule: Thesum of thechangesin potential encountred in acomplete
traversal of any loopof acircuit mug bezero

¥ Resistance Rulee When you movethrougharesistor in the direction of the
current, subtract IR; in the QurongOdir ection add IR

¥ EMF Rule: When youmovethroughabatery from negative to postive, add EMF.
From postiveto negative, subtract EMF

RC Circuits

¥ Two Equation for Charging a capacitor
- onefor Chargeand Voltage(across capacitor)

¥ Two Equation for Discharging a capacitor
- onefor Chargeand Voltage(across capacitor)

¥ Time Congtant ! equdstheRC. Thisistheamount of time it takes for capacitor
to charge (or discharge) 63%.

Problem 15
An ammeter with resistance 250# isinserted at paint A in thecircuit shown bdow. How
does the current throughthe 5000# resistor change fromits previousvalue? P.155

(a)it does notchange (b) increases by 9uA
(o)increases by 25 A (d)decreases by 25 pA

Problem 16



In the figure shown, an ided battery of EMF = 120V isconrected to a network of
resistances R1=6.0#, R2=12.0#, R3=4.0#, R_4=3.0#, and R5=5.0# . What is the power
diss pated by resistor R3 ?

(8) 6.7 W (b) 200 W (0)1125W (d)9.0W



Chapter 19: M agneti sm

Forces dueto Magnetic Fields

* Oppodte magndic poles attract; Like magndic poles repel
* A paticle movingthrougha magneic field experiences aforce defined by:

F = quBsing

where g isthecharge v isthevelodty, and B isthe magndic field measured in Teda, T.

e Toddaerminethedirection of theforce, ustheright hand rule #1:

With an open righthand point your fingers in the direction of B, point your thumb in
the direction of v, andtheforce of a positive charge pointsin thedirection of your palm.

Forces on a current-carrying conducdor

* For acondudor of length I, carrying acurrent, I:

F =1IBsin/

where thedirection of F is deermined usng theright hand rule #1 with the direction of
the current replacing the velodty.

¥ Direction agan given by Right Hand Rule #1

Torgueon a Current Loop

* For any loopeal condudor carrying a current, thetorquecan be measured by:

" = NBIAsIn!

where N isthe nunber of coilsin theloop and A isthearea of loopthat the magneic
field passesthroughand! istheangle beween the B-field and aline perpendicular to the
plane of theloop



Circular motion of acharged particle

*  When acharged particle moves with avelodty perpendicular to amagnetic field,
it undegoes circular motion dueto the magnetic force which is always pointing
towardsthe center of thecircular path.

* Theradiusof this pah is determined by:

where m isthemass.

M agnetic Field dueto Current

* A currenttraveling alonga straight wire will produce a magndic field.

e Todderminethedirection of thefield useright hand rule #2:

Imagine grasping the wire with your right hand and pointing your thumb in the
direction of the current. YOUr fingers curl in the direction of the magnetic field.

* Themagnitudeof themagneic field at adistancer fromthewireis:

B:H_OI
27Tr

where n is acongant called the permeability of free space andequds4' x 107 Tm/A.

¥ Accordingto Ampere@Law, | istheenclosed current

M agnetic Force due to Two Parallel Wires

*  When two wires carrying current are placed paralléel to oneanothe and are
separated by adistance, d, theforce per unit length acting on each wireis:

Y 77 Y

| 25 d

- If thecurrentisin thesame direction, thewires attract
- If thecurrents are in opposte directions thewiresrepel



Magnetic Field of a Current L oop

¥ Determined usng Right Hand Rule #2

¥ Themagndic field inddea Solenoid:
B=u,ln

- nisthe# of turnsper unit length
- For an ideal solenoid, the magndic field outsideis zero
- Directiongiven by Right Hand Rule #2

Problem 17

An electronis accelerated from rest by a 10000V potential. It then entersaB field
(oriented perpendicular to thevelodty of the electron) such tha the electron makes a
circular orbit of radius0.25mm. What isthemagnitudeof theB field (in T)?

(a) 1.35 (b)1.35x 1013 (c)0.95 (d)0.62



Problem 18

Two longstraight wires are separated by a distance 20am and carry currentsin opposte
directions Theratio of thecurrent values 1,/1,=6. What isthevalue of the magndic field
at apoint located midway between thewires (in terms of 1,)?

(@(2 x 1091, (b) (2.33x 1091, () (3.33x 1091,  (d)(1.2x 10°)I,

Chapter 20: Induced Voltage and | nductance

M agnetic Flux

* Magnetic Flux isaway of representing the degree to which amagnéic field passes
through aloop with agiven area.

* |tisddinedas
" g = BAcos!

where theangle is measured between thefield@ dir ection and theline per pendicular to
the loop.



Faraday’s Law
* Asthemagnetic field througha condudor changes over time, so too does the

magnetic flux, causng an emf voltageto beindued. Thusan induced current can
occur.

* Thetotal emf indued isfoundby:

I"
| ¢

where N isthe nunber of loops

Lenz’s Law

Thedirection of theinduced current issuch tha it opposes the changein themagnetic
flux throughtheloop

Motional EMF

¥ When a condudor moves througha magndic field a potential difference develops
between the endsof the condudor according to this equéion:

'V = El =Blv

¥ If themoving condudor is part of aclosed conduding peth, then an EMF is
induced with direction given by Lenz@ Law and magnitude

¢ =BLV



Problem 19

A circular loopof wire (r=2.2 cm) is located at the center of a solenoid with R=10cm
with its axis aligned parallel to tha of the solenoid. Thewindingsand current of the
solenoid are clockwise when viewed from above If thecurrentin thesolenoid is
increased, which direction will theinduced current bein theloopwhen viewed from
above?

(a)clockwise (b) counterclockwise  (c) nocurrent (d) it explodes

Problem 20

A Gaussian surface in the shgpe of arightcircular cylinder with end caps has a radius of
120 cm and alength of 80.0 cm. Throughoneendthere is an inward magnéic flux of 25
mWh. At the other end thereis a uniform magndic field which givesriseto aflux of 724
mWh, directed outward. What is the net magndic flux throughthe curved surface?

(@474 mWb inward (b) 87.5 mWb outward
(c) 47.4 mWb outward (d) 87.5 mWb inward



Chapter 21: Alternating Current Circuits and Electromagnetic
Waves

Alternating Current
I 'V
L= = 707 'y, =—===707'V__
V2 V2
Circuits

Forced Oscillations(Alternating Current)

Purely Resistive

I/rms :IrmsR V andl arein phase

Purely Capacitative

VC.rms = IC,rmsXC V and| out of phase by 90degrees (I |eads)

Puredly Inductive

VL,rms = | L,rmsXL V and| out of phase by 90degrees (I lags)

X and X are the capacitative and inductive reactances

1
X =
¢ 2rfC

X, = 2L

¥ Phasors explain behavior of these circuits



RLC Circuit
Voo =17 Z=/RE+(X, +X.)2 tane = 222

max max

Three Cases
¥ X.>Xc

¥ Xc> XL

¥ Xc:XL

1
- = " — I
/o 21 JLC 2y

Power in AC Circuits

Pan = | 2rmSR Pavg - Irms VI"W!S COS(D
Problem 21:

A gengator with an adjudable frequency of o<tillationis connected in seriesto a
resistance R, a capacitor of C = 5.0F, and an indudor of indudance L. Theamplitudeof
the current produced in the circuit by the generator is maximized when the generator®
frequency is1.4 kHz. What isL (in henries)?

(@) 3.89nH (b) 832nH (c) 12nH (d) 2.6nH



Transformers

- Atransformer isadevicetha either stepsup or sepsdown voltage Note that
Power isSALWAY S CONSERVED by thetrandormer!!!

- ltisabletodothisduetoinduction

N —
V=V |V, =1V,

1

Problem 22

A tranamission linetha has aresistance per unit length of 2.75x 10-* $/misused to
tranamit 4.00 MW over 3.140x 10° m. Theoutputvoltage of thegeneratoris 2.7 kV.

If atrandormer stepsthevoltageupto 400kV before tranamission, which of the
following statements are true?

l.
.
[1.
V.
V.

@1, 111,V

The percentage of power log is: .216%

The percentage of power log is: 4.7%

Theratio of the nunber of turnsin the seconday to theprimary is: 148
Theratio of the nunber of turnsin the seconday to theprimary is. 63
Thetrandormer increases thetotal output of the generator

()1, 11 @ II, IV, V COURI @1, 1V



Light isaWave!! (andatransverse waveat tha)

Composd of electric and magnetic portion (hence the nameE)

This meanstha an EM wave travding in thex-direction will have an electric
field ocillating in they-direction, and amagnetic field ocillating in the z-

direction.

K K K

E 1
cC=—=———
B JHo!o

Ve odty of light isindependent of all wave propetiesin avacuum

¥ Light followsthesame basic relation as all other waves:
v=1If which for lightmeanst C =/ f
¥ Undestand howthelight spectrum works

¥ Thepower of an EM wave ove a given area, known astheintendity, I, is
defined by thefollowing equaions
P

__  Source

 4IR?

_ Emameax _ Eriax C BZ

= max

7 —
2 2ugc 2



Problem 23
Wha istheamplitudeof thedectric field comporent of light :0mfrom a standad 100W
light source?

(8)7.75 (0)2.82 (©) 134 (d) 42084m

Chapter 22: Reflection and Refr action of Li ght

Energy of Light

* Eingein developed atheory tha lightis composed of little packets called quanta, now
referred to as phoons

* Theeneagy of aphaonisrdated to its frequency, f, usngthefollowing equdion:
E = hf

where his planck@ congant = 6.63x 10* Js.

Reflection

*  When lightisreflected off a surface, the angle of reflection can be predicted by the
angle of inddence (the angle perpendicular to the surface):



Refraction

*  When lighttravelsfrom onemediumto another, its speed changes, causngit to alter
its direction.

e Thisisreferred to asrefraction.

* Thedegreeto which its speed altersis based onthe index of refraction, n, fora
given medium.

_C
n=-—
Vv
where v isthe speed within the medium.

* Inair, theindex of refraction is approximately 1.00.

Reflection and Refraction
¥ Before anything, remember tha all angles are for these equaionsare WITH
RESPECT TO THE VERTICAL!!!

¥ A reflected light wave has an angle of reflection equal the angle of incddence:
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Refraction
*  When lighttravelsfrom onemediumto another, its speed changes, causngit to alter
its direction.

e Thisisreferred to asrefraction.

* Thedegreeto which its speed altersis based onthe index of refraction, n, fora
given medium.
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where v is the speed within the medium.



¥ Refraded lightraysobey Snell@Law:

n,sin/, =n,sin/,

¥ Air andvacuum have n=1 wheenistheindex of refraction

¥ If npisgreater than ny, therefracted angle will be less than theincident angle

(bent towardsthe normal)

¥ If npislessthan ny, therefracted angle will begreater than theincident angle

(bent away from the nommal)

¥ Eventudly alight ray can bebent far away fromthe normal enoughto whereit

can@escape Thisistotal internal reflection! Note this can only happen if n,
islessthan ng,

Under standing the Rainbow (Disper sion)

¥

Different wavelengths of light have different indices of refraction. Thusthey are bent
by different amounts

Thus when white light from the sun passes throughthe surface of a water molecule
itscomponents are refracted by varying degrees.

Essentially, thered end of thevisible spectrumis refracted least, and theviolet endis
refracted mog.

Thusthebeam of lightis split into itsindividud colors, which iswha we see when a
rainbow appears.



Problem 24

A thirsty man lies face down onadodk andlooking at thelake bottom. If cansof beer are
gpaced every 1.5 feet fromthedodk, how many can the man see if thelake is 12 ft degp?
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