Chapters for the Final Exam

Chapter 20: Electric forces and fields (Conceptual Questions)
Chapter 25: Electromagnetic Induction and EM Waves (Conceptual Questions)
Chapter 26: AC Circuits

Chapter 17: Wave Optics
Chapter 18: Ray Optics
Chapter 19: Optical Instruments



Chapter 20: Electric Forces and Fields

GENERAL PRINCIPLES

Charge

Thore arc two kinds of charges,
called posRive and negative
= Aloms have muclei with
positive charge and cloctrons L]
with megative charge.
* The fondamental charge ¢ is
ke magmitwde af the charge an
an eleciron or protoe: £ = 160 % 107 C

= Mabirr with cqual smennts of pasitive and negative
charge is NEULr

» Charge is conserved:, il can’t be oreated ar
dsirayed.

IMPORTANT CONCEPTS

The Electric Field
Charges inleract with cach cther via the clectric fickd E.

Coulomb’s Law

The fances beiwoon two charged particles g, and g, scparated by
disiance r o

=

Kla ||l F F

Flos: = Fimy = ——— 3m1 =
laa2 2ol T -._{Elg, @—-—ﬁ

These forces are an octonfreaction pair direcied slong the lne

joining the particles.

* The farces ane repulsive for bwo Eike charges, aiiractive for woe
opposilc charges.

» The net force on & charge is the vecior sum of the foroes From all
other chargos.

» The unit of charge is the coulamb ()

Visuallzing the efectnic ek
The choctric fcld exists ol all points in space.

= An cloctric ficld voctor shows

» Charge A altors the spacc . - the ficld only ol onc poinl, % ] s
around it by croating an \_ the point at the il of the '\.I 7
cloctric fickd. ® - vEClon & — —

@ ’-I )

» The ficld is the agont that cxcris & fonoo . -
o charge B. Faun = quE

= An clectric fold is identificd and moasoed
im icrms of the force on o probe chage g, E = ——
Thee wnit of the clectric Aeld is NIC. 7

» The clectric fcld is o vector:. The cloctric
ficld firom multiple chorges i the veoior 5
sum of the ficlds from the individual ol

b |

charges. L-'-l + f: p=oe ncpative charges.

Sample Question: Two spheres are touching each other. A charged rod is brought near. The spheres are then separated, and

= A field dingram shows fcld ra [ "
weclors ol sovornl points.

= Electric ficld lines:
= o always parallc] o |I r|

the ficld vectors. \ 'f_\'.l |
= arc clase where the I ol I"f_"
ficld is sirong, far spar -
where the ficld is weak, A "\\\
[ %

= po from positive i || = !

Both spheres
acquire charge.

Metal

’

%, Metal

"3

Charged
plastic

the rod is taken away. In the first case, the spheres are aligned with the rod, in the second case, they are perpendicular.
After the charged rod is removed, which of the spheres is:

i) Positive
ii) Negative
iii) Neutral

What are the magnitudes of the charge they acquire after separation?
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Chapter 25: Electromagnetic Induction and EM Waves

Electromagnetic Induction

The Magmn a1z’ law spocifics that thers Ir=daYy W spocifics
measurcs tho amount is an induood curmont in a the magnitode of the
of magnetic ficld closed conducting loop i the induced emf im 2
passing through a magnctic flux through the closed boop:
surface. loop is changing. The
& direction of the ndwced o |A®
e cument is such that the !
indoord magnetic ficld
K appascs the chenge in Auox. Multiply b_'- N Foor an
& -turn codl.

The sire of ithe mduced

Loop of 5 currcnl is
mrea A

Cure=nl meter I - =
E-h:ld é .
E': ';_ cumrest
Sample Question: A current-carrying wire is pulled away from a conducting loop in the [

direction shown. As the wire is moving, is there a cw current around the
loop, a ccw current or no current? What principles would you use to explain it?
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Chapter 17: Wave Optics

The wave model

The wave maodel considers light 1o be a wave propagating through
space. Imerference and diffraction anc important. The wave model is
appropriatc whon light intcracts with objects whose sive is comparahble
o the wavelength of light, or mughly less than about 0.1 men.

IMPORTANT CONCEPTS

The L af o material determines the spocd of Eght
in thai material: v = oie. The index of refraction of o malerial is

nlways grealer than 1, so that v is always less than ¢

| e says that cach poimt
on & wawve fronl is the source on a

spheorical wavelel The wave front al a
laler time is ngent te all the wavclels.

is Lhe spreading of a wave
afer it passes through an oponing. |

The wavelength A in o maberial with index of relmction & is less i
i

than the wavclongth Awe in vacuwm: 4 Acir.

The frequency of li ghl does nol change as it moves from one madsorial
Lo amather.

APPLICATIONS

A singhe slil of width @ has & bright central maxdmum
of widih

ZAL
a

that is Manked by weaker secondary maxima.

w

Sorondery mmrirm. Ceniel maasnm

Dhrk Iengea
Dark frimges anc lncated at angles such that

n:inEI, PA FP=12L23,...
If Afig =3 1, then from the small-angle approximation

A AL
g,-= 5 -
a b a

+ off dimmeter I,
M bright central maximuem of diameber .j
Z44AL s
'

w

is sumounded by circular scoondary maxima.
The first dark fringe is locatod at

1.22% 1.ZHL

o "o
For an aperiwne of any shape, 2 smaller opening conses
o greater spreading of the wave behind the opening.

&

: ame due o the averdap
af two ar more wives as they spread

Constructive and destroctive i y
hohind openings.

Waves averlap as thoy spread oul behind slits. Constructive inderorenoo
occurs alang antinodal incs. Bright fringes anc scon whone the antinodal
fincs inlersect the vicwing scroon.

| with scparation d.
Fqually spaced bright fringes ane located at mﬂm

mi mAL
= T, om OLE...

AL
The fringe spacing is Ay =

] with slil spacing d.
Very bright and narrow fringes arc located o
angles and positions

g

dsindl, = ma ¥ = Limnd,

Interfercmoe ccurs botwoon the waves neflecied from the two surfooes
of o thin film. & wave that reflects from 2 surfece of which the index of
refiracticn increases has o phase change.

Interference 0l .or 2 phase changes One phase change
A 1i &
Caonstroctive I = m— It l:frr s
L} 1im
114 A
Dhesbructive 2 [rrr ¥ ;:I— M= m—
2m n

Sample Questions: Light from a sodium lamp
(589nm) illuminates two narrow slits.

The fringe spacing on a screen 150

behind the slits is 4.0 .

What is the spacing (in ) between

the two slits?

Two narrow slits 0.04 mm apart are illuminated by
light from a HeNe laser (A = 633 nm).
What is the angle of the first (m = 1) bright fringe?



Chapter 18: Ray Optics

Reflection
Law of reflection: 8, = &,

Hefloction can be specular
{mirroe-like ) or diffnse
(froen rough surfaces).

Plane mirroes: A virual image
i Formed ot PTwilth s = 57,
whene 5 is the ehject distance
and =" iz the image distance.

IMPORTANT CONCEPTS

The ray mode| of
Light trvels allong straight lines, called light rays, &t specd
¥ = oA

A light my continoes Forover unless an indcraction wilh mal-
bor causss il o reflect, refmct, scalicr, or be absorbed.

Lipht rays come from self-luminees or neflective objects.
Fach point on the object sends rays in all directions.

Ray dingrames ropresent all the
rays conitted by an abject by
cnly a few select rays.

In order for the eye o sor 2n object {or image). rys from
the abject or image must onler the cyc.

APPLICATIONS

2ay tracing for lenses

3 special mys in 3 basic sitnations:

-

Refraction

nells v of refraction:
msind = aysind

Index of refroction isa = cfv.
The ray is closer 1o the normal
on the side with the larper index
off refroction.

I my = my, total ntermnal reflection { TIR) accwrs when the angle
of incidence 0 > 8 = sin~ '(Aagheg)

Image formation

- Theze v appesr m
I rays diverge from P and, after e F
imloracting with a lens or mirmor, -
appear to diverge from P
without aotually passing through T
P, thea P is @ vt Image of P -

Ty

H rays diverge From P and inleract with a lens so that the
refracied rys comverge ot B, then P* is a real Image of P

Bays actually pass thregh a ncal image.

Theae rays scizally

Magnification

The magnification is the mitio of the image beight b” 1o the
uhbjoct beight A It can also be writien in ferms of the image
and chject dislances:

T

Diverging lems
Wirtml image

=y tracing §or mimors

3 special mys in 3 basic situations:

P-F::f::.

q;'“““-

|
Coavex mirmor
Wirtual imape

o=

Concove mirmor
Real image ¥Yirtual image

k5
TR
o and dispersion
The oye perocives light of different wavelengths ax hoving
diffcrent cobars.

Dixpersion is the dependence of the index of refraction a
off a transparcnt mediom on the waselength of light: Loog
wavelengths hove the lowest =, short wavelengths the

highest a
Wi gl i i i By
s o ot itk
all warchkapihs iz highor n in nofracied s s ol
of light o, r
Whikc =k = & nn
lighe A — %50 mm

Sample Questions: A laser beam is aimed at 1cm-thick
sheet of glass at an angle 30 deg above the glass.
What is the laser beam’s direction of travel in the
glass?

A 3.0-cm-tall object is 45 in front of a concave
mirror that has a 25 focal length.
Calculate the image position.



Chapter 19: Optical Instruments

Finding the Image of a Lans or Mirror

ifon of & lens ar minmor is

I-urn.lnn.:m'u.lrwdmrmr ﬂmnbpddul.nnne: ﬂlln‘l.naedlsl.n.me _ k¥
5", ond the focal length 7 are related by the thin-e u M‘_T' =
Sel_t
x & F Resolution of Optical Instruments
Sgn comventlons for the thin-lens equation are: The resolution of o iel=scope or micrascope is
N . ~ ~ limiled by imperfections, or abermations,
Quantity Positive when MNegutive when Lnﬂ!npbcﬂl:leu‘u‘lls.m‘ldb}ﬂmrrm
= Always Mot trented hare fumdamentzl Emils imposed by difmction.
3 Kem image. on opposite Virfual image, on same For g.mic the mini-  For a tele R
- . - . 2 roscope, the mini-  For atelescope, the minimum
H'd.! ‘-"rr" H:: rm':"‘ ohject, ”t‘ﬂ:dhm — ke cbjact, mum resalvable distance resolvable angular separation
e o & T between two objects is between twa objects is
i Canverging lens or Diverging lems or
CONCAVE Mirmr COMIVEY METor. A = LELA, o= 1.224
&M lmage is upright Trmuage i inverted T NA " b
IMPORTANT CONCEPTS
585 1N comibination ular and 2ppa
When tw lenses are used in combination, the image from the Hoth objecis haee Lhe same angulor ske, Same
first lens serves as the object for the second. - ﬂ"" hence Za same apparsal ske Apparer.
The refrctive power P of & lens is the inverse of its focal ___.[— —— — FrE
lengih: P = 1/ When two benses are in contoc, their ned e —— _ _
refractive power is the sum aof their individual eefractive powers. Same angular dne
APPLICATIONS
The camera and the eye ne maonifiar
Eoth the camem and the eye wark by focusing an image on a ‘Withoud a lens, an object
light-sensitive sorfaoe. cann< be viewed closer than : el iy
i i e~ LY
Fllm or CCTH \ lis angular sine iy is A25 cmo % cm

-Lighi-sensitive .. 8
surface

shi-Tocusing element - Corsea, lens,
UL i

The camem focuses by changing the lens-film distanoe while
the eye focmses by changing the focal length of its lens.

The lelesiope magnifies distant ohjects. The objective lans
creates o real image of the distont object. This real image is
then further magnified by the eyepisos lens, which oois as o
simple magnifier. The angular magnification is M = — .
Rmys from
distanl ohjsct

S i
Sy

IF the ohjoct is now placed ol the
focal point of a converging lens, its
angular size is increased o 8 = T

The angular magnification is M = 88, = 25 cmif.

e migoscope magnifies o small, nearby object. The
ahjective lens cresies o real image of the objocl. This real
image i then further magnified by the eyepiece lens, which
acts s o simple magnifier. The angular magnification is

L ¥ 25cm

Lok

L Eyepiace "7
"_'__:Ebj:n: z Weal Imege g
__\_‘__'bt'ﬁ-______::

Tubwe bengih L &

An object is 15 cm in front of a diverging lens with a focal
length of 10 cm . What is the position of the image? Is it real
or

virtual?

Sanjaya has hyperopia. The near point of his left eye is 150cm.
What prescription lens will restore normal vision?



New course: Phys 4710/6710:
Functional Neuroimaging
will be offered in the future.

Brain Activity for
Finger Movement




