


Final exam study approaches

How do you study for a physics exam?

Cramming DOES NOT work

Emphasize understanding concepts & problem solving,
NOT memorization

: SUw o™
Review pre-lecture & lecture concepts &:m,,s;h g hefS

Review problems: ACTs, HW, exams

Understand formula sheet (i.e. when to use and when NOT
to use an eq’n) & know what each symbol means

Do practice exam problems (time yourself!)
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Problem solving approaches

PHYS 102 Exams FALL 2014 Exam 2 (A) The not-so-good approaches:

The “magic” equation:
1) A single resistor is made by attaching two blocks of different materials to two
conducting plates, as shown in the figure. The two blocks have identical cross “What equation will solve this problem?
sectional areas 4 = 1.5 x 10" m? and identical lengths L = 0.1 m. The materials have R = pL/A? V = |R?”
different resistivities: p; = 3 x107%Q - m and p, = 5 x107Q - m. What is the total
resistance R of the combined element?

“Reasoning by analogy”/memorization:

area A

“I remember a similar exam problem from
SP10 EX1, and the answer was...”

a.R=42uQ / /
b.R=13 .
C_R=53£ 529% | The good approach:
d. R =0.83 uQ \ )
e. R =21 4Q Conceptual understanding /
reasoning from basic principles
\ 1. Charges are going to flow through both
T materials in parallel
2. Ry equivalent to 2 || resistors
3. 1R aie=1/R;+1/R,+...,R=plL/A
l_— 4. Algebra
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Review lecture ACTs

EX3

The optical components shown are all
made of the same material.

1 2 C...‘,pg 4 5

21) Which of the above has the largest magnitude of focal length |f]?

a. Figure 1 :
b. Figure 3 3
46% & ACT Lens geometry

d. Figure 4
e. Figure 5
SR The followmg Ienses are all made from the same materlal

“but have different geometry

| fWhich Iens has the shortest (po.ei.ti.\./e.) focallength? .

A. B @ D.

A - WA
49%

‘Converging/diverging = thick/thin in middle

‘More curved = more bending = shorter f :
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Review homework questions

EX1

An electroscope is built by suspending two identically sized

conducting spheres of mass m = 0.02 kg from thin wires of

length £ = 15 em as shown in the figure. After charging, both
spheres make an angle of & = /5° relative to vertical and QO;

= 0>. (Note: in this problem, you may ignore any mass or
charge from the thin wires.)

9) What is the magnitude of the charge |Q;|?

a. 01| =84 x10%C
b. |01l =1.6 <107 C
c. |oil=5=10%C

d. |01 =39 x108C

e o1l =19x10"C > 48%

Homework: Electric Fields 3

Deadline: 100% until Tuesday, September 9 at 7:00 AM ¥

PENDULUM

13.00 g

”~

t

A small 12.00g plastic ball is suspended by a string in a uniform, horizontal electric éd with a magnitude of 103 N/C.
If the ball is in equilibrium when the string makes a 30° angle with the vertical, what is the net charge on the ball?
Q =






Relationship between F, E, U, V

Vector

f [N

H:Fqugz

E IN/CI=[v/m]

Ex: Ezki2
a

Number (“scalar”)

()

Wy = FArcos0
=—-AU,

&

E points from
high to low V

]
UE

Ex: U=k

9,9,
v

VEUE/Q

VARVSEV

Ex: V=kg

r

Phys. 102, Review 29, Slide 7



Circuits & components

Wire Battery Capacitor Resistor

Series and parallel L
Basic principles:

\r Conservation of charge (KJR)
Conservation of energy (KLR)

b
il 1 f Veva o Y= 1,

y) Current In = Current Out

| | S AV =0

Sum of voltages around loop =0
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Summary: charging & discharging

 Charge (and therefore voltage, since V.= Q/C) on capacitors
cannot change instantly

e Short term behavior of capacitor:
If the capacitor is charging, current /. drives charge onto it, Q = 0 and
increasing (acts like a wire)

If the capacitor is discharging, current /. drives charge off of it, @ > 0
and decreasing (acts like a battery)

e Long term behavior of capacitor:
If the capacitor is fully charged, I.= 0 and Q is maximum (acts like an
open circuit)
If the capacitor is fully discharged, I. = 0 and Q is minimum (acts like
an open circuit)
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y Example: RC circuits

The next three questions pertain to the situation described below.

Consider the following RC circuit: Ry = 3 kQ, Rz = 6 kQ, C = 0.4 uF, and & = 9 V. Initially the capacitor is

uncharged. At some time, the switch is closed. :

N m—
Short term behavior of capacitor:
The capacitor is charging: current /
drives charge onto it, Q = 0 and

R, increasing (acts like a wire)

V, zo = ;Z/\fl

R -
C
|8

15) What is the current out of the battery, Ij, immediately after the switch is closed?
uﬂ

_

2 Jous = 14 Long term behavior of capacitor:
Apgn = . .

¢. Joua = 1.5 mA 529% The capacitor is fully charged: current
‘;‘;ig:g;",;; I-=0and Q is maximum (acts like

open circuit)

ALK S'Ib,.:\'\ “J‘\'I'Rﬂ.’)':o

16) What is the current out of the battery, I}y, a long time after the switch is closed?

a. Ipgy = 1.5 mA

b. Ipey = 22 mA 0
c. Ipan = 0 mA 58%

d. Jpar = 3 mA
€ oaw = I Phys. 102, Review 29, Slide 10



NOT ON THE FINAL EXAM

=85x10°Fand L =02

10) The voltage across the generator

rrent through the generator.
Explain using reactance for L and C

a. lags

b. leads

¢. is in phase with

We did not cover AC circuits with
R, C, Lin class this semester, so it

11) Which of the following circui W|” not be on the flnal

ements has the largest\peak voltage across it?

plain using reactance and R
a. Resistor
b. Generator

¢. Capacitor

12) What is thg/average power delivered by the generator?

Start with formulaNshow all values you use.

average

=233W

average
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Magnetism summary

Type I: RHR for forces on moving
charges and currents

Moving + charges and currents

—

Moving — charges

Type Il: RHR for magnetic fields
generated by currents

B field from wire B B field inside loop

/

Thumb along ¥ Thumb along V
Fingers along B Fingers along B
F on+qis out of palm F on-gqis into palm

F:|q|vBsin9 F =ILBsinf

Tloop

= NIABsin 0 = uBsin 0

Thumb dlpng /

Curl fingers along B

B

wire

Curl fingers along / Thumb along /
Thumb along B OR: Curl fingers along B
_ Mol _
— Bsol — ,uon]
27r
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Example: Magnetic fields

Ex) wl—-.JrQsK

Three long, straight wires, are
arranged as shown in the figure:

a=35m,b=2mand®=30° Each

wire carries a current /=8.8 A R H R I I .
I . .
. > B fields from wire 1 & 2
®/- 6?“% S x at position of wire 3
I a 1
23) What is the direction of the net force on one meter of Wite 3 due tg the other wires?
a. +x-direction L B ) RHR I:
b.0 B . .
c. +y-direction o 7 F on wire 3 due to B field
d. -y-direction 3 8 A) f q
== . -x-direction 3 l.o\- rom wire 1 & 2
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Lenz law

Induced EMF € opposes change in flux ®

1. Is @ increasing, decreasing, or constant?

2. If @ increases: If @ decreases:
€ induces B field opposite external B field g induces B field along external B field
AANANA /
\\// Bext G O
- - O
e D 5. ¢
] [~ = =
/
Top view Side view Top view Side view

If ® is constant:
€ is zero, no induced B field
Bind

3. Type Il RHR gives current direction

Curl fingers along /
Thumb along B;,,
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Faraday’s law

Faraday’s law: “Induced EMF” = rate of change of magnetic flux

AD | Fuedertd

£=——"
At

Since ® = BAcos @ , 3 things can change @

1. Area of loop 2. Magnetic field B 3. Angle @

VVVVYY

e(t) = wNBA sin wt
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Light as a wave

N
7

—_—> V

Polarization: ‘Emns :‘Einc cos
Vi —J. cos’0
trans ~— “inc

! TA

TA
TA  Phys. 102, Review 29, Slide 18



Lightasaray

Reflection 6, =0,

) C
Refraction y==
n

n,sinf, = n, sino, % .

S B'sq‘aafs'.m

Mirrors & Lenses

1 — L+i m= ﬁ = _i Optical instruments (including the eye)
f dO dl hO dO
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o\a]u.k ~

Light as a wave (again)

Interference: phase shift & path length difference

I

I .
I y

I /

ql h I/

hase ;
shift ‘

Constructive: phase shift of mA \
Destructive: phase shift of (m + }2)A 3

Two & multiple slit maxima dsinf,, = mA

Two slit minima dsinf,, = (m+4)A

Single slit minima asinf, =mA m==l, iz,,,/_,

Circular aperture minimum Dsin6, =1.224

Lo oW o~
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Example: Young’s double slit

FA13 EX3

In the following experiment, light of wavelength & = 633 nm from a red laser illuminates a
double slit. An interference pattern is observed on a screen placed 5 m away. (You may

use the small angle approximation throughout.)

Path length difference
Young’s double slit: dsin® = mA

A=633 nm / Ll_“m
G | B — i At O, waves travel same path length
m— g

But, there’s a phase shift

19. A material is inserted just behind the bottom slit that causes the bottom ray to be shifted BOttom Wave ShlftEd by 7\’/2
So, destructive interference at O

by /2. Which of the following drawings best represents the interference pattern seen on

the screen?
I I
0 Y 0 !
(1) (2

a (1)
b (2)
c. (3)
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Example: interference

SP14 EX3

Two speakers are separated by a distance L = 6.8 m. You are standing between the speakers a distance d =

4.25 m away from the left speaker, as shown in the figure below.

Ll | L-4 Path length difference:
L% 2 v Wave from left speaker

<)) e (l —
) k#m ( 2 )\ = ‘(: travels d, wave from right

A
speaker travels L — d

25) At first, each speaker emits a tone of frequency of 500 Hz. Then, each speaker emits a tone of frequency

of 1000 Hz. Which of the tones, if any, will be the loudest? (Note: the speed of sound in air is 340 m/s.)
——my

a. They will be equally loud.

b. The 500 Hz tone.
¢. The 1000 Hz tone.

\><,‘<k L"’—}h’\ o‘-a((. ﬁ A (A -

-

d —(L.—A)

{ e N Comebe,
_ 55— 6.8 La(m )N e

Se = L7 :(’2-§\4\g;\3 A_ﬁr-

= 34?2 | paYy = < /\\U‘r\? co—gtl.
‘M e
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NOT ON THE FINAL EXAM

SP14 EX Interference from thin films

The next two questiohs pertain to the situation described below.

a puddle of water (nw =1.3) as

A thin film of oil (n__, = 1.3] of thickness ¢ = 240 nm is floating on top
P — oil

shown in the figure.

We did not cover this in class this
semester, so this type of problem will
not be on the final exam

21) A filyf of oil of the same thickness ¢t = 240 nm is resting on top of Ablock of plastic (n =1.8).1If
plastic

a. Destructive
b. Constructive
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Quantum mechanics

Wave-particle duality =t

Matter waves — particle as a wave (deBroglie) p he
Photons — light as a particle (photoelectric effect) E =hf = -

Bohr model  M-alme — ol o7 alwow

qguantized orbits & energies, electronic transitions

2
E, :—13.6eV@; r = ea,
: @

Quantum model
quantum numbers (n, €, m,, m,), Pauli exclusion principle, magnetic
properties of atoms

Nuclear & particle physics

structure of nucleus & nucleons

decay processes (a, B, v) & rates, binding energy
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Example: quantum numbers

Extra practice

35. Imagine a universe where the electron has a spin of 3/2. Its spin quantum number mg
could then have the following four values: mg = +3/2, +1/2, =1/2, and -3/2. If this were
true, the first element with a filled shell would be the first of the noble gases and it would

—_—

be: Nse A Iw—-a e)\' ~¢/"\
. He with 2 electrons

b. Liwi : 5
:._Be with 4 electrons
C with 6 electrons

0 with 8 electrons

=

=

L

N \/ _
R Sl S Bo it -t

Qfo,h\e‘!—a

Quantum numbers
n=1,2,3.. €=0,1,..n-1 my=—£..,-1,0,1,...€

Pauli exclusion principle
no two electrons can be in the same quantum state, i.e. same quantum numbers
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Example: quantum atom

Extra practice

36. Consider a hydrogen atom in the n= | state. The atom 1s placed in a uniform B field
of magnitude 2.5 T. Calculate the energy difference between the highest and lowest
electronic energy levels in the presence of the B field. ﬁ O B =+ v
a. 9.3x107 eV
b. 29x10% eV .
c. 11.6x107% eV Vg =
n=e — AT

Quantum numbers

n{1)2,3.. €N, ..n-1 m,=—¢..., {01, ...

Orbital & spin magnetic moment
W) and p, oc s (spin)
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Example: nuclear decay

Extra practice

39. The nucleus of nitmgen%i has a mass of 13.040 MeV/c*. What is the binding

——
energy of this nucleus? (The mass of the proton is 938.3 MeV/c?, and that of the neutron
is 939.5 MeV/c?)

a. 2.2 MeV
b. 15.4 MeV
c. 47.9 MeV
d. BN Binding energy & mass defect
=7 Mass of nucleus is smaller than sum of
';"7 ¢ components by the binding energy
Eb:-\ - —Zm(, T lmn ™ M
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