PHYS 2020: College Physics 11
Midterm Number 2, Spring Semester 2008
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DO NOT OPEN THIS EXAM UNTIL YOU ARE TOLD TO START!
Welcome to Midterm 2! Take a deep breath, relax. You know how to do physics — this is simply
covering material you already know how to do.
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INSTRUCTIONS:
> You must show your work for full credit!
> Circle your final answers; make sure all your answers have been labeled with units!
> If you have questions, ask!

You may find some of the following formulae useful:

Charges in Magnetic Fields

. muv
Frag = |qluBsind r= B
Magnetic Forces on Currents
'
F = I¢Bsin® Buire = £
2mr
Magnetic Fields & Loops
I N
Bloop = NgLR Bsotenoid = (7) )U’OI
Magnetic Flux & Faraday’s Law
Ad AT
®,, = B-Acosb 5i"d:_NTgn:LX£
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Ad N?
L= N_AILTL‘ Lsotencid = toA (T)
AB AA
ind = —IN —— ind = —N—B
gmd N At A gznd At
5md = Btv
Solenoids & Inductors
L
I(t) = Lngz [1 — exp(—t/7)] T=x
?—: = % Transformer Equation
Alternating Current
V(t) = Vinaz sin(wt) I(t) = @4z sin(wt) = (Yﬂ(ﬁ> sin{wt) Irms = Ima
) T max - - +fmax - R rms \/5
2 2
P=TI*R =12, sin*(wt)R P Vo sin?(wt)
R R
1 y p 1 VT?IGCE ‘/T‘?IHS
Pav = §IrznaIR = IT%mSR Pav = § R = R

Impedance

ZC:% ZZ\/RQ+Z%
\/—

Zr =wlL Z=/R? + ZE
1
Z =\ R2+(Z; — Zp)? = — Reasonant Frequency
V. (Z1, - Zc) Wo= quency

Some useful unit conversions and constants may be:

o =4m x 1077 T-m/A | k = 8.99 x 10° N m?/C? | ¢, = 1/(4nk) = 8.85 x 10~'2 C2/(N m?)

e=160x10" C

RHR la — fm —¥x B | RHR 1b — ﬁm +IxB| RHR?2 — getg direction from current

Good luck, and May the Force be with youl!
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(1) [30 pts total] The Bohr Atom

(a) [15 pts] One day, I'm floating in space near a uniform
magnetic field, as shown. I’'m minding my own business,
when a wild Zeptonian appears and tries to shoot me with
his electron beam. For the diagram shown, draw the sub-
sequent motion of the electrons. Describe your reasoning
below.

RHR L gives fore on Posmve
as CW Aa-@l-ech(y\/ 50 the
e\edron (NE&ATIVE) 15 CLW .

Resulting motion is Girculey
Sree Fis 1l bv.

(b) [15 pts] Ever notice when you take a speaker apart
there is a magnet inside? Sound is generated when small
currents are run through a loop of wire near the mag-
net. Depending on the direction the current runs, it either
attracts or pushes the magnet (attached to the speaker
membrane) which generates sound. If you view the dia-
gram shown at right from above, which direction does a
CCW current in the loop push the magnet? Describe your
reasoning below.

To push the magret vp, +he side
of the loop Closest shauld look like
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Side View of Speaker
S
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Side View of Loops

o S pole (Yo repulse the moopds S),
This weons Field lineg dee Hy correst
shagld ke going | N Ho top of loops

Which means CW currest Viewed
Prom abeve.
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(2) [30 pts total] The Bohr Atom

When we begin our study of atomic physics, our first model of the
atom will be the Bohr Model proposed by Niels Bohr (pictured). In
this model, the hydrogen atom is simply considered to be a proton,
with the electron orbiting around it in a circular orbit.

(a) [10 pts] The electron has an orbital radius of 5.29 x 10~!* m, and
an orbital speed of 2.19 x 10 m/s. If I interpret the motion of the
electron as a current, what is the current in amps?

Distance traveled in ciramlow orbiy AX=2WYv
Get Hme feom Sv—ﬂ-u; and distance ™

at
M'. I:g'-__ = A" - Vv
© a T E) = i

f

-19 b
= (LLoxio™M) (2110t msy :lr\.osxlo*/-smw

27 529%x0" m = (As)

(b) [10 pts] The orbit of the electron looks like a little current loop. What is the strength of the
magnetic field produced by the electron at the location of the proton?

A+ Y cander of aloop®
B= ,uoI = (4Tr>¢) O_QTh\/p,)(\.OS"x)DiA)

zr 2+ 5.29%107"m
o
= 12527
b (anNS)
(c) [10 pts] Draw a sketch showing the electron’s motion around the proton and the associated magnetic
field. v e RBR 6 res a B
M ® o gposiie Yhis, but
ABovE °ao) © eleciroo. is NEGRTIVE
B, S0 Aireekion is as
® © shouot.
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(3) [20 pts total] The Crystal Radio Oscillator R

At the heart of a crystal radio set is an LC oscillator which sets g

the reception frequency of the radio. This type of radio is reason-

ably easy to construct from common household items. Even the

electronic components can be improvised, as was readily shown

by soldiers on the front lines in World War II, who built crys- I_IZXXXQ[—
tal radios in the field to listen to European radio. These radios L

were called forhole receivers. Consider the oscillator in a crystal
radio, shown here.

(a) [10 pts] If C = 32.2 uF, L = 0.250 mH, and R = 1.25 2,
what is the resonant frequency of the circuit (i.e. what frequency
will the radio set tune to)?

\
W= \ = j \
Vi (32200F . 0,250 4007 H)*

—
- N.\as khe
\ (Ans))

—

(b) [10 pts] The generator has a maximum EMF of £ = 9.0V.

At the reasonance frequency, what is the RMS current in the

circuit?

MAax EME: Emax= 20V 50y Egme™ EM¥ = (L36V
Y2!

A+ oemsonmnee 252 Sy 2wt [pli(za W = R

o/ . _ } - 36N L oe=pap
Eams = Long Zr > Loy = i = 2227 5 6
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(4) [35 pts total] The Oil Drop Ezperiment

One way to determine the charge to mass ratio of the electron, g/m, is to balance a charged object
between forces exerted by gravity and magnetic fields. We will call this the Larson Oil Drop Experiment.
In the Larson oil drop experiment, a charged oil drop is projected horizontally with a speed v into a
uniform magnetic field. I adjust the speed so the particle travels horizontally without rising or falling.

(a) [10 pts] Draw a free body diagram for the oil drop. What must be true about the magnitudes of
the forces in this diagram?
f‘:ma&: @VB \§ M-\-\c\e Hrowels

hnmtorﬂ-a\\ , Then There
o 1S NO a.cu.\-uuhm, SO

© Ve, 1 2. F=Fher=0

v Famv = ™% Soy F‘““%: Farav.

(b) [10 pts] Considering the direction of the forces on your free body diagram, what direction must
the magnetic field point? Describe how you know this.

RHR says foc a Frvag
NEGATWE pachcle

h w "“6 Up/ V"
B mast Be OuT ®

of the fage

(c) [15 pts] Suppose we inject an oil drop with 4.8 x 10% excess electrons into a 0.68 T field at a speed
of 2.3 x 10* m/s, and it passes through the field horizontally. What was the mass of the oil drop when
it entered the field?

Frm pd-("" (O‘}: Fma%_:— Fsmv
oy mq = 3,\/3

5/ = 4B - (4800 - Leoxo ) 230 5 3 (o.e87)
%/ a’,g)“ysl '

m = 1,22 XID-LL%, 1
— (ars)
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