Name

Exam # 3
Physics 28
April 25, 2007

Problems will be graded on reasoning and intermediate stepsas well ason
thefind answer. Be sure to indudeunits and direction of vectors when
needed.

Each problem is worth 25 points
Congants:

c!3x10° m/s, k! 9x10° Nm?/C? me=9.1x10° kg = 0.51 MeV/c?,
Mproton = 1.67 X 107" kg,
h=6.62x 10* m?kg/s, hc =197.3eV-nm,e=16x10°C

Problem Score

1




1. Multiple choice questions and short problems. Explain your reasoning that leadsto the
final answer .

A) Circle thecorrect ansver bdow

How does the brightness of thelabded bulbs compare in these two circuits? All bulbsare
identical. Thebateries areideal and identical.

A brighter than B

A dimmer than B

A & B same brightness \

2": the current in A is I=V/(2R)
And in B itis I=2/3*(V/R) so it is larger and A is dimmer than B

B) How doesthe€lectric field of acharged conduding spheaical shdl of inne radiusa
and outer radiusb depend on the distance from its center r? Q isthe chage of theshdl.

Using GaussOlaw:
r<ak=0

intheshdl a<r<b E =0
r>b E = kQ/r"2

C)A padllé plate capacitor of area A and distance between the plates d is charged with
charge Q andinaulated. If adielectric of dielectric condant k=4 isinserted between the
plates so tha it fills completely the space between the plates, which isthechangein the
capecitor potential energy respect to the case in which it is empty? Does the potential
energy inarease or decrease?

Uiniia = Q%/(2Co) with Co = eoA/d

Usina = Q%/(2C) with C = keoA/d. Hence Using = 1/4Uiitia
Andthevariation of the potential energy is

Ufina - Uinitia = 1/2Q*2d/(e0A)(1/k-1)

So the potential energy decreases.



D) Answer Trueor Falsefor thefollowing statements and explain why.
- Thepotentia difference between the surfaces of a conduding charged shdl is zero.
Truebecause theelectric field inadethe condudor is zero.

- Thepotentia of theinne surfaceis zero.
False because the potential of theinne surface is equd to the oneof the outer surface so
it mug benotnull.

2. Assume anuclear chargeof Zewith Z = 4 and a single electron orbiting. Answer
to these short questions about the Bohr @ model:

a. Findtheradiusof theelectronin acircular orbit aroundthe nudeusas a fundion of the
velodty consdering theinteraction between the nucleusand the electron.

From F = kZ€/r? = mv@/r
r = kze?/(mv?)

b. Apply the Bohr quantization condition on the angular momentum to find thevelodty
of theelectronin then state.

FromL=mvr=nh#
vi=kZ€el/(n h)

c. Tofindouthowrelativistic isthe electron motion in theorbit, calculate the numerical

ratio of v/c for thegroundstate n =1 where c isthevelodty of light (see frontpagefor its
vaue).

vic=kzZéel(c h)=2.92%

3. Inthecircuit in thefigure, e =1.2kV,C=65pFeR;=R,=R3=R=10MQ.Cis
completely discharged at t = 0 when the switch Sisclosed.

A) Draw theequivalent circuit and calculate the current throughRs at t = O;

B) Draw theequivaent circuit and calculate thecurrentin Ry and in R after an infinitetime

when the capacitor can be consdered fully charged.

Let@ suppo that the capacitor is now fully charged. Theswitch is open and the capacitor
beginsto discharge

C) Calculate thevaue of thetime condant of thecircuit for the discharge of the
capacitor (switch open)



A) Theequivaent circuit is
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i3=¢/(BR) =1.23mA =04 mA

B) 1=¢/2R=0.6 mA i3=0
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C)t=2RC=13s

4. Calculate the cyclotron frequency of a proton moving in aplane perpendicular to a
uniform magndic field of 1.0 T. Does it depend ontheveloaty of the proton?

FromqvB = mv¥/r and" =v/r => f=" [2#=qB/(2#m)=15e7s 1
independent on thevelodty



