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Physics 102 Spring 2002: Test 2—March 26, 2002
Free Response and Instructions

¢ Print your LAST and FIRST name on the front of your blue book, on this question sheet, the multiple-
choice question sheet and the multiple-choice answer sheet.
+« TIME ALLOWED 90 MINUTES

ommmdmﬂe&rwqmmdmmmm

o The test is graded on a scale of 100 points; each free-response question accounts for 35 pointa, and the
multiple-choice questions account for 30 points.

o Answer the two free-response questions in your blue book. Answer the multiple-choice questions by
marking a dark X in the appropriate column and row in the table on the multiple-choice answer sheet.

e Consult no books or notes of any kind. Youmayuaahmd—hddmhﬂntmhmmhing.m—
programmed mode.

-DoNOTnhmmmﬁdadthedmumytm Ratunthisqumﬁonﬂmtdonguhh
your blus book and multiple-choice question sheet.

oWntemdngnthePbdgemthe&mtoimb}uebook.

Skwmmifortheﬁee—rupomepmbhm,hdnd!ngnntmdde&lyhbdhdm inmrblmbook
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L In the circuit shown below, the switch 5 is initially opened. At ¢ = 0, it is closed.

(a) Using Kirchoff’s Laws, and considering the circuit at a time immediately after the switch is closed, write
m-mmammewaNMdMMuWu Use the
definitions of the currents shown in the figure.
@)%mmmmmmwwmmuwnchhm
(c) Determine all currents a long time after the switch is closed.
(d)DeieminethevdtageVamthecapadtmGakmgﬁmeaﬂutheswitchhcksed

After the switch has been closed for a Jong time, 1t:sopenedagn!n Redefine ¢ = 0 to be the time when the
switch is opened.

(e)mmmwmmmmmmmwmmmum
(f) Determine I(2), the current as a function of time. .
(g)HowlongdomittahﬁurthecmttofalltoOlohtnnmalvﬂm?
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H.Twomlongwiru,euhwryingammfontoﬂhepage.amlocatedonthez-ﬁiaatz.::ka.
{a) Determine the magnetic field & at points P, and P, on the y axis, a distance b above and below the
origin.
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Nweﬂk&ihﬂmdmmm&mwmmmmz spluu.withthecmrent
fowing towaid the positive x direction, as shown below. mmmdmdtymtheaheethAAmp/m.

;@)wwmmmm&m@),dﬁmmmaﬁemm
field 5 both above and below the sheet of current. Indicats clearly on a sketch the direction of B both above
and below the current sheet. :
‘(c)Gimthadhacﬁmdthemﬂddudetetminedm(a),maAmpuellawtoshowthatthemag-
netic field both above and below the current sheet is uniform in space. Determine the magnitude of the
magnetic fleld in terms of the curvent density A and other constants. . -
(d)AmﬂdewhhpuﬁnMWmdmmmmmbdwthemmmwd
slong the negative y axis, with initial velocity in the positive y direction, @ == vy 7. The particle executes
uniform circular motion in the y — » plane. Determine the radius of the circle, the time required to complete
mnvduﬁon(thepcbdﬂ,mdthmdm(ch&whaammdo&m)uvm&mthe
positive z axis. :
(e)mmmwmdmmmmmmdmﬁmwwmdmmm
doubled in magnitude?

(f) Suppose instead that the particle enters the region of field at 45° to the z-axis, 7 = [woi + vaf]/V2.
mmwmammmmmmmdmmm
this case.

R X S P O G R Py ™ —> X 7\.%{”/"'\




L. In the circuit shown below, the switch S is initially opened. At t = 0, it is closed.

L(a) Using Kirchoff’s Laws, and considering the circuit at a time immediately after the switch is closed, write

down a sufficient number of equations to allow you to solve for each of the currents, i; through i. Use the
definitions of the currents shown in the figure.

\(b)Solve the above equations and determine all currents immediately after the switch is closed.
¢ (c) Determine all currents a long time after the switch is closed.

i((d) Determine the voltage Vo across the capacitor C a long time after the switch is closed.

After the switch has been closed for a long time, it is npened again. Redefine ¢t = ( to be the time when the
switch is opened.

lo (e} Determine the current through the resistor with value 2R immediately after the switch is opened.
£ (f) Determine I(2), the current as a function of time.

11 (g) How long does it take for the current to fall to 0.1 of its initial value?

(‘*Blf N — ~ .
. )
Lin J7

AR 3R

|
/N
oo
&




II. Two very long wires, each carrying a current I out of the page, are located on the x-axis at * = +a.

¢ (a) Determine the magnetic field B at points P; and P, on the y axis, a distance b above and below the
origin.

T b T (s poge)

Now consider the situation of an infinite sheet of current which lies in the z — z plane, with the current
flowing toward the positive z direction, as shown below. The current density across the sheet is A Amp/m.

Lf (b) Using symmetry arguments and the result from (a), determine the direction of the resulting magnetic
field B both above and below the sheet of current. Indicate clearly on a sketch the direction of B both above
and below the current sheet. L

[A (c) Given the direction of the magnetic field as determined in (&}, use Ampere’s law to show that the mag-
netic field both above and below the current sheet is uniform in space. Determine the magnitude of the
magnetic field in terms of the current density A and other constants.

73 (d) A particle with positive charge +( and mass m enters the region below the current sheet, moving upward
along the negative y axis, with initial velocity in the positive y direction, # = vg j. The particle executes
uniform circular motion in the y — z plane. Determine the radius.of the circle, the time required to complete

one revolution (the period T'), and the sense of rotation (clockwise or counterclockwise) as viewed from the
positive T axis.

L{ (e) How would the radius of circular motion and the period change if the initial velocity of the particle were
doubled in magnitude? - )
7’,_(1'} Suppose instead that the particle enters the region of field at 45° to the z-axis, v = [vgt + vo7]/V2.

Describe the subsequent motion of the particle qualitatively and determine the radius of circular motion in
this case,
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Physics 102 Spring 2002: Test 2—Multiple-Choice Questions

1. Consider the circuit depicted below in which all resistors are identical. Doubhngthemmue(iwhich
resistor(s) would diminish the power output by the battery the least?

A
oA I
) B =

© ¢ | N B%
(d) Aor B

(¢ BorC

2. Three current loops with egual perimeters but different shapes are placed in a uniform magnetic field,
a8 depicted (not to scale) below. The three loops, a square, a circle and an equilateral triangle, have
the same magnitude of current flowing in the directions depicted below. The three loops lie in the
same plane and the direction of the magnetic field is tangential to that plane. On which loop does the
mmeﬁcﬂoldmtthemquue" (Note: themdmeqnﬂﬂcdmnngbﬂthsidslengthl:

=122/3)
N A .
| /
| / .
/ \_,
> Ny J A Yy

(a) The square loop.

(b) The circular loop.

{¢) The trisngular loop.

{d) The same non-zero torque is exerted on all three.
(e) No torque is exerted on any of them.

3. A certain hair dryer converts electrical potential energy into heat and motion at the rate of 1800 W
and draws 0.75 A. The energy for the hair dryer is provided by a battery with an internal resistance
of 300 2. What must the EMF of the battery be to provide enough power?

(a) 0.225kV
(b) 1.80kV.
(¢) 2.10kV
(d) 240kV
(e) 2.63 kV




4. In the circuit below, the switch is closed and after a very long time the capacitors are charged by
the battery and the circuit reaches a steady state. Then the switch is opened. Assuming al} elrcuit
elements work in the idealized way discussed in class, which of the following statements are true a very
shorttlmaﬁerthemtchisopened?

L Ql,thechugeswtedinthecapadwrcl,hhasthmntmbdommenﬂchmopmd
np,g,mmmammwmmn,,ummummmm
was opened.
III.|%|,thempﬁudeoftbepﬂmﬂddropmouthemﬁg,hmthmitmbdomthe
switch was opened.
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(b) I T Rag = G
{c) Tand I - ’ -
(d) Mand IO I ’Wﬁf:—
(e) I, M and I G |

&I&olwg,s&ﬁghtwhuarelocaﬁedonthez—uisand ry
~carry identieal currents I in the =z-direction (into the
page). (The +z-direction is out of the page.) The wires
are located at (z = ~a, y = 0) and (= = +4, y = 0).
Point P is located on the y-axis ai a distance b from the
otigin. The direction of the magnetic field at point P due-
to the two current carrying wires is

(a) +z-direction.
(b} +y-direction.
(c) +z-direction.
(d) non-zero z- and y-components.
{e) —y-direction.

6. Consider the circuit schematic below. All resistors have the aame resistance and all batteries have the
same EMF. A voltmeter attached to which two points would register no voltage difference.

(a) Aand C
(b) B and C
(c) Band D
(d) Band E
(¢) Dand E




7. In the figure at right, we look down on a bare wire (ABCD) lying on and fixed to a table top. Lying
across ABCD and making good electrical contact with it is another bare wire (EF) that is free to
slide without friction. A source of constant current sends current clockwise around the loop, as shown.
Amﬁomntundmagnehcﬁddbhnkﬂsthemponmdmdnecbdmhthetaﬂetop(t&,m%the
page). Ignore the Earth’s field. The wire EF will _

(2) remain in place.
(b) slide to the right.
(c) slide to the left.
~ (d) rotate clockwise.
(e) rotate counterclockwise.

8. On the test model of an fancy piece of eectronics, certain wires were I mm in diameter and made

of silver, with registivity p = 1.6 x 10~2 {lm. In the factory model, these wires will be replaced with
copper wires (resistivity p = 2.7 x 10~? {lm) of the same length. What should the diemeter of these
wires be for the wires to have nearly the same resistance?

(a) 0.59 mm
(b) 0.77 mm
(c) 1.0mm
(d) 1.3 mm
{e) 1.7 mm

9. Consider the gix wires depicted below. Each is directly coming into or going out of the page, and all
have the same current. Rank the line integrals of the magnetic field for the paths depicted below from

' hmatbnndlatwhwethednechmdthemtepatmmdthempuimbopmh&mudbythe
arrow heads.

(a) A>B=C>D
(b) B>C>D>A
{(c) C>A>B=D
(d) B>A>C=D
(e) C>B=D>A
10. A positively charged particle is observed to
move initially in the -+y-direction before it enters
a region of uniform magnetic field bounded by the
z- and y-axes a8 shown. The magnetic field is pr xxxoxxa®
directed into the plane of the paper (i.e., the —z-
direction) as shown. The +z-direction is out of the
page. The resultant force on the particle can be _ s X X ¥ x X X
made to be zero by introducing a uniform electric X 2% x x x
field of appropriate strength in the

z-direction. I X XX X X X
oo _ I >

(c) +y-direction

{d) —y-direction.
(e) +2-direction (ie., out of the page).






