PHYSICS 212 FINAL EXAM 21 March 2003

i) A capacitorC is charged up using the circuit shown at right. If the | - |

Exam is closed book, closed notes. Use only the provided formula sheet.

Write all work and answers in exam booklets.

The backs of pages will not be graded unless you so request on the front of the page.

Show all your work and explain your reasoning(except on #1).

Partial credit will be given (not on #1). No credit will be given if no work is shown (not on #1).
If you have a question, raise your hand or come to the front.

Charges labeledqgtare positive and those labelepare negative.

(35 points)  For each of these multiple choice questions, indicate the correct response (A, B, or C) on the
page for problem 1 in your exam booklet.

A boat made entirely of wood floats in a large swimming pool. Does the water level in the pool move
upward, move downward, or remain the same when the boat is disassembled and all the wooden pieces
floating individually in the pool?

A) Upward. B) Downward. C) Remains the same.

An ideal gas undergoes an isobaric (constant pressure) expansion. Does the temperature of the gas
increase, decrease, or remain the same?

A) Increases. B) Decreases. ®emains the same.

resistance of the resistRris increased, does the time for the capacitor —_
to acquire a certain charge after the switch is closed increase, decrease, 12V
or remain the same?

A) Increases. B) Decreases. = ®emains the same.

iv) The equations below describe three waves. Which wave has the largest speed?

v) Two charged particles are fixed in place on a line as shown at right. A

vi) A thin insulating rod has a uniformly distributed charggo# its left half

vii) Three identical light bulbs are connected in the circuit shown at right. When

A) Yo = 2 coS(X - 4t) B) yg = 3 cos(& + 3t) C) yc =4 cos(x- 3t)

B C

In which region on the line can a proton be placed such that the O O
proton will remain at rest? : +2¢ +3q

A) Region A B) Region B C) Region C
P
and g on its right half. Consider a point P on the perpendicular bisector of :

the rod, as shown at right. If the electric potential is defined to be zero a[+ +++ +++ - - - - ---
infinity, then is the electric potential at point P positive, negative, or zero?

A) Positive B) Negative C)Zero

the switch is closed, does the brightness of bulb 1 increase, decrease, or
remain the same?

A) Increases. B) Decreases. ®emains the same.



2. (35 points) Five moles of an ideal monatomic gas are taken through the® | b
cycleabcashown at right. Procesdis adiabatic and procebs is
isothermal. Assumé, = 2.0 x 16 Pa,V, = 0.50m° V_ = 6V, and
R = 8.3J/molK.

a) How much work is done by the gas during the complete cycle?
b) What is the efficiency of this heat engine?
c) Isthe efficiency found in part (b) larger, smaller, or the same as the

QO

efficiency of an ideal engine operating between the highest and lowest
temperatures that occur in the cycle?
d) Find the entropy change of the gas during the praaess

3. (35 points) Five identical light bulbs are connected in a circuit as shown
at right. Each light bulb dissipates YAbof electrical power when a
10V electrical potential difference is placed across the bulb. The switch 16%)

is open for parts (a) and (b).
a) Find the current through light bulbs 1, 3, and 5. - 5 4
b) Light bulb 5 is replaced by a light bulb that is normally brighter, 10V <§> <§>
when placed across M). Does bulb 2 get brighter, dimmer, or
remain the same, and why?

c) When the switch is closed, light bulb 1 turns off. What is the value
of the resistor R

4. (30 points) Two capacitor€( = 3 pF,C, = 6 uF) are connected in a X,
circuit as shown at right. (Switch is set to x for (a) and (b)).
a) Find the magnitude of the voltage across each capacitor. —_

a) Find the magnitude of the voltage across each capacitor when a 12V

dielectric material of dielectric constant 4 is inserted in capacitor 1. R
c) With the dielectric in place, move the switch to z to connect the resistor

R=5Q. Find the current through the resistor immediately after
moving the switch and then a long time later.
5. (35 points) A thin hoop of radidi&and uniform linear charge densiyhas

its center at the origin of theaxis and its axis coincident with theaxis, as
shown at right. Answer all parts in terms of the parameters given and any

(assuming the potential is zero at infinity).

b) Find the electric field on theaxis at a distancgfrom the origin.

¢) Find the location of an additional point char@eoppositely charged
compared to the hoop) that makes the electric field at the position in (b)
become zero.

other physical constants required. /R?\
a) Find the electric potential on thexis at a distancgfrom the origin !

6. (30 points) A hollow styrofoam (densipyg = O.Zg/cm3) cylinder has length

L = 20cm, inner radius, = 3.0cm, and outer radius, = 5.0cm. A small

weight of massn, = 60g and volumeV, = 10cn? is attached to the bottom of the

cylinder and the system floats in water (denpity= 1.Og/cm3). Assume that the

cylinder floats with the axis vertical as shown.

a) Find the distance from the water level to the top of the cylinder.

b) Oil (densityp,; = O.Sg/cm3) is then added to the system (same level inside and
outside cylinder) until a tuning fork of frequentty 2125Hz is resonant with the
third harmonic of the air column in the cylinder. Find the depth of the oil layer.
Assume the speed of sound in air is 848
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Vi)

vii)

3.21.03

A

When the boat is floating, the displaced water has the same weight as the total
weight of the boat. When the individual pieces float, the same weight must be
supported, so the same amount of water must be displaced.

During an isobaric process the pressure is constant. The ideal ggsMamRT)
then implies thal is proportional to/. Thus if the gas expands, it must get hotter.

Increasing the resistance decreases the current, which means it takes longer for the
charge to accumulate on the capacitor.

The waves are written in the foryre vy, COskx = wt). The speed of a wave
is given byv = w/k. This ratio is largest for wave C. The sign tells us which way
the wave travels.

A positively charged proton is repelled by thej€barge and by the ¢harge.
In regionsA andC these repulsions will add to force the proton to infinity. In
regionB the repulsions can cancel at the appropriate place to give no net force.

Since P is equally spaced from the two sides and the potential is proportidgal to
for each charge element, the two sides will cancel due to their opposite charges.
Note that the electric field is not zero, just the potential.

The switch short circuits bulb 2, reducing the total resistance of the circuit fRom 3
to 2R. The currenti(= V/IR,) thus increases, which causes the power dissipated
in each resistor = i°R) to increase.
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2. a) The work done in a cycle is the area enclosed by the cyclepiMtbdegram. There is no
contribution fromca, we integrate along the isothehn and we use the'law of
thermodynamics along the adiabht To find the temperatures, relate the points using ideal
gas law and adiabat definition.

W =Wy, +We

Wy, = -AE,, = NCyATy, = —SnR(T, -T,)

c v,
W, :I pdV = nRT, v _ nRTblni
b v V Vi,

V,
W= nRTbInV—E -3nR(T, -~ Ty)

AV, 2x10°Pal05m)

T R, =NRT, O Tg
o FhYb =Ry ° nR 5mol(8.33/molK)

= 2410K =T, (isotherm)

Oy, PV, R6W 1\ $
b PV =RM O R RO SRE) 0 O (1) = o{3)°, = 730K

W = 5mol(8.31/molK)(2410K In6 — $(2410K — 730K))

b) Heat is transferred into the gas during the probesshich is isothermal)E, . = 0).
Qe =W = nRTblnﬁ

[

Qe = NRT, In6 = 5mol(8.33/molK)2410K (1.79) = 179kJ

W 74.6kJ

Qn 179kJ
¢) The highest and lowest temperatures in the cycle ocbwarata, respectively. Thus the
efficiency of an ideal engine would be:
e :1_T_c _,_Ta - 730K
Ty Ty 2410K
it =70% O & Egeal|

d) Procesgais a constant volume process, so the heat transfer@d reC,AT. The
entropy change is thus:

a T, T,
AS= d_Q: M:nc\/ d_T:nCV“‘]E
c T T, T T, T Te

AS=n3Rin 30K 5ol §(8.3J/mo||<)(—1.19)
2410K 2
[AS=-74.3J/K]
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3. a) First find the resistance of the identical bulbs. Then find the equivalent resistances of the
various groups, calling the lower 4 group "low."

2 2 2
p=V. 4 g VL (OV)
R P 25W
Ris = Ry +Rs =2R =80
1 1 1 1 1. 1 1 _5
=t —+— =— +— +— =
|%ow RZ RS R45 R R 2R 2R
Row = 0.4R=1.6Q
Rota = Rip + Row =R+0.4R =1.4R =5.6Q

v :]'O_V =1.79A

iy = ——
total Rtotal 5.60

i1 =gt =1.79A 0O WV 1R 1.79A(4Q) =7.16V
Vigw =10V =V, =10V —7.16V =2.84V =\ =V

=4Q

=Yoo 2B oo
R 4Q

=iy = a5 228V a5

5 4 R45 80

b) If the new bulb is normally brighter, then its resistance must be smallerPsinggR.
So replacdR; by a smaller resistance in the above calculations. A sriRaieitl give a smaller
R.w @nd hence a smallgy,,. This will mean a larger total current, which implies a larger
voltage drop acrosR, and a correspondingly smaller voltage drop across the lower set.
Hence, lightbulb 2 has a smaller voltage drop and will thus burn less brightl;Psm\d%’R.

[Bulb 2 gets dimmgr

c) Iflight bulb 1 turns off, then its current and voltage drop must be zero. All the cuigyent (
flows throughR, andR,,,. Apply Kirchoff's loop rule as shown.

Vo = 4R = 1xRow =0 1(%)
Vl_ IxRow =0 1V, (-D R,
IR :VZ - XROW :V2 _Vl T ow (% X
R = Vi _ -R V1 ~160 12V -10V V,
- \7 ow ' 10V T
Row

3.21.03
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4. a) Find the equivalent capacitance of the two capacitors in series. Then find the charge on the
equivalent capacitor and note that the same charge resides on each of the capacitors in series.

1 1.1 1 1 3
+ +

Cq C C, BuF 64F 6uF
g = @ = = CaVe =2VF(12V) = 24:C

Cq R F

Vl_&_%:SV
C,  3uF

V2 :%:24“C =
C, 6pF

b) The dielectric causes the capacita@¢éo increase by the factar= 4. Follow the same
calculation to get:

1 1 1 1 1 3
= 4+ = + = Ceq: w. F
Ceq KC C, 4(3uF) 6uF 12uF
qeq = ql = q2 :Ceqveq :4|JF(12V) = 48|J.C
= % _48uC
. KC, 12upF
V_i:%_SV
G, 6pF

c) Since the capacitors are fully charged, the voltage across the resistor immediately after
moving the switch i% = 12V. This voltage will drive a current through the resistor, which
will deplete the charges on the capacitors. Thus after a long time the current must stop, at
which point the voltage acrobsis OV.

=02V 12
R 5Q
[C=0=244

3.21.03 4
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5. a) Consider the hoop as composed of infinitesimal charge eledaeriEsch element
produces an electric potent@V at the poinP on thex-axis. To find the total potential,
integrate over the length of the hoop. Since each element of the hoop is the same distance from
the axis, the denominator can be pulled out of the integral.

dv:ke$
_k (99 dg _ ke
Y keJ-r keJ’«/R2+d2 JR2+dZJ.dq
V= kthoop _ ke2TIRA
JR+d2 JRZ+d2
V:m

JR? +d?
b) The field on the axis has only itomponent, by symmetry, and can be found by
differentiating the potential, if we repladédoy the variable for the derivative:

V=
R+ x
o0V __ k2mRA O 1 _ ko2mRAX
X7 ox (R2+x2)g O 232x)— (R2+x2)g
EX :M
(R2+d2)§

c) A new charge@ must produce a field that exactly cancels the field above. $jnise -
opposite in sign tQ,,,, the force will be attractive. Hen€must be placed on theaxis at a
position x < d.

g - 2R kQ
(R2+d2)2 (d-x)

(d-x)?= Q(R2 " Olz)g
21RAd
) Q(Rz +d2)§
O T R

3.21.03 5
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6. a) Let the distance from the water level to the top of the cylinder Aechimedes' principle
states that the buoyant force is equal to the weight of the displaced fluid. Since the cylinder is
floating, the buoyant force is equal to the weight of the cylinder and the attached weight.

I:buoyant = Myota 9
PwdVo + PwgT(L —x)(r22 - rlz) =Myg + 10397'“—(r22 _rlz)
Py T(L —x)(r22 - rlz) =My "‘.OST'L(rz2 _rlz) ~ PuVo
_ My PST“—(rzz _rlz) ~ PwVo
(L-x)= >
pr[(rZ N )
_, Mt PST“—(rzz ‘r12) ~ PuVo

X=L- 53

Pw"(rz _rl)
r2 -2 =(5cm)? - (3cm)? = 25¢cm? - 9cm? =16¢cm?

60g + r[(0.2 g/ cm3)200m(16cm2) -1.0g/cm® (100m3)
r[(l.o g/ cm3)(160m2)

X =20cm -

X =20cm-5.0cm

[x =15cm|
b) An air column with one end open and one end closed has a quarter-wave fundamental and
odd integer harmonics. Let the air column height from the oil level to the top of the cylinder be
d, and the thickness of the oil level be

g=3)=3V
4 4 f

_3340m/'s
4 2125Hz

=0.12m =12cm

Fouoyant = Motal 9
PuVo + BagT(L ~d —2)(12 — ) + poyam(r? ~r2) = mog + pegri (12 —r2)
(P = o )12(12 =12) = BaNo + (B = p)TL(F —12) - pyrel(iZ —r7) - my
- PwVo — My + rl(r22 _rlz)[(pw - ps)L - RNd]

(Pw = Poi )T[(r22 _rlz)
_10g-60g + r(chmZ)I(O.Bg/ cm3)200m - (1.0 g/ cm3)120ml
- r[(0.59/ cm3)(16cm2)

z

[z=6.0cm]
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