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3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions,
which are worth 15 points each. The parts within a question may not have equal weight. Show all your
work in the pink booklet in the spaces provided after each part, NOT in this green insert.
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2007M1. A block of mass m is pulled along a rough horizontal surface by a constant applied force of magnitude £
that acts at an angle 6 to the horizontal, as indicated above. The acceleration of the block is a;. Express all
algebraic answers in terms of m, Fy, 8 , a;, and fundamental constants.

(a) On the figure below, draw and label a free-body diagram showing all the forces on the block.

[]

(b) Derive an expression for the normal force exerted by the surface on the block.
(c) Derive an expression for the coefficient of kinetic friction u between the block and the surface.

(d) On the axes below, sketch graphs of the speed v and displacement x of the block as functions of time ¢ if the
block started from rest at x =0 and = 0.

v X

(0] (¢

(e) If the applied force is large enough, the block will lose contact with the surface. Derive an expression for the
magnitude of the greatest acceleration ay,,x that the block can have and still maintain contact with the
ground.
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2007M2. In March 1999 the Mars Global Surveyor (GS) entered its final orbit about Mars, sending data back to
Earth. Assume a circular orbit with a period of 1.18 x 10? minutes = 7.08 x 10” s and orbital speed of 3.40 x
10° m/s . The mass of the GS is 930 kg and the radius of Mars is 3.43 x 10°m .

(a) Calculate the radius of the GS orbit.
(b) Calculate the mass of Mars.
(c) Calculate the total mechanical energy of the GS in this orbit.
(d) If the GS was to be placed in a lower circular orbit (closer to the surface of Mars), would the new orbital period
of the GS be greater than or less than the given period?
Greater than Less than
Justify your answer.

(e) In fact, the orbit the GS entered was slightly elliptical with its closest approach to Mars at 3.71 x 10> m above the
surface and its furthest distance at 4.36 x 10° m above the surface. If the speed of the GS at closest
approach is 3.40 x 10° m/s , calculate the speed at the furthest point of the orbit.

Photogate

o [1__Glider

Spring

Air Track
U U

2007M3. The apparatus above is used to study conservation of mechanical energy. A spring of force constant
40 N/m is held horizontal over a horizontal air track, with one end attached to the air track. A light string is
attached to the other end of the spring and connects it to a glider of mass m. The glider is pulled to stretch
the spring an amount x from equilibrium and then released. Before reaching the photogate, the glider attains
its maximum speed and the string becomes slack. The photogate measures the time # that it takes the small
block on top of the glider to pass through. Information about the distance x and the speed v of the glider as
it passes through the photogate are given below.

Trial # | Extension of the Spring Speed  Glider Extension Squared Speed Squared
x (m) v (m/s) x* (m?) Vv (m%/s?)
1 0.30x 10" 0.47 0.09 x 102 0.22
2 0.60x 107 0.87 0.36 x 102 0.76
3 0.90x 10" 1.3 0.81x107 1.7
4 1.2x 10" 1.6 1.4x 107 2.6
5 1.5x 10" 2.2 2.3x 107 4.8

(a) Assuming no energy is lost, write the equation for conservation of mechanical energy that would apply to this
situation.
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(b) On the grid below, plot v versus x” . Label the axes, including units and scale.

[
Ll 1] T L T T T T T T T 1] T T T T T T T 1
‘ . + ‘ 4 4 | i ‘ - 4 1 4 I b i “+ . i { | b |
AR P SR S R (R D DU U R SR R R LI . | R U S S A I R A A S | [ R I |
I I I I I | I | | | I I | | 1 | | | | |
1 | | 1 1 | 1 | | | ' | | ! 1 ' ' ' ' '
R R R T T e B B o R S I T e R e R R T N o v P R EEDEN T Sy |
| | | | | | | | | | | | | | | | | | | |
I ] | | | I I | ] | I ] | | | ] | | I |
-t —t—t—t—f-A——A———— - -t—t—+t—t—F-A-A-—A———F bttt -4 A A=} —+—
brebalalaladeadadeadidichalbhaladlaladadadadadeachacbhalbladlaldadadadadadeajealal
I | | | | | | | | | | J | | | | | | | |
St St 2t S Sy e R s it i il it s s Sty Ay B s s il il et s S S ek Aty e i it i |
el e e R T e D et i il i ai et i e e R e et S S S e B B B P e S S |
1 L | | 1 1 1 1 | 1 1 L 1 | 1 1 1 | | J
I I | | I | | | | | | I | | | | | | | |
Fer-rr=r-{-1 - -r-fF-rerereretfortat Tt Eererere Tttt TR
+ . + + i i | i + + | 1 I b 4 + . 1 { | b |
| | | | | I | | | | | I | | | | | | | |
I I | I I | | | I I I I I | | | | | I |
A b ST A (N S -
[T T TR AT TR TN T NI NN (TOTRNNN N H T NI DR N
I I I I | | | | | | I I | | | | | | | |
F—t—tr—t—t—f-A——A———--fF-tr-t-t—t-ft-A-A-—-——F-F-t-t-t -4 A==} -
(SR NN SN [N RN (R U R SN NN [ U U TN [N (U | N U U S D U I MR (U (N N N S S—— ——
I | I I | | | I I | | | | |
SEuLEiuh 2t S Sty e R s it i il it e sy Sty Al A By i il et o s e ek Aty iy i i i |
NSRS T SO AT SN ST N RN AN N O SO S S U A A N O U O T T U R AN N A
| | I | I I | | | | | |
r-r-r T TT 1T T YT YT r T ETrerTYy%<TTTi T T YT YT r TR rTrTT Tl T T T T
e e S e et i s e e S i e e s e S S e et m st
NS S A S S N AN AN O O At S U S N N M N N S T B R S L_!
I | | | I | | | | | | | | | | | | | | l_
(©) (i) Draw a best-fit straight line through the data.

(i1) Use the best-fit line to obtain the mass m of the glider.

(d) The track is now tilted at an angle 8 as shown below. When the spring is unstretched, the center of the glider is a
height / above the photogate. The experiment is repeated with a variety of values of x.

(1) Assuming no energy is lost, write the new equation for conservation of mechanical energy that would
apply to this situation.

(ii) Will the graph of v* versus x” for this new experiment be a straight line?

Yes No
Justify your answer.
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PHYSICS C: ELECTRICITY AND MAGNETISM
SECTION II
Time-45 minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions, which are
worth 15 points each. The parts within a question may not have equal weight. Show all your work in the pink booklet in
the spaces provided after each part, NOT in this green insert.

Switch R=5500Q

LT ML
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2007E1. A student sets up the circuit above in the lab. The values of the resistance and capacitance are as shown, but the

C =4000 uF

constant voltage € delivered by the ideal battery is unknown. At time ¢ = 0, the capacitor is uncharged and the student
closes the switch. The current as a function of time is measured using a computer system, and the following graph is

obtained.

25+-———7——- === L | 1
| | | |
f I | | |
20—+ -—————- e T A 1
= . | | | |
(; . I | | |
= | 5t+———+—————- f————— tm———— - —————— 1
= . | l l |
o | I | | |
2 1.0+——- Bt S === T————— I I 1
3 KN | | | |
O ' Ye, | | | |
0.5 =====4-=1 " T - '
B N
| ...‘0“0““‘“ sesa |

0 2 4 6 8 10

Time (s)
(a) Using the data above, calculate the battery voltage €.
(b) Calculate the voltage across the capacitor at time = 4.0 s.
(c) Calculate the charge on the capacitor at = 4.0 s.
(d) On the axes below, sketch a graph of the charge on the capacitor as a function of time.

l

Charge

0 10
Time (s)

(e) Calculate the power being dissipated as heat in the resistor at t = 4.0 s.

(f) The capacitor is now discharged, its dielectric of constant K = 1 is replaced by a dielectric of constant x = 3, and the procedure
is repeated. Is the amount of charge on one plate of the capacitor at = 4.0 s now greater than, less than, or the same as
before? Justify your answer.

Greater than Less than The same
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[\>

2007E2.

In the figure above, a nonconducting solid sphere of radius @ with charge +Q uniformly distributed throughout its volume is
concentric with a nonconducting spherical shell of inner radius 2a and outer radius 3a that has a charge —Q uniformly
distributed throughout its volume. Express all answers in terms of the given quantities and fundamental constants.

(a) Using Gauss's law, derive expressions for the magnitude of the electric field as a function of radius r in the following regions.
i. Within the solid sphere (r <a)
ii. Between the solid sphere and the spherical shell (a <r<2a)
iii. Within the spherical shell (2a <r<3a)
iv. Outside the spherical shell (r > 3a )
(b) What is the electric potential at the outer surface of the spherical shell (» = 3a )? Explain your reasoning.

(c) Derive an expression for the electric potential difference Vyx — V', between points X and Y shown in the figure.
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2007E3. In the diagram above, a nichrome wire of resistance per unit length A is bent at points P and Q to form horizontal
conducting rails that are a distance L apart. The wire is placed within a uniform magnetic field of magnitude B pointing
into the page. A conducting rod of negligible resistance, which was aligned with end PQ at time ¢ = 0, slides to the right
with constant speed v and negligible friction. Express all algebraic answers in terms of the given quantities and
fundamental constants.

(a) Indicate the direction of the current induced in the circuit.
Clockwise Counterclockwise

Justify your answer.
(b) Derive an expression for the magnitude of the induced current as a function of time t.
(c) Derive an expression for the magnitude of the magnetic force on the rod as a function of time.

(d) On the axes below, sketch a graph of the external force Fy as a function of time that must be applied to the rod to keep it
moving at constant speed while in the field. Label the values of any intercepts.

F

Ay

0 Time
(e) The force pulling the rod is now removed. Indicate whether the speed of the rod increases, decreases, or remains the same.
Increases Decreases Remains the same

Justify your answer.
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