PHYS 1311 Sng 2023 Test 3

April 11, 2023

Name Student ID Score _________

Note: This test consists of one set of conceptual questions, five problems, and
a bonus problem. For the problems, you must show all of your work, calculations,
and reasoning clearly to receive credit. Be sure to include units in your solutions
where appropriate. An equation sheet is provided on the last page.

Problem 1. Conceptual questions. State whether the following statements are True or
False. (10 points total, no calculations required)

(a) The slope of a potential energy function evaluated at a spatial point tells us the
magnitude of the conservative force at that point.

Trve

(b) MeV/c? is a unit of mass.

Tyve

(c) The orbital velocity of Jupiter is much smaller than that for Mercury.
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(d) A massless particle, e.g. the photon, must have zero momentum.
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Problem 2. A 30 kg child rides on a playground merry-go-round and sits 1.4 m from the
center. The merry-go-round makes one complete revolution every 5.0 s. How large is the net
force on the child? What type of force keeps the child on the merry-go-round and in what

direction does it point? {15 points total} M= 30k a/ rzldwm
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Problem 3. Given the relativistic total energy and momentum relations, show that E?
(pc)? is a constant. What is that constant? (15 points total)

f;XMCl/—P}:va
L2 T, 2 2.2 2 24[{(__ 2
El——pc:amc# -dm VT =T mt (] %E

-
—

Lu-(" a_«:. ,/L-—'" ar 52’- (
@ [-V©
'2__?_

Haebir
S

y
Er—pc = Zmlcux— = M
g

7y ["’j?(’gf’(m )

ﬂw Conr/?n'f 18 "% SIVW

,{,fxi /ej'7[‘€n(’% me”



(
0 Case "
- oy

Problem 4. The radius of the Moon is 1750 km, and its mass is 7 x 10%* kg. What would
be the escape speed for a rocket to leave the surface of the Moon. Take the system to include

only the rocket and the Moon. {15 points total) = or—
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\/ . Problem 5. Outside the space station, you and a friend pull on two y[];es to dock a satellite

(\_/wh_ossz_mgss in 700.0 kg. The satellite is initially at a position < 3.5, ~1.0,2.4 > m and has a
speed of 4.00 m/s. You exert a constant force of < —400, 310, —250 > N. When the satellite

reaches the position < Q,__B_Z,_l\? > m, its speed is 4.01 m/s Wmuch work did your
friend do? (15 points total} \
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Problem 6. A mass of 0.12 kg is attached to a horizontal spring with the mass sitting
on a frictionless surface and the spring attached at the other end to a vertical wall (on the
left). With the spring unstretched, you push the mass to the right. The speed of the mass
just after leaving your hand is < 3.40,0,0 > m/s. If the spring stretches to a maximum
displacement of 0.07 m, determine {a) the phase constant ¢, (b), the angular frequency
of vibration w, (¢) the spring constant k, and (d) the amount of work done by spring on
the mass as the mass meost=moves from z = 0 to z =0.07 m and (e) from 0.07 m to the
origin. (f) Determine the total energy for the system (neglect the rest energy) and (g) draw
a potential energy diagram of the system labeling the turning points with their values in
“energy-position” space. (30 points total)
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Bonus Problem. A nucleus whose mass is 239.3837 u undergoes spontaneous alpha decay.
In this process, the original nucleus is replaced by an alpha particle (helium nucleus with
mass 4.001506 u} and another nucleus of mass 232.0376 u. (a) What is the total kinetic
energy of the new particle and the alpha particle in eV when they are infinitely far apart?
{(b) Determine the individual kinetic energies of the two particles. {5 points)
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