Physics312 PM Name

13 Oct 2003
Test 2 Table

This exam counts 100 points.

Remember:

Show all your work for full credit. Minimum of 4 steps:
Draw adiagram !!
What equation are you plugging into?
What numbers are you substituting?
What is your final answer?

Ask if anything seems unclear.

Vectors have magnitude and direction ! or two components !

Formulae and Constants: Note: bold means vector!
g =9.80m/s? =980 cm/s? G =6.67 x 10 11 Nem2/kg?
fic = HicF fsEHFN @ = S = V2/ T F=GMmy/r2
>
w=[#xd?=—u Impulsengdt:DB
Fy = - dU/dx
K= 1/2 m\/2
P=MV £ o/t t=rxF=rFsng t=rF=rFa
> = 2= [ 2
(=13 | =Smr jrdm I=1,+Mh?
stress= F/A strain = DL/L stress = (modulus)(strain)
_ |k _ 19 _ 'K _ &
Wspring = ™ Wpend = T Wother = T Vatring = m
X =Xy, cos (Wt + fq) Ugor = 1o kx? Fspring = -kX

~ 1 2.2 — *
P = Znvw*y, = constant* yf, y=Asin[kx-wt] v=1f=w/k
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1. (7 points) ®
(a) One version of 3 % _dp
Newton’'s Second Law says dt

By analogy, write down the equivalent rotational version of

Newton’s Second Law in the box.

(b) Under what general circumstances is angular momentum conserved?

2. (8 paints) Imagine that you stand on a stationary platform (which can rotate about a vertical axis
with frictionless bearings) holding arotating bicycle wheel whose axis of rotation is vertical and
which isrotating CW. Y ou twist the wheel axis from vertica to horizontal. What happensto you?
Why? Be specific.

3. (15 points) An open door of mass M = 35.0 kg is hung on frictionless hinges; the moment of
inertiaof the door about its hingesis 6.22 kgem?2. The door is at rest when it is struck by aball of
putty of massm = 1.10 kg (!) a apoint adistance D = 0.625 m from the hinges. Just before the
ball hitsthe door, its path is horizontal and makes an angle g = 0.38 rad as shown, and its speed
isv =27.0 m/s. The putty sticksto the door after the collision.

(a) Explain why linear momentum <4+—D—p <4—D—p V\
of this system isnot conserved. ] d |
’ [
hinges /z
Vv
O

(b) Calculate the rotational speed of the door after the coysi on.

(c) Thiscollisonis(circle one): elastic inelastic completely inelastic
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4. (40 points) A mass (m = 300.0 g) on aspring is oscillating with simple harmonic motion. The
massis moving in the direction indicated by the arrow but has no displacement at the moment the
observer startstiming it (i.e. x = 0.0 cm at t =0.0 s). Snapshots of the displacements of the mass
at various times are shown in the diagram below. The arrows in the diagram show the direction of
the velocity of the mass in snapshots#1, 3, and 5. Neglect the mass of the spring.
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(a) Sketch agraph of the displacement of the spring from its equilibrium position in centimeters
for times between 0.0 sand 4.0 s. (Always label graph axes!)

t (s)
(b) Sketch a graph of the velocity of the mass:

t (s)
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(c) Determine the total mechanical energy of the mass/spring system in snapshot #1. Determine the
total mechanical energy of the mass/spring system in snapshot #2. Clearly show your calculations
or explain your reasoning.

(d) What are the vel ocities of the mass in snapshots #2 and #4?

(e) Suppose we use the same spring as shown above, but with half the mass on it. We pull the mass
uptoy =+2.9cmandreleaseit at t = 0.0s. Sketch a graph of the displacement:

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
t (s)

(f) Determine the values and units of the numbers you need to specify the for the oscillation, and fill
in the blanks in the equation for the oscillation (for the new mass you used in part (€)):

y(t) = cos [ t ]
5. (5 points) In simple harmonic motion: (circle all that apply)
A. theacceleration is constant.
B. thevelocity isgreatest at the maximum displacement.
C. the period depends on the amplitude.
D. theacceleration is greatest at zero displacement.
E. theacceleration isgreatest when the velocity is zero.
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6. (25 points) A snapshot of awave on astring at timet = 0 is shown below. The waveistraveling
to the right with velocity v. Thetension in the string is 4.00 N and the mass density is m=0.0030
kg/m.

"Snapshot" of Wave

0.6
0.4
£ / AN / N
02 \\ /
-0.4 = -//
-0.6
) 0.2 0.4 0.6 0.8
x (m)
Find the following values (and units):
(a) amplitude = (b) wavelength =
(c) angular frequency = (d) initial phase =

(e) Determine the speed of the wave.

(f) Write an equation for the wave, substituting all appropriate quantities from above.

(g) Calculate the transverse velocity of the string at the point x =0.4mat timet=0.6s.

Thetension in the string is decreased by afactor of 4; nothing elseis changed. What happens to
(h) the wave speed

(i) the wavelength

(j) the angular frequency of the traveling wave



