PHYSICS 211 MIDTERM | 22 October 2003

Exam is closed book, closed notes. Use only your formula sheet.

Write al work and answers in exam booklets.

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

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

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

1. (20points) For each of these multiple choice questions, indicate the correct response (A, B, C, or D (where
needed)) on the page for problem 1 in your exam booklet.

i) Two blocks are pushed across africtionless floor by a horizontal F
force F applied to block 1. Isthe magnitude of F,, (the force on —> m,
block 2 dueto block 1), greater than, lessthan, or the same asthe
magnitude of F?

A) Greater than. B) Lessthan. C) The sameas.

4
i) Todrivefrom point A to point B, there are four possible 3
routes, shown at right. If the timeto drive each route isthe 5
same, along which route is the average speed greatest?
A) 1
B) 2 1
C) 3 A B
D) 4

iii) The massmis attached by arope to a post at the upper end of the
ramp. What happens to the magnitude of the normal force on the
block (dueto the ramp) as the angle 6 of the ramp is increased?
A) Itincreases.

B) It decreases.
C) It does not change.

iv) Thefigure at right shows three distinct possibilities for the
velocity and acceleration of aparticle at a particular instant. v
For which possibility (A, B, or C) is the speed of the particle T a i
not changing at this particular instant? a a

B

v) Two balls are thrown ssmultaneoudly in the air and follow the parabolic
trgjectories shown at right. Which ball has the largest magnitude of the
vertical component of velocity when it hits the ground?

A) 1 2
B) 2
C) Theballs have the same vertica component of velocity.




2. (20 points) The graph below shows the velocity of your car as you travel from home (startingatt =0 ) to
the store (arriving at t = 10 9):
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a) Draw agraph of the acceleration of your car during the journey.
b) How far did you travel from your house to the store?
¢) What was your average velocity during the time interval 0 -> 10 seconds?

d) What was your average acceleration during the time interval 0 -> 10 seconds?
3. (20 points) A bal isthrown from the ground into the air. When the ball is at a height of 12.8 m, the

velocity isobservedtobe v =9.0 m/sf +12 m/s] (T horizontal and ] upward). Assumeg = 10 m/s2.

a) Towhat maximum height above the ground will the ball rise?
b) How far doesthe ball land from where it was thrown (assuming flat ground)?
¢) How long doesthe ball remaininthe air?

4. (20 points) A 5kg bowling ball isdropped from atower into adeep vat of melted chocolate. When the
ball hits the chocolate it has a speed of 8 m/s. The ball comesto rest in the chocolate after traveling a
distance of 8 m. Assume g = 10 nV/s?.

(a) What isthe acceleration of the ball in the chocolate, assuming it remains constant?
(b) What is the force exerted by the chocolate on the ball asit is moving in the chocolate?
(c) How long does it take for the ball to come to rest after entering the chocolate?

5. (20 points) Consider apulley systemintheinitial state
shown at right. Thegreendogisup. Theyellow dogis
down. The green dog has amass (m,) three times the
mass (m,) of the yellow dog. Ignore the mass of the
buckets, the rope, and the pulley. Ignorefriction.

Gravity (g) points down.

(a) Draw afree-body diagram for each dog.

(b) Find the acceleration of the dogs, interms of g.

(c) Find the tension in the rope.

(d) Compare(i.e, >, <, or =) thetension in the ropeto the
weight of the green dog? Is thiswhat you would Pt
expect? Why? The xellow dos -II m2 II'I

is  down, !

RN
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Theforce F has to accelerate both masses, while the force F,, only hasto accelerate
mass m,. Since the blocks both accelerate together, the magnitude of F,, islessthan
the magnitude of F.

Route 4 has the longest path from A to B. Since average speed istotal distance
traveled divided by time taken, route 4 will have the largest speed.

The normal force balances the component of gravity that is perpendicular to the
inclined plane. Asthe angle 0 increases, this component of gravity will decrease,
causing the normal force to decrease.

In case (A), the acceleration is perpendicular to the velocity, which isthe situation for
uniform circular motion. The velocity changes direction, but the speed is constant.

For any ball thrown up in the air, the vertical component of velocity upon returnis
opposite the origina vertical component of velocity. Since ball 1 goesto a higher
height, it must have had alarger initial vertical component of velocity, so it hitsthe
ground with alarger vertica component of velocity.
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2. @) Theveocity isonly changing during three intervals of the motion. During each of these, the
acceleration can be found with a = Av/At, which means find the Slope. The plot is shown below.
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b) Sincethe positionistheintegral of the velocity, the total distance traveled can be found by

finding the area under the velocity curve. Note that each rectanglein the figure has an area of

4 m. There are 26 rectangles under the curve, so the total distance traveled is
AX =26 X4 m=104 m.

c) Theaverage velocity isthe displacement divided by the time:

_ Ax 104m
V=—=

At 10s

d) Theaverage acceleration isthe change in velocity divided by the time, but the initial and final
velocities are both zero, so there is no change in velocity and hence no average accel eration.

a=0m/s
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3. Put theorigin at the position where the ball was
thrown (at t, = 0). Lett, be thetimewhen the
velocity is observed, t, be the time when the
maximum height is reached, and t; be the time
when the ball returnsto the ground.

O R

a Usetheheighty, = hand the velocity v, =9.0m/ s +12m/ § to find theinitia velocity,
which will help solve the rest of the problem:
2 _\2 _
Vly - VOy + 26"y(yl yo)
Viy = Vgy +2(-g)(h -0)

2 _\2
Voy = Viy +2gh

Voy =&, +2gh =+/(12m/ )2 +2(10m/ s?)(12.8m) =20m/s

At the top of the path, v,, = 0, so we can solve for the maximum height H:

V%y = ng + Zay(yz - yo)
0= 5y +2(-g)(H -0)
_ oy _ (20m/s)®
29  2(10m/s?)
[H = 20m|
b) Weknow that for such aparabolic path, t; = 2t, (i.e., time up = time down). Sincethe
horizonta velocity is unchanged during the flight, we can solve for therange R:
R=Voxts =Vox 2tz

v .
Voy =Voy 0, U tF % sincevp,i 0

_ 2VoxVoy _2(9.0m/s)(20m/ s)
g 10m/ s?

c) Thetime of flight can be found using the time equation found above:

R

20m/s

V,
t3:2t2:2%:2



PHYSICS 211 MIDTERM | SOLUTIONS 22 October 2003

4. Letthe 1-dimensional coordinate system haveitsorigin at the surface of the chocolate so that
Y, =0, V,=-8m/s. Theball comestorestaty, =-d=-8m, soweknow that v, = 0.

AY ’

0

a) Tofindthe acceleration use:

V2 =V§ +2a(y; —Yo)

0=Vv5 +2a(-d -0)
_ Vg _(-8m/s)* _64m’ /s’
2d 2(8m) 16m
a=4m/ s

b) First draw afree body diagram for the ball. Then write down the

equation of motion. A
F-mg=ma F
F=ma+mg =m(a +g)

F =5kg(4m/ s? +10m/ s?) .
mg
\J

¢) Thetimefor the ball to cometo rest isfound from:

V1:V0+at1

0:V0+at1

_ Vo _ (-8ml/ys)

tl‘__‘_—z
a am/ s
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5. @ Call thetensionintherope T, which isthe samefor each dog. Sincethe greendogis
heavier, we expect it to go down, and so we assume its acceleration a to be down as shown,
which meansthat the yellow dog will go up with the same acceleration, also shown.

Green dog Yellow dog
A A

ml. m2.

my9 mxg

b) The equations of motion for the two dogs are
mg-T=ma
T-mg=ma
Adding the two equations together, and using m, = 3 m,, we can find a
mg - myg = (M, +np)a
a= ’Th‘ng=3mz‘ng=2mz
my + My 3m, +my 4am,
_9

a==>2
2

¢) Wecan find the tension from either of the equations of motion:
T=m(g-a) =m(g )

g

d) From above we seethat
=My
2

So the tension isless than the weight of the green dog. Thisiswhat we expected, since we
said originally that we expected the green dog to fall down. This must mean that the force
down, m,g, is grester than the force up, T, giving a net force down.



