PHYSICS 211 MIDTERM | 21 April 2004

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.

(20 points)  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.

An agpple and an orange are thrown straight up into the air. Each hasthe sameinitial velocity, but the orange
isthrown a short time after the apple isthrown. While both are moving upwards, does the distance between
them increase, decrease, or stay the same?

A) Increase. B) Decrease. C) Stay the same.
TheforceF is applied to the box of mass mas shown. Whét is true about =
the magnitude of the normal force on the box (due to the floor)? /
A) Itislarger than mg. m A

B) Itissmaller than mg.
C) Itisequal to mg.
D) Itisindependent of the mass of the block.

iif) Threeforcesare applied to thetire as shown at right. Astheangle6 V2N

v)

is decreased from itsinitial value of 45°, does the magnitude of the

acceleration of the tireincrease, decrease, or stay the same? There 2N 0

are no forces other than those shown. 0

A) Increase. B) Decrease. ()] Stay the same. V2N

Two blocks, with masses m, and m,, are connected by a string that passes
over amassless, frictionless pulley. Block 1 has a greater mass than

block 2. Which statement is true regarding the tension T in the string?
A) T>mg.
B) T<mg.
C) T=mg. m,

D) mg<T<mg.

A child sitsin awagon that is moving at constant speed. The child throws an apple straight upward (from
her point of view), while the wagon continues to travel forward at constant speed. Where will the apple
land?

A) Behind the wagon.

B) Infront of the wagon.

C) Inthewagon.

D) Need more information.




2. (20 points) A speeding car (constant velocity v,) passes an initialy stationary motorcycle policeman. At
the instant the car passes the motorcycle, the policemen accelerates (constant acceleration a,) in pursuit of
the lawbreaker. Expressthe answers below in terms of the parametersv,, a,, and other constants as needed.
a How much time doesit take for the policeman to catch up to the speeder?

b) How far does the policeman haveto travel to catch up to the speeder?

¢) How fast isthe policeman traveling when he catches up to the speeder?

d) What isthe policeman's average speed during the chase?

€) Draw asingle graph depicting the positions of the speeder and policeman as a function of time.

3. (20 points) A ball isthrown from the edge of acliff into the air as
shown at right. Theinitial speed of the ball is 10 n¥sand theinitia

upward angle 6 issuch that sin6 = 4/5. The ball hitsthe flat ground at a

horizontal distance of d = 22.8 mfrom the vertical cliff. Assume H

g =10 m/s2.

a) How long doesthe ball remainintheair?

b) What isthe maximum height h of the ball above the ground?
¢) What isthe height H of the cliff?

4. (20 points) A diver of mass40 kg hits the water with an initial vertical speed of 5 nvs. After penetrating
vertically into the water adistance of 5 mshe finally comesto rest.
a) What isthe acceleration of the diver as she moves through the water, assuming it remains constant?
b) What isthe force F exerted by the water on the diver as she comesto rest? Consider thisforceasa
generic force (i.e., you don't need to know what kind of forceit is).
¢) How long does it take the diver to come to rest after first hitting the water?

5. (20 points) Consider apulley system whose initia stateis T, T
shown at right. Ignore the mass of the strings and pulleys. m, 2 Q/
Ignore friction. Gravity (g) points down. Expressthe answers @ \

below in terms of the masses, g, and other constants as needed.
(a) Draw afree-body diagram for each block.

(b) Find the acceleration of the masses.

(c) Find thetensions T, and T, in the strings.
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ii)

A

As the apple and orange rise, the speed of the apple is aways less than the speed of
the orange at any given time, since the apple started decelerating sooner. This speed
differential causesthe apple's lead over the orange to decrease.

If the box is not moving normal to the floor, the vertical forces must sum to zero.
The normal force plusthe vertical component of F must then equa mg, which means
that the normal force will be smaller than mg. If F were strong enough to cause the
box to rise, then the normal force would be zero, which is aso less than mg.

At theinitial angle of 6 = 45, the diagonal forces each have horizontal components

of 1 N, which add up to exactly cancel the 2 N force. The vertical components of the

diagonal forces cancel each other for all 6. Theinitial acceleration is thus zero,

which means that the magnitude cannot decrease. As 6 is decreased, the horizontal

components of the diagonal forces get larger and their sum becomes bigger than the
2 Nforce, giving thetire anet acceleration to the right. Thus the magnitude of the
tire's accel eration increases.

Sincem, > m,, mass 1 will fall and mass 2 will rise. For this to happen, the tension
must be greater than the weight of mass 2 and less than the weight of mass 1.

With respect to the road or sdewalk, the wagon and the apple have the same
horizontal velocities when the apple isthrown up. They maintain these same
horizontal velocitieswhile the appleisin the air, so that the apple falls back into the
wagon.
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2. Define a coordinate system with the x-axis along the direction of the speeder and the origin at
theinitia location of the policeman.

a) Write the kinematic equations and equate the positions when the policeman catches up to
the speeder:

Thefirst solution correspondsto the initial time, so we want the second solution:
2v;

tf i
&

b) The distance can be found from either position equation:

2V,
_ _ 1
X =Vitf =V —=

2

EY

X1
%)

c) Sincetheinitial speed of the policeman is zero, hisfina speedis

2v;
Voi =Voi + &l =aply =ap—=
b

Vot = 2V1

d) The average speed of the policemanis

2v12
o 2
_Xr X X a2V &
2Tt t; 2 oa, 2y
a

as it should since both travel the same distance in the sametime
€) Thegraph for the chase and catchiis:

e - - - - - - -

—+
~—+
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3. Puttheorigin at the base of the cliff. Lett,=0be 1
the time when the ball was thrown, t, be thetime
when the maximum height is reached, and t, be the 0Of 6 __
time when the ball returns to the ground. h
a) First determine the components of theinitia
velocity and use the x-component to find the time

inthe air, since the horizontal speed is constant. d

Voy = Vo SinB=10m/g(4/5) = 81y’

Vox = Vo €0S0 =10m/g(3/5) = 6ny's

d = vpybo

t, = d/Voy = 22.8m/(6mV's)
b) Tofind the maximum height h =y ,, find the time to reach that height (wherev,, = 0), then
find how far the ball fallsin the remaining time.

Voy  8m/s
g_mW§
Y2 =Y1+Vyy(ta—t;) - }20(to - tl)z
0=h+0-Y%g(t,-t;)°
h=135g(t,~ )= %(10m/s?)(3.8- 0.8)°

C) Theheight of the cliff H =y, can be found by considering thefirst part of the trip:

Vly = Voy - gtl = tl = =0.8s

V2, =V, +2a,(y1 — Yo)

0=V, +2(-g)(h—H)
2 2
V
Heho Y9 _gsm- B9 _ 4o 30m
29 2(10m/sz)
H=418m
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4. Letthe 1-dimensional coordinate system haveits origin at the surface of the water so that y, = 0,
V, =-5m/s. Thediver comestorest aty, = -d =-5m, so we know that v, = 0.

a) Tofindthe acceleration use:

Vi = VG +2a(y1 ~ o)
0= vg +2a(-d-0)

_v_g_ (—5rTVs)2 _ 25m? | s°

2d  2(5m) 10m
a=25ms

a

b) First draw afree body diagram for the diver, asat right. Then write A
down the equation of motion. F

F-mg=ma
F =ma+mg=m(a+ Q) .
F = 40kg(2.5m/s? +10ny/s?)

mg

¢) Thetimefor the diver to cometo rest isfound from:

Vl = VO + atl
O=vy+at;

Vo _ (=5mys)
tl = —— =

a  25ms
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5. @ Thethreefreebody diagrams are shown below. Sincethe masses are tied together, they all
accelerate with the same acceleration a. Since we don't know the masses, we don't know which
way they will go, so we choose adirection and call that positive.

NA —2 »
T, T, T,
-
ml m2 T2 a m3
a myg
msg
m; g
b) The equations of motion for the masses are (neglecting the vertical motion of m,)
T —-mg=ma
-T=ma
myg—T, =mza
Solvetheseto find &
Ty =mg+ma
T, =mg—-msa

My — Mga — (Mg + mya) = mpa
Mg — Mg = (M + M, + Mg)a

as MM
my + M + Ny
¢) Now find the tensions:
mg—m
T: = _— -
1=Mg+ma mlg+mlrrh+mz+m3g
7, = MMyt m, + M)+ my(mg —my)
m +M + My
(m +2m;)
T =2 =5
1 ml+mz+”hmlg
m—my
Tp = Mgg—Mga = myg—my —=—~—g
2=Mg—Mga=ny mSml+mZ+m3
T, = MMyt My + M) = my(mg —my)
m +mp + Mg
(2m +m,)
T=—=2t 2/
2 fTh+mz+nbm39




