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For questions 1 through 5, fill in the square next to all correct answers. A given problem may
have more than one correct answer. Each correctly bubbled answer will receive two points. There
are 14 correct answers in this section and only the first 14 filled in answers will be graded. There is
no partial credit.

1. Which of thej:)]lowing quantities are NOT vectors?
O (a) Force f
-—
O (b) Acceleration (v
{(c) Speed
P
-~
o (d) Position ¢
ﬂ( () Energy
-
o () Momentum r
)
o (g) Impulse 3
‘Qf(h) Work

2. An cardboard box is lifted upwards by a rope at a constant speed. Which of the following state-

ments must be true? K =0 = f,, =0
O (a) The force of tension on the box is larger than the force of gravity on the box
D{b) The force of tension on the box is equal to the force of gravity on the box
tv{c) The box is in equilibrium dynumic equilsL. o
0 (d) The acceleration of the box is g T T
#{e) The work done by gravity is negative Vi ?T ,F’L U =conct
0 (f) The work done by gravity is positive D
O (g) The work done by gravity is zero \L 1
3. A box of mass M is released from rest, falls onto a - .

frictionless ramp, then slides into an ideal spring

after falling a distance Ay, Which of the following
must we include in our system if we are to use a '
conservation of energy analysis?

\{(a) The box. Ay
¥(b) The Barth. =2 U* not W%, :
O (c) The ramp.

W(d) The spring. -
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4. Three squirrels (labeled 1, 2, and 3) running along Vy

the x-axis have motion described by the following
graph. Which of the following statements must be
true?

O (a) At time ta the squirrels have the same net
force acting on them. o= difF

O (b) At time tp, squirrel 3 is at the largest x-
. \
position. | Ny )uwu X, 0'\17 A%

O (c) At time tp, squirrel 1 has a larger velocity 0 m/s t_; t:B t
than the other squirrels.

%ﬂ) Between ta and tg, squirrel 3 has the largest displacement. _» Ax
{(e) Between ta and tp, all three squirrels have a positive Ax.  |J” Yo L,.
O (f) For all of the time between ta and tg, squirrel 3 has the largest acceleration.,

N@) Squirrel 2 has a constant net force acting on it. o= Slol-c =cmst D e =cam¢d

Two boxes are placed next to each other

on a frictionless surface as shown. Start- AN

ing from rest, a constant force of 4 N is I 2 kg
applied to the smaller box. Which of the 1keg

following statements must be true?

E/(a) The net force on the 2 kg box is twice as big as the net force on the 1 kg box. Fnt =M

0 (b) The net force on both boxes is equal. T&‘L r‘lsw

O (c) The 2 kg box has a net force of 4 N acting on it.
O (d) The 1 kg box has a net force of 4 N acting on it.
E@e) The 1 kg box has a net force less than 4 N acting on it.

O (f) After 2 seconds has elapsed, the change in momentum of each box is equal.

MEF A Saee
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6. (0 points) Benny and Donald are racing their scooters. Both start at x = 0 m at the same time.
Donald starts with an initial velocity of 10 m/s in the positive x-direction, and travels with a
constant velocity the entire race. Benny starts with an initial velocity of 0 m/s, but accelerates
in the positive x direction at a constant rate of 0.1 m/s2. How far do they travel before Benny

passes Donald?

VE:O
R o
D o——’u’;‘*ba/’

|
V4

g =01y

-0
2

AXD = U:o [7"0“)

rAx = zoooj

S

Ax&: AXD At = same as well

° T
A)(& = %A{: *{'%A{:
o
AXy = Vi Ab + 145 8¢°
= | N
_) -;_'&Bbk U:D A‘b

> At=0 o BE=——=200;

/

7.

(5 points) A sports car is travelling in a circle on flat pavement. The coefficient of static friction

between the pavement and car tires is 0.95. What is the smallest radius of circle the car is able

to achieve if its speed is a constant 20 m/s?

)

/ g - ne

( F=or
AF =2
ny =L
r-._‘f:--: _U’:_

Exams Page 4



8. (7 points) A 0.5 kg object, initially at rest, experiences a net force along the x-axis described by
the given graph. Clearly and neatly draw the graphs of the object’s corresponding acceleration,
momentum, and velocity. Please make sure to label the vertical axis of each graph with values
and units!

Hint: you may notice common relationships between these guantities!

ZFfmo«- 2 A= i% 2 ZN/"S"J: 4

FX ax
2N : Yo :
. | (
' \
! '
0N : t : t
ls | 3s 5s 1s ' 3s 5s
-1N f—— L% :
Af) :t;Ab Z orta under cpeire
px UX
o>y M 8~4 7
-7 N3
TN Wyt
126
3o N5
t t
1ls 3s 5s 1s s 5s
-~ NS —Yefy +
“Hns -3 1
P: My AV o1
N A* e > Ar=Hay
LNs = 04 W (4%
- "L, AVza ot (212
/ ng:tlZ-,{
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9. (6 points) A 2 kg clay puck is sliding across frictionless ice along the x-axis. It collides with a
4 kg puck travelling at 8 m/s in the positive x-direction. The two pucks then stick together
and travel together at a speed of 4 m/s in the positive x-direction.

(a) What was the initial velocity (include direction) of the 2 kg puck?
w
© o= ) we—u
.27
o
L3288 =B, 37 Pi P
n, v, + My iy = (ﬁ,_*f\,,‘) V¢

1) v;, * UBY(8n%) = (Ll) ey

[0 = g o o)

(b) How much kinetic energy was converted to thermal energy by the collision? (sound energy is
negligible in this situation and can be neglected)

1 ) T
KE. = tmuil +inul = Jwv

|

KE, = Y ln) () = YsT
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10. (7 points) A box is sliding up a frictionless ramp. The box starts with a speed of 12.4 m/s. The
ramp makes an angle of 30 degrees with the horizontal.

(a) On midterm 3, you found that a box with the same initial conditions, experiencing friction,
would reach a height of hfriction = 4.88 meters. You will be asked to solve for the height

achieved by this frictionless box, frictiontess. Before you solve for this new height, use related
quantities sensemaking to explain how these two heights should compare with each other and
why. (Do not give a numerical answer yet)

T exput L‘Mdm}as Lill e l"”"’ bhan l‘fdobvo
L/L When frichon converts KE b Eu‘j there is less
bl enecgyy thet Yocs intp U,: =Ny L.ﬁ,_u,“

> L‘Fﬂo‘ﬂh’\ vill be smaller {... "l.{;,’l,,:[ﬂ

(b) What maximum vertical height above the starting location does the box reach?
(hint: you have a choice of solution method!)

FVue =0 =DE > E:=E
> h

}( E‘: = U, fri (vl"bnlf_gi KA bion

A 77 v

37

A —_
Je = _va;, = W”‘ - )"Mh,..ua

N
EN
C‘
‘J
|
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11. (12 points) On Earth, a piece of clay of mass m =7 kg is
placed on a ramp as shown. The ramp makes an angle of 30
degrees with the horizontal. A force of 20 N is applied hori-
zontally to the left. The coefficient of friction between the

-

object and the ramp is unknown. The system is in static equi-

librium.
(a) In which direction is the force of friction?

Explain using any combination of words,
diagrams, and algebra.

2T =

E:'r-l' F: + fF: (6]

—(zou)c.se + 68.6N sine +§f -0
2 fF=-l61sN

a .

\)e the iuclu l’/c & s
hoper b £

(b) Draw a clear and precise free body diagram

for this situation. Make sure to label each

force vector and scale them relative to each
other. Also include any relevant angles and
label your axes.

(c) What is the coefficient of static friction between the ramp and object?

’Y/ﬂ,m;,"

N
£ - mScosB - F‘(fSIr\e =0
Gsen) s ¥ (oNdsing

=
Fhl

6i4 N
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