HARLOW  Solutione i

— —
Possibly helpful information for this test: TQ/&"L =
7 =3.14159 is the ratio of the circumference to the diameter of a circle F_ ( Z B
g = 9.80 m/s? is the acceleration due to gravity near the Earth’s surface. al (
Common Prefixes:
k = “kilo-” = 10° ¢ = “centi-” = 1072 m = “milli-* = 1073 p = “micro-> =105
n = “nano-"= 10"

60 seconds = 1 minute; 60 minutes = 1 hour; 24 hours = 1 day; 365.25 days = 1 year

b+ “dac

The quadratic equation: If ax? + bx + ¢ = 0, then x = 5
a

If the base of an equilateral triangle is a, then its height is g a.

Alr resistance may be neglected in all questions, unless otherwise stated. a
MULTIPLE CHOICE PART (20 points total)
Choose the best answer for each question. 2 points per question, no penalty for guessing.

1. A banked turn has a radius of 400 m and is designed for cars traveling at 90 km/hr. This means cars
traveling at 90 km/hr can stay on the curve without assistance from friction. What is the banking

angle of this curve? V=90 km (.oowh nw) =25 m,
A = . e U T Fm || 26005 5
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2. You measure the mass of a cart to be SOOiS g, and its speed to be 3.5 £ 0.7 m/s. What is 1ts kinetic
energy? m =600 = 0.5 k Um= S ( ) 0.00¢ k
A 3x2] J To_a'gjx j j 10005 j
B. 3.1+0.7] -5 Ao =
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3. Here is a table of the results of four repeated measurements of x in m. Which of the x| 9571
choices below shows the best way to report the mean value of x based on these four % | 9396
measurements? X =X, +X, + Xy 1 X :
9.63+0.14m ol kil i B TS IO X3 190.500530
B. 9.62983892 % 0.28898099 m t x| 9.
C. 963+£029m = \/—’ A e,
D. 9.63+0.54 m = > (< ) _/f—(oos
E. 96+1.1m V+-0.23¢%r 0.2
C .
0=0.294 m -0y }

Us> & = QB <0144 72006 o4

L{ C Y 1004,
. Inatially, Block 1 with mass mi= 1 kg is moving on a frictionless table with velocity vii= +1 m/s

along the x-axis and block 2 with mass m>= 0.5 kg is at rest. Block 1 collides elastically with block
2. The collision is head-on, so that all motion remains along the x-axis. What is the velocity of
Block 1 after the collision?

A 07w pod T[] m:(u)m,

B. —0.3 m/

©+0.3$/: Ve =1 W M+,

D. +0.7 m/s (I -5 5>0)

E. +1.3 m/s RELT o “"0'3P%
p,=0.25) K b, = o.k&kwh

5. Anenergy-efficient refrigerator uses 2__’5_Q__W_ of power when it is running,/and, due to good

insulation, it only runs 15% of the time. An older refrigerator uses 400 W_of power when it is

running, and runs 20% of the time. If the cost of electricity is $0.12/kWh, how much money do you
save over 30 days by owning the energy-efﬁcient refrigerator instead of the older one?

g é,;szsé‘than HaaL cost to rdn = -(O-l§> -t - rate :o.zgo(()_;s@‘(}?o (,$o.{z);$g.z+
C/ $3.67

g$6.91 cost N un L= F(02) ¢ ey 4(0.2)(24)( 30)($0.2) = $ . 2
T 0( %@xog 6 Ay -3.2¢

= P27

. Consider a mechanical spring that does not obey Hooke’s Law. The spring is initially unstretched,
with the unconstrained end of the sprlng at position x = 0. This partlcular spring provides a force F'
= —ky x*. The nonlinear spring constant is k, = 10* N/m?. The spring is now compressed so that the
unconstrained end moves from x = 0 to x = 0.10 m. What is the work done by the spring as it is
compressed?

Rl 2
A. —0.637 4 i . B 0
B. —2.51] F / W’SF"(X; S—kzxa(x -3 ﬁ%[x*
Qa

297 %, 3
) 331

. L4
E. —3.57 W - '%[O,ﬁ,o] = =3% )
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(1=7600%6379>13970 kn V26304370 = 7000 4,

7. A satellite in an elliptical orbit has a height above the surface of the Earth WW3O km
at its lowest point, up to 7600 km at its highest. When it is at its lowest point (closest to the surface
of the Earth), it’s moving at 8.7 km/s. How fast is it moving at its highest point? [Assume the Earth
is a sphere of radius 6370 km and mass 5.97 x 10%* kg.]

. 2.2 km/s Co vati C E = C
(B 44 lanss nserVatipn o Wﬂ\/ ;

C. 6.2 km/s ' W(V ~GMM Y T M
D. 8.7 km/s Z e
E. 17 km/s f IG

- M(}V )

V= \)@ 7"/03> ’Z(é 67*/0“’)5’ ‘?7x,024\) e Rl

7):/06 |- 397{(_(0_' v;

8. A flat cookie has an even thickness, and is house-shaped, as vt
shown. Itis made of a square of side length a, connected
underneath an equilateral triangle of side length a (the roof). The 241 — . g7 ‘
house sits so its bottom left corner is at the origin [x, y] = [0,0], sl m,= 2;0\ —%‘7\ & E J?a
3a2t e e -
as shown. The peak of the roof'is at [x, y] = [g, (1 + ?) a]. The ‘ : ' t
x-coordinate of the center of mass is x.,,, = % What is the y- o ? 2
A

coordinate of the center of mass?

A. 05a tan30® > Ya-  a2p b
S / Vi Az , = a/z
. 084a 30 ‘ Yy Qe ﬁ 4o 30" a? @ 342 23 %

D. a a/z

E. 1.29a
\{(,m; m(x‘ tMyy, fﬁ (“/z) * /ﬂﬁl (c\+0|/+m.30
my+m, /qz /*fo\’l

Yem = [l & J?/a |+tan%°/L)Jq\ 0.732 o

‘L
9. A system consists of a car with momentum 25,000 kg m/s, South, and a truck with momentum

100,000 kg m/s, North. They have a head on collision and stick together. Which statement correctly
describes the system immediately after the collision?
A. The total kinetic energy of the system is converted to thermal energy.
B. The total mechanical energy of the system is converted to thermal energy.
C The total kinetic energy of the system is conserved.
The total mechanical energy of the system is conserved.
@ Part of the kinetic energy of the system is converted to thermal energy.

10. A wheel with rotational inertia /= 1.0 kg m? is acted upon by a counterclockwise torque of constant
magnitude 1.0 N m. The wheel starts from rest and the torque is applied for 3.0 seconds. What
angle, in radians, has it turned through in this time?

— i
A 15 é
@4.5 = Lg% o Fa 2
D. 9 B gt 'fa(/I)t
E. 18

9"’ }2(%)32;4.5‘ rad
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FREE-FORM PART (12 points total)

For full marks, you must clearly show all of your work and reasoning in the space provided. State any

assumptions you make, and show all the steps of your calculations. Write your final answers in the

boxes provided.

For both problems in the Free-form part, assume:

The coefficient of Kinetic friction between wood and concrete is ux = 0.15.
The coefficient of static friction between wood and concrete is us = 0.3 o

Problem A

%) N
A wooden box of mass 15 kg is pulled to the left by a -
constant tension force of 65 N at an angle of 27° cooeeeehes
above the horizontal. It starts from rest and slides
forward along a smooth, flat, horizontal concrete - _
floor. ‘ concrete

1. (4 points) How much time does it take the box to get up to a speed of 3.0 m/s?

Chhod b O i
Defing- (Fuzk)w: ) = Tg\-.\@ +n - mj = n:ma-—Tgi«&

KQI\,\I“‘_{} h{]\‘z(/) :-OLCCAWOC‘HOA b T N
lmg C“e’r\x‘—w‘“w -1 o059 1'/(,{!(
g’g‘—/{'{k'\ Ax = V/\y{(~‘rws@ +—/(,(,<(mg _’(';,',\93
3 .{ls—_(—és'-CoSz? ¥ o,(s((s’(q.g)‘ S 5",\2-7)>
Ax 1’2@86( M/S,L

Q_Lr:ﬂ\x wé‘e:ﬂ: "._-7.7_.
D Ax ~2.636\ f= [ |
6 = .07 g >

2. (2 points) How much thermal energy is generated by friction during this time?

oo AR el

l (]
ggk = //lk(my —Ts\‘r\6> at - (9.&(/7(7.%)—5;5,;27)-@;\%@
Z
sef (71

gfL-' 25(9; )

En= 79.5 )
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Problem B (6 points)

1. (5 points) An unstretched spring is attached to a 1.5 kg wooden block on a concrete ramp which
makes an angle of 30° with respect to the horizontal. The other end of the spring is fixed. The mass is
released and it slides down the ramp and stretches the spring. The spring has a constant of 30 N/m.
Find the maximum distance that the block slides down the ramp.

\ k=30 N/m E. = E-F 'E_ﬁ\
l\\ 'I'}il‘k%l = \Eﬂ\{\'k W\jLF *;Z'kxfz *-FkA
0 0 0

¢ =d ) he ==d sin30°
) = mj(—p{sn\?ﬁ)ﬂikd%ﬂ,‘m{
lf-i(l-i—/ﬂkmgcoﬁa( % M(jo( Sin 8

2

J:{;O, so  divide both  sdes 67 0(
Ttk
lM? Ez_( - Wlﬂ [SM@ '/'(KWSQ]

2z
<fu«+\):\=:(9;@na;:eyme . 0(‘ é’l‘.@l[s&@ ” wrej
Az 7;(,(_'# Zg;‘n 30- 0.5 cos 30]
Ax0.36264 m

TE it stogs, £ hlds i+ Hhen
T
(\k/g_ @NM’)X =0 - ‘Yj" ‘(OL -|'W\j}‘\r\9

m\ “Cs: 2z 'Mﬂ 5in6 =3.59

£o mox Y Mjwye -3233ZN f*"\MJ(Qa( d= P.36 m
NQ—(A‘O(AM" ; So - stk S,

2.(1 point;rﬁ When the block gets to this position, does it stay still, or will it start back up the ramp?

(Circle one)
STAY STILL START BACK UP
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