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m solid rubber ball is attached to the end of an 0.80-meter length of light thread. The ball'is swung

hown in the diagram above, Point P, the lowest point of the circle, is 0.20 tneter above the
d, and the total energy_bf the ball is kept

1. AO 10-kilogra
top of the circle is 6.0 meters per secon

in a vertical circle, as s

floor. The speed of the ball at the
constant. . . - L _ —_—
. (a) Determine the total energy of the ’oéﬁ, using the floor as the :Zgglrpoir_llt for gravitational pote.nt:j:a}
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(b} Dctermi'nc;th'e speed of the ball at point P, the lowest point-of the circle. L
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% the bottom of the circle.

©) Dé;e-rmine the tension i‘n the thread at
i. the top of the pircle; - : Fuer = me
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The ball only reaches the top of the circlf; once before the thread breaks when the ball is at the lowest point of the

circle.

(d) Determine the horiz,o_ntai distance that the ball travels before hitting the floor.
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A 4700 kg truck carrying a 900 kg erate is traveling at 25 m/s to the right along a straight, level highway, as

’shfown.} abave. The truck driver then applies the brakes, and as it slows down, the truck travels 55 min the nexq
3.0's. The crate does not slide on the back of the truck.

2. (15 points)

(a) Calculate the magnitude of the acceleration of the wuck, assuming il is constant.
V, =28 o= Vpt + Joad?
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(b) Onthe diagram below, draw and label all the forces acting on the crate during braking.

~

©
i ({fs.}gula(:e the minimum coefficient of friction between the crate and truck that prevents the crate from
sliding.

w /':- 08 Ho foree Covsing #he wass Ho Sloo o
Eur _—(%o/«j)(u/.y) /7 29400 = et (Joors) 4. ¢)
| et = 20

Fu =*3 5604 o 2960 = M (8

4 | /}c::.s's’/ |

Fres = NS

%FA}H '-'F,:; ~

ii. Indicate whether this friction is static or kinetic,
_X Static ____Kinetic
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(d) If the truck and crate have the samie acceleration, calculate the ex tension of the spxing ag the truck

acceleraies from rest to 25 /s in 10s.
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(@) Atsome later tine, the truck is moving ata constant speed of 25 m/fs and the craie is in equilibrinm.
Indicate whether the extension of the spring is greater thag, less than, of the same as in part (d) when the

\

truck wasaceelerating.
x Legs ___The same

___ Gueater

Explain your reasoning,
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4. (10 points)

A 0.30 kg ball is in a cup of negligible mass attached to a block of mass M that is on a table. A string passing
over a light pulley connects the block to a 2.5 kg object, as shown above, The system is released from rest, the
block accelerates to the right, and after moving 0.95 m the block collides with a bumper near the end of the table.
The ball continues to move and lands on the floor at a position 2.4 m below and 1.8 m horizontally from where it
leaves the cup. Assume all friction is negligible.

(a) Calculate the speed of %le ball just after the block hits the bumper and the ball legves the cup.
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(b) Calculate the magnitude of the accclm;ﬂock as it moves across the table.
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{¢) Calculate the mass M of the block.
ZF# - Mj :(/Wrma)&

(745')9)/9’.{) = (az{kj + 43"5 ? ’") CJ;‘/X%Q

4.5 = @ gwm) 348 |

As = 4.7 + 3.4In Y. 25 kg

(d) If the mass of the ball is increased, the horizontal distance it travels before hittifig the tloor will decrease.
Explain why this will happen.
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{a) Suppose the toy cur is reloased from rest ot point 4 (v -~ 01,

 the car Jeaves the track and reaches the highest pointin it teajectory Rwill be st a a%%ifawzi

height thas 1t was gt point A, Brelly expluin why this is so.

i, Determine the speed of the car whes it e ot the highest peint in s tejectory sfier leaving the ok,

interms of vy and @, Briell

v expludn how you armved gt your answer,
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Question b

7 points total \E Distribution
of points
(a)
i. 2 points
For indicating that the mechanical energy of the car-Earth system is constant between 1 point
point 4 and the highest point in the car’s trajectory
For indicating that the car is still moving at its highest point and has some kinetic energy 1 point
so the car-Earth system must have less gravitational potential energy, therefore must
be at a lower height than it was at point 4
ii. 2 points
For indicating that the velocity of the car at its highest point is equal to the horizontal 1 point
speed at point B
For stating that the speed at the highest point is v, cos@ 1 point
b 3 points
For implicitly or explicitly applying conservation of energy 1 point
For implicitly or explicitly indicating that the gravitational potential energy is the same 1 point
at the beginning and at the end
For indicating that the speed is the same at the beginning and at the end, so 1 point

v4 = vpcos@, or consistent with the answer in part (a-ii)
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12 points total Distribution

(a) 4 points

Energy
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For sketching either energy curve with a reasonably correct shape between
x =-=D and x = 0, with zero and maximum values at the correct locations

For sketching two curves from x = —D to x = 0 with shapes and values such that
the total energy is constant (even if the curves are incorrect)

For sketching potential energy equal to zero from x =0 to x = 3D

For sketching kinetic energy as a linear function from its maximum value at x = 0
to zeroat x = 3D

(i) 1 point

For identifying that the student is correct that the block will have more energy
when it leaves the spring

(ii) 1 point

For identifying that the student is incorrect about the new final position of the
block because the spring’s energy does not scale linearly with its compression

© 2015 The College Board.
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1 point
1 point

1 point
1 point

1 point
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(c)

3 points

For indicating that the final energy in the spring (which becomes the mechanical
energy of the block as it reaches the rough track) is four times the original
energy in the spring

For indicating that the frictional force remains the same

For equating the initial energy in the spring to an expression that shows that the
energy dissipated by friction is proportional to the distance the block slides
down the rough track

Example:

Uy = 2kD? and U, = Sk(2D)? 50 U, = 40,
W = umg(3D) and W, = umgAx,

I’Vl =U1 and W2 =U2 =4U1 =4VV1

umgAx, = 4(umg(3D))

Ax, = 4(3D) = 12D

3 points

For indicating that the student’s correct reasoning that the block has more energy
in the second situation is expressed by the calculations comparing the initial
energy in the spring

For indicating that the student's correct reasoning that the block will slide farther
is expressed by an equation that indicates that the work done by friction to
stop the block in the second situation is some factor greater than the work
done in the first situation

For indicating that the student's incorrect reasoning that energy scales linearly
with the spring’s compression is corrected by the expression for the initial
energy of the spring
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1. (13 points)

A box is being pushed at constant speed up au inclined plane to a vertical height of 3.0 m above the ground, a5
shown in the figure above, The person exerts a force parallel to the plane. The mass m of the box is 50 kg, and
the coefficient of kinetic friction 1, between the box and the plane is 0.30,

(2) Onthe dot below that represents the box, draw and label the forces (not components) acting on the box.
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(b) Calculate the normal force of the plane on the box. If you need to draw anything other than what you have ;
shown in part (a) to assist in your solution, use the space below, Do NOT add anything to the figure

in part @. - Bz mgeesd ~(305)50)cos 20°)

o [F}/‘: 160,40 |

(¢) Calulate the component of the force of gravity acting on the box that is patallel to the plane,

G = MIEHO A(PGNG, by ) 40 207

)5 - /57,54//

R
(d) Caleulate the friction force between the plane and the box.

Foe Mo = (b o4)

[FF = lgaﬂ’:z;/

(e} Calculate the forcé applied by the persoh on the box. i O
- FE: Fpo B - fay 5 A
Fo ~138 N - 182.6 8 20

163 Calculate the work done by the persoﬁ éﬁshihg the box, assuming the Box Ts raised o the vertical héi‘ght

of 3.0 m.
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‘?) A ball of clay with mass 8 kg slides along a frictioniess surface with a speed of 6 m/s. It collides
with a 3 kg ball of clay that is sliding towards it at 5 m/s. The two balls of clay stick together and keep sliding.

Before: /™% - After:
& ?

F-3
a) ‘What is the final velocity of the combined balls of clay after the collision?
b) Wffo;vmuch kinetic energy does the system lose as a result of the collision?

| \ODX

kinetic energy was lost in thagqllision.

©)

The new, larger ball slides along the still-frictionless surface until it hits a spring, which has a spring constant

of 600 N/m.

«d) Howr far will the spring be compressed due to the collision?

e) ‘What is the maximum force that the spring will apply to the clay?

Continved
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After rebounding from the spring (with no energy loss), the clay slides ¥§f in the opposite direction until it
encounters a rough surface. The coefficient of kinetic friction between the clay and Rurface is 0.4.

B3)

Rough Smooth
w04 ’
@ "How much work must be done by friction in order to stop the clay?”

i Eg;) How far does the clay slide on the rough surface before stopping?
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A rope of length L is attached o a support ot point €.
A person of mass my sits on a ledge at position A
holding the other end of the rope so that it is
hertzontal and faut, as shown. The person then drops
off the ledge and swings down on the rope toward
position B on a lower ledge where an object of tnass
15 at rest. At position B the person grabs hold of the
object and simultaneously lets go of the rope. The

- person and object then land together in the lake at
point 3, which is o vertical distance L below position
B. Air resistance and the mass of the rope are
neglizible. Derive expressions for each of the
following in tenns of ", My, L and g,

—
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Latke §

(ay The speed of the person just before the collision with the object
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{b) The tension in the rope just before the collision with the object
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{tf) Aﬁer the person hits and grabs the rock, the speed of the comibined masses is detemmxed io bev’. Inferms %f ot
and the given quantities, detesmine the total horizontal displacement x of the person from position 4 until the
parson and object land in the water at point D,
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; f%) A ball of clay with mass 8 kg slides along a frictionless surface with a speed of 6 m/s. It collides
with a 3 kg Dall of clay that is sliding towards it at 5 m/s. The two balls of clay stick together and keep sliding.
PNASRASE )

Before: é”\/j \ After: -
o ? (o

»

a) .What is the final velocity of the combined balls of clay after the collision?
‘Gl : 3
( 5)[6”‘/5) *{é’!ﬁi){'fp%) 4 {gglﬁgéigkf_j) v

Yo -15 = 1l I
V=3, |
b) How much kinetic energy»-doessthesysteirl 5 a result of the collision?

KEg =l mi/
= o Ulkg) (3mg)*
REF =485

KE, = Ymu™t blamv® 5
= Vo (0es) o) + V(s img ) ;
ey 4 30 ,
KE, = /é’/ff iﬂi{“ﬁ . KEo - kif

1€ Ty 9.5y

c) Give two reasons why kinetic energy was lost in the collision. / ’(L' -
e i ’] , 4 p 4=
. Tt ades T;ﬁ w4 ipg fm@” » “+ . hios | / 3 2 ‘jj)
) ST

The new, larger ball slides along the still-frictionless surface until it hits a spring, which has a spring constant
of:600 N/m. Bele -
>

i N
j @)
\
| h
d) How far will the spring be compressed due to the collision?

€ = £
KE = z
Yo mv* = Je X )
e Ca)(aeg)* = S Lo ) (")
g,q»/sv" ,“‘:_‘369 Z
X

T8 Will apply to the clay?
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e) What is the maximum force that the spii
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After rebounding from the spring.(witﬁﬁﬁhﬂé;é;'iéé):the clay slides off in the opposite direction until it

encounters a rough surface. The coefficienfoftkinetic-friction between the clay and surface is 0.4.

~83)
|_ Smooth

Rough
pe=4

How much work must be done by friction in order to stop the clay?

Woitlk = all = ’;‘744{',@ wkﬁé{@ S
@)J" s ‘/QJIZT’

/ -

9)

9

le;) How far does the clay sl on the rough sirface before stopping?

W= Fd ) £
W= £ d
Y9.55 = (04) (g x3mi) d

[d=r0]




