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1994-B No. 1
Problem 1
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Note: Diagram not drawn to scale.

I A ball of mass 0.5 kilogram, initially at rest, is kicked directly toward a fence from a point 32 meters away, as-
shown above. The velocity of the ball as it leaves the kicker's foot is 20 meters per second at an angle of 37°
above the horizontal. The top of the fence is 2.5 meters high. The kicker's foot is in contact with the ball for
0.05 second. The ball hits nothing while in flight and air resistance is negligible.

(a) Determine the magnitude of the average net force exerted on the ball during the kick.

(b) Determine the time it takes for the ball to reach the plane of the fence.

(c) Will the ball hit the fence? If so, how far below the top of the fence will it hit? If not, how far above the
top of the fence will it pass?
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Problem 1 (cont.)
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| I. A student whose normal weight is 500 newtons stands on a scale in an elevator and records the scale reading as a

] function of time. The data are shown in the graph above. At time 1 = 0, the elevator is at displacement x = 0
with velocity » = 0. Assume that the positive directions for displacement, velocity, and acceleration are upward.

(a) On the diagram to the right, draw and label all
of the forces on the student at ¢ = 8 seconds.
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{(b) Calculate the acceleration a of the elevator |
for each 5-second interval.

i. Indicate your results by completing the following table.
Time Interval (s) 0-5 5-10 10-15 15-20

a (mjs?) = =

ii. Plot the acceleration as a function of time on the following graph.
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Problem 2 (cont.)

{(c) Der - ~ine the velocity ¢ of the elevator at the end of each $-second interval.

- 1992-B No. ! {con't)

[ndicate your results by completing the following table. ‘4{:
Time (s} 5 to L5 20
g v 7Y N 29N Fa'
v (m/s) j T4 2% e
ii. Plot the velocity as a function of time on the following graph.
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(d) Determine the displacement x of the elevator above the starting
point at the end of each 5-second interval.
i. [ndicate your results by completing the following table. 4
Time (s) 5 10 15 20
% (m) D ¢ a0 AU
ii. Plot the displacement as a function of time on the following graph.
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Problem 3

5 =
-v. Al
Bo -
. : % <
LI
m i (i ] 4q R T s
b ! 1 R PEb 1clb e 5
5 e I N b, My s PR IS SRSy SORS SR SRS RS DI 1 W SO ‘& |
[ 1 b 1o R =
st I 1 Py i 0 R m i
L e f [ s e ot et b By e e s i fyms B! o et ki <
1 1ol [ I (A R o 2 o
- i [ T £ [ 1. b ! |
B e e e ol g v e e | o e b ey pld s w N
B LRECGEmE DRSS RS e
L3 R — — —— — — e — - ot ] e . o i o — ] Lo v
= | .* T F~+A -4+ Papry 1 + -+ s m =
[ ] [ th gy O & 3]
[~} i LD 40 U o £ B 1o L O Foof bt i O w
a | ] (e e o, i e ) B o s =
Q T R | g [ TER A = o
> S R (I AR T Y VO TS PR N S SO S B 3
5 (F) ) i d ¢ = B -
& TR 1o : fl i [ g
B e et ek T e S e i I T B L S o 2 =
2 o [ Tl 11 i () t ‘S
i 1 1 1 i ) } ] A b
2 VI e o e e e T ) G ey e e e g e = O
3 bt s Y
[ ] b s Bl G RS b (e IR Sl e st EOR ) -
S =2 E o e e e i s e e b BT {
s i iy s s [ [ T iJ ]
© o) bt L i Iy g g Leode bl ; L
= 2 B T e T F N o @
B, A [ [ [ 1 T (%, 2 o
1] S Ry B (R (A (SR B RS P SO (R W I 1SR G O VO, D =
i i B BT R &
1) Pt () 131 g N
Q e bt Bt St Bl B LB RS Sl DL LRt st Rt B8 ST 8 g -~
T.m IR 1o 0 =0 oo R et S {
D e el Fop i < = 5]
g Pl i e (e ety et et o (e f..na:ql_-n_rl @ B
g LRSS R EREREE S 2) g
— - — - - - ——— e v — l—‘.l! . —l
5 TR TN
i L] | | I=t =Ll
= T T [P T O WY < O R T i mE =
= EEGTE T } £ G
8 [ T N [T T | 5 &5 °©
~ b e ok T P Sy S T (SN [N S SR S + b2,
o ] [ [ [ .= g
8 ey Ee Eonle U] i e /
p=! At B B L R e S Bl ket e + -~ = =] 8
o i BRI i £ I 1 o 85 = »
= (e ] [ | | 1 = o ‘D 4
5O Eltnk = i e et Lt o i g T (i e s
m > " “ " “ " |l [ERE (s oy I = W (=¥
S, SR BRI . sbhalbded oo dat ol PR G 3 | e
- &b e frdpeie S 88
= | 4 1 3 (1 [ i [P T 1) = g
fE e T N WO PPN M Lk ) & - E 3
=] Epae) B | 21 (=TT o o N :
Q [ I T I Al (B! ¥ o] p
w Locoegogoborab g a My o aodoa oo bk m E &
w W e Pt [ Iy ==
e i 1 e ] R o Q
m T e e B R R stk et Sl ST S O R o e 2
s T T | 11 [ st Ve
o |1 (D [ > » 2
M BEEa bl il e e e il el el e B
o T (R oo [ L2 w
il ™ L T e N I ) d & m
§ 2 @ irbrEip e ) S
B 9y Bedid Lliac bbbyl m.mm
" i et L,
e ae Lae e b Tl e e g e
= <38 I R — T — - [ =T~ R~ T -~ B m B U
Nt ! | ) ! I e
Ll




=
=
©
<
g
=
e
Z
&
=
=
S
IS
e
3
=
S]
O
o
™
£
a4
5
[}
g
o

=0t

(d) On the axes below, sketch the acceleration a versus time ¢ graph for the motion of the cart from 7

t=25s.

a (m/s?)
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The cart leaves the end of the track and hits the floor, which is 0.40 m below the track. Neglecting air

{e) From r=25 s until the cart reaches the end of the track, the cart continues with constant horizontal velocity.
resistance, determine each of the following.

i. The time from when the cart leaves the track until it first hits the floor
ii. The horizontal distance from the end of the track to the point at which the cart first hits the floor

iil. The kinetic energy of the cart immediately before it hits the floor




Problem 4 1983-B NO.1

1. A box of uniform density weighing 100 newtons moves in a straight line with constant speed along 2 horizontal
surface. The coefficient of sliding friction is 0.4 and a rope exerts a force F in the direction of motion as shown

above.

(a) On the diagram below, draw and identify all the forces on the box.

| =

(4

c) A 'horizonta_l force F’, applied at a hei’;ght 5/3 meters above thé surface as shown in the diagram above,
is just sufficient to cause the box to begin to tip forward about an axis through point P. The box is | meter
wide and 2 meters high. Calculate the force F”.
; Mp

L




1982-B NO.2

Problem 5

Upper Tension
Cnhh/- Te

mp=S0kg a=2m/s?

Tedia
Cahw T,

Load | m, =500kg o

. A crane s used to hoist a load of mass m; = 500 kilograms. The load is suspended by a cable from a hook of
mass mj, =50 kilograms, as shown in the diagram above. The load is lifted upward at a constant acceleration

of 2 m/s?,

(a) On the diagrama below, draw and label the forces acting on the hook and the forces acting on the load as
they accelerate upward.

.
L i
;
i
Logd
VM. a
d
{b) Determine the tension T; in the lower cable and the tension T, in the upper cable as me hook and load are
accelerated upward at 2 m/s2. Use g = 10 m/s?. 34 1
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Problem 6

1981-B NO.1
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A 10-kilogram block is pushed along a rough horizontal surface’by a constant horizontal force F as shown above.
At time t =0, the velocity v of the block is 6.0 meters per second in the same direction as the force. The co-

efficient of sliding friction is 0.2. Assume g = 10 meters per second squared.

{a) Calculate the force F necessary to keep the velocity constant.
The force is now changed to a larger constant value F’. The block accelerates so that its kinetic energy
increases by 60 joules while it slides a distance of 4.0 meters.

{b) Calculare the force F'.
{c) Calculate the acceleration of the block.

\
Al
A K
] o
) - - /¢
A A .
YV ;
!
T |
£ i
FAS




Problem 7 19858 HNO.z

2. Two |0-kilogram boxes are connected by a massless string that passes over a massless frictionless pulley as
shown above. The boxes remain at rest, with the one on the right hanging vertically and the one on the left
2.0 meters from the bottom of an inclined plane that makes an angle of 60° with the horizontal. The coefficients
e of kinetic friction and static friction between the left-hand box and the plane are 0.15 and 0.30, respectively.
_ You may use g = 10 m/s?, sin 60° = 0.87, and cos 60° = 0.50. '

(3) Whatisthe tension T inthestring? 1= M = [J0M

(b) On the diagram below, draw and label all the forces acting on the box that is on the planc.

o
il

(c) Determine the magnitude of the {rictional force acting on the box on the plane.
The siring is then cut and the left-hand box slides down the inclined plane.

(d) tE)etermine the amount of mechanical energy that is converted into thermal energy during the slide to the
otom,

(e) Determine the kinetic energy of the left-hand box when it reaches the bottom of the plane.

Y
C




Problem 8 M UN, 1987-B NO.1

1. In the system shown above, the block of mass M, is on a rough horizontal table. The string that attaches it to
the block of mass M, passes overa frictionless pulley of ncglipblc mass. The coefficient of kinetic friction
between M, and the table is less than the coefficient of static friction p,.

(a) On the diagram below, draw and identify all the forces acting on the block of mass .

(b) In terms of M, and M, determine the minimum value of p; that will prevent the blocks from moving.

The blocks are set in motion by giving M, a momentary downward push. In terms of M|, M, p, and g,
determine each of the following: X
{¢) The magnitude of the aco:lcra!ion of M,

(d) The tension in the string



Problem 9

1996-B No. 1

—_—— e —1,
M

1. (15 points) :
Two identical objects A and B of mass M move on a one-dimensional, horizontal air track. Object B initiaily
moves to the right with speed v,. Object A initially moves to the right with speed 31z, so that it collides
with object B. Friction is negligible. Express your answers to the following in terms of M and .
(a) Determine the total momentum of the system of the two abjects.

(b) A student predicts that the collision will be totally inelastic (the objects stick together on collision). Assuming
this is true, determine the following for the two objects immediately after the collision.

i. The speed
ii. The direction of motion (left or right)

When the experiment is performed, the student is surpnsed to observe that the objects separate after the collision
and that object B subsequently moves to the right with a speed 2.5v, .

(c) Determine the following for object A immediately after the collision.

i. The speed
ii. The direction of motion (left or right)

(d) Determine the kinetic energy dissipated in the actual experiment.

A H(3V) «+ MV 4\/‘\/& e
b) ©) 4?""5\1@ - (MeM)vg - 2My (1) = (y ¢ D)

e




Problem 10

2. A 30-kilogram child moving at 4.0 meters per second jumps onto a 50-kilogram sled that is inftially at reston a
long, frictionless, horizontal sheet of ice.

{a) Determine the speed of the child-sled system after the child jumps onto the sled.

(b) Determine the kinetic energy of the child-sled system after the child jumps onto the sled.

After coasting at constant speed for a short time, the child jumps off the sled in such a way that she is at rest with

respect to the ice.
{c) Determine the speed of the sled after the child jumps off it.

(d) Determine the kinetic energy of the child-sled system when the child is at rest on the ice.

Compare the kinetic energies that were determined in parts (b) and (d). If the energy is greater in (d)
than it is in (b), where did the increase come from? If the energy is less in (d) than it is in (b), where

did the energy go?

(e)
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Problem 11 ' 1995-B No. 1

v=3.0m/s k=100 N/m

0.20 kg

(15 points)

As siown above, a 0.20-kilogram mass is sliding on a horizontal, frictionless air track with a speed of
3.0 meters per second when it instantaneously hits and sticks to a 1.3-kilogram mass initially at rest on
the track. The 1.3-kilogram mass is connected to one end of a massless spring, which has a spring
constant of 100 newtons per meter. The other end of the spring is fixed.

(a) Determine the following for the 0.20-kilogram mass immediately before the impact.
ft< linear momentum (.1 5 1@,:’\ S S (';! b ’if_i" - W fg
it. Its kinetic energy . ™ : =
0.9

(b) Determine the following foff the combined masses immediately after the impact.

L)
—d %A

i. The linear momentum < /-4 L 2o A7 o0/ 0
ti. The kinetic energy

v

k =100 N/m

[ 00000000

After the collision, the two masses undergo simple harmonic motion about their position at impact.

(c) Determine the amplitude of the harmonic motion.




[Problem 12 g e

Y Y,

ilm

1000 m/s _L -
Er—— 2kg =k l—-

0.003 kg

“Before Collision Immediately After Collision

1. A 2-kilogram block initially hangs at rest at the end of two 1-meter strings of negligible mass as shown on the
left diagram above. A 0.003-kilogram bullet, moving horizontally with a speed of 1000 meters per second, strikes
* the block and becomes embedded in it. After the collision, the bullet/ block combination swings upward, but
does not rotate. g '

(a) Calculate the speed v of the bullet/ block combination just after the collision.

(b) Calculate the ratio of the initia! kinetic energy of the bullet to the kinetic energy of the bullet/ block
combination immediately after the collision.

{¢) Calculate the meximum vertical height above the initial rest position reached by the bullet/block
combination. : :

i
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0003 kg 1V = 2,008 kg Vi
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1. A bullet of mass m is moving horizontally with speed vy when it hits a block of mass 100m thatis at restona By e
horizontal frictioniess table, as shown above. The surface of the table is a height A above the floor. After the impact -3 ™ ol
the bullet and the block slide off the table and hit the floor a distance x from the edge of the table. “
Derive expressions for the following quantities in terms of m, 4, vy, and appropriate constants: fi% “‘; -
(a) the speed of the block as it leaves the table R ;
(b) the change in kinetic energy of the bullet-block system during impact S v .
(c) the distance x ?“‘ 5
A D
Suppose that the bullet passes through the block instead of remaining in it. 2

_ (d) State whether the time required for the block to reach the floor from the edge of the table would now be
greater, less, or the same. Justify your answer.

=%
(e) State whether the distance x for the block would now be greater, ]ess or thc same. Jusm’y your answer. ::‘
Ay ¥ 3
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Problem 14 1981-B NO0O.2

[T 55
VAV AV A SV v GV i iV L SV A iV A A 4V e 4

2. A massless spring is between a 1-kilogram mass and a 3-kilogram mass as shown above, but is not attached to
either mass. Both masses are on a horizontal frictionless table. In an experiment, the 1-kilogram mass is
held in place, and the spring is compressed by pushing on the 3-kilogram mass. The 3-kilogram mass ls then
released and moves off with a speed of 10 meters per second. ‘

{a) Determine the minimum work needed to compress the spring in this experiment.
The spring is compressed again exactly as above, but this time both masses are released simultaneously.
(b) Determine the final velocity of each mass relative to the table after the masses are released.

4
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Problem 15

1X8 16 m/s
M,

1$84-B NO.2

4kg Sm/s

B} s

Before Collision

View From Above

amg

12m/s
1

After Collision

2. Two objects of masses M, = | kilogram and M, = 4 kilograms are free to slide on a horizontal frictionless
surface. The objects collide and the magnitudes and directions of the velocities of the two objects before and
after the collision are shown on the diagram above. (sin 37° = 0.6, cos 37° =0.8, tan 37° = 0.75)

{a) Calculate the x and y components (p, and Py respectively) of the momenta of the two objects before
and after the collision, and write your resuits in the proper places in the following table.

M,=1kg M,=4kg
: : kg kg-m
(i) | (=) | n(2) | 5 (22) |
- —
Before = rzf" i (
Collision lﬁ éi’ { Iy 54? !
; e Wm.é:{_
After o} 7] G 4 fSang— B g dm %
Collision fzéi, ‘ﬁ% ‘? 3 b 43 3 !2‘ ‘g?’?m’ hz;‘}jg, /
J J1

(b) Show, using the data that you listed in the table, that lincar momentum is conserved in this collision.

(c) Calculate the kinetic energy of the two-object system before and after the collision.

(d) Is kinetic energy conserved in the collision?
b
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Problem 16

1994-B No. 2

Block B

Side View

2. A track consists of a frictionless arc XY, whichis a quarter-circle of radius R, and a rough horizontal section YZ.
Block A of mass M is released from rest at point X, slides down the curved section of the track, and collides
instantaneously and inelastically with identical block B at point Y. The two blocks move together to the right,
sliding past point P, which is a distance € from point Y. The coefficient of kinetic friction between the blocks
and the horizontal part of the track is j. Express your answers in terms of M, , 1, R, and g.

{a) Determine the speed of block A just before it hits block B.

(b) Determine the speed of the combined blocks immediately after the collision.

(c) Determine the amount of kinetic energy lost due to the collision.

XThc specific heat of the material used to make the blocks is ¢. Determine the temperature rise that results
from the collision in terms of ¢ and the other given quantities. (Assume that no energy is transferred to the
track or 1o the air surrounding the blocks.) ;

() Determine the additional thermal energy that is generated as the blocks move from ¥ to P.
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Problem 17 13998 No. 5

Disk e----- =

. (10 points)

A coin C of mass 0.0050 kg is placed on a horizontal disk at a distance of 0.14 m from the center, as shown

above. The disk rotates at a constant rate in a counterclockwise direction as seen from above. The coin does
not slip, and the time it takes for the coin to make a complete revolution is 1.5 s.

“— TER10D
(a) The figure below shows the disk and coin as viewed from above. Draw and label vectors on the figure

below to show the instantaneous acceleration and linear velocity vectors for the coin when it is at the
position shown.

ol ) R T Ly

(b) Determine the linear speed of the coin. V= -w-;F: = _..___W;H{;{Lljh__. " =) 5 W/ |

¥ - 5sec ot AR

(¢) The rate of rotation of the disk is gradually increased. The coefficient of static friction bétween the coin
and the disk is 0.50. Determine the linear speed of the coin when it just begins to slip.

(d) If the experiment in part (c) were repeated with a second, identical coin glued to the top of the first coin,
how would this affect the answer to part (c) ? Explain your reasoning.

1]
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Problem 18

The truck is on an unbanked circular roadway having radius of curvature R.

— S— —
——

a0 //
' \"-—. ——

(a) On the diagram provided above, indicate and clearly label all the force vectors acting on the box.
{b) Find what condirion must be satisfied by the coefficient of static friction u between the box and the rruck bed.
Express your answer In terms of v, R, and g.

I the roadway is properly banked, the box will still rermain in place on the truck for the same apeed v even when
the truck bed is frictionless.

{c) On the diagram below, [ndicate and clearly 13 bel tha::s'rwo forces acting on the box under these conditions.




Problem 19 1989-B NO.1

An object of mass M on a string is whirled with increasing speed in a horizontal circle, as shown above. When the
string breaks, the object has speed vy and the circular path has radius & and is a height A abaove the ground.
Neglect air friction.

(a) Determine the following, expressing all answers in terms of A, vy, and g.

i. The time required for the object to hit the ground after-the string breaks
it. The horizontal distance the object travels from the time the string breaks unul it hits the ground
iii. The speed of the object just before it hits the ground

{b) On the figure below, draw and labe! all the forces acting on the object when it is in the position shown in
the diagram above.

“ﬁ?
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(c) Determine the tension in the string just before the string breaks. Express your answer 1§ terms ol' M, R,

e, and g.
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Problem 20 1982-B NO.3

(|
|

3. A child of mass M holds onto a rope and steps off a platform. Assume that the inirial speed of the child is zero.
The rope has length R and negligible mass. The initial angle of the rope with the vertical is 85, -as shown in the
drawing above.

{a) Using the principle of conservation of energy, develop an expression for the speed of the child ar the lowest
point in the swing in terms of g, R, and cos 6,.

{b) The tension in the rope at the lowest point is 1.5 times the weight of the child, Determine the value

of cos B,.
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Problem 21
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1. A 0.10-kilogram solid rubber ball is attached to the end of an 0.80-meter length of light thread. The ball is swung
in a vertical circle, as shown in the diagram above. Point P, the lowest point of the circle, is 0.20 meter above the
floor. The speed of the ball at the top of the circle is 6.0 meters per second, and the total energy of the ball is kept

constant.

(a) Determine the total energy of the ball, using the floor as the zero point for gra\ntatwnai potent:al
- energy.

(b) Determine the speed of the ball at point P, the lowest point of the circle.
(c) Determine the tension in the thread at

i. the top of the circle;

ii. the bottom of the circle.

The ball only reaches the top of the circle once before the thread breaks when the ball is at the lowest point of the
circle.

(d) Determine the horizontal distance that the ball travels befon: hitting the floor.

) 1E » K\; r GPE - ;i (@) + 0. \( 0)(2(0 9))*5}2)
- 1.6T + LPI x{ @J’s

b) AGPE=AKE L o
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Problem 22 1991-8 HO.1.

sin 30° = 0.50 sin 60° = 0.87
cos 30° = 0.87 cos 60° = 0.50
tan 30° = 0.58 tan 60° = 1.73

5.0kg | B-Rsiy &0

A 5.0-kilogram monkey hangs initially at rest from two vines, A4 and B, as shown above. Each of the vines has
length 10 mieters and negligible mass.

(a) On the figure below, draw and label all of the forces acting on the monkey. (Do not resaive the forces
into components, but do indicate their directions.)

er
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T- Mg
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(b) Determine the tension in vine 8 while the monkey is at rest. J W 5

The monkey releases vine A and swings on vine B. Neglect air resistance.
(c) Determine the speed of the monkey as it passes through the lowest point of its first swing.

{d) Determne the tension in vine B as the monkey passes through the lowest point of its first swing.

L’) %“df TB% g, = Tax »U "“fg% ﬁd = 5UN _
ST e Tgosb0 - Tacos®® Taond'r Tgsmbep” =50
FAx ] "By i ) =

I‘“ 0.50Ty> 0.61Tx  0.5Ty + 09775 =50
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