Question C4.1

Blocks A and B (having masses of m and 2m, respectively) are connected by a lightweight, rigid

rod. In System 1, a force F' acts to the left on block A. In System 2, the same force acts to the

left on block B. Let F} and F» represent the magnitude of the load carried by the rod in Systems

1 and 2, respectively. Circle the answer below that most accurately represents the magnitudes of

Fl and FQZ

(a) Fi > Fy

(b) F

(C) F < F
)

(d) More information is needed to answer this question

Provide a justification for your answer.
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Solve for Fi § F,



Question C4.2
Particle P travels in a vertical plane within a smooth, circular slot, where the radius of the slot
is = 0.5 m. At the position shown below, the speed of P is known to be v = 3 m/s. For this

position:

a) P is in contact with the outer surface of the slot.

P is in contact with neither surface of the slot.

(c

(a)
(b) P is in contact with the inner surface of the slot.
)
(d) More information is needed to answer this question

Provide a justification for your answer.

P @
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Solve for M F conTVetr Son of AL



Question C4.3
A disk rotates in a clockwise sense with a constant rate of w about a vertical shaft that passes

through the center O of the disk. A particle is moving radially inward toward the shaft O. On
which surface of the slot does the particle make contact?

(a) Surface AB.

(b) Surface CD.

(c) Neither surface.

(d) More information is needed to answer this question.

Provide a justification for your answer.

Cc D
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Question C4.4

Particle P (having a mass of m = 4 kg) is traveling with a velocity of 7 = (157 4+ 20j) m/s. A net
force of F = (1002 4 280k) N acts on P. Determine the rate of change of speed of the particle. Is
the speed of P increasing, decreasing or constant at this instant? Justify your answer.
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Question C4.5

Particle P (of mass m) starts at position 1 with a speed of v; and moves to position 2 on a rough
guide (coefficient of kinetic friction of py). A spring of stiffness k is attached between P and the
fixed point A. The spring is unstretched at position 1. A cable is also attached to P with the cable
being pulled over a small pulley at B by a constant force F' acting at end C of the cable. At position
2, the particle has a speed of vo. Answer the following questions related to the motion of P.

pi- ;

O
n

"

%
<3 >< 3>
=

g D
A d
=
Work done by friction, U\)),: ~+rictron opposes motren = £.€e <0
a) UY),>0
by U}, =0
o ) <o

d) more information is needed about the shape of the guide in order to determine the

(f)

sign of UL, .

Work done by the force F, U1(i)2f "U‘l'_;z_-_—-_ r—'-A ) wse. fw?‘o

a) U\"),=Fd Lrd A (see debn,
b) U1, =Fn of A above)

o U\F), =2Fn

d U\, = F(d+2h)
e) U, =F(d-h)
0 Ul =F(d-2n)

o U\, = F(\/d2 + hz)
(F)

h) more information is needed about the shape of the guide to determine U;_), .

Chapter 4




Question C4.5 (continued)

¢ 2
Spring potential energy at position 2, (Vz)sp: (v;)? = Z k,A [ See D AOVV\

a)
b)
)

d)

€)
f)

a)
b)

(Va),, = La? carler j vesh a'n\
(V2 )sp = %khz

), = Lega- sy

1 (n 2
(Vz)sngk(d —4n?)

1 2, .2 .
(Vz)sngk( d*+h —Zh)

more information is needed about the shape of the guide in order to determine

(V2),, -

Change in gravitational potential, AVg, = (V2 )gr - (Vl )gr: [ ow ér Fokf\-/'m/ "@"' 2
AV, >0 Cbedon) positren ot & )
AV, =0
AV, <0

9
d)

more information is needed about the shape of the guide in order to determine the
signof AV,,

Speed of P at position 2,v, , as compared to the speed at position 1, v;: CWork Ao /'7‘7 1412‘.7‘7‘57

a)
b)
9]
d)

Vv >V dwm&s o /"zljll/l“"'{

V) =V &79(_ of Faﬂ’)‘

Vs < Vi
more information is needed about problem in order to compare v; and v, .



Question C4.6

A block on a rough horizontal surface is given an initial velocity to the right with a speed of v =3
m/s. The block comes to rest after it has slid a distance of d = 2 m. If the same block is given an
initial speed of v = 6 m/s, how far will it slide to the right before stopping?

9 m

d

________
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o
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Question C4.7

Cart A and block B (having masses of M = 4 kg and m = 2 kg, respectively, are connected by a
spring of stiffness & = 300 N/m. The system is released from rest with the spring being compressed
0.2 m (Position 1). Find the speed of the cart at Position 2 at the instant when the spring is
uncompressed/unstretched. Consider all surfaces to be smooth.

Position 1 Position 2
(at rest) (both A and B moving)

Y Lse

2 he=0=> M\/zf-«-m%é, = MVaz +m Vez

Lo vez = "'%,4 Vaz (N
0
P 7:.,a-v,-= 7"2_-;-!7,_
kS 2
ZRO = ZMUpgs + Z MUas (2)

. Solvt N and &) for \/az



Question C4.8

Prior to impact, block B is moving to the left with a speed of vg; and cart A is stationary. After
impact, block B is stationary, and block A moves to the left with a speed of v42. What is the
numerical value for the coefficient of restitution e for this impact? Consider all surfaces to be

smooth.

Position 1
(before impact)

22

—

[\

{ !
o
* ZFhc= 0= Bmudl + plve = 30hves + mive,

L 3Vaz + Vaz = Vg D)
* ¢g= Ver-Vwa _ Vaz - Vez @)
;/ﬁ/" Ve Vé:

Slue ) § ) o e
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Question C4.9
You are on a cart that is initially at rest on a smooth track. You throw a ball at a partition that

is rigidly mounted on the cart. If the ball bounces off the partition as shown in the figure, then at
the instant shown in the figure:

(a) The cart is moving to the right
(b) The cart is stationary

(¢) The cart is moving to the left

)

(d) More information is needed about the impact of the ball with the partition in order to answer
this question

M = mnasy O Cort P Y,
+ person @ L
mz= mass & bal/ 'l
\ < )
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[o) 4
ZFX':: 0 > m%-!-/"])/:;:MVPZx'*MVOZ-



Question C4.10

A sphere of mass m is dropped from rest from a height of h. After impacting a rigid, immoveable
horizontal surface, the sphere is known to rebound to a height of h/2, regardless of the numerical
value of h. What is the coefficient of restitution for the impact of the sphere with the surface?

@@

h O@

h/2
&@
at release at maximum
from rest rebound
4 T _ —
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_
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Question C4.11

Particle A (having a mass of m4) has a speed of v when it impacts a stationary particle B (having
a mass of mp). After impact, A and B have speeds of 0.8v and 0.3v, respectively, and along the

directions shown below. Circle the answer that most accurately represents the relative sizes of the
masses of A and B:

(a) ma =0.3mp
(b) ma =0.5mp
(c) ma=mp
(d) ma =2mp
(e) The numerical value for the coefficient of restitution for the impact is needed to answer this
question.
0.8v
£ Q.
B B
0.3v P AP
v \\ - <— : :/ \\
S n N
- o B -
A
P
)
BEFORE impact AFTER impact

Al T Fs

i

o = L*%;/wse = mh (0.8 /)

cose = 0.8 =2 Svhe= 0.6

O = —-myu )/;51»16 = —m,g(O.B)@
l> o..mna = 0.3Mg

A+B: 2 Fn

Il



Question C4.12

Particle A strikes a stationary particle B with a speed of v4; = 10 ft/s in the direction shown
below on the left. After impact, A has a speed of vgo = 6 ft/s, with the direction of travel for A
after impact being unknown, and B has a speed of vpy = 4 ft/s. All motion of the particles is in
a horizontal plane, and the contact surface between A and B is smooth. Determine the numerical
value for the coefficient of restitution for the impact of A and B.

Va2 92-

VB2
ffffffff y 4 _>
Va1
&S =53.13°
BEFORE impact AFTER impact <
A T Fe=0 = maVa Sine, = WiaVag 510 O :
- a,
—— ®
Ate: 5 Fa= 0 = MaVp, oD, =-rmaVnz S16; +Mglpy (2) 5
o = VB2 — (~VapSmes) _ Uz + Y2 S5102 &)
W, oS5, Va, coO,

Solve @) £ @) fo- &



Question C4.13

A particle P is free to slide on a smooth, lightweight bar. The bar is free to rotate in a horizontal
plane about a vertical axis passing through end O of the bar. A spring of stiffness k and unstretched
length Ry is connected between P and O. The spring is compressed to half of its unstretched length
and released when the bar has a rotational speed of w;. After release, P reaches a position when
the spring is unstretched. At this position, the rotational speed of the bar is wo.

Suppose now the experiment is repeated except the stiffness of the spring is doubled to a value of
2k. As a result of this change, the value of wy is now:

(a) Decreased
(

b) The same
(c) Increased

)
)
)
)

(d) More information is needed in order to answer this question.

w1
Ro/2
|
0 P
HORIZONTAL PLANE
~
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Question C4.14
Particle P (having a mass of m) is able to slide on a smooth horizontal surface. An extensible cord

(having a stiffness of £ = 50 N/m and unstretched length of Ry = 2 m) is attached between P and
a fixed point O in the plane of motion for P. At position 1, P is released with a velocity as shown
below with R; = 2 m. Assuming that the cord remains taut for all time, find the angular speed w
of the cord about point O when P is at position 2 where Re = 4 m.

position 2

vps = 20 m/sec

<t

la - ™ _~ [
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Question C4.15

Particle B is attached to a rigid bar BO with BO pinned to ground at O. Particle A strikes the
stationary particle B with a speed of v4; in the direction shown. The coefficient of restitution for
this impact is e < 1. Consider all surfaces to be smooth and all motion to be in a horizontal plane.
Respond to the following true/false questions below.

o
(o]

RIGID bar

—( ®
\

36.87° \ -

e

For System A+B

linear momentum in the n-direction is conserved: TRUE or FALSE

Z Fm#o

2 Fefo

2 Mo =0
ess

linear momentum in the t-direction is conserved: TRUE or FALSE
angular momentum about point O is conserved: TRUE or FALSE

mechanical energy is conserved: TRUE or FALSE

For System A

Zh#o
2ZFs=o
T Mp#F0o

FA&'#O

linear momentum in the n-direction is conserved: TRUE or FALSE
linear momentum in the t-direction is conserved: TRUE or FALSE
angular momentum about point O is conserved: TRUE or FALSE

mechanical energy is conserved: TRUE or FALSE

For System B

ZFn#o
2 Fe #o0
> Mo#0

System B F'_ Ve —J % o

linear momentum in the n-direction is conserved: TRUE or FALSE
linear momentum in the t-direction is conserved: TRUE or FALSE

angular momentum about point O is conserved: TRUE or FALSE

mechanical energy is conserved: TRUE or FALSE




Question C4.16

Particle P (of mass m) is traveling on a smooth horizontal surface with a speed of v; and angle
when it strikes a smooth wall. The coefficient of restitution between the wall and the particle is
0 < e < 1. Circle the answer below that most accurately describes the angle ¢ at which the particle
rebounds from the wall.

Chapter 4




Question C4.17
Particles A and B impact each other as shown below.

A A ¢

VA1 B B

Yy
UB1
X

Circle all correct responses below (there may be more than one correct response).

For the system made up of B alone during impact:
(a) linear momentum in the z-direction is conserved
(b) linear momentum in the y-direction is conserved

d

(d) linear momentum in the t-direction is conserved

)
)
¢) linear momentum in the n-direction is conserved
)
)

(e) none of the above

For the system made up of A+B during impact:
(a) linear momentum in the z-direction is conserved

(b) linear momentum in the y-direction is conserved

(
d

¢) linear momentum in the n-direction is conserved
) linear momentum in the ¢-direction is conserved

(e) none of the above

> F. #0o
=z /R #7?
= P %0
Z Fe=0

2 Bc=o
Z " =0
S Fh=o

2 Fe=o0



Question C4.18

Particle A strikes a stationary particle B with a speed of va;. Particle B is attached to a rigid
bar that is pinned to ground at the top. Circle all of the correct responses below. Some problems

might have more than one correct response.

r

For the system made up of A alone during impact:

a) linear momentum in the x-direction is conserved

(
(b

linear momentum in the y-direction is conserved

d

(¢) linear momentum in the n-direction is conserved
(d) linear momentum in the t-direction is conserved

(e) none of the above

For the system made up of A+B during impact:

a) linear momentum in the x-direction is conserved

(

(b) linear momentum in the y-direction is conserved
(
(d

¢) linear momentum in the n-direction is conserved
) linear momentum in the t-direction is conserved

(e) none of the above

rigid bar

SR #0
ZF;/#O
L Fe=0

Chapter 4

S Fx #0

S Ry#o
SFn#0

2 Fe#0



Question C4.20

Consider the system shown below where A, B and E masses of m, 2m and 2m, respectively. The
system starts from rest with § = 0. Consider the motion of the system through a second position
when 6 = 90°. Answer the following.

TRUE or FALSE: Energy is conserved for each particle individually. /. ewl ak P of ah
Al
TRUE or FALSE: Energy is conserved for the total system of A+B+E. [ _pok at FBD o ArB+E

TRUE or FALSE: Linear momentum in the horizontal direction is conserved for the total system

of A+B+E. Look & FBbD & A+ BIE

TRUE or FALSE: Linear momentum in the vertical direction is conserved for the total system of

A+B+E. Leook af FED of pr atec

TRUE or FALSE: Angular momentum about point O is conserved for the system of A+B.

Lovie at BD of Ar’d

SRR,




Question C4.21

Sphere A, having a mass of M, initially moves to the right with a speed of v ;. Sphere A then strikes
sphere B, having a mass of 2M, which is initially at rest. Sphere A has zero velocity after impacting B.
What is the coefficient of restitution between A and B?

VA1
**************************************** -/ 7
A B
(initially moving to right) (initially stationary)

Spheres move in a horizontal plane

© 7
A‘F&" MVAI‘\"ZM/S(: M\%Q,J'ZMV5Z
L= VA, = 2V = Y=z = —-é-_
4

VA, - M VA
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Question C4.22
Particle A strikes stationary particle B with a coefficient of restitution of e = 1. Circle the correct
expression below for the velocity of A after impact.

(a) v

(b) wvaz is to the left
)
)

(¢) va2 is to the right

(d) Additional information is needed to answer this question

i Va1 Vg1 = 0
2m m

smooth

0
AT ZFX 0 = 2 MuAa+ M)}é = 2/M U #/MVg2
le 2V + gz =2uyg a

e - !5_2'_-:_\!61 —D "'VAZ"'VBZ =eVA1 = UA, CZ)
V4, - %
Solue for Va, . Loork =~f S



Question C4.23
A particle moving in a smooth horizontal plane approaches a wall with a speed of 10 ft/s. After
impact, the particle leaves the wall with a speed of 7.5 m/s. The coefficient of restitution is:

10 ft/sec=
Vi,

Vo S/ne-
O ————————————
Vi, SO,

Chapter 4




Question C4.24

Particles A and B are attached to a rigid bar with the bar being pinned to ground at point O. A
bullet b strikes particle A and sticks. Consider a system made up of b, A, B and the rod. Circle
all answers below that correctly describe this system during impact.

(a) linear momentum is conserved if# -bé
— —

(b) angular momentum about A is conserved 2 Mx +0
©

d

)
)
(¢) angular momentum about O is conserved 2 Mo=
(d) energy is conserved =
)

(e) none of the above




Question C4.25
Particle A (of mass m) is released from rest at elevation 1. Particle B (of mass m and connected
to lightweight bar OB) is also released from rest at elevation 1.

Circle the answer below that correctly describes the speeds of A and B (v42 and vpse, respectively)
at elevation 2.

(a) vaz > vp2
(b) va2 = vp2
(¢c) va2 < vp2

Justify your response with equations and/or words.

Circle the answer below that correctly describes the times required for A and B to reach elevation
2 (ta2 and tpg, respectively).

a) tao > tpo

(
(b) taz =tpo
(

C) ta2 < tp2

<t
Justify your response with equations and/or words. E
-~
oF
<
<
A B @)

elevation 1 A

@ L

17
" v

elevation 2

2! e

B: T ~= J FFees® =M,

L+ ay _J —an.s@ <\7



Question C4.26
In System A shown below on the left, particle P is connected to a pin joint at O with a lightweight,

rigid bar of length L. Bullet b impacts the stationary particle P with a speed of vy, and after impact
the bullet sticks to P. System B is identical to System A except the rigid bar is replaced by an
inextensible string of length L. Let (v1 min) 4 represent the minimum value of vy that is required
for particle P in System A to reach position 2, a position where P is at a distance of L immediately
above O. Let (v1,min) g represent the minimum value of v; that is required for P in System B to
reach position 2. Circle the response below that most accurately describes the relative magnitudes

of (V1,min) 4 and (V1,min) 5
(@) (V1,min) 4 > (V1,min) g
(b) (Ul,min)A = (Ul,min)B
(¢) (V1min) g < (V1min)p

Justify your response with equations and/or words.

\/L,rm'n =0 1
) | mg L
) L\_.| bﬁ VZ’M’}' -

lightweight, rigid bar inextensible string

b P b P
—> () —>-( )
M M
1 "o 4! "o
System A System B
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