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3/5 The 10-Mg truck hauls the 20-Mg trailer. If the unit  3/27 The system is released from rest with the cable taut.

starts from rest on a level road with a tractive force of For the friction coefficients u, = 0.25 and u; = 0.20,
20 kN between the driving wheels of the truck and calculate the acceleration of each body and the ten-
the road, compute the tension T' in the horizontal sion T in the cable. Neglect the small mass and fric-
drawbar and the acceleration a of the rig. tion of the pulleys.

Ans. as = 1.450 m/s” down incline
ag = 0.725 m/s® up
T=1054N

Ans. T = 13.33 kN, @ = 0.667 m/s*

Problem 3/5

5/37 The spring of constant 2 = 200 N/m is attached to
both the support and the 2-kg cylinder, which slides
freely on the horizontal guide. If a constant 10-N
force is applied to the cylinder at time ¢t = 0 when
the spring is undeformed and the system is at rest,
determine the velocity of the cylinder when x = 40
mm. Also determine the maximum displacement of
the cylinder.

3/30 A heavy chain with a mass p per unit length is pulled
along a horizontal surface consisting of a smooth
section and a rough section by the constant force P.
If the chain is initially at rest on the smooth surface
with x = 0 and if the coefficient of kinetic friction be-
tween the chain and the rough surface is pu,, deter-
mine the velocity v of the chain when x = L. Assume
that the chain remains taut and thus moves as a
unit throughout the motion. What is the minimum
value of P that will permit the chain to remain taut?
(Hint: The acceleration must not become negative.)

Ans. v = 0,490 m/s, x = 100 mm

Equilibrium
" position

Problem 3/37 Problem 3/30
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3/2 The 50-kg crate is stationary when the force P is ap-
plied. Determine the resulting acceleration of the
crate if (@) P = 0, (b) P = 150 N, and (¢) P = 300 N.

.[ 1, =0.20

portion of the path with a speed of 3.5 m/s, calculate
the magnitude Np of the normal force exerted by the
path on the block. Determine the maximum speed v
which the block can have at A without losing contact
with the path.

Ans. Ng =941 N, v = 452 m/s
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3/51 1If the 2-kg block passes over the top B of the circular >/ 18 The robot arm is elevating and extending simulta-

3/12 The block-and-tackle system is released from rest
with all cables taut. Neglect the mass and friction of
all pulleys and determine the acceleration of each
cylinder and the tensions 7'; and 7', in the two cables.

neously. At a given instant, ¢ = 30°, 6 = 40 deg/s,
§ = 120 deg/s®, 1 = 05 m, | = 0.4 m/s, and | =
—0.3 m/s%. Compute the radial and transverse forces
F, and Fj that the arm must exert on the gripped
part P, which has a mass of 1.2 kg. Compare with
the case of static equilibrium in the same position.
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3/86 The slotted arm revolves in the horizontal plane
about the fixed vertical axis through point O. The
3-1b slider C is drawn toward O at the constant rate
of 2 in./sec by pulling the cord S. At the instant for
which r = 9 in., the arm has a counterclockwise an-
gular velocity @ = 6 rad/sec and is slowing down at
the rate of 2 rad/sec®. For this instant, determine the
tension 7" in the cord and the magnitude N of the
force exerted on the slider by the sides of the smooth
radial slot. Indicate which side, A or B, of the slot
contacts the slider.

3/67 A pilot flies an airplane at a constant speed of 600
km/h in the vertical circle of radius 1000 m. Caleu-
late the force exerted by the seat on the 90-kg pilot
at point A and at point B

Ans. Ny = 3380 N, Ny = 1617 N

B

ity

—_—

600 km/h

Problem 3/67

3/55 The car passes over the top of a vertical curve at A
with a speed of 60 km/h and then passes through the
bottom of a dip at B. The radii of curvature of the
road at A and B are both 100 m. Find the speed of
the car at B if the normal force between the road
and the tires at B is twice that at A. The mass center

of the ear is 1 meter from the road.
Ans. vg = 4.4 km/h

Problem 3/55

3/81 Beginning from rest when 6 = 20°, a 35-kg child
slides with negligible friction down the sliding board
which is in the shape of a 2.5-m circular arc. Deter-
mine the tangential acceleration and speed of the
child, and the normal force exerted on her (a¢) when
# = 30° and (b) when 6 = 90°.

Ans. (@) a, = 8.50 m/s%, v = 2.78 m/s

N=280N
(b) a, = O,U = 5.68 l’n/s
N=T795N




3/105 The small cart has a speed vy = 4 m/s as it passes
point A. It moves without appreciable friction and
passes over the top hump of the track. Determine
the cart speed as it passes point B. Is knowledge of
the shape of the track necessary?

Ans.vg = 7.16 m/s

%

&
=
B

/129 The small shder of mass m is released from rest
while in position A and then slides along the verti-
cal-plane track. The track is smooth from A to D
and rough {coefficient of kinetic friction u;) from
point D on. Determine (a) the normal force Ny ex-
erted by the track on the slider just after it passes
point B, (b) the normal force N, exerted by the
track on the slider as it passes the bottom point C,
and (¢) the distance s traveled along the incline
past point D) before the slider stops.

Ans. (@) Np = 4mg

(b) N¢ = Tmg
4R
c)s =
1+ V3

m

A —
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3/145 The 10-kg block is released from rest on the hori-
zontal surface at point B, where the spring has
been stretched a distance of 0.5 m from its neutral
position A. The coefficient of kinetic friction be-
tween the block and the plane is 0.30. Calculate
(@) the velocity v of the block as it passes point A
and (b) the maximum distance x to the left of A
which the block goes.

Ans. (a)v = 2.13m/s, (b) x = 0.304 m

C A B
i—+r+|-<—0.5m4>-{

k=300 N/m

10kg

1y = 0.30

3/162 The springs are undeformed in the position shown.
If the 14-1b collar is released from rest in the posi-
tion where the lower spring is compressed 5 in., de-
termine the maximum compression xp of the upper

spring.

107 ‘g\ =48 Ih/in.
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3/44 The sliders A and B are connected by a light rigid
bar of length [ = (.5 m and move with negligible frie-
tion in the horizontal slots shown. For the position
where x, = 0.4 m, the velocity of 4 is v, = 0.9 m/s to
the right. Determine the acceleration of each slider
and the force in the bar at this instant.

3/110 The 30-1b collar A is released from rest in the posi-
tion shown and slides with negligible friction up
the fixed rod inclined 30° from the horizontal under
the action of a constant force P = 50 Ib applied to
the cable, Calculate the required stiffness k& of the
spring so that its maximum deflection equals 6 in.
The position of the small pulley at B is fixed.

Aoww

3/25 Neglect all friction and the mass of the pulleys and
determine the accelerations of bodies A and B upon

release from rest.
Ans. a4 = 1.024 m/s* down the incline

ay = 0.682 m/s* up

10 kg

3/143 The 0.60-kg collar slides on the curved rod in the
vertical plane with negligible friction under the ae-
tion of a constant force F in the cord guided by the
small pulleys at I If the collar is released from rest
at A, determine the force F which will result in the
collar striking the stop at B with a velocity of 4 m/s.

Ang. F=13121N

_I_
200
mm

y
A

200
mim

¥

800 mm — e

mimol
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3/236 The 6-kg sphere and 4-kg block (shown in section)
are secured to the arm of negligible mass which ro-
tates in the vertical plane about a horizontal axis at
). The 2-kg plug is released from rest at A and falls
into the recess in the block when the arm has
reached the horizontal position. An instant before
engagement, the arm has an angular velocity wy =
2 rad/s. Determine the angular velocity w of the
arm immediately after the plug has wedged itself in
the block.

3/217 The 10-kg block is resting on the horizontal surface
when the force T is applied to it for 7 seconds. The
variation of T with time is shown. Caleulate the max-
imum velocity reached by the block and the total
time Af during which the block is in motion. The co-
efficients of static and kinetic friction are both 0.50.

Ans. v = 519 m/s, Af = 5545

1”3 :—->- it

Uy = = 0.50

3/126 Each of the two systems is released from rest. Cal- 3/271 Sphere A collides with sphere B as shown in the fig-
culate the velocity v of each 25-kg cylinder after ure. If the coefficient of restitution is e = 0.5, deter-
the 20-kg cylinder has dropped 2 m. The 10-kg mine the x- and y-components of the velocity of

cylinder of case (a) is replaced by a 10(9.81)-N eacl;i s;;herehimmedliately after impact. Motion is
force in case (b). confined to the x-y plane. ' '
Ans. (uy'), = =1.672 m/s, (v4'), = 1.649 m/s

{(vg"), = 6.99 m/s, (ug"), = —3.84 m/s

y
|
|
: vg=12m/s
| /"‘
| £ )

~ 200
98N & N — - - = = x
e B
(b) jP- 2 45!} A

/ ¥a=3 m/s




S o
(KU <5 36) 16-20 <Kaolsd w33 p 5 Obl Y guw diged

»3/278 The 2-kg sphere is projected horizontally with a ve-
locity of 10 m/s against the 10-kg carriage which is
backed up by the spring with stiffness of 1600 N/m.
The carriage is initially at rest with the spring un-
compressed. If the coefficient of restitution is 0.6,
caleulate the rebound velocity v’, the rebound angle
#, and the maximum travel 5 of the carriage after

impact.
Ans. v’ = 6.04 m/s, ¢ = 85.9°, 8 = 165.0 mm

A k=1600 N/m-,

3/242 The 0.02-kg particle moves along the dashed trajec-
tory shown and has indicated velocities at positions
A and B. Calculate the time average of the moment
about O of the resultant force P acting on the parti-
cle during the 0.5 second required for it to go from

AtoB.
y 30,/ Az 4mis 0.02kg
NYs @\ ~e s
l / P --/E?\% =6m/s
; /A /—// A
2/ ry="
: 3 =
I ta= 180 mm
| 90 mm v
| /80 -~
Z/BD“
I's} e —— e iy

3/208 Car B weighing 3200 1b and traveling west at
30 mi/hr collides with car A weighing 3400 1b and
traveling north at 20 mi/hr as shown. If the two
cars become entangled and move together as a
unit after the crash, compute the magnitude v of
their common velocity immediately after the im-
pact and the angle # made by the velocity vector
with the north direction.
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3/269 Two identical hockey pucks moving with initial ve-
locities v, and vg collide as shown. If the coefficient
of restitution is e = 0.75, determine the velocity
(magnitude and direction 8 with respect to the posi-
tive x-axis) of each puck just after impact. Also cal-
culate the percentage loss n of system kinetic

energy.
Ans. vy’ = 6.83 m/s at 6, = 180°
vg' = 6.51 m/s at fg

50.2°, n = 34.6%

vy =6 m/s

e

—— =X
30°

vg=10m/s
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3/149 The 1.2-kg slider is released from rest in position A

and slides without friction along the vertical-plane
guide shown. Determine (a) the speed vp of the

3/205 The 2.4-kg particle moves in the horizontal x-y
plane and has the velocity shown at time ¢ = 0. If

_ 2 o b :
slider as it passes position B and (b) the maximum the fnrce.F = 2'+ 3t°/4 newtons, '.r.'here tis .tlme' in
deflection & of the spring. seconds, is applied to the particle in the y-direction
inni i = (), determine the velocity v of

Ans. (@) vg = 9.40 mys, (b) 8 = 54.2 mm beginning at time ¢ = 0, r ; .
’ the particle 4 seconds after F is applied and specify
the corresponding angle # measured counterclock-
wise from the x-axis to the direction of the velocity.
Ans.v = 8.06 m/s, 8 = 60.3°

—— -2

2.4 kg b e s enssong)
B+

3
N
4 \\
5 m/fs
Problem 3/205

/248 A pendulum consists of two 3.2-kg concentrated 3455 fef;:;i] :;DBZ f?::lcift::s tfj?:::ii ;1:::5::;;::?1
masses positioned as shown on a light but rigid . - " )
b_ar. The pendulum is swinging thrfugh the vge.lra f-lﬂar guide f}-mim Uw"-_.rrertu}al plan{: - Calculate the
tical position with a clockwize angular velocity 1|;n eth GB L.l.? ng:h 5 :t :imm o m}f m;antum
@ = 6 rad/s when a 50-g bullet traveling with ve- zfﬂ: b t\(':“ e the particie passes the Bottom
locity v = 300 m/s in the direction shown strikes ¢ guideat €.
the lower mass and becomes embedded in it, Cal-

culate the angular velocity &' which the pendiu-

lum has immediately after impact and find the

maximum angular deflection @ of the pendulum,

=,
i N ——1
=

'\.\.

Ans. Hy = 1.113k Ib-fi

3 200 mm |
L Ol }
D x T"_ 1 — -
400 mm \
S o N

Problem 3/235




