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Select the right answer for each question below:

QF:In the pulley system shown aside (1, =0.5 Mg ). Neglecting friction and pulieys mass vt of e Sllowms =
true:

iy block B will experience a larger acceleration magnitude than block A.
b- block B will experience an equat acceleration magnimnde to block 4. o
c- block B motion has no specific refation to that of block 4. )
d- block A4 will experience a larger accelcration magnitude than block 8. G";
—
-

Q2 The pile P has a mass of 800 kg and is being driven into loase sand using
the 400-kg hammer C which is dropped a distance of 8.5 m

from the top of the pile. Determine the initial speed(m. s)

of the pile just after it is struck by the hammer The

coefficient of restitution between the hammer and the pile

e=0.3. Neglect the impulses due to the weights of the

pile and hammer and the impulse due to the sand during

the impact.

b) 0.94 b) 0.626 9125

o 3: The 4.5-Mg engine issuspendedﬁomttwbqn u-uu!' 2 nogligibie N
§ gassand ishoistedbyacranewhichgt‘vsn;ma:gau?mﬂiu when # has ‘
a velocity.af 4 nvs. Determinethefome(N)thlaﬂGl“‘tg& ‘
a) 35879 b) 38500 Q41073 &H IS

 [€]

Q4: Roller mmmdmnwmmuwwi“mmmamm
that is more than 4.5 times their weight a‘gam the v:‘ \h\\\m :«\h\wﬁka
the smallest radius off cunvature p (m) o the track &t & low

g fRivion.
§ lOnVamthotmcm.\u&m
e aus;pm o b) 92.07 ) a7 dRNW2
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Q81 1f bar Al s an angular Nm&m* p .

determine the velooity of the stitet
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13-50. At the instant shown, the 50-kg projectile travels in
the vertical plane with a speed of v = 40m/s. Determine
the tangential component of its acceleration and the radius
of curvature p of its trajectory at this instant.

Free-Body Dhagram: The free-body diagram of the projectile is shown in Fig. (a).
Here, a, must be directed towards the center of curvature of the trajectory (positive
n axis).

: : v 4P : )
Equations of Motion: Here, a, = e By referring to Fig. (a),
¥l
+7%F, = may; —5(j9.81) sin 30° = Sila,
a = —4.905 m/s* Ans.
" . onf AP
+5EF, = may; 50{9.81) cos 30° = 50
P
p=188m Ans.

pracy

50(9.81)N

16-74. At the instant shown, the truck travels to the right at
3 m/s, while the pipe rolls counterclockwise at @ = 8 rad/s
without slipping at B. Determine the velocity of the pipe’s
center (.

¥G = ¥Yg + YgiR

|:‘f_c;:| =3 ] +[1.5(8)]
ve = 9mfs —

Also:

Yo =Yg + o X Igg

val = 3i + (Bk) x (1.5§)
ve=3-12

ve = —9m/s = 9mfs — Ans.

"Uﬂ;' w "i:ra

fosamlb
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*16-48. The man pulls on the rope at a constant rate of
(L5m/s. Determine the angular velocity and angular

acceleration of beam AR when 8 = 6(0° The beam rotates
about A. Neglect the thickness of the beam and the size of
the pulley.

Position Coordinates: Applying the law of cosines to the geometry,

5t = 6" + 61— 2(6)(6)cos B
&= (E—?chsﬂ)ml
Time Derivatives: Taking the time derivative,
255 = 0—72(—sin 64)
5§ = 36 sin 69 1)
Here, § = —0.5m/s since § acts in the negative sense of s. When 8 = 60°,
5= V72-T72cos 80° = 6 m. Thus, Eq. (1) gives
6(—0.5) = 36 sin 60°0

w =8 = —0.09%23rad/s — 0.0962 rad/s Ans.

15-14. The 10-kg smooth block moves to the right with a FiN)

velocity of v, = 3 m/s when force F is applied. If the force

varies as shown in the graph, determine the velocity of the .| =

block whent = 45s. » ] N
- ~_ 3 45
- | L t{s)

Principle of Impulse and Momentum: The impulse generated by force F during 15 i

0=t=45 s equal to the area under the F wvs ¢ graph, ie, -0

I= /th =1,,(_2{])(3 —) + [— %{21!]{4.5 - 3]] = 15N-s. Referring to the

free-body diagram of the block shown in Fig. a, -

(:l;) mvy), + E‘[‘t:ﬂ dt = m(vy);

10(3) + 15 = 10v
v =450m/s Ans. 10(481) N

((£3]

la:—"l-—)-.‘—'
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*#1596. The ball B has a mass of 10 kg and is attached to
the end of a rod whose mass can be neglected. If the shaft is
subjected to a torque M = (2° + 4) N - m, where ¢ is in
seconds, determine the speed of the ball when t = 2 5. The
ball has a speed v = 2 mys whent = (.

Principle of Angular Impluse and Momentum: Applying Eq. 15-22, we have =

1y
(H), + z/ M_dt = (H),
f

2s .
0.5(10)(2) + f (27 + 4)dt = 05(10) v
o

= 4.67 m/s

Ans. “

,..{,zuuum
WDEHA S

+16-9. When only two gears are in mesh, the driving gear
A and the driven gear B will always turn in opposite
directions. In order to get them to turn in the same
direction an idler gear C is used. In the case shown,
determine the angular velocity of gear B when t = 55, if
gear A starts from rest and has an angular acceleration of
a4 = (3t + 2) rad/s’. where ¢ is in seconds.

A 4
f dmA=[(3r+2)dr
o U]

wy =152 + 2|,_. = 475 rad/s
(47.5)(50) = wc (50)
we = 475 radfs

wg (75) = 47.5(50)

Idler gear Diniving gear

wy = 31.7 rad/s Ans.
F16-19. At the instant shown, end A of the rod has the
velocity and acceleration shown. Determine the angular
acceleration of the rod and acceleration of end B of the rod.
a, = 5m/s’ 6
4= /s v
= F16-19. @ =—2 =2 = 2rad/s
4 Fajc 3

F16-19

Ag = a4 + a X l‘gm — (r}zrg‘l,,‘

agi = —5j + (ek)x @i - 4j) - 2°(3i - 4j)

agi = (4 — 12)i + (3a + 11)j

gy = da — 12
0=3a+ 11

a = =3.67 rad/s’
ag = =26.7m/s’

Ans.
Ans.
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16-79. If the ring gear [ is held fixed and link AB rotates
with an angular velocity of wsg = 10 rad/s, determine the
angular velocity of gear C.

Rotation About a Fixed Axis: Since link AB rotates about a fixed axis, Fig. a, the
velocity of the center B of gear Cis

Vg = wypFag = 1N0375) = 3.75 m/s

Ceneral Plane Motion: Since gear I? is fixed, the velocity of the contact point P
between the gears is zero. Applying the relative velocity equation and referring to
the kinematic diagram of gear C shown in Fig. b,

¥g = Vp + we X Fgp
-375 =0 + (wc-k) x (0.125§)
=375 = -0.125w4
Thus,
-375 = —0.125we

wc = 30 rad/s Ans.

16-155. Water leaves the impeller of the centrifugal pump
with a velocity of 25m/s and acceleration of 30m/s%, both
measured relative to the impeller along the blade line AB.
Determine the velocity and acceleration of a water particle
at A as it leaves the impeller at the instant shown. The
impeller rotates with a constant angular velocity of
o = 15 rad/s.

Reference Frame: The xyz rotating reference frame is attached to the impeller and
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Thus,
the motion of the xyz frame with respect to the XYZ frame is

Vo=1a,5=10 w = [-15k] rad/s w=10
The motion of point A with respect to the xyz frame is

rqo = [03j]m y

(Veedsye = (—25cos 30°0 + 25sin 30°)) = [~21.65i + 12.5]] m/s et )y, =25ms t

(Bret)eyz = (—30cos 30°i + 30sin 30°j) = [-25.98i + 15j] m/s’
Velocity: Applying the relative velocity equation.

Ya=Yo + @ X Fyo + (Yo

=0 + (-15k) x (0.35) + (-21.65i + 12.5§)

= [-172i + 125§ m/s Ans.

Acceleration: Applying the relative acceleration equation,

8y =l + @ Xy +wX (o x rA}.-o) + 2w X ’:"'m)m- + (a,d}m
=0 + {—15k) = [(—15k) = (035)] + 2(—15k) = (—21.65i + 1235j) + (2598 + 15j)

= [34% + 597j] m/s” Ans.
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Q1 (12 point)
The 2-kg collar is attached 10 a spring that has an
unstretched length of 3 m. If the col'ar is drawn to point
B and released from rest, determine its speed when it
arrives at point A. -

O]

| [©)

Q2(13 point)

‘The double pulley consists of two parts that are
attached to one another. It has a weight of 50 1b and a .
centroidal radius of gyration of ko = 0.6 ft and is turning
with an angular velocity of 20 rad /s clockwise. Determine
the kinetic energy of the system. Assume that neither .

cableslipsonthe pulley. .. —~

® =20 rad/s
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Q3 (13 point)

The forklift and operator have a combined
weight of 10 000 1b and center of mass at G. If the forklift
is used to lift the 2000-1b concrete pipe, determine the
normal reactions on each of its four wheels if the pipe is
given an upward acceieration of 4 ft/s%.

o o B
Q4(12 point) \-Il\( 7 olly
-l The velocity of thezlider block Cis 4 ft /s up the i

inclined groove. Determine the angular velogity of links
AB and BC and the velocity of poiut B at the instant
shown. )

Good Luck
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Q1 (12 point) - The shaper mechanism is designed to give a slow :
- “cutting stroke and a quick return to a blade attached to
the slider at C. Determine the velocity of the slider block kF
- Cat the instant § = 60°, if link AB is rotating at 4 rad /s. -

xel |

Ic
=0

Q2(13 point) The block has a mass of 0.5 kg and moves within
R the smooth vertieatstot-If the black starts from rest when
the attached spring is in the unstretched position at A,
- determine the constant vertical force F which must be
~ applied to the cord so that the block attains a speed
vg = 2.5 m/s when it reaches B;sp = 0.15m. Neglect the
" mass of the cord and pulley. :
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Q3 (13 pumt) “The a-kv slender rod is subject d to the force and ;
couple moment. When the rod is in the position shown it
‘has a angular velocity: w; = 6rad/s. Determine its -
- angular-velocity at the instant it has rotated 360°. The
~force is always applied perpendicular to the axis of the
" rod and motion occﬁrs' in the vertical plane. |

" 15N

= 5 \

col -6rad/s

Q4(12 point) A motor gives disk A an angular acceleration of

o
’ ol =406 & 0.75) rad/s?, where ¢ is in seconds. If the |

initial ancru]ar velocity of - thc dlsk 18 wy = 6rad/s, 8 I
Ol . ~ determine the magnitudes the veloc1ty and .

acceleratlon of block B wlien ¢ == ©

Wy = 6 rad/s

'Good Luck






