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| | FUNDAMENTAL PROBLEMS "

E13-1. The 0.5-kg ball strikes the rough ground and 1«'14(4. The wheels of the 1.5-Mg Cill1f BL"C:?ietlhflractmn
rebounds with the velocities shown. Determine the force F described by the grﬁPh-.” the car starts from reg
magnitude of the impulse the ground exerts on the ball, determine its speed when £ = 68,

Assume that the ball does not slip when it strikes the
ground, and neglect the size of the ball and the impulse

. F (kN)
produced by the weight of the ball. ( .
—
F
\ 6 kN |—
\1:,=25m/s v2=10m//s'
: —1(5)
2 6
45° 30°
- Prob. F15-4
" }54 The 2.5-Mg four-wheel-drive SUV tows the 1.5-Mg
trailer. The traction force developed at the wheels is
Fp = 9 kN. Determine the speed of the truck in 20 s, starting
71?)42. If the coefficient of kinetic friction between the from rest. Also, determine the tension developed in the
5-kg crate and the ground is g, = 0.2, determine the speed coupling, A, between the SUV and the trailer. Neglect the
of the crate when ¢ = 4 5. The crate starts from rest and is mass of the wheels.
towed by the 500-N force.

Prob. F15-5

a velocity of 1 m/s in

Prob. F15-2 PAS6. The 10-kg block A attains
Determine the tension in the

5 seconds, starting from rest,

cord and the coefficient of kinetic friction between block A

and the horj ¢ _ :
yé. The motor exerts a force of F = (20)N on the Block B hﬂslzol;::;ls Zl;]gi Neglect the weight of the pulley.
¢able, where ¢ is in seconds. Determine the speed of the g

25-kg crate when ¢t = 4s. The coefficients of static and
kinetic friction between the crate and the plane are p, = 0.3
and u, = 0.25, respectively.

Prob. F15-3

Prob. F15-¢
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15.3  CONSERVATION OF LINEAR MOMENTUM FOR A SYSTEM OF PARTICLES 261

FIS“{ The freight cars A and B have a mass of 20 Mg and
15 Mg, respectively. Determine the velocity of A after
collision if the cars collide and rebound, such that B moves
to the right with a speed of 2 m/s. If A and B are in contact
for 0.5s, find the average impulsive force which acts
between them.

3m/s 1.5m/s

Prob. F15-7

L !M The cart and package have a mass of 20 kg and
- 5kg, respectively. If the cart has a smooth surface and it is
. initially at rest, while the velocity of the package is as shown,
- determine the final common velocity of the cart and
~ package after the impact.

10m/s 5

Prob. F15-8

VR

_ The 5-kg block A has an initial speed of 5 m/s as it
1 the smooth ramp, after which it collides with

ary block B of mass 8 kg. If the two blocks couple

-

fter collision, determine their common velocity

10. The spring is fixed to block A and block B is
pressed against the spring. If the spring is compressed
s = 200 mm and then the blocks are released, determine
their velocity at the instant block B loses contact with the
spring. The masses of blocks A and B are 10 kg and 15 kg,
respectively.

Prob. F15-10

,Fﬁ—-fl’l Blocks A and B have a mass of 15 kg and 10 kg,
respectively. If A is stationary and B has a velocity of 15 m /s
just before collision, and the blocks couple together after
impact, determine the maximum compression of the spring.

15m/s

Prob. F15-11

Jil-sfrz. The cannon and support without a projectile
have a mass of 250 kg. If a 20-kg projectile is fired from the
cannon with a velocity of 400 m/s, measured relative to the
cannon, determine the speed of the projectile as it leaves
the barrel of the cannon. Neglect rolling resistance.

— -;...1“‘"
g2 V7
vy

Prob. F15-12
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FIE1C

Determine its angular momentum H,, about point 0.

y ZIO m/s
.; 2 kgoA
3m
: X
o 'r—-" - Prob. F13-19

B30, The 2-kg particle A has the velocity shown.

Determine its angular momentum H: about point P.

15m/s

.

. [ *

8

Prob. F13-20

£21. Iniually the 5-kg block is moving with a constant
speed of 2 m/s around the circular path centered at 0 on
the smooth horizontal plane. If a constant tangential force
F = 5N is applied to the block, determine its speed when
t = 3s. Neglect the size of the block.

Prob, F15-2

19. The 2kg particle A has the velocity shown.

23, The S-kgblocks mm'ing.amtmd the cireyly, "
centered at O on the smooth ho‘nmmnl p!:\l}c When j, i
subjected to the force £ = (100 \ \\:ln:rc Lisin secongs |
the bloek starts from rest. dctcrmu{c s spcc..‘d Whent = Iy
Neelect the size of the block. The force maintains the

Simg
constant angle tangent to the path.

F= (10N

Prob. F15-2

F13 ..( The 2-Kg sphere is attached to the light rigid rod,

wch rotates in the horizonral plane centered at 0. If the
system is subjected to a couple moment M = (0.97)N-m,
where ¢ is in seconds, determine the speed of the sphere at
the instant r = 3 s starting from rest.

0
e

0.6 m

M = (0.97) N'm

» Ii‘ls—l‘
¥ e( Prob.
EIZ24 Two identical 10-kg spheres are attached t© the
By : rotates in the horizontal plane centeret
5 Emu?ﬂvh the spheres are subjected to tangential forces t‘{

- N.and the rod is subiecte =2 le monen
M= @8N s subjected to a couple

. ™. Where ¢ is in seconds, determine the sP°°
of the spheres

light rigid rod. which

¥ 3 - 1
rest, N atthe instant 1 = 4 5. The system starts -
StNeglect the size of the spheres,

P=10N

»)
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LH(I. When the gear rotates 20 revolutions. it achieves __Er=1. The bucketis hoisted by the rope that wraps around

an angL}]ar velocity of w = 30 rad/s, starting from rest. a drum wheel. If the angular displacement of the wheel is
Determine its constant angular acceleration and the time 8 = (0.5¢ + 150 rad, where is in seconds, determine the
required.

velocity and acceleration of the bucket whent = 35,

Prob. F16-1

E¥6=Z The flywheel rotates with an angular velocity of
w = (0.0050%) rad/s, where @ is in radians. Determine the . .
angular acceleration when it has rotated 20 revolutions. Prob. F16-4

5. A wheel has an angular acceleration of
a = (0.50) rad/s*, where 0 is in radians. Determine the
magnitude of the velocity and acceleration of a point P
located on its rim after the wheel has rotated 2 revolutions.
The wheel has a radius of 0.2 m and starts at @, = 2 rad/s.

/Frﬁ—/ﬁ—. For a short period of time, the motor turns gear A
with a constant angular acceleration of a, = 4.5 rad/ i
starting from rest. Determine the velocity of the cylinder and
the distance it travels in three seconds. The cord is wrapped

. around pulley D which is rigidly attache res
Prob. F16-2 pulley D which is rigidly attached to gear B.
: : = 225 mm
M The flywheel rotates with an angular velocity of 125 mm
w = (4 0" rad/s, where @ is in radians. Determine the time
it takes to achieve an angular velocity of w = 150 rad/s. a, = 45 rad /s’

Whent = 0,0 = | rad.

Prob. F16-3

Prob. F16-6
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=T If roller A moves to the right with a consiant M If crank QA rotates with an angular velocity o

velocity of v, = 3m/s, determine the angular velocity of = 12rad/s, determine the VCI?C?[? Of—t? T
the link and the velocity of roller B at the instant 8 = 30°. angular velocity of rod AB at the instant shown.

A

Prob. F16-10

F}g:]{ If rod AB slides along the horizontal slot with 4
velocity of 18 m/s, determine the angular velocity of link

Prob. F16-7 BC at the instant shown.

v4=3m/s

The wheel rolls without slipping with an angular
velocity of @ = 10rad/s. Determine the magnitude of the
velocity of point B at the instant shown.

Prob. F16-11

F16=12. End A of the link has a velocity of v, = 3 m/s.
Determine the velocity of the peg at B at this instant. The
peg is constrained to move along the slot.

Prob. F16-8

F16<9. Determine the angular velocity of the spool. The
¢able wraps around the inner core, and the spool does not

slip on the platform P.

e AL -
o o0 o000 000U

Prob. F16-9

Prob. F16-12
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B16<13]  Determine the angular velocity of the rod and the 136=T6. If cable Al is unwound with aspeed of 3y, 7,
velocity of point C at the instant shown. the gear rack € has a speed of 1.5 m/x, determine
angular velocity of the gear and the veloeity of ity Cenle;

Ug=6 H'I/S
1 dmp
—
A > -
= 0.3m T
[ \25 ~0.2m
Sm
4
o 1.5m/s
25m -—
Prob, Fl16-16
B
Prob. F16-13 FH6=T7.  Determine the angular velocity of link #C and th

velocity of the piston C at the instant shown.

E16=T4. Determine the angular velocity of link BC and
velocity of the piston C at the instant shown.

A Wapg = 12 l'adfs

5 i B C

; , ‘/aj“ Orad/s
| 0.6m i 1.2m
g ; Prob. F16-17
37 3 Prob. F16-14
e
o | L1618, Determine the angular velocity of links #C and
>V _E16<15. If the center O of the wheel is moving with a CD at the instant shown,

> speedof vp =6 m/s, determine the velocity of point A on
, -
the wheel. The gear rack B is fixed.

Prob. F16-15

Proh, F16-18

Scanned by CamScanner



.J.- ;.‘_ ~ " A R _— - ¥ T TR A
~ |FUNDAMENTAL PR

. PR
-

M At the instant shown, end A of the rod has the ;.Kﬁﬁ At the instant shown, g’able‘AB has a velocity of
velocity and acceleration shown. Determine the angular 3 m/s and acceleration of 1.5 m/‘s’, while the gezar rack ha.s a
acceleration of the rod and acceleration of end B of the rod. velocity of 1.5 m/s and acceleration of 0.?5.m /s*. Determine

the angular acceleration of the gear at this instant.

a; = 5m/s
vy =6m/s ag =15m/s?
vg=3m/s
—l.
B
ac = 0.75 m/s?
ve=15m/s
———
Prob. F16-22
C.,\hw‘c
rdiic N % F16=23. At the instant shown, the wheel rotates with an
- angular velocity of @ = 12 rad/s and an angular acceleration
F16-21. The gear rolls on the fixed rack with an angular of @ = 6rad/s’. Determine the angular acceleration of
velocity of @ = 12rad/s and angular acceleration of link BC at the instant shown.
a = 6rad/s*. Determine the acceleration of point A.
5 a=6radf D\ 03m
w =12 fad/s 45°
c
e}
@ = 6 rad/s?
w = 12rad/s

Prob. F16-23

Prob. F16-20

F . The gear rolls on the fixed rack B At the iqslant VR ke i o
shown, the center O of the gear moves with a veloc:ly. of of @« =3 rad/s?, Determine the angul gula e
vo = 6m/s and acceleration of a; = 3 m/s*. Determine link BC and the Sl i ngular acceleratio

the angular acceleration of the gear and acceleration of piston C.

point A at this instant.

> §
E16=24. At the instant shown, wheel A rotates with an
angular velocity of w = 6 rad

‘J‘H = 6rad/s

@ = 3 rad/s?

Prob. F16-21

Prob. F16-24
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__| FUNDAMENTAL PROBLEMS.

F171. The cart and its load have

,,clf_)\ l' l-\-"

vf.
a total mass of 100 Ky, \\ ,eﬁ y Y-

LTy ‘g o\&

maximum acceleranon of the o

Ry T

Determine the

etermine the acceleration of the cart and the normal reactions €™ “vithout cansing the assembly 10 MOV TElative 10 e g

on the pair of wheels at A and B. Neglect the mass of the wheels
100 N

ING

) ——

-

1.2m \ﬂl

05m
B A l

03m' 04 m 0.6m !

Proh, F17-1

}H‘-f If the 80-kg cabinet is allowed to roll down the
inclined plane, determine the acceleration of the cabinet
and the normal reactions on the pair of rollers at A and B
that have negligible mass.

Prob. F17-2

}7\{3. The 10-kg link AB is pinned to a moving frame at A

and held in a vertical position by means of a string BC which

can support a maximum tension of 50 N. Determine the

maximum acceleration of the frame without breaking the

string. What are the corresponding components of reaction
at the pin A?

0.9 m—

Prob. F17-3

‘R? !- —lm ——ete—1m -
(, ;

BT N -

Also what is the corresponding normal ReAchas oo leg

Aand 82 The 100-ka table has & Mass &enier a1 O ad o,
> .\-._h ‘\.!- e

coeflicient of static fiction bemesn 14 legs
e ]

and the bed of the truck is g, = 0

Dom 09m
- - m———

At the instant shown both rods of neghzble mas
swing  with a  counterclockwise  angy ular velochy of
w = 5rtad/s, while the 30:-kg bar is sub;ec:s 10 the 100N
horizontal force. Determine the tension developed = the
rods and the angular acceleration of the rods at .E-..c Instan:

B P

—_— 3 (

" <
= 3rad s

D

o &

1
Prob. F17-3
Y F17-6. At the instant shown, link CD rotates with a2
angular velocity of @ = 6 rad ‘s 11 it is subjected o a coupl
moment M = 450 N »m, determune the force deve u\; (L
link AB, the horizontal and vertical component of rachos
on pin D, and the angular aceeleration of link CD at tha
:;\t ;nl le block has a mass of S0 kg and center of mass at -.'
cplect the mass
g s of links AB and €D, 1\_0 of I\l As

0.1m o
00 m-——« - A

I O ——
0 m

0.4 m
@ = orad s
4 O

| Josfmmtif

M = 430 N'm

'rob, l-l" =\
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448 CHAPTER 17 PLANAR KINETICS OF A RIGID BODY: FORCE AND ACCELERATION

PM The 100-kg wheel has a radius of gyration about its

center O of k,y = 500 mm., If the wheel starts from rest,
determine its angular velocity int = 3 s,

Prob. F17-7

'F,‘l?ﬁ The 50-kg disk is subjected 1o the couple moment
of M = (91)N-m, where r is in scconds. Determine the
angular velocity of the disk when 1 = 4 s starting from rest.

17

. | M=O)Nm

Prob. F17-8

/FH—/!). At the instant shown, the uniform 30-kg slender
rod has a counterclockwise angular velocity of @ = 6 rad/s.
Determine the tangential and normal components of
reaction of pin O on the rod and the angular acceleration of
the rod at this instant.

! 03m | 0.6m '
L .

0= 1 = 60 N'm

Prob. F17-9

iy s

e L
xvn(m. At the instant shown, the 30-kp disk has 4
counterclockwise angular  velocity fol @ = 10rad/,
Determine the tangential and pormgl components of
reaction of the pin O on the disk and the anpular
acceleration of the disk at this instant.

Prob. F17-10
Iﬂdef. The uniform slender rod has a mass of 15 kg,
Determine the horizontal and vertical components of
reaction at the pin O, and the angular acceleration of the
rod just after the cord is cut,

Prob. F17-11

2. 'The uniform 30-kg slender rod is being pulled by
the cord that passes over the small smooth peg at A, If the
rod has a counterclock wise angular velocity of @ = 6 rad/s
at the instant shown, determine

"
‘

; the tangential and normal
components of reaction at the pin O and the angular
aceeleration of the rod.,

P 300N

0.8 m

@ hrnd /s

LI T E—
Prob, I'17-12

< 03m -~
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462 CHAPTER 17 PLANAR KINETICS OF A RIGID BODY: FORCE AND ACCELERATION
—_— -
Y 5 - = - -
mﬂﬁuﬂﬁ _L:PLO‘J‘:B (_..L-S.\o..s.l: U._ﬁd Capyo (_')AL\':?)\S,.:

DAME

“ The 20-kg sphere rolls down the inclined plane
angular acceleration of the

—13. The uniform 60-kg slender bar is initially at rest F ]
on a smooth horizontal plane when the forces are applied. without slipping. Determine thf:
Determine the acceleration of the bar’s mass center and the sphere and the acceleration of its mass center.
angular acceleration of the bar at this instant.

20N
L 0.75m | ’ 10.5 m,

| I 1.75m l l

80N

Prob. F17-13 Prob. F17-16

A4 E¥7<17.  The 200-kg spool has a radius of gyration about its

~14. The 100-kg cylinder rolls without slipping on the /l/
/BH1/ N Kﬂl——jg—g‘ mass center of kg = 300 mm. If the couple moment is

horizontal plane. Determine the acceleration of its mass d e L et e

center and its angular acceleration. applied to the spool and the coefficient of kinetic friction
. between the spool and the ground is p, = 0.2, determine
17

the angular acceleration of the spool, the acceleration of G
and the tension in the cable.

Prob. F17-14

E ” The 20-kg wheel has a radius of gyration about its Prob. F17-17
= . When the wheel is subjected to
;:;ntguc?;; f:]omenfﬂi? ;;ms e Daterineth g etline # E17<18. The 12-kg slender rod is pinned to a small roller A
e coup ,itslip that slides freely along the slot. If the rod is released from rest

acceleration of the wheel and the acceleration of the wheel’s ate = 0° : :

conter O. The coefficient of kinetic friction between the fhi accel.;rg?it;;rg}ntiéhe larﬁf-___n plar a3‘:‘3,.__..]‘“"“lOn of the rod and
L 2 o roller ;

wheel and the plane is p, = 0.5. immediately after the release

0.4 m
A

Prob. F17-15 Prob. F17-18
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[ | FUNDAMENTAL PROBLEMS

ks Pl miv kg whow! Bas o padias ol gyralion alwwl ils

migas oenter 1 of £,

A DN Lo ils angilar

s bty alter of Aas nefated 200 revolutionis star g from pest,

i m FEE T

-

Froh, Fl1s-|

FIR-I  The unform 25.kyg slender rod is subjected to a
cuuple moment of W~ 150 N=m. I the rod is at rest when
o= 1F, determine its angular velocity when o = 91",

FI8-},

Prob. FI¥-2
The uniform 50-kg slender rod is at rest in the

position shown when P = 60N s apphied. Determine the
angular veloaty of the rod when the rod reaches the vertical

position.

Prob. F18-3

Fig The s0-kg wheel subyjectied wy g, Yoy,

e wheel starts fvarm rest and rodls withog \1lpl"l|:...“1 By

I ar veloelly Ry,

ity angular velowil] . |

The radius of gyratieon ol the wheel by, s mq:‘w"i iy
Lep,

is by, = 0.3 m.

Prob, FId-j

FIR-5. If the uniform 30-kg slender rod stayy, ;,

the position shown, determine its anguly, vel W Fg
B yns .';f-

has rotated 4 revolutions. The forces remyy, T-'-|-I Vel

E.

ta the rod,

N

20N
Frob. FIR-3

FI8-6. The 20-kg wheel has a radius of gy, -
center G of &; = 300 mm. When it is subjecro. o,

moment of M = 50 N - m. it rolls without slipping Dete
the angular veloaity of the wheel after its mase ony.

traveled through a distance of 5; = 20m, sty o

alter ot his  ponggeg 0 Ry,

Prob. F18-6
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Fis-10.  The 30-kg rod is released from Test gy,

FIS- 0f the 3o Bisk i
- ' 1N A o gpa L 5 1L = IF, ' Lie,
determine iy mu.:::ﬁ: :ﬂiﬁ:ﬁ-':?df“mﬁ“ o Determine the angular velocity of the 19 Wheg o ¥
el thend = s GIn x r s o I
; The spring is unstretched when 6 = o7, L T
bo—m—___

Prob, Fi1s-7
FIS-8 The S0-kg reel has ;Ilpl?iiu?« of Fﬂl{i}l:—:} abaul its Prob. F18-10
I s release rom  rest, L
el ; i Fis=11. The 30-kg rod is released from Fest wheg ¢
Determine the angular velocity of the rod when g ; 4
ol A

center O of &, = 300 mm.
determine its angular velocit v when its center 2 has traveled

& m down the smoath inclined plane. q
spring is unstretched when # = 35°,

L4 m

b b e

AN m
Frob, F15-11

FI8-12. The 20-kg rod is released from res whend =

Prob, F18-8 8
Determine its angular velocity when 8 =
has an unstretched length of 0.5 m.

F o
N -

- Im

FI18-9. The 60-kg rod 04 is released from rest when
¢ = 07, Determine its angular velocity when # = 45°, The
spring remains vertical during the motion and is unstretched

when @ = 0"

2 &= 150 N/m

Prob. F18-12

Proh, FIE-9
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