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2/1 The car traveling at a constant speed v, = 100 km/h on the level position
of the road. When the 6-percent (tan&= 6/100) incline is encountered, the
driver does not change the throttle setting and consequently the car
decelerates at the constant rate gsiné. Determine the speed of the car (a) 10

seconds after passing point A and (b) when s = 100 m. [Engineering Mechanics
Dynamics 5th edition, Meriam & Kraige, prob.2/25]

§ -""'ry\
Vo D

-— | &=

A

3571 fwua v, =100km/h 0= arctan(%)

a=-gsin0=-0.5875m/s

(@) MAUAANNLTI BazIANAINT Irianuse
y & D e A dv .
AnPanlriaznuindasldaums a= o Tunsdum

v Y 10
[dv = adt] [dv=[adt = [-05875dt
Vo ty 0
3
y-10040° 4 567500)
3600
v=21.9m/s Ans

(b) MAUANNMNLTI WazIzHzNIINAINT A
nnFanlatazniuindasltanms vdv=ads lunisdiuio

\ Sy 100

[vdv = ads] [vdv = [ads = [-05875ds
Vo So 0
1, 100x10°,
—(v°=(——)°) =-0.5875(100
SV =g ) (100)

v=25.57mls Ans
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2/2 When the effect of aerodynamic drag is included, the y-acceleration of a
baseball moving vertically upward is a, = -g - kv2, while the acceleration
when the ball is moving downward is a, = -g + kv2, where k is a positive
constant and v is the speed in meters per second. If the ball is thrown upward
at 30 m/s from essentially ground level, compute its maximum height h and
its speed v; upon impact with the ground. Take k to be 0.006 m and assume
that g is constant. [Engineering Mechanics Dynamics 5th edition, Meriam & Kraige, prob.2/51]

-

u=—8-kv l ‘Irad =—g + kv?

(
|
|
A
|
|
|
|
30 m/s T
Q

—_——

Aad o a 1 d' J £
AN AATINLOARHTUAI LS
uuannuiduseIen 30 mis A1N3INIAFIFA O m/s uaz
AuL39 11Tz 82me h
dl dQ/ o v 1 v v
Aol lvnuindasldzuns  vdv =ads

[vdv = ads] vav = (—g —kv?)ds

%dv:ds
—g-—kv

Jﬁdvﬂds

1
—In(c-(g+kv®))=s 1
v (c-(g ) (1)
WU S =0,v=30: — = _|n(c-(9.81+0.006-30%)) =0
2(0.006)
¢ =0.0657

g1y (1) nanetdn

———1In(0.0657-(9.81+0.006v?)) = s
2(0.006)
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A
LLV]%WWI'@IC']EJNE?@ v=0,s=h

a 4 4 a P g
AADTWNNUDRLARDUNAIIUANNISNUNY

o d“ﬁ/L. a &, & & e A
1%"1]8% wmmsnﬁ]:ﬂmwmm}uaaaammﬁmmﬂm:‘nuwuvl,@ LWaIN
. : & Ve
mmmﬂumouaaaawu LLa:uaa@ﬂao"lst’mu

FAUAANULTIGUTBILEA 0 m/s NTIUAMULIT LAZNTUIZBZN h lﬁ%’]
AU EAaULEANTENLN Y

tﬂl lﬁq’ o v 1 ¥ v
AN aﬂmuml%mwmm aalmums vdv = ads

[vdv = ads] vdv = (—g + kv?)ds

— % _dv=ds
—g-+kv

jﬁdvﬂ‘ds

L ointe- (g 1 kv?)) =
2kIn(c( g+kv?))=s (2)

NWAN S = 36.54, v = 0: #In(c~(—9.8l+0.006-02)) =36.54
2(0.006)

c=-0.158

guMT (2) nanodn

— =1 In(-0.158-(~9.81+0.006v%)) = s
2(0.006)

BV AAUNIINUNY s = 0

-1

— = In(~0.158-(~9.81+0.006v2)) = 0
2(0.006)

_—1In(0.0657 -(9.81+0.006-0%)) =h
2(0.006)
h=36.54m Ans

v=24.091m/s Ans
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uuuHniia waza 21

1. A ball is thrown vertically upward with an initial speed of 25 m/s from the base A of
a 15-m cliff. Determine the distance h by which the ball clears the top of the cliff
and the time t after release for the ball to land at B. Also, calculate the impact

velocity v, Neglect air resistance and the small horizontal motion of the ball.

[Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans h=16.86m,t=440s
vg = 18.19 m/s downward)
2. A motorcycle patrolman starts from rest at A two seconds after a car, speeding at
the constant rate of 120 km/h, passes point A. If the patrolman accelerates at the
rate of 6 m/s2 until he reaches his maximum permissible speed of 150 km/h, which
he maintains, calculate the distance s from point A to the point at which he

overtakes the car. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]
(Ans s =912 m)
3. A particle starts from rest at x = -2 m and moves along the x-axis with the velocity
history shown. Plot the corresponding acceleration and the displacement histories

for the 2 seconds. Find the time t when the particle crosses the origin. [Engineering

Mechanics DYNAMICS 5m edition, Meriam & Kraige]

(Ans  t=0.917s)

B
15m
A
VO |
A |
gﬂﬂizﬂammuﬂﬂﬁwﬁa 1 gﬂﬂizﬂammuﬂﬂﬁwﬁa 2

v, m/s

Eﬂﬂ‘s:ﬂammuﬂﬂﬁ@% 3
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edition, Meriam & Kraige, prob.2/77]

A\

2/3 A rocket is released at point A from a jet aircraft flying horizontally at
1000 km/h at an altitude of 800 m. If the rocket thrust remains horizontal and
gives the rocket a horizontal acceleration of 0.5g, determine the angle & from
the horizontal to the line of sight to the target. [Engineering Mechanics Dynamics 5th

v

="~ =_
0 Rl T 800 m

y Target

AadA o 6 1 1 o ,;(
IDM manm:mwummm A%

3
V,, =V, =1000x 10° _ 1000 m/s
3600 3.6
Vo =0m/s
a, =0.5g m/s? a, =g m/s’

AIUNT X UAZUNY y FauaAslugL

NI LN X

;. - 0.5g ., , 1000,
2 3.6

dv
X dv
=a X _
v, =0.50t+C,;
1000 1000 1000
= = ——=0+C —s C ="
t=0, v, m/s 36 1 15736
Vv, = 0.59t+@
3.6
ds, } ds 1000
:V X
x =0.509t+——
{ dt dt %736
s, _ 059 +—1000t+c2
2 3.6
t=0, s, =0m 0=0+0+C, R C,=0
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AaTanluuwinny y
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dt at =g
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t=0, v,=0mi/s 0=0+C, — C,=0
v, =5gt
|:&=Vy:| dSy_
dt at =4
g
Sy:Et2+C4
t=0, s,=0m 0=0+C, — C,=0
g
Sy:Etz

Wearmannsznudn S, =800m

9., 800x 2
800 =2t st =12.771s
2 0.81

wnulus ld s, = %(12.771)2 +%(12.771)= 3947.5m

X

s
0 = arctan| —~ |=arctan 800 =11.46° Ans
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LONAIID9D9

(1]

J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition Sl
Version, John Wiley & Sons, Inc., 2003.

wuUH e %2 2/4

1.

3.

A football player attempts a 30-m field goal. If he is able to impart a velocity u of 30
m/s to the ball, compute the minimum angle & for which the ball will clear the

crossbar of the goal. (Hint: Let m = tan 6.) [Engineering Mechanics DYNAMICS 5" edition,

Meriam & Kraige]
(Ans 0 = 15.43°)

b LT T myH

I 30m >

gﬂﬂiznammuﬂﬂﬁ'@*’ﬁa 1

If the tennis player serves the ball horizontally (& = 0), calculate its velocity v if the
center of the ball clears the 0.9-m net by 150 mm. Also find the distance s from the
net to the point where the ball hits the court surface. Neglect air resistance and the
effect of ball spin. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans v =212m/s, s =23.55m)

7]
¥ 4
2.55 m

L s >-L 11.7m

gﬂﬂizﬂammuﬂﬂﬁ'@‘*ﬁa 2

Y =

A projectile is ejected into an experimental fluid at time { = 0. The initial speed is vq
and the angle to the horizontal is 6. The drag on the projectile results in an
acceleration term ap = -kv, where k is a constant and v is the velocity of the

projectile. Determine the x- and y-components of both the velocity and displacement
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as functions of time. What is the terminal velocity? Include the effects of

gravitational acceleration. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans v, =(v,c0s0)e™, x =M(1—e‘k‘)
. Oy, 9
v, :(v05|ne+?)e t_I

1 : g - g g
y:E(vosm9+I)(1—e kt)—It, v, > 0,v, _)_I)

// - .

Eﬂﬂs:ﬂammuﬂﬂﬁ@ia 3
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Version, John Wiley & Sons, Inc., 2003.
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2/4 Magnetic tape is being transferred from reel A to reel B and passes around
idler pulleys C and D. At a certain instant, point P, on the tape is in contact
with pulley C and point P, is in contact with pulley D. If the normal
component of acceleration of P, is 40 m/s? and the tangential component of
acceleration of P, is 30 m/s? at this instant, compute the corresponding speed
v of the tape, the magnitude of the total acceleration of P,, and the magnitude

of the total acceleration of P,. [Engineering Mechanics Dynamics 5th edition, Meriam &
Kraige, prob.2/113]

aa o & ' o &
WM anlandazniuddis g asd
39 Py a, =40 m/s’
_ 2
39 P, a, =30m/s
§oINIM V, ay, &,
a dl
WITBUINIA Py

2

2
{an:—} 40:% — v=2m/s Ans

g: v v =1 1 Qs U 1 1 Qs o v =) 1
IMUNLFWITAaIR v uae a, 1w tlivinnuasyinldindane wiaimuldn
i Lad ber ﬁ’JEJLVWJNaﬁﬁJZVLﬁ

39 Py a, =30 m/s’
39 P, v=2m/s
WTzasiu 8, = \/a,f +a? =~/40% +30% =50 m/s’ Ans

a dl
WITMINga P,

2 2
a, -V a, = 2 _gomis?
o 0.05

a, = \/a,f +a? =~/80% +30° =85.44 m/s’ Ans
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2/5 A particle moving in the x-y plane has a position vector given by

r =§t2f+%t3j , Where T isin meters and t is in seconds. Calculate the
radius of curvature p of the part for the position of the particle whent=2s.

Sketch the velocity v and the curvature of the path for this particular instant.

[Engineering Mechanics Dynamics 5th edition, Meriam & Kraige, prob.2/119]

ad o v ! {
571 nlanddasmamie pAna t=2s
Py v ' ' A v a =S 3 ' Y
LWBJIMNABINIIWINT o WA o LNEITVBIND a, IIAININT a, 11&%@?’18%
. 3 o 2 < . . Fl ~
Fr=—ti+-t') —> V=rF=3t+2t%]
2 3
> a=v=3i+4

fmt=2s v=6i+8] —» |v|=+/6?+8 =10m/s

a=3i+8] __, [a]=+3"+8 =473 m/s’

A o = \ A o \ A
AMALTIN b T UANULTITIN LUadaINTasvnaIwlTenauluiuwl n wya 1u
LKD) t TFDILANANNLIILTLNG n-t Aiaw atnglsnenaludanaz linsufeanis
YAIUN n-t 1ABATI LazRINIIOM I las lTraniin AN dAan 9@ enY

a dll =
NANNNIILANDUN

| <

A

e 1 a A A a = 3 _
L’JﬂL@]ﬂ‘J‘ﬂ%\‘i‘ﬁu'JEllu‘l’lﬂ“fl']dﬂ’]‘il,ﬂﬂa%‘l’l (NANINAINNLII) ‘V\']vLﬂ'ﬂ']ﬂ € =

<

PWAANLII L) t B leann

26 —a L (3 48]) (67 +8]) _ (3)(6)+(®)(8) e mis?
10 10

PUAAMNULIILU N wldann &, =\/az +a? =473-8.2% =2.4m/s’
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wuLE e K28 2/5

1.

A baseball player releases a ball with the initial conditions shown in the figure.

Determine the radius of curvature r of the path and the time rate of change of the

speed at times t = 1 s and t = 2.5 s, where t = 0 is the time of release from the
player's hand. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans t=1s,a=-1.922m/s’, p=73m

t=25s, a =338 mis’, p = 83.1 m)

At the instant represented, A has a velocity to the right of 0.2 m/s which is

decreasing at the rate of 0.75 m/s each second. At the same time, B is moving

down with a velocity of 0.15 m/s which is decreasing at the rate of 0.5 m/s each

second. For this instant determine the radius of curvature r of the path followed by

P. Is it possible to determine also the time rate of change of r ? [Engineering Mechanics
DYNAMICS 5" edition, Meriam & Kraige]

(Ans p=125m)

When the skier reaches point A along the parabolic path, he has a speed of 6 m/s

which is increasing at 2 m/sz. Determine the direction of his velocity and the

direction and magnitude of his acceleration at this instant. Neglect the size of the
skier in the calculation. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans 0 =45°

a=237 m/sz)
vg = 30 m/s

Eﬂﬂ‘s:ﬂammuﬂﬂﬁ@% 1 Eﬂﬂ‘s:ﬂammuﬂﬂﬁ@% 2
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n

N
v
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NaFans (Dynamics)
i 4 4 LA
Unn 2 ﬂ’ﬁlﬂﬂﬂ%ﬂ?lﬁ\‘lauzﬂ’]ﬂ (8211 4)

2/6 STUUNNALLUY r-0

1 1 v 1 a W 1 ‘é = =
ludnAawriNaN IS UURNALULAS 9 Fonanzaunudyw luansme
wandaiuldlas  sruuAdeanminziudymnddineegis  uazawnaianon
s di d' & A e U [ dl' d'ad v A
anwaemaadowiilduszuuinaannladite  ww  dgwinmaefewninlasluszwiunie
lisaalad SATURNNALLL n-t %:mmxlumtﬁﬁgﬁfﬁam@wﬁaqﬂﬂirﬁmaﬁ@mimﬁauﬁ
d' d' v a o 1 d' d' 6 £ & U
Lﬂaamvl,ﬂmauﬂmmq LT NITLARAWNVDITOLUALWDUWLAT LTI e
1 g 1 a W =Y g; a W é Q {
lududaznanisszuuAnauuuidnn wis szuufine r-0 dveznanenudymh
U s |QI Q 6 dl dl Q % dl dl U
AEAMELEDS LLa:aam@msmmaaumaamfﬂ@mmwx‘ma LLazag‘aJmﬂaw"LﬂvLm’m
% 1 ¥ 1 o a { { é v I
fogvadtlymiih 1 Tw  nIhusesasaam N Naw Bazuendayaiilu
izmmamaai’mqﬁﬁwmné’mm% LLa:gw%ame@’wLmu',o“naoi’mql,ﬁzmﬁ'ml,ﬂuﬁwﬁa
A o . & A ° ' o = A
WNAULL -0 (Polar coordinate) nanIaasLiauandwUIvaIIanTIBLNIA A
Iumm:ﬁu‘lﬁmué”mmaLLa@ﬂugﬁJﬁ 1 TaainannIINNTAILNUAITE
1. @unisae A i'ﬂLﬁﬂuﬁ'uqu’mﬁoagﬁo 0 I@ﬂﬁ;@ A 88%1991n3@ O WAL T
[ A A > ° a -
AT LFHATINANTaNA O MU A Yy 6 NULWITZAL
= o A | A A & ° ' @ A &
2. unu r-6 Saruiiaagfian A smLﬂu@nLL%uamaaa@lqwaulﬁl1umm:uu
3. WNwr é’oagluumLﬁmﬁ'mﬁumaﬁa’ml,%am;@ 0 ﬁ'mg@ A LRZINANIILIND
£ a a ai o v a a' J 6 & ]
08NANIAB9DY O Hanmanyinldszos r anfunndu) namasuitsniag
lufianisvasuny r fanaaes &
4. uwnw 0 a%iéfdmﬂﬁ'mmu r LLazﬁﬁﬁmamﬂ%i"lﬂluﬁﬁmaﬁﬁﬂﬁgu 0 NN

& ¢ , PN A & A
U L?ﬂL@as‘ViuG'ﬁu’]ﬂl%'ﬂﬂ“ﬂ']\']"llaﬂl,l,ﬂu 0 ABLIALADY ee

Path

31]"?1 1 NAALUY r-0 [1]
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NN AIUNIAT A LLE\]ZE‘IJ‘?II 1 azldidunibge A mansnuanialu
ElhladL’mL@la%ﬂaﬂ@i’leﬂGﬁdﬁ
r=re (1)
doldamasuanduntiudy  mamenuSszanuisslussuuite 0 A
mmmv‘h"l,@“%Uﬂﬁmatgﬁuﬁmadaumiﬁ (1) WNEUNUIAT  LTWagINUIzUUANAaIN
URZIZUUNNALLY n-t asmvl:sﬁmuwudﬂmsmmgﬁufmaaaumsﬁ (1) suduwsasniny
deunuivasamas 6 isudunauFoten  uazlumamanuiididamaue
auNUtueY €, uAuna é’aﬁ?usluﬁf:ﬁ]:a%mUﬁamimmgﬁ'uﬁ(maa €, uazr €,

WEUNULIAADUAIH

nIIaRRKsVaIIAIAa IR ukIB TR r-0

dey

{ o ~ ' A o
gﬂﬁ 2 ms‘mmgwufmadnm@]ﬁ%ummﬂuwn@ r-0 [1]

a A 6 A ~ [ A A o A A
N TN LU RS MU aIVaIIALADT e, Rz €, LL&@G@GE‘]JY] 2 Luamqmaauw

-~

N30 A Vl,i.lu“]ufg@ A neaeas € uazinames €, amdfowliifunaieed € uaz
& A~y o @ 6 1 % A o a

LIALABY €, ANNAIAL I@]&IL']@]L(ﬂaiﬂﬂ%LLaz‘ﬁadﬂﬁiLﬂﬂU%LLﬂa\‘i‘Y]’]ﬁ}J‘Mﬂ% do
matasundasnadnaiaat € usadlasnainas dé, nawmaiiasldfianis +0

aausadlugd mawfsuudasasnaes & Wauunudinaunisldasd

dé, =|dé, |&, )
A & A A A 1y o & & A
WBINNIWIAVBINALAET €, UM IURsnLUaItasNIn aIunINIAVIIALABT dE, W
leian

|dé,| =|é,|d6 = do (3)
wnusum3 (3) luauns (2) azle

de, = doe,

€, = 0§, (4)

all & A v o a o
matasundasnadnaiaad € sunsaw larinuaadsani

lag |d&,| =6, |de = de

A A A A‘\/L o &
L A2INNNANIINIINITLU R WY AT LN —r a1t
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4, = —dog.
€ = 08, (5)
FUNIN (@) waz (5) i lWlFlumsmanuisazanussluing r-0 daly

<
AIMNLEID
= v 6 6 ° ' =) o
ﬂ')’?&lLi’)ﬁ’]&l’]iﬂﬁ’]vL@ﬂ@ Umagwuﬁ"uaa bIRLA I anwmmmluamms (1) tmauny

o &
IR U

V= E = I’ér + rér
V =ré, +rog, (6)
I@]ﬂ v, =r Lﬁ@ﬁnﬂﬂ'ﬁl;l]aU%LLTJNGT%W@T@GLQ@L@I@% r
= oA e a ¢ A =X = A P
Vy = ro LUadNNWIRULNAITNNIW re, FILFAIDINRVDIN T URYULURIN AN

YaInaLaas

PUNAVBIANNTITINAN bAN V= JVZ + V2

AN

%

' o ¢ & = . g
ﬂ’l’]l]Li\‘i%’]vl(iﬂ,@Em’]'a%wuﬁ“llﬂdﬂ’n&]L‘i’ﬂ%ﬁ&lﬂ’]‘i (6) tNYUNULIAIAIW

a= Z—\: = (8, + 16, )+ (B8, + rbé, +rog,)
a = (Fé, +0g,) + (1B, + rbé, + ro(—6¢,))
a=(F-r0%)e, +(rd + 2r0)é, 7)

lag @, =F—ro?
a, = ro+2rd

PUNAVBIANNLIITINWT LGN @ =qfa? + a2

NSLARDWNHUUIINAN
a P a va o v A £
MILARaRNLULAINAY &IuNTaRNTIn laslTAnauLuL r-0 I@mgaammagm@mnmo

Ade o v A L A o & , . o
PRNIAREN ﬂjmuiﬁuﬂquiﬂﬂuﬂqﬂﬂﬂ MU r=ir=0 LLﬂ:ﬁ]tvL@

V=V, =10 (8)
a, =—ro? (9)
a, =0 (10)

nahldazgaansasnumsldine nt lumsAansan sunedn a, =-a, 9%

1$H8991INAITNNTAIUARVAIRNNALLL Nt GNUNNALLY r-0 1agun n IWANALLY n-t 32
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2
v

ki U a v ¥ v a d
T ﬁmg@g{uﬁﬂmdmmiﬂuaua IS T luWﬂ@LL‘U‘U r-0 az%aanmngmmdao Sﬁﬂu
=
1

K%

aA &
UADIAAULNRIVBINNRY

T

l@N&NIA 19D
[11 J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition Sl
Version, John Wiley & Sons, Inc., 2003.
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2/6 The slotted arm OA forces the small pin
to move in the fixed spiral guide defined by
r = KO. Arm OA starts from rest at 6 = /4
and has a constant counterclockwise angular
acceleration § = o, . Determine the magnitude
of the acceleration of the pin P when 6 =

3n/4. [Engineering Mechanics Dynamics 5th edition,

Meriam & Kraige, prob.2/149]

A5M1 Tandrvuald r = KO
t=0,0=n/4,v=0 _’{

O=a

v, =r=0
V,=r6=0; 6=0

M r=KO — =K — iI=KO=Ka

f=a0 — 6=at+C, fit=0, 6=0 é’\‘lﬂ?uQ:O
0=at
: ot” At=0 0=n/4 §uiucC,=
0=at > 0= 5 +C, nt=0, 9=n/4 ayuun C, = /4
2
gt . ®
2 4
, 2
@89N1IWIN 0 = 31/4, 3—n:£+E —_— i
4 2 4 o
Gzoc\/E:«/_om
o
F=KO=Kyon

3, = 10" = Ko ()C)om) = Kl 2 2°) = -6.402Ko

a, =10+ 20 = (K)(%“)(a) +2(KNar)(War)

a, = Koc(%+ 2m) = %nKa

2
a=.a’+al = Ko{\/(—O.MZ)Z +[%} }_10.753@ Ans
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120 mm

s

mm

2/7 For a limited range of motion, crank CP
causes the slotted link OA to rotate. If 3 is
increasing at the constant rate of 4 rad/s when 3
= nt/4, determine the r- and 6-components of the
acceleration of pin P for this position and
specify the corresponding values of f and .
[Engineering Mechanics Dynamics 5th edition, Meriam &
Kraige, prob.2/165]

5M1  Tandriwuald p=4rad/s constant

GagmImedn ., ay, I I e B = /4

90 P Lﬂuqmuu%umu PC LLﬂ:Lﬂﬁﬂ%ﬁLfﬂ%’NﬂﬂNiﬂU"g@ C @Twmwm%@mu
A9 90 P LRAMNULIT LAZANNULTIAIH

v =0.12f = (0.12)(4) = 0.48 m/s
a=(0.12)(B)* = (0.12)(4)? =1.92 m/s

AANIVBIAMVLIILAZAINLTY LL&@N@%I%EU

Vp, Vg, @, 8 810NI0WT @ laguanaaiiiuas
AN UL -0 A7

v, =—vsin = =—0.48sin = = —0.1837 m/s
8 8
T T
Vy = vcosg =0.48cos— =0.4435m/s
a =-a cosg =-1.92 cosg =—1.7738m/s* )

=-1774 mm/s®

a, =—asin g =-1.92sin g =-0.7348 m/s*

=-734.8mm/s’ )

Ans

¢ =v, =—0.1837 m/s = —183.7 mm/s Ans

r = 2(120) cosg =221.7311mm
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=2rad/s

a =F-r6> = ¥F=a +rd®=-1.7738+(0.2217)(2%)
i =—0.887 m/s* = —887 mm/s?

Ans
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UL e %28 2/6

1.

Link AB rotates through a limited range of angle £, and its end A causes the slotted
link AC to rotate also. For the instant represented where 3 = 60° and B = 0.6 rad/s

constant, determine the corresponding value of ', i', 6, and O . [Engineering Mechanics
DYNAMICS 5m edition, Meriam & Kraige]

(Ans ¥ =779 mm/s, I =-13.5 mm/s’

® =-0.3radls, 6 =0)

The slider P can be moved inward by means of the string S, while the slotted arm

t2

rotates about point O. The angular position of the arm is given by 0 = 0.8t—%,
where @ is in radians and t is in seconds. The slider is at r = 1.6 m when t = 0 and
thereafter is drawn inward at the constant rate of 0.2 m/s. Determine the magnitude
and direction (expressed by the angle a relative to the x-axis) of the velocity and

acceleration of the slider when t = 4 s. [Engineering Mechanics DYNAMICS 5" edition, Meriam &
Kraige]

(Ans v =0.377 m/s at o = 260°

a=0.272 m/s2 at o = 19.44°)

e— 150 mm —>—|

gﬂﬂizﬂammuﬂﬂﬁ‘@% 1 gﬂﬂizﬂammuﬂﬂﬁ‘@% 2



Dynamics/ Chapter 2 Kinematics of Particles 2-36

NaFans (Dynamics)
i 4 4 LA
Unn 2 ﬂ’ﬁlﬂﬂﬂ%ﬂ?lﬁ\‘iauzﬂ’]ﬂ (82311 5)

N 1 @ @ ¢ .
2/8 NNSLARBWNFNNND (Translating axes)
lunitanany msé’ummmimﬁauﬁmaai’mqﬁ]zlﬂumsé’uﬂ@l@al (Asun)

[ A Lo A A A o A o v C e A A & a 1
aamwagﬂuw miLﬂaaumaamqwmmm"lm’m;daam@magmummﬂn’n “n3

A4 de ¢ o M = e Mo 2o d oA A
Lﬂaauwauyim (Absolute motion) ?Jﬂ']x‘ivhﬂ(iﬂll"ﬂ']ﬂﬁdﬁ\‘iLﬂ@lelJvLCﬂ@%J%\‘]ﬂU‘YILL@ILﬂﬂ@%'ﬂﬂ%l

dl = s dl d v 1 [ dl v A a 4‘ dl s dl e v
ﬂ’]iLﬂaE]‘WY]?IE]G'J@]QV]@GLT]@]VL@%ZVLNFL%Q’W]LL‘Y]’%%\‘] Liﬂﬂﬂ’ﬁmaﬂuﬂﬂlﬂdﬁﬂf}ﬂﬁﬂmﬁﬁnﬂﬁd

A

[ P P a Ao o ¢ . . P o , [
RILNANLARDUNIAN “NMITLARDUNFUNND (Relative motion)” E‘ﬂ‘ﬂ 1 LRAIAIDYINNITRILNG
a a @ o a a d oo a v oo A o
ntaaan ‘W]ﬂ@l?Nﬂ’]‘iﬁx‘iLﬂ@]ﬂ’]iLﬂﬂauW‘Ha\ﬁﬂvLW A Luagmtn@ﬂuagﬂuw WRILNANIT
A A A Ao 6 [ [l = v s < '
LﬂﬂE]%Y]”llﬁ]\‘iiﬂvLWLLﬂﬁJE]ﬂﬂ’]iLﬂaE]%Y]E‘TNH?EWIJQG?E]VLWVLQ E]El’l\‘leiﬂ@]’lﬁJ%’]ﬂaﬁ{iLﬂ@lu\‘lE]%l
(3 o o A P A v g [ 9 1
Iuﬁﬂﬂ%@l B LLaz‘Yl’]ﬂ’ﬁﬁ\‘]Lﬂ@ﬂ’]iLﬂﬂa%W‘lla\‘i‘iﬂvLW A mmdaammdmm"lmzvlﬂmm
o & ) & a Ao o ¢d a % & as P A o &
ﬁmﬁim LA T WAINITLAROWNRUNNTNINEUNUINYUG B luﬂimumﬂﬂaauwawgim

~ v { d E g & { A
Tadiﬂvl‘ll\l A ﬂildﬁ’]&ﬂiﬂ‘ﬁ’]vl,(ﬂ mﬂmmmsmﬁauﬁmaagaam@l ‘ﬁdl%ﬁﬁﬁ@iﬂﬂ%@? B

Note luanmduaisiaglag Inedeudn lanAlimaafauiisuiu dsuunmsiafeud
a o 2.2 & a Ao o ¢ a . = < A
nfunalddsnmdumaiafeunduininng nad adlsfanaludyminig azfiadimn
P d‘i/ A Ad oo [ [ & A Ao 6 = 1
Fanaagfsuuiulan muefeuniigsunadinaldzidunnefeunauysol viandn

U

C g 1

=y >

W
U
a ' A A A9 o A A g A A
ANBYINAUIIN LLﬂ%Wﬂ@ﬂ@ldl%%g@mmUUﬂUIﬂﬂﬁlzﬂaLﬂuLLﬂuﬁ%QQud

= o ' o a = @ o o A =
El]‘ﬂ 1 mamamsmm@]msmaaumaamqﬁnngmm@mﬂaau‘ﬂ [1]
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Yr/B

Moving axes
X
1
I'p
O _________ X

Fixed axes

UM 2 MaARaUNUUURNANT [1]

P ad a o P A A Ao @ & Qs
El]‘ﬂ 2 LL&@]G’]ﬁﬂ’]iW'ﬂ’]iM’?ﬂ’]iLﬂaE]%‘Y]I(ﬂUI’H’J‘Eﬂ’]iﬂ’]iLﬂﬂa%‘ﬂﬁﬂJW‘ﬂ‘ﬁ I@]El ’J@Iq

A Lﬂ%’)(ﬁlf}ﬂ@lﬂdﬂ’]‘iﬁx‘im@l ;dmmm B Lﬂugmm@mﬂaauﬂ ‘ﬁdl%ﬂ%’ﬂ&‘Wﬁ]TﬁM’]Nﬁ\‘iLﬂ@W}

4 A A , & . va 4 4 4 , z
LARBUNLUULRAWN (Translation) tN1w Vl,m’smdmmmmﬂaaummuwyu (Rotation) 3

U Q a dl [ Qs a v I a o dl IAI dql 1
davadunIIRTINNLANAINWI  wAuANA X-Y LﬂuLLﬂuWﬂmmgmuuwﬂaﬂ %
A o & Ao A A A o o wao
WABANG X-y Lﬂul,muwmmﬂaauwvl,ﬂwsaammdaamm B
fﬂ’mgﬂﬁ 2 aﬂﬁdwmsmﬁauﬁmaﬁ@q A Lﬁmuﬁmmuﬁq@ﬁo X-Y aziuan
s 6 di d' a di > VX" & 1 s e {ﬁ 1 1 g
suysal dumaafeuiinaeg A L&Jaﬁ\‘iLﬂ@lI@ﬂﬁdﬁ\‘lLﬂ(ﬂ B 2z ufsuANT o9 bivinnuy
@hé‘ugsrﬁ
a P o a a o a & .
mMaaReunvesing A LuamUunmmu%q@muamvlmwm’mmas F, N3
A A oo A A o PN & \ = A
\nRanvaINFING B Luamwnmmumq@muamvlé’lmmaﬂmas , 8IUMILa8aunh
maﬁmq A Lﬁmﬁﬂuﬁmﬁamm B (é‘dmmimygﬁamm B) usaslasiiaiaas F,,, (AB
INBIMMINUIAIIAYNFUNG  ONBIAINAILTAINFILNG) mngﬂaﬂﬁmmé’uﬁuﬁmaa
& & o &
NALABING 3 AIih
Fy,=T; +Typ )
dl % 6 = > v s s 6 3
WamayWuiradauns (1) eununa 22 AN UFUNWTURAIANISILES
ANALTIVBIIAT A a9t

Fy=F, +T,, w30 V, =V, +V,, )
Fy=F, +T,, W0 4, =43, +a,, (3)
Tag anuSasanuivousodianss A B UFAINNNLTIAZANUTIFNY 0
(LﬁUUﬁULLﬂuﬁﬂqﬂﬁ\‘l) FIUANUS I ANNIINIRBURIDENET AB 9:URAIAINUEILAY
AMULTHIFUANT vaaTan A ipuiudFng B

Lfia;jé'am@ B lﬁszuuﬁﬁ'@mﬂlumsuaﬂ@‘mmﬂﬁ@q A EFINNTDTBUIALAET

= ~ ° ' A A [ g v &
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Tag = Xi + Y] 4)
lag 1, ] fanameiniamislufianauns x uaz y anudau
X, y fadnavasian A iaialasuny x-y
A o § a [ [ =3 1 Qs o 6 o nl‘”
Wamaynuirasauns (4) Weuiunm wldanuiuszanuisdunniasi
Varg =Tag =X +Y] )

Apg =Tag = K+ yj (6)

Note &ina B awsnldszuufinauuuansy i Anauuy nt wiafinauuy r-0 e
vandunibizesiag A laidwdsnu lunsditaunis 4)-6) azfeuldanszuuiined
o

X

|

|

|

A

———x

Moving axes

p/aA

I'p
o T T LT o A
Fixed axes

> '

3UN 3 MmuaRaunduing (§Funaagnia A) [1]
A A Ao o & . a [ A ) o A Al v .
U7 3 ugaImaAReuNFIRNRTWADIALIUN 2 wddrenun lunsdildFnaag

P & a o A A o o ! o Py @ ' Al
Wﬁl@ A LLREAILNWANG X-y I@ULﬂﬂauﬂVl’ﬂwciaﬂJﬂU?@ A aqujﬂﬂﬂ@ﬂﬂﬂqiaﬂLﬂ(ﬂﬂ%}ﬂﬂ@ B

q

mﬂgﬂazvl,@}"’h
rB = rA + AB/A (7)
o = Qs £ —_ —_ —_
Yo ILa 8Nz Lo Vg =V, +Vg (8)
d, =4, +a,,, 9)
Waiauaums (1) — (3) AURNNNT (7) — (9) azlein
Fag = Tg/a (10)
Vae = Vg/a (11)
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HUAD ﬁﬁLﬁaﬂfmqﬁéﬁmm WALEEINANALNY | FINFURUIFUANT  ANL52
s 6 a

L e 1 L 1 1 Qs 1 { o v é
E‘T?J‘V‘H’lﬁ{ LRZAMULNFUANT  azldnrinnuilelaIasnanaasanuing m%mmﬁaﬁmm@

WA WA RN ANIIATITINNLTELA-S

1@N&E172 1999
[11 J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition SI
Version, John Wiley & Sons, Inc., 2003.
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2/8 Airplane A is flying north with a constant
horizontal velocity of 500 km/h. Airplane B is
flying south-west at the same altitude with a
velocity of 500 km/h. From the frame of
reference of A determine the magnitude v, of the
B apparent or relative velocity of B. Also find the

2B magnitude of the apparent velocity v, with which

B appears to be moving sideways or normal to its

S“}' centerline. Would the results be different if the

two airplanes were flying at different but constant

altitudes? [Engineering Mechanics Dynamics 5t edition,
Meriam & Kraige, prob.2/201]

M landdwualt v, =v, =500 km/h

@ ' g A A P v e 4
doamamdn 1. v, Sl v vaaatasdn B ilatneunugEina A 44
A8 Vg Bl
2. v, w308 uliEnauaad vy, Ihaneaiainny v,

2
a [

luﬂimﬁ;&” anaagh A Asonanugunws Ve =VatVga

e o de = | v d‘y
ANMURNWWIUEINIIOLY WL LN BATWLIALG aﬂ@(ﬂﬂ%

v, =500 km/h 9n31 uazNgVaY cosine
45" V2,5 =Va +VE —2V,V, c0s135°
V2, =5002 + 500 — 2(500)(500) c0s135°

V,p =923.88km/h Ans

v, Aasulsznaupad vy IWAAN19aIanny v,

ﬁnﬂgﬂﬁ]z"léf
V, =Vg,,SIN22.5°

v, =923.88sin 22.5° = 353.55 km/h Ans
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2/9 The aircraft A with radar detection equipment is flying horizontally at an
altitude of 12 km and is increasing its speed at the rate of 1.2 m/s each second.
Its radar locks onto an aircraft B flying in the same direction and in the same
vertical plane at an altitude of 18 km. If A has a speed of 1000 km/h at the
instant when @= 30°, determine the values of ¥ and © at this same instant

if B has a constant speed of 1500 km/h. [Engineering Mechanics Dynamics 5™ edition,
Meriam & Kraige, prob.2/204]

12 km

5v1  landimuald v, =1000km/h,  a, =1.2 m/s?

vy =1500 km/h,  constant

0=30°
- . ‘s U oo z N o & 2 [
finnsangns -0 a =F-rd daamam F uaz 0 duiludas} a
. Tufiemnig r-0 ran
a, =ro+2ro . e ¢ o«
fWIU @, Uar a8, wln
Ao o A A =
ANNLTINFINalaaniaIasdn A 39
L UaNULSIFUANTHULE
NNTNANUTY Vg =V, +Vg, Vg
1500 =100+v —>—>
BIA Va Ve/a
Vg, n= 500 km/h
A ' . N N a~A
NNTMANUGY 8y =8, +8;,, - ",
—
0=12+a,,, dg,a

ag =-1.2m/s’
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Vg, 4= 500 km/h

91n3l v, =500¢0s30° = 433.0127 km/h
v, =—-500sin 30" = -250 km/h

v,=f — [ =433.0127 km/h =120.2813 m/s

0= ﬂ(Lj =-0.00579 m/s
3.6

V=1 —»

12000

a, =-1.2c0s30° =-1.0392 m/s?
a, =1.2sin30° = 0.6 m/s’

a =F-rp> —> —1.0392 = i — (12x10%)(-0.00579)*
¥ = —0.6369 m/s? Ans

a,=ro+2r0 —» 0.6 = (12x10°%)0 + 2(120.2813)(~0.00579)

0=1.6607 x10* rad/s? Ans
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uuuHniia g 2/8
1. A drop of water falls with no initial speed from point A of a highway overpass. After
dropping 6 m, it strikes the windshield at point B of a car which is traveling at a
speed of 100 km/h on the horizontal road. If the windshield is inclined 50 from the
vertical as shown, determine the angle @ relative to the normal n to the windshield
at which the water drop strikes. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]
(Ans 0 = 28.7° below normal)

[T3t]

2. After starting from the position marked with the “x”, a football receiver B runs the
slant-in pattern shown, making a cut at P and thereafter running with a constant
speed v, = 7 m/s in the direction shown. The quarterback releases the ball with a
horizontal velocity of 30 m/s at the instant the receiver passes point P. Determine
the angle a at which the quarterback must throw the ball, and the velocity of the ball
relative to the receiver when the ball is caught. Neglect any vertical motion of the
ball. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans o = 32.0°% vup = 21.9i + 21.9j m/s)

3. A batter hits the ball A with an initial velocity of v, = 30 m/s directly toward fielder B
at an angle of 30° to the horizontal; the initial position of the ball is 0.9 m above
ground level. Fielder B requires 0.25 s to judge where the ball should be caught and
begins moving to that position with constant speed. Because of great experience,
fielder B chooses his running speed so that he arrives at the “catch position”
simultaneously with the ball. The catch position is the field location with the ball
altitude 2.1 m. Determine the velocity of the ball relative to the fielder at the instant
the catch is made. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans Vg = 21.5i — 14.19) m/s)

|

|
| |
| [
| |
| 15m :
‘ |
| | Ve
| |
|
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NaFans (Dynamics)
A ¢ ¢
Unn 3 ﬁ)aumamwaamgmﬂ

311 NYNITARDUNVBIRIOK

¢ [ =) A ' ' [ Aa A A
andemaaiidunmsfinmnavasusaf iisugadonaldiagiianmaedend  dym
NIRnMEaThUEINIaLAle 3 A5 laud 1) nIRNTINANUFNNUIVBININ-LII-
ALY 2) MSITITNULATWAINY ez 3) MSITITduNWaRLAzluuaY  luniay
namdaAgedITusnfomsltanusunutuaINa-LN-ANNss aungden 2 vasiaan
Wit ngTan 2 vasiiauuaad lalaggunisi (1)
> F=ma (1)
— =) s fdl o s Q/ A 1 I3 a a =) Q/ A 1
lay Y F Aaussawtiinazviniudag fmhoduiieu N, m fawisvesiag Hnis
& _ oA ] (% a \ & 2
\Ju kg, uaz @ AaANNLTIvaIng Iniioidu mis
Tywaadaaaisusoussaantailn 2 teznn
1. fymnmusamanusildnnmsfiansanmueiewiizesiag  wazhanus
e ldwaniss
2. tgwinnmuuss lasussendunsiasinialuisiouvasantsnsinfounan i
> o P o . ]
16 wazshusen g lddwamndraanuiss
a & o P o waa A a v =
mylnzEnaefaunvasiagaaunsaldiimiiGeunudiluunn - 2 an
o a Ad a X v a P & a A @ &
AMuwmmimaalewniiadnle lasmaefawiaradumaefannluiwiiduass wie
a a v &V o a a o & @ [ P o
matedaniuwalasnle  asanmadenzdluuniindudainnuesiminuennszv

nuiag AIUWIIAD9I19 Free body diagram NaunIsILATIZHLEND

¢ ¢ a A Asl [y
3/2 RAUANAAINIWNITLARDWUN LI AT DAY
Tunsdiflazaansaifenasunuinaliasinuiansnmaafeuile aIuuaums
A A Qo PN A A = A A .
miaReunzidudiuaasluanns (2) Aiamsaudslidnnedeunazegluanizaugs
> F . =ma,, > F, =0, > F, =0 ()
289 5AaN 012 b D UL F I URNA M aTINUAANINITLAREUNA b8 bib
dd‘v a 1 g: a (%
NIHATTUTILAZANNLTING 3 HiFN19 Gauaadluauns (3)
> F . =ma,, > F, =ma,, > F, =ma, (3)
LIIUAZANMLTIANTEINTAM LA naNnT (4) Uaz (5) 9%
= o < > 2 2 2
a=a,i+a, j+ak, a=,/a;+a, +a; 4)
> 2 2 2
K, F=\F +F +F, (5)
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{ { 1 1
3/3 anAIEASNIINITIAR AW L1suin LA
Wasnnidumsiafaunuwilas ABmsRansandslsruuAnadne g awnisouwan

g ey
luunn 2 a9t

1. 3XUUANARIN > F . =ma,, D' F, =ma, (6)
lag  a, =X wer  a, =y

2. AN@ n-t > F,=ma,, D> F =ma, (7)
los &, =pp>=v?/p uszr a =V

3. WN@ r-0 D> F =ma,, D Fy=ma, (8)

lag  a, =Ff-rd® usz a,=ro+2r0

o 6
3/4 LW IN ﬂ']iﬂ']%’)nlaﬁiyﬂ']ﬁ]aﬁ']ﬂ@l?ﬂ a4 aﬂzﬂ']ﬂ

Tywaamaaismlnaduwimemsdwondusrauuasea b

1. 1@gw FBD maai’mqﬁau‘lmﬂ%u LA U WLAWNNANLANIZ Y

2. WHURFNANTNMILARAWN ZF:ma TaglTaun13a NI NRUIZIUNUITZUUANNAN
A
Ghi

3. lunsdidywiNnTuusImInueanaunIlnIuil 2 ENIDMIAIANALIILE LAY
INANMVLTITRIVITOWIAT ANNSY  UAZNIIVAAGD LA NRNAITNIARaWNN bel
= o ~
Sonunsluund 2

4. lumﬂﬁm’m‘*ﬁagamsmﬁauﬁ EWANTUIA HIANNLI) a:a’m’ﬁﬂmmmmlug@
A o ° o aa AN v a o ~ A o L R o
ARBINIIAWI D A ANNATANIN WITUIURUUNA 2 1 lanuLsIaain luniuss
ldangumsluawi 2

5. Iumtﬁﬁﬁﬁ'@]qﬁmﬂ%uLL@igﬂﬁaﬁulﬁLﬂﬁauﬁé’wﬁufﬁu ADIRIANUFNNWTUDINNT
= A [ v, o o o e [ a ~ & A
Lﬂaaumaamqiﬂ@mau IO URNA BT BIINAURNNINTARAUN T UN 2 22
RUNTOWIAINGBINTNTIL (439 ANLSI 98Y) b6

a @ a

6. NIMULIIRLANIW LLa:ﬁi’@qﬁa:ﬂmsmmﬂﬂiw 1 Naw Iﬁauwﬂam’]mqam@ﬁu

1 wisdagiemiloalidanu 1) driagdenuld-Tagnniudasiionuisarini
uwazlussdnanuudaziufiadesniusadsamuaiianuniga 2) driaglddanu-

[ 1

’mqLmaz%uﬁ]zﬁmmrﬁ'wmﬁu LRZLIILFIAN BT TANYIN LTI FIANIHIRI

1@N&E17219D9
[11 J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition SI
Version, John Wiley & Sons, Inc., 2003.
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3/1 From the figure, neglect all friction
and the mass of the pulleys and
determine the accelerations of bodies A

and B upon release from rest .
[Engineering Mechanics Dynamics 5™ edition,
Meriam & Kraige, prob.3/27]

10 kg

ad e { M oy @ ' { { { <
571 158997078 A BANIR B W ladanwiuuiaiin tiatnRaui luiand
v = a Ao L AN @ v o & K/ o
ROINANIIDNNAROUNAIDAMNULTIN LULFINW LG AINUIIADINN
ANMNFNAUTVAIANLIIVBINIANIRAIN WL TR

NI NUFNANUTIZTAININNT

LARDWNVAINIR A LAZNIA B 3ZWLIN
NILARAUNVBINIA A LAZNIA B
TN AaI8 T e S, Uaz Sy ER

v 'S'mwnag@quﬁﬂmwaasan AILFAI L

3u AN T8l M TIasza: daatiln

P a oA a4, &
’%@ﬂ%&l@%\‘ivLNLﬂﬂa%ﬂLﬂW%%

10 kg

LAAIINNANNLNVDITAN L 6a90aNa9N ad9his

25, +3S; +Constant = L

25, +3S, =0
25,+35,=0 —— 2a,+3a,=0 (1)
. N33 FBD maﬁ@q A
30x9.81
a, T [>)F, =01 N-30(9.81)c0s20° =0
‘/ N = 276.5515 N

y
A
- ) [ F, =ma,]

30(9.81)sin 20" — 2T =30a, (2)
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TTT _ 5
#3134 FBD 2297017 B
« [> F,=ma,]
r 10(9.81) 3T =10a, (3)
agl B YY
FUUFNNT (1)-(3) a2l 3 @ahe a,, ag, T
10x9.81

wAszuUaNS (1)-(3) 3zle

a, =1.024m/s* —
a, =-0.6824m/s* | -8, =0.6824m/s* 1 Ans

T=3497N

Note NMIAIUN® x-y LATTINAUANANTII+ VBIANNLIY 8, UAE 8 ADIRDAARDY
AUMITABANANIILINTEI S, Uae S Tl TuhBANUFUWUS luaumMsN (1)
azldzaandaInuaNnIn (2) waz (3)
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3/2 If the coefficients of static and kinetic friction between the 20-kg block A
and the 100-kg cart B are both essentially the same value of 0.5, determine

the acceleration of each part for (a) P =60 N and (b) P =40 N . [Engineering
Mechanics Dynamics 5" edition, Meriam & Kraige, prob.3/23]

P

A

20 kg

@:{

100 kg

FBD 574 2 Naw

20(9.81)‘ ;
P

100(9.81)

3

FBD Lannaw

20(9.8

(9.81) 5
F < N, P
F—»JLNl

100(9.81)
|
N,

= o ¥
NITAT aaa L

ada o { % ° v Aa { { A %
B ngdudlafiaandanun P vhiwmAansiadannidlnldlansdila

1. 178 A uaz B aann 3ainaanilidraiudionnuiiarintm uaziie
ANTINDILTIRIANIUIEAIN A LA B RzWLIUIIFIANIH
s:m’wwaaﬁaaaaﬁauﬁaaﬁﬁwﬁaﬂm'm'wLLsatﬁwmuaﬁ@ﬁmﬂﬁq@

2. 478 A uaz B tiamslaalufiain nsditnnuissvesniaion A uas
ot B 92 laivinin uasIMAUTIFIANIHIZRINIIN AT RD IR awasE]
ALYINNLUIILFOAM WAL

(a) P.= 60 N

amﬁlﬁmaﬁ'&aaaﬁaua@ﬁ'ﬂﬂ ANUNTIN

1 fa FBD 120%4 2 fiou
> F,=0] N,-20(9.81)-100(9.81) =0
N, =1177.2N

[z F = max] 2P =(m,+m;)a
2(60) = (20 +100)a
a=1m/s’
arvianussildundulyldniell Tas

ANz o
178 A
[>F,=0] N,-20(9.81)=0
N, =196.2 N
[ZFX :max] 2P-F=m,a
2(60)— F = 20(1)
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F=100N
s 1 a a dl & v
@]TJ"ilﬁa‘.Uﬂllﬂ"lLL?GL@H@‘Y]']%@G@]i:(dq@‘Y]LﬂuvLﬂvL@

F.. =u.N, =05(196.2) =98.1N

F=100N>F_, — Iuldlald ugesineanuss 60 N snanizasdas
wamsloa (Wildlndaun@anmdusuder) aenn
laignunsnfasuiduiauwdsdle twizanuLsaue
axiawlailyinn

LI IANNUIANIFAINDWLAANITINS WIILFIANIWIZRININIANIFDIN o UL TN

WINNUUIIREANBAAI

FBD wanian F=uN, =05(196.2) =98.1N

18 A
20(9.81) ; A A
o > F. =ma] 2P-F=m,a,
F +— N
. 2(60)—98.1=20a,
a, =1.095m/s*> Ans
F —»lLNl ’
100(9.81) N B
O T O [>F,=0] N,-N,-100(9.81)=0
N, N, =1177.2N
[ZFX :max F :mBaB
98.1=100a, —> a, =0.981m/s’ Ans
(@) P =40N au&gmﬁmaﬁv’aaaaﬁau@@ﬁ'ﬂﬂ fa FBD

NI 2 Naw

FBD 574 2 Naw
> F,=ma,] 2P=(m,+m,)a

) P 2(40) = (20+100)a
P — 2
100(9.81) a=0.6667 m/s

; T a7 enusIn eunulllawiali lay
N, fAuwrmuoniiazion (ANNLTILARzian
X ADILYINNY LASHIIFIANIUIZRININY G ad

428 A wesniussFuamusianiniga)
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[ZFX = max] 2P-F =m,a

2(40) — F = 20(0.6667)

F =66.6667 N<F,
lasanndrusadgamuidwimnle Sensteanitenuusaisamusdaiann
ﬁq@ é’afumsaug@gnﬁamﬁa
4| B
ATIIFAUAMULIIVAINIA B
[ZFX :max] F=mga,

66.6667 =100a, —» a, = 0.6667m/s’

ANNLITITIN LYNAUANNLIIVDINIG A BRTAINLITIVDINIG B 939
@91 ANLslunsaid

a, = a, =0.6667m/s” Ans
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2571 1 Tuw FBD TaIN8a9UHID

\

p=300m \
\
\

~+

TnemsaNNuSIan 8, =0

2

Cow \Y
mmmwwaﬂuﬁﬂma a,=—
LTRT) p

3/3 A flatbed truck going 100 km/h rounds
a horizontal curve of 300-m radius
inwardly banked at 10°. The coefficient of
static friction between the truck bed and the
200-kg crate it carries is 0.70. Calculate the

friction force F acting on the crate.
[Engineering Mechanics Dynamics 5" edition, Meriam &
Kraige, prob.3/69]

mg

10° Z

2
= (@) i m/S2

3.6) 300
> F, =0] N cos10° + F sin10° —200(9.81) = 0 (1)
> F,=ma,|  Nsin10" - F cos10" = 200(%}2 3—(1)0 (2)
WARNANT (1) 4az (2) b6 N =2021.518 N

F =-165.891N

F =165.891N «— Ans

Note ﬁ’]&l'ﬁﬂ@]i’)"ﬂﬁﬂ‘ﬂﬂl’]LLix‘iL%U@ﬂﬂuﬁa@lu’]ﬂﬁq@qﬁ'ﬂﬁﬂ

F...=uN=0.7(2021.518) =1415.06 N

' a Aa X a. o ' a A A A
wnUIusEsamuwiinalnlddasniussduanmusianannige
9 hiAanTlne AIAINNLTIVINEDIFILHINUAINULIIVAIATD
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0N y=4-—X
Diff. LREULIAN
Diff. LAEULIAN

9

LR —=—=X

ﬁaﬁmﬂﬁ@@ x=3

> F=ma]

[ZFn :man]

y:-%xz —Exxz—S(szrxx) — a,

3/4 The 35-kg box has a speed of 2 m/s when it is at A on the smooth ramp. If
the surface is in the shape of a parabola, determine the normal force on the
box at the instant x = 3 m. Also, what is the rate of increase in its speed at this

instant. [Engineering Mechanics Dynamics 11 edition, R.C.Hibbeler, prob.13-77]

lumauﬂqﬂu@ﬂqilﬂﬂauﬂmaﬂﬁ@]ﬂLNﬂLiNLﬂﬂa%'ﬂ (')(ﬂﬂaﬂ'ﬂ A) LLQWI%VY]
LL?\TLZJQ'J@]E]@UV]@]']LL%%G x=3 mu@auﬂ’]iﬂ’]'ﬂ ﬂmﬂm.l@nam\‘mau%uﬁ
ﬂa@]ﬂﬂl“ﬁﬁwﬂqjﬂ']il,ﬂﬂa%'ﬂ%']ﬂ']']&]Ls@ﬂ@qLLﬁuﬂﬂ@aﬂﬂqilﬁwL(ﬂﬂau

A v Ao o A A a & =<
Luﬂ\‘]"ﬂ']ﬂlu?lauﬂﬂ‘ﬂmzLﬁ%ﬂ’NﬂquﬂaauﬂLﬂuauﬂ’]iﬂm@ﬂqaﬂi ON]

2

Y A

KRNI T EUNTHAIANNFNABTVDIANIST wazanNLslasvinlaast

=—§(vf +xa,) (1)

mg sin 6 = ma,

a, =gsind= 9.81(%) =5.4416 m/s*  Ans

mgcos6—N =ma,

(2)




Dynamics/ Chapter 3 Kinetics of Particles

3-10

Ty e AN TN UTUNUTANLT a uaz a, WAzfn a, ITRINIANAN a, v

L dq’
A%
A

a, AILNUA NN +
P & o
a Alangrinrue

a, = 5.4416 m/s? %

1 n‘ I3 1 d' ) 1 gj 1 1 g: =3 £ a
mmLiammmlugﬁmummLsmml,mm x = 3 119g) ANNLTINIFAITIdadl
YUIALYINN lugﬂl,ﬁ BILGLRAIA L AL NNAAIINBLYINTH

ﬁnﬂgﬂﬁ]:vl,éf

a 2 5.4416 m/s? (3)

3
a —— —
"V13 413
a2 _ a3 _a
x\/ﬁ y\/ﬁ n

a,cosf-a sinb=a, —

-a,sin0-a, cosb=a, —>

(4)

N (1) WWUTIMNNTILAIANATINGG X = 3 UMW NUTURUT
S { o ' [y
189 a, Uaz a, Toioth lunuluguns (3) uas (4) sawnsamd a, ld

2,
a, =—§(vX +xa,) (1)
= A d“VL A a = a a o
‘Vﬂﬂ']’]&llﬁ')"ﬂ(ﬂ X = 3 LWIINTEUUB LUULLIILRIAN W "Nvl,&lllﬂ’ﬁgfllvlaaﬂwaﬁ\‘]’]%
Er=Ecs

1, 1,
—mvs +mgh==mv
g VAT mIn=7

%22+9.81(4—3) =%v2 s v=486mis

nstazla Vv, =VvcosO= 4.86~i =4.0438 m/s

V13

WNRAT vx URNNNT (1) LAz x = 3 a2 ld

v=4.86m/s 2 ,
a, = —5(4.0438 +3a,) (5)

uAsunT (3) waz (5) azld  a, = 2.8505 m/s?

a, =-5.5342 m/s?
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unuen a, usz a sdluaums (4) 1wm a, ldlas

a_ =3.0235m/s?
WNUA1 a_ 8 buENT (2)
3

V13

35(9.81)- N = 35(3.0235)

N =179.86 N

o Ao &
NIILARUNAIU

Sadanulasasduladsniann

EEIE

pxy = d2y
dx?
Y [ 1 2 \ A
RUNITLEULA y= 4—§x Ax=3
dy__2 dy__2, 2
dx 9 > dx 9 3
d’y __2 dy_ 2
x> 9 _/ dx? 9
LA RN AITAITAR AN A
2 3/2
|:1+(—2j }
3
Py = > =7.812
-3
Wl a_ 9N
2 2
n = L ;1:?2 =3.0235m/s’
p .

WU a_ AdAUMIMIINITuIn

Ans

RUULAG  TABRINIIONIAT a_ laandT laamsnisaianulasaddunid
= n
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3/5 A small 180-g slider A moves without appreciable friction in the hollow
tube, which rotates in a horizontal plane with a constant speed Q = 7 rad/s.

The slider is launched with an initial speed 1, =20 m/s relative to the tube
at the inertial coordinate x = 150 mm and y = 0. Determine the magnitude P
of the horizontal force exerted on the slider by the tube just before the slider

exits the tube. [Engineering Mechanics Dynamics 5t edition, Meriam & Kraige, prob.3/83]

aa o v o A A o A Y A A o A
25N lumaum%u@msmaaumaa’mqmmammumaaum (Aagagh x =
0.15,y = 0) LLﬂﬂﬁWLLNﬁ&ﬂﬂ:ﬁ%i’@Q A ﬁ]:%q@aaﬂmﬂﬂa (x=1)
LN ARLTINEANIENaUBANAINYIA JIABINTILANNLIIAaRAANIINYIA
Aaw lagaduisinanaananvian lalauaunisnisiafani I@U‘l‘*ﬁ‘ﬁaga
A A A & o v
NIRRT Langrinnuea 4

[

YUADWANTANLIAIAILNUATNAITE

4 N

fumiafi 2 (x=1)

G 1
(x=0.15,y=0)

KUNIINI

a PN
LARBUN

a, —» ZF:ma —> F,

- j
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FBD mg .

N

iaanndududaamien a, Nduniinaniageanainva daudsfasan
suMIANNLSIlUAaNIg r-0 faw

a =f-rd’ = -rQ?
a,=r6+2r0=2rQ (=Q=const)
PNnENNIAL e dmuan f ﬁ@‘hmeﬁaui'@qgﬂﬂdaUmﬂﬁaazmmmm
@ a, be
[ZFr:mar] 0 =m(i' —rQ?)
i =rQ? (1)

nnganltas e podr_gdr dr_, dr
¥ dt dr dt  dr

UWNUANNFNANUS A IUaNnIT (1)

dr

F=r—
dr

2 . 1.
=rQQ° —» fdi =rQ%r
INANNRUNUTHITRINITORAN T ﬁ@mmumaufmqaam'}ﬂﬂaw

Jr;r'dr' = erzdr
20

0.15

o F 1
r_2 - er_z
2 20 2 0.15
©o20 T 01
2 2 2 2

r=21.1636 m/s
awld  a, =2rQ =2(21.1636)(7)

> F, =ma,]  P=ma,=0.18(2)(21.1636)(7) =53.3N Ans
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%

Fagona 1. deiludarlifiusnszriluuws r usz a, = 0 udfidofidr ¥ 3
LLa@\nfﬁ;Eﬁ'\'im@rﬁmu"lﬂﬁ'wiaﬁ]zuaaLﬁui'mqmﬁauﬁaaﬂmmia
AR T
2. gums fde =fdr fsulénuaums vdv = ads
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3/6 The 5-N (=0.5-kg) particle is guided along
the circular path using the slotted arm guide. If
the arm has an angular velocity 6 =4 rad/s and

an angular acceleration ® = 8 rad/s? at the instant

6 = 30°, determine the force of the guide on the

T5m particle. Motion occurs in the horizontal plane.

[Engineering Mechanics Dynamics 11" edition, R.C.Hibbeler,
prob.13-90]

5 Ardeg Nlandinualash 6 =4rad/s
0 =8 rad/s’
0=30°

> F =ma,]| Ncos3o _ O (pord?) ()
9.81

] 5 . .
F. =ma Nsin30°+F =——(r0+2r0
[Z 0 f’] 9.81( )

(2)

PNFNAT (1) WaT (2) dasnien 1,1 Tdla
a 1 =3 [
\Fonaw 29921Us9 N WAz usd F la

nnyuale 7 0 = 30°
r =2(0.5)cos0 =cos6 r=cos30° =0.866
F =(—sin0)0 F=(-sin30)4=-2
¥ = (—cos0)6* — (sin 6)O i = (—c0s30)4? — (sin 30)8 = —17.8564

wnnluguns (1) waz (2)

N cos30° :ﬁ(—17.8564—0.866(16)) — N =-18.6638 N

N -186638N /
(~18.6638)sin30° + F = %(0.866(8) 1 2(-2)(4))

F=4708N Ans
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= %)
BUYHnKa

1.

In a test of resistance to motion in an oil bath, a small steel ball of mass m is
released from rest at the surface (y = 0). If the resistance to motion is given by R =
kv where k is a constant, derive an expression for depth h required for the ball to

reach a velocity V. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

2
(Ans h=T gIn( L j—m)

k? (1-kv/(mg)) Kk

The sliders A and B are connected by a light rigid bar of length / = 0.5 m and move
with negligible friction in the horizontal slots shown. For the position where x, = 0.4
m, the velocity of A is v, = 0.9 m/s to the right. Determine the acceleration of each
slider and the force in the bar at this instant. [Engineering Mechanics DYNAMICS 5" edition,
Meriam & Kraige]
(Ans ap = 1.364 m/s2 right
ag = 9.32 m/s2 down
T =46.6 N)
| é IE 3kg
B
y 0.5m
’”@l
l ARO —> P-20N
4 |
_\-‘,l. 1
sulsznavuuLHndada 1 sutsznavnuLHndada 2

3. The small object of mass m is placed on the rotating conical surface at the radius

shown. If the coefficient of static friction between the object and the rotating surface
is 0.8, calculate the maximum angular velocity @ of the cone about the vertical axis

for which the object will not slip. Assume very gradual angular velocity changes.
[Engineering Mechanics DYNAMICS 5‘h edition, Meriam & Kraige]

(Ans = 2.73 rad/s)
Beginning from rest when @ = 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. Determine the
tangential acceleration and speed of the child, and the normal force exerted on her

(o] (o]
(a) when @=30" and (b) when &= 90" . [Engineering Mechanics DYNAMICS 5" edition, Meriam
& Kraige]
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(Ans  (a) a = 8.50 m/s’, v = 2.78 m/s

N =280 N
(b)a;=0 m/sz, v =5.68 m/s
N =795 N)

w

gﬂﬂizﬂammuﬂﬂﬁwﬁa 3 gﬂﬂizﬂammuﬂﬂﬁ'@"ﬁa 4

5. The spring-mounted 0.8-kg collar A oscillates along the horizontal rod, which is
rotating at the constant angular rate © =6 rad/s. At a certain instant, r is increasing
at the rate of 800 mm/s. If the coefficient of kinetic friction between the collar and
the rod is 0.40, calculate the friction force F exerted by the rod on the collar at this
instant. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans F =439 N)

6. The small pendulum of mass m is suspended from a trolley which runs on a
horizontal rail. The trolley and pendulum are initially at rest with @ = 0. If the trolley
is given a constant acceleration a = g, determine the maximum angle 6., through

which the pendulum swings. Also find the tension T in the cord in terms of &
[Engineering Mechanics DYNAMICS 5‘h edition, Meriam & Kraige]

(Ans 0, =n/2, T=mg(3sin0+3cos6-2))
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1. MILAROUNLUULRDWN (Translation)
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manfeuiiuuuifeud umaefeun@imng dulag ludag awefeunauwn
v o \ a o & A A A AR« A Adn A
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) v A A A ' v A A A A 'Y A
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A P A A o A A P A A A o
ANBDALINTIN Luaﬂ'ﬂqﬂﬂqiLﬂaauﬂmaﬂ"g(ﬂI@ﬂ IuQWQﬂLﬂaau‘ﬂLLUULﬂauﬂﬁ]zL%ﬂJauﬂu
o & = a o A o ad a P Y
@N%%ﬂ’]iﬁ]\‘lE?(’lll’liﬂwfﬂ’ﬁm’mﬁmaauﬂﬂladﬁﬁlqluﬂimu Lﬂuﬂqilﬂaauﬂmﬂﬂa%ﬂqﬂq@]

2. NMILARBUNLUURNUIAVANEG (Fixed-axis rotation)

= o a ' o A A
ﬂﬁi%ﬂg%iﬂﬂﬂ@ﬂ@uﬁ@d@dgﬂﬂ 1(c) 'i]zW‘.U'J’]'ﬂ(ﬂl@’ls] IH’JWQ%zLﬂaau‘ﬂLU%’NﬂﬂN

FOUUNUAYY UAZRYWALYUNALYIN G AUNIALABINL

Type of Rigid-Body Plane Motion Example

TN
o7\

(@)
Rectilinear
translation

Rocket test sled

(b)
Curvilinear
translation

Parallel-link swinging plate

()

Fixed-axis

rotation
Compound pendulum
s~
1 —*A’ N
(d) \ ‘
General \ '\
plane motion | \
'\\" B’ Connecting rod in a
~_ 7 reciprocating engine

3UN 1 maefeunluizuy [1]

Translation Rotation General plane motion
TN —_
E? // o) »f/ A}\
/ | \ |
/ / \ |
/ / \
S B’f R \

U 2 muedeuiluszwuuuunaly [1]
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Reference

UM 3 Manyuvaaguiinis [1]

3. MILARBUNLUUNT MlUKIZUIU (General plane motion)
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AMVTFUNUDVBIYY 0, uaz 0, Luaah

0,=0,+B (1)
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Luaw’mLﬂm@qLmeiavLuumsmsgﬂ yu B slenasnanan anaumT (1) 2l
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! dt
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ANMUFUNUTIN G FANTar levinueadsInunsieRaunuuULIRanNaHh
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{ v a = a 7 _ a Y =
Eﬂﬁ 5(118) LLE‘T@N‘Y]?I‘YI'NTT’I?%Huﬂﬂ%LTﬂJu’]WﬂW AdBU ® %Gﬁﬂﬂv\iﬂﬂl%(ﬂﬂ%ﬂu AINNLI

A Y _ A v A
LDILRW V ‘Y]ﬁ;@] A ﬁﬁ&ﬂ?ﬂ‘ﬁ’]vl,(ﬂ@]\‘i%
9)

=

V=F=0®x

o s 1 Q 6 =3 Qs dQ/

mmumwLNmminmvleﬂmmmgwuwaamwnﬂuaumi (9) @31

d(@xF)
dt

a=6)><(6)><f)+é)xf

a=v= —AXF+OXF

d=OxV+axr (10)

Lﬁaﬁmimﬁﬁﬁmwaammm’amﬂgﬂﬁ 5(271) 32 la9n

a, =0xV=0x(0xr) (11)

QD
Ql
=l
—~
—
N
N

t X

1@N&172 1999
[11 J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition Sl
Version, John Wiley & Sons, Inc., 2003.
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5/1 The belt-driven pulley and attached disk are rotating with increasing
angular velocity. At a certain instant the speed v of the belt is 1.5 m/s, and the
total acceleration of point A is 75 m/s?. For this instant determine (a) the
angular acceleration o of the pulley and disk, (b) the total acceleration of

point B, and (c) the acceleration of point C on the belt. [Engineering Mechanics
Dynamics 5" edition, Meriam & Kraige, prob.5/15]

[

WMUAANNLTY AT 9 a9tk

o

B lang

c=15mis  a, =75m/s?

A A )

AT v TRIRBWIUNG C :umLmﬁ'ummﬁwaomﬂwmﬁé'uﬁaﬁ'uw“méiﬁ

9
(%
L R

LLazmmﬁwam“mdﬁﬁwamauu mﬂmmL‘%Wammdﬁa:mmwﬁaiau

q

wynzaanaadld

[V =or] 15=w(0.15/2) —> o=20rad/s

dl 1 6A I3 s ~ 3 o g: =3 a 1 fd‘ o 1
esanyaiadnaiduinguiands asuanuTIByusasWaadnduA
19 dasfiAivinnu wazyinny 20 rad/s

a oA
NINIUWIAULINNIN A

la, = wlr] a, =’r, = 20°(0.15) = 60 m/s?
o=t +a? | a, =+/a?—a? =+/75? —607 = 45 m/s’
[a, = ar] a:%:%ﬂ,oo rad/s? Ans

YNoILAIINUANULTATINY ANULTITIYUTBINALS indunisla g daedien
1 a 1 a A 1 s 2
WU LazdaLYinnu 300 rad/s
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o-7

NNTMANLTINTG B

[a, = ar] a, =300(0.15/2) = 22.5 m/s
la, = | a, = 20%(0.15/2) = 60 m/s’

[azq/a,f +afJ a, =22.5% +30% =37.5m/s’ Ans

a 1 dl
NINTUWIANULINNA C

90 C Lfluag@uumﬂwm%omﬁauﬁmeﬁauﬁ é’ofummﬁﬁoaéluﬁamo
PoIMTAA UYL AnuLTsidasdarituanusslwu AR a, '?'ifg@
B iwizfanuissluumduian 2 ﬁ;@uumﬂwm"l,ajwhﬁ'mﬁa e
Tlasvnlsanuizang 2 q@ﬁ?uvl,ajwhﬁ'u RUNIUITHE DU WIS e
m@lwaf:

8 = (a), = 22.5m/s’ Ans
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5/2 The design characteristics of a gear-reduction unit are under review. Gear
B is rotating clockwise with a speed of 300 rev/min when a torque is applied
to gear A at time t = 2 s to give gear A a counterclockwise acceleration o
which varies with the time for a duration of 4 seconds as shown. Determine

the speed Ng of gear B when t = 6 s. [Engineering Mechanics Dynamics 5™ edition,
Meriam & Kraige, prob.5/23]

b-<—2b

Aad o v o o o o &

ehile Iuiwﬁmaﬁuaﬂma;ﬁmmau?\lm A LLNZI%%’]"UBH&“UQGL‘WBG B (ﬂ\‘]%u%d
o & v s o § A P ) Qs 24
NI UITARNINTIVANVIFUNUTVAINILARaWNUBILNEY A nULiWay B

\REnau
P o ° oA A v o o
/N WBIBUNY ALRUINEN DIV LN WA DIN
V, Vg ANULINYINNY
V, =V,
Wl =gl

ob=0z(2b) — o, =20,

R

Walas B %guﬁwa‘“@wﬁu%wu 300 rev/min tWad A %amguﬁwé’mwﬁa

a

L3933 600 rev/imin = 600(%) =20n rad/s

9

NTLed A

d(l) @ ¢ & Ay o ) a =
o=— Jdm: Jocdt = AWNLanTIN a-t 19 2-6 Fuf
20m 2

wA—ZOn:%(4)(4+8)
0, =20n+24

©, = % =10n+12 = 43.4159 rad/s —» ®, = 414.59 rev/imin Ans
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wuUEnRRRIT 5/2

1.

The two V-belt pulleys form an integral unit and rotate about the fixed axis at O. At
a certain instant, point A on the belt of the smaller pulley has a velocity v, = 1.5 m/s,
and point B on the belt of the larger pulley has an acceleration a, = 45 m/s2 as
shown. For this instant determine the magnitude of the acceleration a. of point C

and sketch the vector in your solution. [Engineering Mechanics DYNAMICS 5" edition, Meriam &
Kraige]

2

(Ans ac =149.6 m/s)

2. A clockwise variable torque is applied to a flywheel at time t = 0 causing its
clockwise angular acceleration to decrease linearly with angular displacement &
during 20 revolutions of the wheel as shown. If the clockwise speed of the flywheel
was 300 rev/min at t = 0, determine its speed N after turning the 20 revolutions.
(Suggestion: Use units of revolution instead of radians.) [Engineering Mechanics DYNAMICS
Sth edition, Meriam & Kraige]

(Ans  ® = 512.64 rev/min)
a, rev/s?
1.8
800
min
0.6
I
0 |
0 20

6, rev

Eﬂﬂ‘s:ﬂammuﬂﬂﬁ@% 1 Eﬂﬂszﬂammuﬂﬂﬁ@ﬁa 2
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5/3 Absolute Motion
35113 Absolute Motion LIUATNIIHIAINITUIA AMNLIILAZAINLTS 28490 #I30
TUAIWLAL DAL NITFINANNRNAUTUDINITLAR WA LLa:mimavgﬁuﬁrmaomwé’uﬁuf

BULNLUNULIAT NITIIADENIATUAN

A10819N1IA I Absolute Motion

WINTAUA AT UEIH OA ’Luﬂavlnﬁuamlugﬂﬁ 6 HANUTUTINUAIN © TWdw 0

AMULIILRZAMNLTIY aamlqu B

U7 6 maedaunvaimya B luadaa [1]

Lﬁaaﬁ]’mﬁaamsmmmﬁaL%aLﬁumaam@ B I@smmmmﬁu%dagmaa%umu
OA é’aﬁfuﬁaﬁaammmﬁuﬁiz%dwyu 0 LAZIZYET X mﬂgﬂﬁ]ﬂﬁmmé’&lﬁufﬁaﬁ
Xx=Dbtan®
v & A o . A 2 2
WIBRWUDLNEUNLLIAN Vy =X =hbsec” 6 =bwsec” 0 Ans
a, = X = bOsec? 0+ 2b6? sec? Otan O
0=0 Lﬁaamn%umumﬁauﬁﬁammm%atﬁayumﬁ A9
a, = 2b6? sec? Otan © = 2bw? sec? Htan O Ans

1@N&NI2 1989
[11 J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition Sl
Version, John Wiley & Sons, Inc., 2003.
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5/3 A wheel of radius r rolls on a flat surface without slipping. Determine the
angular motion of the wheel in terms of the linear motion of its center O. Also
determine the acceleration of a point on the rim of the wheel as the point

come into contact with the surface on which the wheel rolls. [Engineering

Mechanics Dynamics 5" edition, Meriam & Kraige, sample prob.5/4]

ad o : [ 1 A' v [ {
2571 giﬂﬁmETLLammiﬂawaaaaim"lwvl,na uuInyeguinanddeagfiya O
¥ v  w dq' A A 3 & A A o ] 2
uwazRoduiEAUNge C adenyull yagudnarsaziadenlufidunis O
LLazqm‘%’uﬁaﬁuLﬂﬁﬂuvlﬂLﬂuﬁ;@ A d’mq@é’uﬁmau C nRawn lun
@i C’ I@yé’amu"lﬂvl,ﬁe
A A A A ' A & a Aa
WeRanianzuzmaedaudl azwudszuzfigagudnarainfauniien
1 % & 1 Qs L v & U v : 1
Wiy s Ssazivinuszezange C lUdaa A dae Sadhdandailasla
vl,naﬁ]z"l,ﬁfhsmzmﬂq@ C "Lﬂﬁ'oﬁ;ﬂ A azivhiuszezainga C' "Lﬂﬁ'oa;@ A
‘ﬁ' Id 1 (% di A d' 6 ] % d' (2 (2
saduanuemdiulds silyunaaguinanarinuyundanyuldle o
A9
s=arc(C'A)=r0 Ans

%

= 1 ni 6 v é’
BIAINULIN LLG:ﬂ’J’]&JLidﬂ’ﬂ@]ﬂuﬂﬂa’]ﬂ(ﬂ@du
Ans

I@]EJ O RS o Li]%ﬂ’]']&ll,%’]LLﬂzﬂ’l’]&llﬁ'\‘]L%\‘]&lqwlla{'lﬂ’]i%&ql%?]ﬂdﬁﬂ

NTHANNLTILAZANNLTIVEI90 C Natvauvains

aaunuina x-y lasliza C 1iugaiiiadusaslugd nsafaunvasga C
uaaslaouwidulszidy smemaafounluiianis x uaz y 20430 C uaad
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X=5-rsin®=r(0-sin0) y=r—rcos0=r(l-cos0)

X = rf(1—cos ) = v, (1 cos6) y =rfsin0=v,sind

X =V, (1—C0s 0) +V,0sin 0 § =V, sin0+v,0cos0
=a,(1-c0s0) +ro’sin @ =a,Sin0+ron’coso

A, TN §
NELAMIRUNING 0 =0

Ans

Note
1.

nalutat 3z ld1g6a ldlunisRasananusnazaNLTsaIng Inn
« o X
FUTAUTIU

v A A P o = ' v A a £ =
Nalumauagluwaﬂmmw sanaslaslaloa dinvloatiatinanus)
wazaMNLTIa L dwldaut
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nadudan azlianuilusasiurinugud dusadeanudymle

2
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ot 90 C lugdensg daluft azldndugud ihasannidwganaudaniy
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Fugruingaiis (fandslaslilon)
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5/4 The cable from drum A turns the double wheel B, which rolls on its hubs
without slipping. Determine the angular velocity o and angular acceleration o
of drum C for the instant when the angular velocity and angular acceleration of

A are 4 rad/s and 3 rad/s?, respectively, both in the counterclockwise direction.
[Engineering Mechanics Dynamics 5" edition, Meriam & Kraige, prob.5/40]

/’2 0.2m

ad o o v o 3 !

W/ landinue o, uaz o, W Mldenuenudezanuss (luww
du) Naa A ldeadt

vV, =m,r, =4(0.2) =0.8m/s NAN1e —>

(@,), =a,r, =3(0.2)=0.6 m/s*>  #iany —»

=

AMATIAzANT (LUUwIaNER) fI9a A azdaarinuanuT sz
(luwwdudapesadafidudanude B e C) dldwvhnuiadaenaszntau

%%/{ 0.8 mis /g a, = 0.6 m/s
\ é/ \ N\ /

WYV be

AN ANNLII

dl [~ 1A d! v 1 nﬁj | dlw v o o
'ﬂ@]‘ﬂ‘ﬂi’]llﬂ’ﬂ&lLTJLLﬂZﬂ’JWNL?G@ﬂ’Q‘J‘(ﬂ%uGVL(ﬂLLﬂ‘g@ D SﬁdLﬂJu"g(ﬂY}ﬂﬂ B RUNRNL
&

dll I AD ] =3 1 o > ni n?d
#u iasnniunisndalaslailaa enuFiwazanuss (luwwduds) N9aias
\uaud luwueh JaFousiiawinduass EDOC Mainyusaua D ag)

mumzmmmauwuﬁmaamimaauﬂﬂgm D LLE\]&"?]@ EVL@@G%

DC - o, (a.), =DC -a,

ds. =DC-do Ve

ds. = DE -d6 Ve = DE -0, (a.), = DE-a,
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WA g WA o VOIA B
V.=DC-0, —> 08=06-0, —> w,=4/3radls
(a.),=DC-a, —» 0.6=06-0, —> o =1rad/s?

W6 Ve UST ag 29990 E
V. =DE-0, —> Vv.=(05-0.3)-4/3 —> v_=0.2667m/s

(a.),=DE-0; — (8) =(05-0.3)-1 __, (a.), =0.2m/s’

fin VE RS ag "llE]\‘iﬁ]@] E 2z9innuanaiiIues ﬂ’]’]llLidmﬂdﬁ]@ﬂLﬂLUﬂﬁ&lNﬁﬂUﬂﬂ C
@G%Wib‘ﬁ']ﬂ"l o UL o 18988 C v[,(ﬂ(ﬂ\‘l%

Ve =, —» 0.2667=0.(0.2) —» o, =1.333rad/s }
Ans

(@), =acfe. — 02=0a.(02) —> a,=1rad/s’
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5/5 The Geneva wheel is a mechanism for producing intermittent rotation. Pin
P in the integral unit of wheel A and locking plate B engages the radial slots
in wheel C thus turning wheel C one-fourth of a revolution for each
revolution of the pin. At the engagement position shown, 6 = 45°, For a
constant clockwise angular velocity o, = 2 rad/s of wheel A, determine the
corresponding counterclockwise angular velocity o, of wheel C for 6 = 20°.
(Note that the motion during engagement is governed by the geometry of

triangle O,0,P with changing 6.) [Engineering Mechanics Dynamics 5™ edition, Meriam &
Kraige, prob.5/53]

2002

AaA o A { o 1Y '
BN Wasonaumasy 0,0,P @GLL&@GI%EU@’]%Q’N

NNV sine

200/+/2 D - (0+p) 200 200
(Dﬁ x/EsinB B sin(mt—(0+PB))

o ' 200 o,

sin(n—(0+p)) =v2sinp
sin(0+B) =/2sinp
meywusifisunuiam  (6+p)cos(0+B) = 2B cosp
0cos(0+B) = B(~'2 cosp—cos(0+)) M
70 =200

IMNNJHVaI cosine

(O,P)? = (%j +2002 - 2(%](200) c0s 20°
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0,P =82.7222

INNNHVAI sine 200  82.7222
J2sinp  sin20°

sinB=0.5847 —* [=235.7829°
unuen 0, B, 6 luauns (1)
(2) cos(20°+35.7829°) = B|V2 cos 35.7829° — cos(20° +35.7829") |

B=0wm,=19227 rad/s

Ans




Dynamics/ Chapter s Kinematics of Rigid bodies >-17

wuyEnvinkaza 5/3
1. Link OA has an angular velocity ., = 8 rad/s as it passes the position shown.
Determine the corresponding angular velocity w,, of the slotted link CB. Solve by

considering the relation between the infinitesimal displacements involved. [Engineering
Mechanics DYNAMICS Sth edition, Meriam & Kraige]

(Ans ., = 6.30 rad/s)
2. For the instant when y = 200 mm, the piston rod of the hydraulic cylinder C imparts
a vertical motion to the pin A of ¥y = 400 mm/s and § = -100 mm/s’. For this

instant determine the angular velocity @ and the angular acceleration « of link AB.
[Engineering Mechanics DYNAMICS 5‘h edition, Meriam & Kraige]

(Ans = 1.155 rad/s CCW
@ = 0.481 rad/s’ CCW)

200 mm

C a R 200 mm
@ =)
120 mm J‘
. 0 V\ 320 mm
@ C
~80

mim

Eﬂﬂ‘s:ﬂammuﬂﬂﬁ@ia 1 Eﬂﬂ‘s:ﬂammuﬂﬂﬁ@ia 2
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NaFans (Dynamics)
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Motion relative to B Motion relative to A

(a) (b) (c)

3UN 1 maefeuiuuuna lduuszwy [1]
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a A A oo ~ A o
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\) VA/B
/
\’B / Vp &
/
/ "" g Vg
B ! B
I Path
Path ﬂ"r of A
of B,

P ‘ﬂl A o & ‘ﬂl P a A
31]“/] 2 ﬂ’]iLLElﬂﬂ’]SLﬂﬂa%YlLL‘]J‘]JY]’JVL‘]_IFL‘HSZ%’]ULﬂ%ﬂ’]iLﬂaauﬂLLUULaa%ﬂLLﬂ&ﬂ’]'ﬁVil‘!u [1]



Dynamics/ Chapter 5 Kinematics of Rigid bodies 5-20

A ' A A < & A A A A
Eﬂ'ﬂ 2 LLﬁ@\‘]ﬂ']iLLU\‘]ﬂ']iLﬂaauﬂLLUUYI’JVLﬂFLuizu']UaaﬂLﬂuﬂqiLﬂaauﬂLLUUL@Q%VI

o P P oo A < a A
LLazﬂqiLﬂaﬂu‘ﬂLLUUﬁﬁgu Lua\‘]ﬁnﬂﬁdaﬂl,ﬂ@]‘ﬂ B "ﬂzuﬂ\‘]l’%u?@ A Lﬂﬂau'ﬂLﬂuaﬂﬂaNfaUﬁ;@

v & a & @ o & _ & % [ - A
B @NUUNEANINYDIANNULIIRINNT V5 BCONRINNULR WA BA da1n31na B VL‘]_J"ﬂ@

A LRUAD

[ ¢
wwanemsunilavilang
wwansmanndgwilangdaansn ayliunanmauazdue awmanAdm laasd
AANNNT

1. amﬁ;&’é’am@lag LLazg@ﬁﬁaamﬁammg}'uui’mqLLﬁam%%uLﬁmﬁu

)
v dl ~ dll dl & v

2. {&unah B 9LAnaa A LadaunilniIinausaunEIne
— Aa & o [% —

3.V, p = O URSUNANNNNRINNULRUATI BA LaNd

TUADWNIILAT YWY

1. BEURNMT ¥, =V, +7,,, Wamenuhmendasns  lasanaumsiiiu
6 dl' d' Aaa a%’ 7 1
sumInaees wlgmmaedewiluszwiy (2 36) sumshisznaudiosunstas
o o A o & o A“ILQJ v Ao '
2 FUMT TILFAINTLAREUN UKD x WAz y adnuazuiaumItldasdasdaindsla
NIUAN bR 2 @9
@ o A \ o o An . ! A
2. amagaunaudsezlsthinniudwasandses lsthenlinsuea  lasl@isuans
weniduawie (Magnitude) Wasfieind (Direction) VaIALUITUAREZAD AILFAIATHEN

Towilasawlnaazuteanlailvw 2 nydl aol

V=Vt V5 V=V +V,p
Mag.| X | O | ro Mag.| X | O | X
Dir. [ X | O [L4B Dir.| O | O |L4B

n3mi 1 NIWTDYR T, URE TV, novae wilinTuumneussfianisues v,
n3difi 2 linmusweves Vs dlasnlinmue o udnmufiemives v,

3. fuImAUsIe NS IAINTILA WRSHIANNA UAZTANIIEN 9

4. DUWMNBMIWIALABTANNENNT V, =V, + 7, AR LERNR VK TaoSuidou
fa'mnﬂma%ﬁj’mmmmzﬁﬂmaL%ﬂﬂ'au namasvInnuI lnudandonld

o A 2 6 v
AMUANILN ﬂl‘ﬁ LLN%IY]WL'J@]L@I@??J@VL@

y Vip (J- E)

Vy




Dynamics/ Chapter s Kinematics of Rigid bodies 5-21

o ! s 1 1 a { v é/ v
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[11 J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition Sl
Version, John Wiley & Sons, Inc., 2003.
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5/6 The elements of a switching device are
shown. If the vertical control rod has a
downward velocity v of 0.9 m/s when 6 =
60° and if roller A4 is in continuous contact
with the horizontal surface, determine the
magnitude of the velocity of C for this

instant. [Engineering Mechanics Dynamics 5™ edition,

Meriam & Kraige, prob.5/78]

Aada

5 ludefiftoyannuiige B numauaziianis (Iad) waziianannnui
30 A Idasagluumrszau (lunean) duge ¢ Alandmuuulizng
PUIAURZNANT AIBUITNINTIIEIN AB Nah

lp

N & ﬂua&lmsmmL%é’uﬁ'ﬂfs:qu@ A 48z B

V=Vt Vg

aua | X (0.9 X

fieems | — | { | LB

NFNMTIEWUINTAU T IINIIUAT 2 2LV aanudsndaas e
ﬁwnﬂmaﬂumﬁam@ﬂu@ialﬂugﬂﬂ@"[ﬁﬁaﬁ

3 oA — 3 a ‘&’ 1 3; =®
AWRAUINAANIVY V5 300 IRLIUU 60 LYINIUIS
W ldsuns vV, =V, +V,,, 1uaseld
Olalas]

L]

v, SIN60° =v, =0.9

v, =1.0392 m/s

(———T) 1.0392 =0, -0.075

o ,, =13.856 rad/s CCw
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d' c? 1 I3 >3 =3 =3 % 5 K A 1 [ 5
\WasannFuaiu ABC Lwiaguinds auiu o, alidnvinuesaans
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NINTW&EIW BC Lﬁammmﬁ’sﬁq@ C luunaztin
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VI Veyp WUKAUUSD LThBIINITIANNS
e | X [09|0,,CB cis 3

— 289 ©
Aeme | X l 1 4B ”

Ve 5 = 0,5 CB =13.856-0.075=1.0392 m/s

0=60°

NFNMTAZWLINHALUTIINIT VAT 2 AT AINWIIRIEIaaL be
ﬁnnﬂL@]aﬂu@’momLﬁﬂu@imﬂugﬂ%vlﬁﬁaﬁ

NV cosine

B
Vg vé = v§ +vé,B — 2V, 5 C0S150°
150° vé =0.9% +1.0392% — 2(0.9)(1.0392) cos150°
Ve v. =1.8735m/s Ans
Vers

RANBLINGA NENISVDI ‘7(; %Wiﬁﬁﬂﬁ
—_—

nJUa3 sine Vers Ve
sinf3  sin150°

1.0392 1.8735
sinf  sin150°

—» B=16.1016"
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5/7 The elements of the mechanism for
deployment of a spacecraft
magnetometer boom are shown.
Determine the angular velocity of the
boom when the driving link OB

crosses the y-axis with an angular

velocity o, = 0.5 rad/s if tan6 = 4/3 at

120 mm this instant. [Engineering Mechanics Dynamics
5t edition, Meriam & Kraige, prob.5/81]

Aada

511 landimua oy, MIRFEaTIT190 B uasfiamedasanniuiduass BO
Tasgldmeduan LLazﬁﬁﬂmomﬂm%’Jﬁ;@ A Lﬁa\‘i’iﬂﬂﬁ]‘@] A ﬁaougm'ﬂu
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S:ijagﬂ A llaz B

V=Vt Vs
YU X O] X

nene | L AC | —»| L 4B

— P,

120 mm

ANFUNITIEWLINAAUTIINTILAT 2 AV AItUIIrIFaaL L

WIIATIUTI LAY 9
v, =0,,0B] v, =05(0.12)=0.06 mis

tan6=4/3 —> 0=53.1301

0.2sin6-0.12  0.2sin53.1301" -0.12

tan¢ = =
0.2c0s0+0.12 0.2c0s53.1301° +0.12

¢ =9.4623°
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2

o = Y A
WILIALEA aﬂummomw ﬂ%LLNu.ﬂ']‘WVL@@\‘Iu

nHvad sine
V4 _ Vs
sin(90+¢) sin(6—¢)
V4

0.06

v, =0.0857 m/s

NINTTURIW CA

o, =v,/C4| ©, =0.0857/02=0.429radls CW

Sin(90° +9.4623°)  sin(53.13° —9.4623")

Ans
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5/8 The flywheel turns clockwise with a constant speed of 600 rev/min, and
the connecting rod 4B slides through the pivoted collar at C. For the position
0 = 45°, determine the angular velocity o, of 4B by using the relative-

velocity relation. [Engineering Mechanics Dynamics 5™ edition, Meriam & Kraige, prob.5/77]

—— 400 mm ——

ad o ] ° & v = ' < { o

WM M o, ndudaamnuanuiii 2 uusudin AB 10 A Lilugan3
AN hasanianuTITauny e fywheel Lazdianizasnnuy
& g: 04 v 1 ~ ot 1 dl QQ/ 1 dl v =3
T39I NAULEH OA atidlanaudsliiigaauuulugin AB NjAnusa

a9 o 2 = & ' o , o
alll!@ll“?@ D Lﬂu’ﬂ@ﬂufﬁua’]u AB sﬁﬁlumm:uuﬂ%J]@]’]LLVI%\‘]L@U')T]U?Q@ C

NINTRUNTANNSIFUANT

‘70 = ‘—)A +‘7D/A
YU X| O] X

e | X [Lo4|L 4D

-

WNUINAGINIILAT 3 62 A9 RINIINAZAIAaz 15 Le

ﬁmimﬁg@ C uaz D

Vp =Ve +Vp e
\he991n3a C iwaeadauiunliiedeun v =0 — ¥, =7,

v & & = 0 = =< . a A A A
Iumauﬁ;@ C uaz3@ D LluaadaatiauasTudis ﬁm"l,wmminﬂ@l,maumrmq@
C uazaa D aguwinnuianismwdoanuld (lisaninfadn C wauiu D

A A & o o o)
wRauidursnansauainwle)

{ ] I : 1 ‘é { { ]
Lﬁaamﬂﬁ;ﬂ C luaaun Slot uazaa D tuaauuiudin AB TILARDWNH Slot
v & & A P o o o A o
AIUUYA C LHAUIA D 1AW U197 UL Slot LTNRIA13% BIaaaNIINAA
VULV




Dynamics/ Chapter 5 Kinematics of Rigid bodies

5-27

V=V deRAanalUauuwuwg Slot
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AD? = 2007 + 4002 — 2(200)(400) cos135°

AD =559.5865 mm

. v &
WIyN B NN 84 sine ldaadt

AD OD 559.5865 400
- =— — > — =—
sin135°  sinf sin135°  sinf

B =30.3612"
y=90"—p =90 —30.3612" =59.6388"

WA v,

v, =m~&=600-§—’;~0.2=4n m/s

’iﬂﬂLLN%ﬂ’]WL’)ﬂL@]ﬂg
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~10.843x1000
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wuLEnRe %28 5/4

1.

Pin P on the end of the horizontal rod slides freely in the slotted gear. The gear
engages the moving rack A and the fixed rack B (teeth not shown) so it rolls without
slipping. If A has a velocity of 120 mm/s to the left for the instant shown, determine

the velocity v, of the rod for this position. [Engineering Mechanics DYNAMICS 5" edition, Meriam
& Kraige]

(Ans v, =60 mm/s)

225 mm

gﬂﬂiznammuﬂﬂﬁ'@*’ﬁa 1

The wheel rolls without slipping. For the instant portrayed, when O is directly under

point C, link OA has a velocity v = 1.5 m/s to the right and 6 = 30°. Determine the
angular velocity @ of the slotted link. [Engineering Mechanics DYNAMICS 5" edition, Meriam &

Kraige]
(Ans = 18.22 rad/s CCW)

gﬂﬂiznammuﬂﬂﬁ'@*’ﬁa 2
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5/5 Instantaneous Center of Zero Velocity

lwinda 54 lénantimmianudivenala g vwiaguisnislaslditnises
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Instantaneous Center of Zero Velocity: 1.C.Z.V.” mﬂﬂﬁ‘i.l@‘i"um‘tiﬁ;@ I.C.Z.V U2
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5/9 The flywheel turns clockwise with a constant speed of 600 rev/min, and
the connecting rod 4B slides through the pivoted collar at C. For the position

0 = 45°, determine the angular velocity o, of 4B by using 1.C.Z.V..
[Engineering Mechanics Dynamics 5" edition, Meriam & Kraige, prob.5/109]

—— 400 mm ——

Aada o { o o vAa o
351 m‘iﬁﬁ]zmq@ .czV.'la amaagﬂﬂmammﬁ’s 2 ﬁ;@uu’mquﬁuﬂ%a
(Twdw AB) Liunaw 3aN3Nianaanuiife
ﬁ A A =3 g; s £
1. 90 A DITAANI28IANNTIAIRNNULEUATI OA
o X, . . o [y
2. 90 D TaLluaaunTUs I AB LLazagmmeLamﬂuq@ C ﬁﬁg@ﬁ
A 8 o ° ' A A a & v
asnngniiadisdasn Yl b RINNIDLA AW Lk AAN19a I nNU
LRUAT9 AB o ﬁ@@ﬁﬁaﬁmmL%’ﬂuﬁﬂmwmuﬁuLéfuma AB

naetInawnin (5/77) azle

AD =559.5865mm
B=30.3612"

v, =4nm/s

NTONEINHRALN ACD

4C = AD  559.5865
cosp c0s30.3612°

=648.5281mm

v, 4n

O, === —=19.377 rad/s CW Ans
AC 648.5281x10
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5/10 The shaft at O drives the arm O4 at a
clockwise speed of 90 rev/min about the fixed
bearing at O. Use the method of the
instantaneous center of zero velocity to
determine the rotational speed of gear B (gear

teeth not shown) if (a) ring gear D is fixed and

(b) ring gear D rotates counterclockwise about

O with a speed of 80 rev/min. [Engineering
Mechanics Dynamics 5 edition, Meriam & Kraige, prob.5/117]

Aad o U ¥ % : 1 : 1 v a 1
/M szuuiesludefidsznaumaTuaiunais § TuaIk GaINTILARE
= el ad & A . o o & o [
TURI LA L‘w*nmﬁmimmmm‘nﬂmamlummamﬂ%”[mawwﬂmmq
LD NS ITULALINETIN T

Y § v A . & e
izUULWﬂOHﬂizﬂa‘U@'}EJ"IJ‘LL&'J%U@UG] 5 TURIUAIN

® : O]

(a) ring gear D is fixed

WINTUFIU OA : 9@ O Lﬂu@@ﬁ@LLmLuﬁmmﬁaLﬂuqusT "fn“al,fluq@ I.C.Z.V.

) A 2
OO Va =0y, (a) =(90 XG—S)(a) =3ma m/s

Va

N sailad A

20 A va4Lilas ﬁ@ﬁ'mg@ A Va3TUEI% OA 9TANNSH

Wi
‘7 afiilas A Fuiaiy (Waarsuniu D Ianuduiugud
Va iasaniilasunin D gnidauin gaikiiuge 1.C.ZV.

VaB
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o, :V—A:3ﬂ:6nrad/s
a’2 a/2

v,z =0, (a)=6mamls
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Poal2 al?2
©, _127x 20 _ 360 revimin Ans
Y

(b) ®, =80 rev/min CCW
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Ww‘i'u,l,ﬂmq;@ C IMMNFNULRRLUARE

AN Ve v, 3ma_ AC
V.o 4ma al2-AC
Va — 3a
Vas AC = l_
\ 10a

B L 14n(-,) =10am mis
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uuuHniaviida 5/5
1. Vertical oscillation of the spring-loaded plunger F is controlled by a periodic change

in pressure in the vertical hydraulic cylinder E. For the position € = 600, determine
the angular velocity of AD and the velocity of the roller A in its horizontal guide if the

plunger F has a downward velocity of 2 m/s. [Engineering Mechanics DYNAMICS 5" edition,
Meriam & Kraige]
(Ans  w,, = 13.33 rad/s CW, v, = 2.31 m/s)

2. The three gears 1, 2, and 3 of equal radii are mounted on the rotating arm as
shown. (Gear teeth are omitted from the drawing.) Arm OA rotates clockwise about
O at the angular rate of 4 rad/s, while gear 1 rotates independently at the

counterclockwise rate of 8 rad/s. Determine the angular velocity of gear 3. [Engineering
Mechanics DYNAMICS 5th edition, Meriam & Kraige]

(Ans  w, = 8 rad/s CCW)

200 mm

sihlszneunuuiniade 1 sihlszneunuuiniiade 2
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NaFans (Dynamics)
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[11 J.L.Meriam and L.G.Kraige, Engineering mechanics DYNAMICS fifth edition Sl
Version, John Wiley & Sons, Inc., 2003.
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5/11 If the velocity v of the control rod is 0.9
m/s and is decreasing at the rate of 6 m/s?
when 6 = 60°, determine the magnitude of

the acceleration of C. [Engineering Mechanics
Dynamics 5" edition, Meriam & Kraige, prob.5/147]

[

ad o a il o o < s @ 6 v v 3 c?
9D mﬂmamolummaﬂ’nms’aawwm ﬁ]:vl,ma%mmml,‘n It
O = 0pc =13.856rad/s CCW

Lﬁax‘iﬁ]’mvl,&iiﬂ’n&lLidL%d&!Nmﬂd%uﬁ’Ju ABC LLa:vLﬂﬁmm@ LLﬂzﬁﬂﬂ’Nﬂ’J’mLidﬁﬁ;ﬂ
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T2a1)
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PMUNBANIAAET F13NTD U UFUNITURAS
ANUFNNBTVRINALABTEN9 9 Taadd

TEReI R MIMBR)
ag +(a,/5),€0860° —(a,,5),SiN60° =0

6+ (14.3992) cos60° —(a,,; ), Sin60° =0

(a,p), =15.2416 m/s?

Ao Ll Teau
a, =(a,),siN60° +(a,,5), cos60°

a, = (14.3992)sin 60° + (15.2416) c0s 60°

a, =20.0909 m/s?

910 (8us), =0, AB
o g =15.2416/0.075 = 203.2213 rad/s> CW
Olge =0, = 203.2213 rad/s> CW Lﬁaw'mt,ﬂui'mqlﬁo
MR TTer
WuFNMIANUTHIFUIANTIZI990 B uaz C

ac =85 +(c/p)n T (Ac/p)

w9 | X | 6 |w?,-BCla,, BC

fiema | X T /IBC | LBC

I Ao

0 =60°
(a.,5), = (13.8562)(0.075) =14.3992 m/s’

(a.,5), = (203.2213)(0.075) =15.2416 m/s’
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PMUNBANNALAET §13NTD I UFUNITURA
ANUFNABTVRINALABTAN9 9 laadd
AaTanluwuwiag

—(a,,5),C0860° +(a,,5),SIN60" +a; =a. sin¢

—14.3992-c0s60° +15.2416-sin60° + 6 =a. sin¢

(aC/B)n

acsing=12 (1)

Ao Ul szaU

(ac,g),Sin60° + (a.,5), C0S60° =a. cosd

14.3992-sin60° +15.2416-cos60° = a. COS ¢

a. cos¢ =20.0909 (2)

N (1) wae (2)

ac =/(ac sin¢)? + (a. cos$)? =122 +20.0909% = 23.4 m/s? Ans




Dynamics/ Chapter 5 Kinematics of Rigid bodies 5-45

5/12 If the wheel in each case rolls on the circular surface without slipping,
determine the acceleration of point C on the wheel momentarily in contact
with the circular surface. The wheel has an angular velocity » and an angular
acceleration c. [Engineering Mechanics Dynamics 5™ edition, Meriam & Kraige, prob.5/140]
{
|
|
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/ =2 :{

(a) \

(b)
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\
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\ |
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wuLEnRe %228 5/6

1.

Crank OA oscillates between the dashed positions shown and causes small angular
motion of crank BC through the connecting link AB. When OA crosses the horizontal
position with AB horizontal and BC vertical, it has an angular velocity w and zero

angular acceleration. Determine the angular acceleration of BC for this position.

[Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans @ = 2l /r CW)
If OA has a constant CCW angular velocity @, = 10 rad/s, calculate the angular
acceleration of link AB for the position where the coordinates of A are x = -60 mm

and y = 80 mm. Link BC is vertical for this position. [Engineering Mechanics DYNAMICS 5"

edition, Meriam & Kraige]

(Ans @z = 10.24k rad/s’)

B

260 mm

180 mm

— X —_—— - oo

180 mm

gﬂﬂixﬂammuﬂﬂﬁ'@ﬁa 1 gﬂﬂizﬂammuﬂﬂﬁ'@*’ﬁa 2
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5/13 Car B is rounding the curve with a constant speed of 54 km/h, and car A
is approaching car B in the intersection with a constant speed of 72 km/h.
Determine the velocity which car A appears to have to an observer riding in
and turning with car B. The x-y axes are attached to car B. Is this apparent
velocity the negative of the velocity which B appears to have to a nonrotating
observer in car A? The distance separating the two cars at the instant depicted

is40 m. [Engineering Mechanics Dynamics 5™ edition, Meriam & Kraige, prob.5/156]
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A5 ﬂmm“ﬂaﬁLﬂuﬁmmmsmﬁauﬁmaaamgmﬂ“[@mdmmmmmmﬁauﬁlu

[ [

A

Aan19las é’aﬁfuluﬁaﬁﬁaﬁaﬂ“ﬁs:uuLmuﬁﬁ'@mﬂumsﬁmsm’l Taguni
mmzwmauq@ﬂuﬁﬂmamwuiﬁamaanuu

amnausrianfidasmsne Vv, = 72(@)f =20im/s —»
! 3600
I3 e - 1000 ~ i
ANULIINTILNG vV, =54(——)j=15jm/s T
d B (3600)1 i
I3 a VB 15 A —_ ~
ANULUTIYUVBIUNUAY Y  o=—=—=0.15rad/s w38 ®&=0.15k rad/s

p

F=-40i <—

Hx T =0.15k x (=401 ) = (0.15)(40)(- ]) = -6

rel NANT LHaINHA BN

' e K ' — v
YU 20 | 15 6 | X @ 2 @1 J9EanIama v, 'la

dams |— | 1 l X
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LmummmﬁaLL@ia:ﬁaaaluauﬂwsﬂaﬂuL%’Jé'uﬁ'ﬂfﬁ'm%'mmumu ald
Vy=Vg +OXT+V
20i =15]-6]+V,,
V,, =20 —9jmis Ans

a v

= = 04 = 6
WIHUNEUNUNTUNHNRILNG A UBITDEUA B

2

A

Iuﬂifﬁﬁ@:ﬁamm A LARAUN LA UATI F9RNUTD I TNNTANNISIRNANT

v

anunSuwuluuni 2 1e
VB = \7A +vB/A
15} =207 +,,,

Vg 0 = —20i +15] Ans

v @ — — ' ' = o 3 '
VBRILNE Veia # Vi ﬂ%aﬂmaﬁnammmm Edﬁ\‘]l,ﬂ(ﬂ A UaJdtiu B VLN

]
>

mﬁauﬁ'uﬁg&l” INAN B Na9lRn A laggIne19189InNNS NI NNy

OXF=6]
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5/14 For the cars of Prob.5/156 traveling with constant speed, determine the
acceleration which car A appears to have to an observer riding in and turning

with car B. [Engineering Mechanics Dynamics 5" edition, Meriam & Kraige, prob.5/157]

[

A8v ande 5/156 azlddaya i
V,=20im/s  V,=15]m/s  &=0.15k rad/s
F =—40i OxF=-6] V., =20i —9jmis
FUMIANAUNIFUANTI M TVUNURN AR U

a, =a, +OXT +Ox(OXF)+20xV,, +a,

rel

>

a = U dw
NI RZNAN LAAITh

d,=0 1Ha99IMINWNNATAILANNLITIAIN
2 2
=~ ~ ~ Vv & 15° ~ o
a, =(ag), +(35), =2 (-1)+0=—=—1i =-2.25 m/s?
o 100

(@), =0 1#8997n30 B F9dn8aa132097

oOxF =0 Lﬁaammmumu@@ﬁmn B #439n9lasduainuiii
A -
MNN =0
®x (dxT) =0.15k x (0.15k x—40i) = 0.91 m/s?
WAk ©x(OxF) susam ladielasfansmawieann o’r
d’mﬁﬂmwzﬁﬁﬂmamnf@qﬁgné’aLﬂ@vﬁalﬁmﬁp‘i’%’m,ﬂmaua

20xV,, =2(0.15k x (201 —9])) =6] +2.7i

ANFUNTIANULTIFUANTWU NI NDINDN e G'fia"l,;iﬁmwhﬁfu AIIILNT

AN ﬁmmLLﬁmﬂuaumsmmLs'aé'uﬂ'ﬂfz%m%'uLmumqmzmm .

lov
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areI

a, =a, +OXF +Ox(®XF)+20xV , +a,

0=-2.25i +0+0.9i +(6]+2.7i)+a,,

=-1.351 —6 ] m/s

Ans
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5/15 For the instant represented, link CB is
rotating counterclockwise at a constant
rate N = 4 rad/s, and its pin A causes a
clockwise rotation of the slotted member
ODE. Determine the angular velocity o

and angular acceleration o of ODE for this

instant. [Engineering Mechanics Dynamics 5
edition, Meriam & Kraige, prob.5/168]

Aaa o v & { d & Py v v oA o g

WM dywitehdudymmaafewnvasiusiunaln 2 Tu 7 ldldBaunueae
q@ﬁ@uuu %%ai'@ql,r‘ﬁmﬂ%q LN TN AU BT URIW DA AIThI
Iuiaﬁﬁaﬁ‘i’]Lﬂuﬁadﬁﬁmmﬂ@u‘lﬁmuﬂﬁ'@Lmuvs&qlu

120 AIUNUANANYU x-y Fauaadlugl a
Vlﬁdﬂpjé'am@agjﬁq@ O WRZRILNANTT
mﬁauﬁmaaﬁ;@ A

6 = dq’ U s %
naweas T ﬁ]z‘ﬁ%’]ﬂﬁdmm@]v[ﬂmﬁ;ﬂ
nll % KX Aa AE‘IL
N&9Ne 390AaT lngrn —

NINTRUNTANNSIFUANT IR T

: WNWAL T
Vy =Vg +®Ogpe XT +V,,
U190 [0CA[ O X X
NeN9 — | - l /| DE

ANENTWIEWLINTA LAINTIUAT 2 A2FIRINITONRIAN L6

v

WNALABS NI T U UUABNTNIALADS LAZIINUNWATWAZAWIANAT 9 laasd

Va V, = 0 -CA=4(0.12) =0.48 m/s
~ |a)ODE ><r|:(DODE I =g -0.12=v, =0.48
_ . Vrel
Oope X T 45° ®ope =4 rad/s Ans

Vi =VA\/§ =0.48v2 m/s
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NAINTRNATANNLIIFUANNTENRTL DAL
=0

ap :/Zg"' Dope X T+ Oppe X (Dopg X T) + 206pg XV, +3,,

(@n)n +(8n); = Dopg XT + Dgpg X (Dgpg X T) +206pg X Vg + 8,
YUIA 0)(23565\ 0 X ('O(ZDDE T 200 Ve X
AN 1 - 3 «— 45\, |/ DE

NENTNITWLINTALUNTIVAT 2 AAFIRINITARIAT L6
fuwrmaang g Mnulaash

(a,), = ®%5 CA = 42(0.12) =1.92 m/s?
(®oe X (@ope X F)| = ©30g - T = 42(0.12) =1.92 m/s?

2800 X Vygt| = 200006V, = 2(4)0.48v/2 = 3.844/2 m/s?

v
@ A

WANNIUU DL BUNBATWLIALS aﬂﬁmu

- - a@Nﬂi’J&lL’JﬂLGlﬂﬂ%LL%’]‘SZﬁU
Ogpe XT

rel

~1.92+3.84+/2 -cos 45°

rel

a,, =1.92v/2 m/s?

AANATINIALADS LI A

rel

2W0pg X Vg

—a, cos45’

rel

1.92 = —3.844/2 C0S 45" + (oo pe F —1.92+/2 COS 45°

Dopel = 7.68 m/s?

) 7.68
Olope = Oppe = _0 12 =64rad/ls® CCW

2 o
— Ogpg I +2M¢pg *V,e - €COS45

45

—a_ cos45’ =0

—-a_ cos45’ =0

(8n), = —2M0pgV, e COS45" + el

Ans
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UL e %2 5/7

1.

vp=3m/s

|
|
|
|
R— < |
b s — —— ——x ,

_—
ag = 5 m/s2 100 m |
. |

The disk rolls without slipping on the horizontal surface, and at the instant
represented, the center O has the velocity and acceleration shown in the figure. For
this instant, the particle A has the indicated speed u and time-rate-of-change of
speed U, both relative to the disk. Determine the absolute velocity and acceleration
of particle A. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans v, =-3.4im/s, ay = 2i — 0.667j m/sz)
Aircraft B has a constant speed of 540 km/h at the bottom of a circular loop of 400-
m radius. Aircraft A flying horizontally in the plane of the loop passes 100 m directly
under B at a constant speed of 360 km/h. With coordinate axes attached to B as
shown, determine the acceleration which A appears to have to the pilot of B for this
instant. [Engineering Mechanics DYNAMICS 5" edition, Meriam & Kraige]

(Ans  a. = -4.69k m/s’)

|
i =7m/s? /1\ u=2m/s =7 Bl
TA \
|
7z O

| 0.24m

gﬂﬂszﬂammuﬂﬂﬁ‘@% 1 gﬂﬂszﬂammuﬂﬂﬁ‘@% 2

Link OA has a constant CW angular velocity of 3 rad/s for a brief interval of its
rotation. Determine the angular acceleration ¢, of BC for the instant when 8= 60°.
First use a rotating-frame analysis, and then verify your result with an absolute-
motion approach. [Engineering Mechanics DYNAMICS 5 edition, Meriam & Kraige]

(Ans  agc = 0)
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4. Determine the angular acceleration o, of wheel C for the instant when 6 = 20°.

Wheel A has a constant clockwise angular velocity of 2 rad/s. [Engineering Mechanics

DYNAMICS 5th edition, Meriam & Kraige]

A/

3rad/s

(Ans  ay = 16.53 rad/s’ CCW)

2002
mm

2002

0.2m

Eﬂﬂizﬂammuﬂﬂﬁ'@ﬁa 3

gﬂﬂszﬂammuﬂﬂﬁ'@ﬁa 4
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