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Rectilinear Motion: Position, Velocity & Acceleration.
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Group Problem Solving
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Question 1: Which graph could represent a position-time
function for rectilinear, continuous motion?

Ry S

/ @

(b) (©

(d) All of the above.




Vector Mechanics for Engineers: Dynamics

Group Problem Solving

Question 2: For the given position-time function, which graph
could representits velocity-time function?

Ry v v

If ‘ (a) L (b)
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Group Problem Solving

Question 3: If the motion takes place during 4 seconds, what
is the average velocity of the ball?

s 1

& L 4 53 500601 3 i)
(a) 0.5 m/s (b) — 0.5 m/s
(¢) 3.5m/s (d) — 3.5 m/s
B 18
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Group Problem Solving

Question 4: If the motion takes place during 4 seconds, what
is the average speed of the balil?

A . )
L}u S 4 3 52 4.0 1 2 s (m)
(a) 0.5 m/s (b) — 0.5 m/s
(¢) 3.5m/s (d)—3.5m/s
i 19
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Concept Quiz

a)

a)

a)

a)

What is true about the kinematics of a particle?
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The velocity of a particle is always positive
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The velocity of a particle is equal to the slope of the position-time graph
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If the position of a particle is zero, then the velocity must zero
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If the velocity of a particle is zero, then its acceleration must be zero
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Rectilinear Motion: Position, Velocity & Acceleration
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Determination of the Motion of a Particle Glaswal) 48 ja yaas
A Gl £ g gall 138 ok Ghga) Anle ABuhaal) (5 68l (e ann Alae 2380 Le Bale Gl
L((BaY cilasal) 883
A Al (e ) gl A Aale dday WAl .

a=f() Ol b ANaS Blana Alpadl -

a=1(x) sl dasslone daall -

a=1f() el B asilomeddaall -

= € A8 juall (B A4 3 51 (1555 Latie 5 € puda gall (B AN B Rl A ()55 e B S
& (I e

B a spring <) I Drag 2 &aglia

i 27
27

Vector Mechanics for Engineers: Dynamics

Acceleration as a function of time, position, or velocity de yud) o agall ¢ & g u& 4028 Adanty

If....ol-s ‘3! Kinematic relationship ‘5:‘51-‘-.‘:.‘5-“ QG)L; Integrate JA\S
dv r 0
a=a(l) o =a() [dv=a(r)dt
Vo 0
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a=a(x) v l ! [vav={a(x)dx
vdyv = a(x)dx K N
=
El d “odvf
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¢kl a3 ¢ 50 km/hr 45 s B 9 A O 100km 48l pdals Alils
de yudl . 70km/hr 4 e C 9 B O s A) 100km Adbesa
D GeSE 0SS 200km A Aall Aaw gial) Ayl )

A

Fig. P11.Can

& SOLUTION

.60 km/hr e ST — |

The time required for the bus to travel from A to Bis 2 b and from B to C is 100770 = |43 b, s0 the total time

- i5 343 h and the average speed i 2000343 = 8 rph,

.60 km/hr st —

Answer: (c) 4

.60 km/hr (o sl -z

29

Sample Problem 11.2

vy=+10m/s

a=-981 m/s?

yo=+20m

HN BN RIE OHIR BN
BN ORI OENOEDOER

Ball tossed with 10 m/s vertical velocity
from window 20 m above ground.

=y Determine:

s ° velocity and elevation above ground at
time ¢,

* highest elevation reached by ball and
corresponding time, and

* time when ball will hit the ground and
corresponding velocity.
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v(m/s) SOLUTION:

10 Velocity-time curve

Ly s v AN e Jals

O oo\ T338 ..o
8 3.28 t(s) ﬂ=a=—9.81m/52

dt
v(t) t

g9 g i _[dv = __[9‘81‘# W(t)=vo =-9.81r
vy 0

y(m) \y =107~ 2

i v(t)—lO S [9.8lszjt

d—y=v=10—9.81t
d

Position-time
curve

t
J’(t) { 2
[dy=[(0-9811)dr  y(t)-yy=10t-19.81¢
Yo 0

0 Tom 338 109 y(t)=20m+(10:1)t—(4.905Hzljtz
S

31
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ol 04 ) Sk (5 gl A8 puall (685 Ladis £ () S s o
10 5 Velocity-time curve . &mJY‘ 1 i s« (&mJ‘ iy dj-l-d J&\
O To1oN, 338 m m
Y W)=10"- 981 |r=0
S S

222 —————————

y(m) &

()= 20m+(10m)t —[4.905 nzljtz

25.1 %':%———— S S
20
posiion-time \\ ', y= 20m+(10m)(1.019s)—(4.905 “;j(l.ows)2
| 2 S S

. !
1019 328 t(s) y=251m
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2 y(r)=20m+ (10m)t —[4.905 mjﬂ =0
Y s $2

t =—1.243s (meaningless )

\
Position-time ©
curve “% t=3.28s
| <.
I w
0 Tomm 328  t(s)
We)= 1om—[9.81n;jt
S S

=
N V(3.285) = 1om—[9.81n;j (3.283)
| S S
o
y=-222"0
:?)5 s
:ﬁw 33
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Group Problem Solving

Aoy B ) grhaes el Cuag B (e gl gall 38 i) Ay
sladly vl Anl g5 g 38 ¢ Liada 3B 1319 A4l | 0815
Galhall cplall b (oS5 Ladie g =10 - 0.01V? s Soy Jia¥)
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a(t)dt (©) jvdv=ja(x)dx
vdy (d) j' dv zj'dt
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Group Problem Solving

Aoy B ) o el Euag B (e gl gall 38 i) oy
olally el 4 g i gea 880 o Lda j3B) 1) 9 A6 [ 0 2916.5
3 gliaiy cslall A i Ladie g =10 - 0.8y (s sbe i)
aic 58N Aoy wand uslhaall 5 el g L) Jgasll )68
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Group Problem Solving
SOLUTION: Jéall 4aa 5

iy (98l (1 B lpad) Jbdl oy

A8nall 188 9
a=3-0.001v*

The car starts from rest and accelerates . i -
according to the relationship Gl 5 A s d"? ‘%J B
, Gl | yia 200 W kd Chal B i1a (e
a=3-0.001v il 28 ) 63 3 dmg B ) A
) @u_Jw\dp@Ju\m
It travels around a circular track that has bl a_.wm‘ 5.} ie el

a radius of 200 meters. Calculate the
velocity of the car after it has travelled
halfway around the track. What is the
car’s maximum possible speed?

36
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Given a=3-0.001v" Find 2 5l: v after % lap
Slalaall; v,=0,r=200m Maximum speed
Aalf o3¢t dsuliall AuSilaiigl) ABMaY) s

. Adlual) aad of gadatid Uail g ¢ A puad) A ANSS Blara Alpal)

1 LA G oad Al g ¢ Alaall oda B & LagY Ua <l

dv T vdv

v—-=ualV dx=|—
& dx ( ) ;[ V'[a(v)
. Bt dhial (8 5 L) Lgus Al A0S Adleall slagle
~ x =7nr=3.14(200) = 628.32 m
’ig_;i\
i 37
37
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Jalsill 2 gan puda g (i phall Jals

628.32

T ¢t vdv v
;[dx=;[a(v) dx='([—3_0":)01v2 dv

0

v as ) ¥ Jag ¢ Jalsil) agaay (age

1

628.32=— In[3-0.001 |
ag 0.002 0
i 628.32(~0.002) = In[ 3-0.001v* |~ In[3-0.001(0)]
£ In[3-0.001" | =-1.2566+1.0986= —0.15802
-
<i cbolll o aa 3-0.001y% = ¢ 0152
:ﬂﬁqfw 38
38
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sa¥) Gkl By g
Gl gl iy 3-0.0017 =

el e LAY
3 o 015802
V= =21462 v =46.3268 m/s
0.001
95 baeall Ao puull acdY) aad) daas SliSay i
S o st Alaal) 585 Latie Giaat Ay pucdll a=3-0.001v

Q 2

Alall B Slanal) A8Vl B sy Alaall 0 pae 0.001V" =3
- Vaax = o001 v, =54.772 m/s
[rif 39
39
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1Y, L Auie s o a7 = /5 m/s? b s bd Ik Ll & et s Al
§ s=16m Aadaga oS Ladis (a3l g peadd) A8 pus 2a gl ¢ =0 (1) i V=0 438 jug =0 Aria 4

Example 2: The acceleration of a particle moving along a

straight line is ¢ = /5 mv/s2, where 5 is in meters. If its
position s — 0O and velocity v = 0O when 7z = O, determine its
velocity when s = 16 m. What time is that?

ads = vadv—> /sds = vdv
L . ¥ 2 5,2 o 1
— L_:\O/Sds = _[::\gdv = Es = Ev

2’3\‘3 S3/4:v(s)

— Vv =

@s =16 m, v =924 m/s Ans.

Q v:dS :>2V3S3/4=dS

k dr 3 dr

- v3 ! — ‘\/E —3/4a
=> ot =5 s = f gt =, 5T

— 7 = 2/3sV*
@s =16 m, r =6.93 s Ans.
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The body falling with speed v,
strikes and maintains contact with
the platform supported by springs.
The acceleration of the body after
impactisa = g — cy, where c is a
positive constant and y is measured
from the original platform position.
If the maximum compression of the
springs is observed to by y,,
determining the constant of ¢

Gy Vo duilaiy) Ay Jaay avs
LAJA&AMM!&GE\A.U ?k'.'u:\
Uae | JCAll LS (gl e 3 3S a
70 ?Mhm‘i\ -h.)eu@-“
a=g-—-cy
el & g, g il 9 ¢ Gua
e'ayo.awmyiébadb ,a.:u.AJY‘
e ) QS L) dalal)
dad 239 « Y ga i i) laidDd

c <)
| -
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Uniformly Accelerated Rectilinear Motion daliils dlaay dagiivnl) 45 Q)

Ll aa e Al (5 gl cuils 1)
Al s jal) £ g8 OB (2l olad) (B )
AL Alaay Aol 48 o A

@

El 358 s Latie all aghadi ;AT Jta
<5 Adaga caad)
B 43
43
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Uniformly Accelerated Rectilinear Motion daliils dlaay dagiivnl) 45 Q)

oda o Ciail) liSey | AL (S Apal)l cdakiie Alaay daficn ASja B Clawwall
bl A gt A sl 3l i sRa e 4B Adall cY Sl

dv r 0
— = a = constant Idv=ajdt v=yv,+at
dt 0

Yo

dx X t

— =V, +at Idx=j(v0+at)dt x=x, +vt +iat’

dt : o

0

=
[ dv [ K .,
- vazazconstant jvdv:ajdx v =vy +2a(x-x,)
- Yo Xo
o Fialiiia Alnay Ladiions 48 o Y] (galali ¥ ball o34 - 4
8 44
44
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Vector Mechanics for Engineers:

Question 1: A ball is thrown straight upward from ground
level. Its initial velocity is 20 ft/s. Determine the maximum
height it would reach.

(a) 621 m (b) 20.4m

(c) 6.21 ft (d) 204 fi

b 45

Vector Mechanics for Engineers:

Question 2: A car starts from rest and travels at a constant
acceleration of 3000 mi/h? along a straight path. How
long does it take for it to reach a distance of 1 mile? What
is its velocity at that point?

(a) 1.55min, 60 mi/h. (b) 3.33 min, 77.5 mi/h.

(c) 3.33min, 60 mi/h.  (d) 1.55min, 77.5 mi/h.

el 46
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4@@!}3‘
) ey ¢ VO Ayl A jeng o2 V) i (4 (A8 () Lages B S a8
Led Juati Al ABaall) B o ) s ) £ sa M laglud) J8 | gl B
by g oY) e Aol () Lagas G5 S e ¢ Lgd gl ) i 5 )
eSS g y £LE ) (s dis | VO Axli) de )

a. y

v
Q

e
Q@

0
e

50 Alaay At Hll 4S ja)

= h
= h/2
= h/2
<< h/2
= 0

47
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The car is traveling at a
constant speed vy = 100km
/hr on the level portion of the
road. When the 6 percent
(tanf = 6/100 ) incline is
encountered, the driver does
not change throttle setting and
consequently the car
decelerates as the constant
rate g sin(f). Determine the
speed of the car:

A-10 seconds after passing
point A , (b) when s=100m

Aol 91 08100 = AU Ao oy B Jlanad) puds
5 el ot Latie gy s (e glawa 832 o
(tan® = 6/100) o )8a jlasdl )

LY ) EA @lle) e s Y gl Gl

O Aty (el (M il ApaS e
a=g sin(9) ol Janay Ualiy 3 el

S e e S die B bl Ao i 2ag)
$(A) AL (ra L g 0 22
¢ S=100m Lis -2

48
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On its takeoff roll, the airplane starts
from rest and accelerates according to
a = ay- kv?, where a, is the
constant acceleration resulting from
the engine thrust and kv? is the
acceleration due to aerodynamic drag.
If ay =2m/s2, k= 0.00004, and v is in
meters per second, determine the
design length of runway required for
the airplane to reach the takeoff speed
of 250 km/h if the drag term is: 1)
excluded, and 2) included.

Uaay £ jlaiig ¢ sSud) (o Lge DB U 3 ilal) fasi
a = ag- kv?

yaall 868 (e gl il et g @ 1&ua

Laalll Aol & 12 9 gy —2m/s2 @Sy

o v 5 k=0.00004 <o sfsgdl daglia oo

Aaliad s S 7l Job Gual ¢ 46 J el

[ oS 250 W _laia £M8) de jur M) Juail S B ilkal)

4l eyul B dela

¢ o sgdl daglia Jlar) -1

95 5¢d) daglia Jlar) pxe -2

50
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Motion of Several Particles Olasea Gile gana 45 ja

ddlita cilagd A8 gana A8 a Al ol ) gana (1985 8 lBplatl) (e (A
e Ao ya gl Alliena LS a B 0 9Si B Al

| >

Me
G 52
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Motion of Several Particles: Relative Motion (M\ 45‘);}\) Glasua Gile gana 45‘);

) G ity cAnad Bidl) (g e o i i) Cilapal] o

o e : ¥l Al (i (ya Aal ) uld g (§DURI) Adial Ll e
I S——— * L) (i B () Al
3.}

_ _ ) dus 31 gl
Xgjqg=Xp —xy = AdLiBadend

Xp = Xy +xB/A

relative velocity of B with respect to A

VB/A =vp -V, = A A i B Apill de yudl

=
P VB=VA+VB/A
‘Wzi
u relative acceleration of B with respect to 4
- aB/A=aB—aA=AH/‘::MJB‘Z:’:‘“U/‘Z-.5-'J/
agp =ay+ aB/A
:ﬂﬁﬁf"‘ 53
53

Vector Mechanics for Engineers: Dynamics
Sample Problem 11.4

' e . SOLUTION:  Jiall day 3
- 12 gl Ga oY Lagas 58 a3
o081 me? Ll iy) A puny Sreaal) ANES A fia
¢ Aall) i b &) 218 (g g
yo=12m @LEAHKAJM\ ialall 9 Mas
& a2 48 yun liela e 5 Asl )

1Y) Baad i gllaal)
Ball thrown vertically from 12 m level

o in elevator shaft with initial velocity of Sanaall 5 Sl o il C)ﬁb u:‘-“ -a
Il 18 m/s. Atsame instant, open-platform P e

(@ clevator passes 5 m level moving () A B SU Al 4.9}43\ -b
i upward at 2 m/s. Towadldll dic draal)

Determine (a) when and where ball hits
kel clevator and () relative velocity of ball
and elevator at contact.
B 54
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Sample Problem 11.4
SOLUTION:

=18 m/s Alaal) el g AuaiY) Ao puall g (ALY puda gall (14 IS pilty (g0
Aakiiia Uaay dagdioall 4 jall Aalal) c¥fslaall 35 S0

=t

t=0
: a=-9.81 m/s2
Vg =v0+at=18m—(9.8lmjt

S 52

Vg = yo +vor +ar? =12m+(18?)t—(4.905:21jt2

Udlaa B draall de pud) iy AN aidagall (e S adls g e
Aalitial) daiioual) 48 )

m
VE =2—
S

YE =YotVEt =5m+(2mjt
s

55
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Sample Problem 11.4

e Aslaall Ja g draall A a3 U i) gl gall Jal (0 Aalaa iiS)e
(0 = it pia gall) asbiatll

vy = 12+18:-4905¢ )~ (5+26)=0

t =—0.39s (meaningless)
t=3.65s

Ao S Al Ao pud) g Sraall g ga Aslaa B adbaill (e daly page e

. Saal)
; yg =5+2(3.65)
L=3 yg =12.3m
- vg/p =(18-9.811)-2
=16-9.81(3.65)
— va/E =—19.81?
:cﬁ?w 56
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Two rockets are launched at a fireworks
display. Rocket A is launched with an initial

. 100 .
velocity vy =— and rocket B is

launched (t;) later with the same initial
velocity. The two rockets are timed to
explode simultaneously at a height of
300m as A4 is falling and B is rising.
Assuming a constant acceleration g = 9.81
m/s2, determine (@) the time (t;) , (b) the
velocity of B relative to 4 at the time of the
explosion. -

Gl (2 e (B (i g la (Db o

100 43l sf ey (3lhal A & gobuall 40
o laa (e ) a2y (3t B ¢ g bally ,&fp

O gal) A gY) Aol (il s (£)
O o g g Gl (A 0 jadiy

& sball A ja cils cua (a 300) gL Y
& o ball A ja cuils Laly Jagagd) oladl & 4
LS Jladiy) dBal 3 gall olad) & B
Tl Jeddl

€ (t) a3 ()

die A A s B dgpaadl) Ao puddl ()

i) daal
57
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Motion of Several Particles: Dependent Motion (MJ*S‘) :\1"“":““\1‘ 35)53‘ | Sbaren Do gaza ;\SJ’

A Slapr A gana o Al apu pudasa o poin gl ga i o) Seall o o

O i 138 ull fuall Jsb plas, A (Fgtial) g o sain B Gotiall gdiga
] el (5 pbliad] I3 £ pana

Xy + 2x p = constant (one degree of freedom)

oL gadie) 0 sSi (5aalia CO pual e
2x 4 +2xp + x = constant (two degrees of freedom)

SNl S ) (i oy 5 By 1 Aghail) Appal) gl sall o

dx,  ,dxp  dxc

244278 48 =0 or 2vy+2vg+ve =0
dt dt  dt T
dt dt dt

59
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Sample Problem 11.5

SOLUTION: JUall daa 5

dan) g Auianall A8l P 58 cuay

3 4o oy Jind ) iy Js
A QL) =0 g 2 | Lilifla s
K gasal) (e Jiud I AS all b fag
Aa (g gl Agilaiy) de peu g AL Aldaay
Pulley D is attached to a collar ey (5S35 A i ol cle )

which is pulled down at 3 in./s. At¢ w5 owng % .
il Ladis 4uilif 4ua Lo
N = 0, collar A4 starts moving down U a5 12 45

M from K with constant acceleration g g “~‘:‘°‘ « L 6:‘43‘&"
S and zero initial velocity. Knowing Liic B (@stiall ddaal) g ¢ 4 pud)
B that velocity of collar 4 is 12 in./s as S L pagadl dis A (Ggalall ¢S

~ R passes L, determine the change in
elevation, velocity, and acceleration
' of block B when block A4 is at L.

G| 60
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Sample Problem 11.5

0 SOLUTION: JaJ
ik : "l ;\\‘ Ay 088 Cuny (g glall BRY) mhad) do JuaY) Ab.uu S .
| A & i) oladly A ga
o7 K¥4+— - - - - -
' - ‘a,, Sy Ja | Aaliiie Alasy g dagiions A4S ay o i A 4dla)) o
8in 5 L gagall (N A Gl Juas S f el gll g Alaal)
| 2 2
= vi=04) +2a4[xy _(xA)O]
| . 2 .
1] v, = 12inss m. _ ; _gl
‘ ) (12 S) =2a 4(8in.) aA_9S2
@
?“ vA=(vA)0+aAt
1270290 1=1333s
== S S
%:,—’\
B 61
61
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@Jyﬂ\«_\m\wmkﬁ Sl P 5 o
£ o) a8 s

Xp =(XD)0 +VDt

xp—(xp)y =(3isn'j(l.333s)=4in.

s/, D 58 9 A &M]&ﬁu.chde/&ﬁMo
Lt Goj de B stiall pidpa B il dagy Ja g S el Al

el iy daall IS skl

X 4+2xp+xp =(xA)0 +2(xD)0 +(xB)O
[a = () J+2xp = (ep o]+ [xg = (x5 )y ]=0

(8in.)+2(4in.)+ [x5 —(x5),]=0

‘xB —(xB)o = —16in.‘

62
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Uaall g Ao pud) c¥alea o Jguaall (45 30 48 jal) dBDe Jald o
B (siiall
X 4 +2xp +xp = constant
Vy +2VD +Vvp =0
(12mj+2(3m)+v3 =0 v, =18
s s s
ay +2(lD "r(lB =0
& in. _ oin
- 9S7 +VB =0 aB __957
-
Me
He 63
63
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Group Problem Solving

Slider block 4 moves to the left with a
constant velocity of 6 m/s. Determine the
velocity of block B.
A5 Ae ju el A1 a3 55 A (3 gdiall
998 B (39dinall Ay cuaal | Al jia 6 (s slus

Solution steps Jall <l ghi

Sketch your system and choose coordinate system

Ll paldl) «'_IL:;\AAY\ ‘auii Jhsly LJ’:JA.“ e»u)\ .

Write out constraint equation

L Adlal) o03a Jal Baall Adalaal) a€) o

Differentiate the constraint equation to get velocity

. Agsthall Ae pudd) o Juaad 1 Baall Aslaal) Jld o

64
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Group Problem Solving

YB

l

Given wibdl: v,=6 m/s left Find: vy

Grlial) 48 a i do ) (b cull Laila (98 J ghall 138

Gl aldl) cldilaay) ?uai Jldly LJE:\AS\ )

I This length is constant no matter how the blocks move

L Adlwal) 034 Jad BaBal) Adalaal) CS)e

X, +3y, +constants = L
. Aysthaall Ao pual) e Juant <1 el Aslaal) Juald

6 m/s +3v, =0

vy=2m/sT

A ) Aa) 3V J5 LalS 488N Al JY) i LalS o JaaY

65
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8 Al Jla

. S8l rage gp LS bila o OB s I A3 B L) AL
1S e 40l IS jia 2 (s gbai A el A ju ¢ il dauda gal) Ad3al)
?(B)m@ﬂdﬁl\ukﬂ.\;‘gi‘ﬁwﬁjﬂ

dﬁ\&é&mjdéws

M Azl

Example 2: A fixed light casts a shadow of the

moving object on the wall. At the moment
shown, the speed of the moving object is 2 m/s.
L. Determine the speed of the top of its shadow.

Vel similar s, 40

E Cll‘)—:* =t Va triangles: —== = g = 5, =320-57
b =i

| - s,
: vy =—1.6 (m/s) Ans.

EMFI?H 66
66
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9 il Jedlia

a&)u.\;‘gﬁ ‘ BL&BM‘&G”‘MQ@'A\,A‘&US#‘?%‘}
Question 1: For the pulley system as

shown, the velocity of object B is
known, determine the velocity of A.

) (a) 0.75 m/s

= (b) 1.5 m/s
(c) 6 m/s
(d) 12 m/s

Vector Mechanics for Engineers: Dynamics

a&)u.\;‘gicBlhABm@i\kwaQ&bﬂ‘&b@‘?wgé

\ D

Graw| 68
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Two automobiles A and B are gkl A8 lgde e QLS B g ACK b

approaching each other in adjacent 3200 b Lagiy ddlwal) =0 M o)
highway lanes. At t = 0, A and B are ra adb
3200 ft apart, their speeds are vy v, = 65mi/h,vp = 40 ml,/h
= 65mi/hand vg = 40 mi/h, and they 0 541 &l ) MA’sJLB““M o Caale 13
are at points P and @, respectively. il T . [
Knowing that A passes point Q (40s) P ‘ ‘*’S‘ J<iB UL*:“: ’j:; :g ':
YA 3

after B was there and that B passes point ) PRI )
P (42s) after A was there, determine (a) B 5 A &bl Aaliiial) Alaal) ()
O ) gty A (@

the uniform accelerations of A and B, (b)
2y when the vehicles pass each other, (c) the L gl) &l cf" B 5 ) 4 i ()
. speed of B at that time.

. 0, =63 mi‘h vg = 10 mi‘h

f——

- - zz

P| 3200 It |©
EM‘i‘IcliW 69
69
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0y = 65 mi‘h vy = 40 mi‘h

b

l
I

7

3200 ft |¢

1P Akl cpa i A 8 b :Q Akl (e 125 B B b

28 3200 A 4o ghial) ddlual)

28 3200 A 4o ghial) dlual)

65mi . 5280ft 20 mi 20 5280ft
= _—= ¥ — = _— = ¥ —
« I h 3600sec Ve h 3600sec
| v, =95.33 ft/sec vg = 58.67 ft/sec

> 445 40 03 445 42 a3
e A Skl Aalitial) Aaal) dlay) oSy B 5 sl Laliiial) Alaal) sl ¢Sy
EM‘ach"" 70
70
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SOLUTION

(@) We have X, =0+, )0t+%nAi‘2 (v4)p =65 mi/h=95.33 fu/s
(x is positive —=; origin at P.)
At1=40s: 3200 m =(95.333 m/s)(40 s)+%a“ (40s)* a, =-0.767 s> «
Also, x, :04»(\"‘})0“+%a‘;r2 (vy)p =40 mi/h =58.667 {t/s

(xp is positive <—; origin at 0.)

Atr=42s: 3200 fi = (58.667 fi/s)(@2 s)+%a5(42 5%
or a, =0.83447 fils> ap =0.834 firs> 4
(b)  When the cars pass each other  x, +x, =3200 ft
y
o Then (95.333 /s, +%c—0.76667 1U/s)i3, +(58.667 /s) +%(0.83447 5713, = 3200 fi
or 0.03390/2, +1541,; —3200=0
=5 Solving £=20685s and 1=-4563s 1>0= 1, =2075 <
— (¢)  We have v =(vg)y +apt
Atr=r,: vy =58.667 fi/s + (0.83447 fi/s”)(20.685 )
> =75.927 fus vy =518 mifh <
Mec
o 71
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Curvilinear Motion: Position, Velocity & Acceleration a-‘%‘-“ ¢ a‘}-‘-“ ¢ a—"UY‘ . &‘“‘h} Jh a-‘)*“

uidahiéﬁkﬁéﬁ)\,\dbﬁﬂ‘@ds

= Y N
- S o g) Aada e Johb o & atal) aseal) jny .
(O 2 AS all) Adade dS a2 a8

o 72
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. Curvilinear Motion: Position, Velocity & Acceleration

Alaal) ¢ 4o pud) ¢ Al Y ; Gade dad e 48 al)

AO Jo¥ bl G dadedbuy | Ga) L pn] gl gal] dade iy 1T AL

. pall Adge g Culi s sa (5 glasa

+ Consider a particle which occupies position Pdefined by 7 at time ¢
and P’defined by 7'at t+At,

e Flpdpa PP gt (a) X8 F o Ppagall Jiag asa jie) e

o+ A, OA)

Vector Mechanics for Engineers: Dynamics

Curvilinear Motion: Position, Velocity & Acceleration

Aaad)  de ) ¢ Aa) W) : (ada ki e A5 jal)

ABall) de ) ABall) de )
(A3l (Ranabil))

_ .. ANF dF . As ds

v=Ilm—=— v=lim—=—

a0 At dt a0 At dt

RlE

74
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Curvilinear Motion: Position, Velocity & Acceleration Alaall ¢ 4s puall ¢ AV 2 Gada bad ‘_g-“' 45 ,al)

ot Al Gajdie Vde gl gt a) A0 pped P AS pud) y30 ) e

AV dv - -
) Adantl) Alaal)
y
y
Path
@&
P
L/ x
o x
: 43ia g asendl jlusal (alaa (558 Y Alpall dada < dals «
.35).&“

75
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Rectangular Components of Velocity & Acceleration (x . y) Alaall g 4 peall B aalaiall SILS yall

y 2 400 gand) LS o Unad gy iz P agead g gall Ania ()85 Ladie o

F:x7+yj+zl€

(N )]
N . 7”*—““_1 « Velocity vector, Supall A i<y Aoyl data )8
ik
k _ dx- dy- dz- N S
/ v=—z+—y]+—k=xz+y]+zk
E . dt dt” dt
y y
= vl +v, ] +v.k
@
P « Acceleration vector, d 9all A& ¢ 9S Alaal) dxiay
gy 2 2 2
> j 4 — d X+ d = d z- T T -
. - a=—21+72yj+—2k=xl+y]+'z'k
| o, - ) dt dt dt
‘ A =a,i+a,j+ak
8 76
76
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Reclangular Components of Velocity & Acceleration (x ) y) dd?-‘-"j 4"‘)&!-“ s dalaiall QL,IS)G-“

S pall Ao Jalsill o) sl 058 Lasie dgaana Ay pard) S pal) (oS5 o
(i pdaal) A ja) A e Jla ADELLL salal (Sen Adaall 43 gand]

a,=%=0 a,=y=-g a,=2=0

with initial conditions, &l Jag & aa

Xg=Yo=24=0 (vx)O’(vy)(]’(vz)O

Integrating twice yields @ik (i Jals

vx=(vx)0 vy=(vy)0—gt v, =0
x=(vx)0t y=(vy)0y—%gt2 z=0
Aaliile 48 a 083 Y olady) A AS Al o
Aaltile Aaay 4 o oS gagand olai) B AS o) o

COsaslicen Cpbid o (il (S o Lgdlatiul (e Cigita dS a o

77
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Sample Problem 11.7
180 m/s SOLUTION:  JUall dea 5

U o Ji ABla (e A3 il
Ao juy V) pha e s 150
|' i &gl A0 IS e 180 Ly
. , | sloedl daglia (A8 o da 30
Ga 488y Alual) 2l (q) . Alege
Lae A Al ) ey A

A projectile is fired from the edge
of a 150-m cliff with an initial

& velocity of 180 m/s at an angle of ¢ pa ) B Sl aslaal
Il 30° with the horizontal. Neglecting Alai (o ) o gl ) a8l 324l (B)
(W ir resistance, find () the horizontal ¢ d&,Nal)

p distance from the gun to the point
by where the projectile strikes the
m oround, (b) the greatest elevation
. above the ground reached by the

projectile.
Giraw 78
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180 m/s SOLUTION: Jadl
30° Gllardl: (v), =180 m/s (v)o =0m
15&) m (a), =-9.81 m/s? (a), =0m/s?

Agagand) Al Al Alas

- |
1 (vy)o = (180 m/s) sin 30° = +90 m/s
/ a=-9.81 m/s2
L v, = (v)o + at v, = 90 — 9.81¢ 1)
=== 180 /s y = (ot + 3at>  y =90t — 490  (2)
A0 | vy = () + 2ay v} = 8100 — 1962y (3)
aady) Al il Ao
Crad) A:J‘ G ogall x ol el
— — — — — =97 180 m/s
o (vy)o = (180 m/s) cos 30° = +155.9 m/s

x = (v)ot x = 155.9¢

79

SOLUTION: Jall I s ostima
A48y ddLisall

—I 180 m/s

Patil

y=—150m “die &JY‘QHQ}M‘
(1) A Anal) by s e
—150 = 90t — 4.90£
gl 3l 335 ot el AlaaY da

> — 18.37t — 30.6 = 0 t=1991s
& 1(4) A Aaaall &t e 3L e
B PSS =T
; . vy:0 8&’5‘)/‘;‘&[@'
1 0 = 8100 — 19.62y y =413 m

sa ¥l e gl ) oall= 150 m + 413 m = 563 m

:ﬂE‘Tf"" 80
80
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Quiz

If you fire a projectile from 150 meters above the
ground (see Ex Problem 11.7), what launch angle will
give you the greatest horizontal distance x?

& e 150 gL ) (pe Ady38 it 1)
@b e (7-11 Jha ki) Lo Y o
¢ x Audd) Adlwa uS) dliantios 838 Ay ) )

150 m

a) 4145 st Al

b) da 45 (e il Gl 5

) 2,045 (e Sl ¥ )

d) sl AGY) el e adiad

81
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elaall Jaall Hal Jlia
N |

40 ft |
SOLUTION: Jall
S i Jg) 38 @ A Al i Lagie JS A1 3 peall A8l e b33
‘:"955' C", B ) Ty A “‘J"‘“ (they are independent) wazall Lgcans (e
2y ¢ dag 42 ol h gWY) )
¢ v, dad . y-direction slail A& A8 all ¥ alas (gulae
A baseball pitching machine “throws” . X-direction slail A A8 all ¥ alas (galae

baseballs with a horizontal velocity v,. If you

want the height / to be 42 in., determine the 42 &EJ‘)]\ Lo ‘_A I":\_A_Jhﬂ\ 4aliag LSM‘ LJ“JJ‘ J.;}i .
value of v, i i -
Aaa g

o cualyy)=0
82
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bl x=40 ft, y, = 5 ft, = |

y= 42 in. s em—n « 8
C slhall: Vo el ’ : 5:& \hii{hﬂ/\

.y okad) & AS ) Julas . x olad) 3 AS Al Julas
1
Yr =X +(O)t—5gt2 x=0+(v,)ot =Vt
35=5-Lgp 40 ft = (v,)(0.305234 s)
2

vy =131.047 ft/s =89.4 mi/h

~1.5ft= —%(32.2 ft/s?)*

t=0.305234s
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10 5l=) JUia (sinia e A<yl

@&\EM\A#@S&A&S}@&,\M&&MM

a = {(-0.20)i+2j+1.5k} m/s?,
Vo = 8i M/, (st L a¥) 4l juu il 1) AL Gully £ 030 Of
T =3 sec (w0 NS 4SS yu jlaka G ¢ Jua) Adaki die IAY) Aridga ¢

(a) 2.57 m/s (b) 4.06 m/s

(c) 14.7 m/s (d) 10.3 m/s
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11 Al Jha inia e 4 jall
@w\ﬁwh@ﬂwkﬁgﬁwmﬂh
a = {(-0.20)i+2j+1.5k} m/s?,

Vo = 8i m/s, s sbus Ailai¥) Ao ju cilS 1), ) gL Gy t a3l o
£58 t=3 sec () A Andaga jlaka G ¢ Jua) Al die AIARY) Aridga ¢

(a) 25.7 m (b) 38.9m

(c) 623 m (d) 22.1 m
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12 Slal Jla (Cldghaall)  sia e 38 )

e 30 L laia 4ilaiy A juuy ciblle) A8,081 ¢ A8 e gl gy JAaL JSEY
¢ d ABlal) el ¢ Jilall cbd\uhh.‘u@l“\ju‘@ﬁdﬂ

)!
x= xo +(‘,0 )xt T
— d «COS 300 =15.¢7 ("D) =30-c0s30° “ I i
l ' = 7% | _,0 g \
v=1, +(‘,° ),t—-;gtz 26.0 (m/s) ? \
@(P =26.0-r- % -9.81-+* :7(‘-0 ), =30-sin 30° \I ;,
- =15(mss) |
—d -sin 30° d
- t=7.06s
d=122m Ans. d-cos30° 30
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14 sl Jle (cla gaaall)  ade e 3 a0

43,245 gt BB Ay 9) 329 8m/s W e Ayl de jewy J g} BS o
pual pdis sl h gUEY) G ((JiuNl JSAd) JRI) jia 6 e ails oLy ¢
909 ga Jailal) 5 Sl

o (a) 5.12m

i (b) 4.48 m
1 (c) 2.48 m
2m (d) 0.48 m

Vector Mechanics for Engineers: Dynamics

15 Al Jhs (Cligaall) aie e 45 200

gééﬂhmm@w‘gly\ﬁfﬂkﬂ\@&EB*@UAM\
£ 5¢d) daglia Jlaaly ¢ (Al JSal atl) Adlida (a8 Lyl g3 0S¥ g B gl (pud
??YJ‘@JYLQ?MJJMUAW‘C)A@“

j //X’ T B
a) A

b) B
c) gl edi &
d) h g,y Jle adia
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16 .,sﬁL"‘fﬂ JGa

inie e e 35 Al

\A\Mh@yﬁusuawjhudjkuiedm\!\mwdﬂw
¢ AL s t el O Eua ¢ (VX=8t m/sec) s sbud 488Y) die ju cuils
19 t=2sec (a) 2S Jua¥) Al (e A ga g Adlas g 4SS ju (4 JS alia da)

c;,, = 8 mv/s?

o [ Y @t=2:
: dr . ) y
r=yl6 416" =20
- :x:a:r s l'=|6i+]6j - 16" +16 b (III)
= y=—x2 =2¢ ; -

- 4 '= i 7':
r=.::+_t'j=(4r‘)i+(zr’)j "=16l+24_| m/s | 6’+"4‘ 28'8 (m'{s‘)
i o o= 8424 <53 o]

B a=2 _si+(120)} a=8i+24j ms’
G dr I s
89
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Motion Relative to a Frame in Translation
gé.\iil.;oieéﬁ\s)s‘,ﬁ‘lu.bgu“

A Al g 5 sl Al 48 al) jliie Yl
LS el e 4y B pllae Y Al

(Adaiial) ) glacall) Auacaill 45 )

GHS 058 o) M agall 0
Al i o aE 5l
G L il A
Oal hsg ashy S Cnustial

3 il

90
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Motion Relative to a Frame in Translation

(Aaiial) ) glaall) dssedl) 45 )

y’ gél,u_(x ’y,z) 4Ly sdaall ) glaas cldlaay) jglaal aalg b} Gl e
_(x”y’,z’)WHJJLM#Q':NJM@J#\JJM\

Oxyz A5 saall jslas alil N i B g A pagall (g2le -

o
7y and 7p.

Sgbaall U ) Al B plasall Axies i B p Ak TB/4 Al .
Ax’p’g’ A

FBZFA-"—FB/A
10 e Juald
\_/.B:\_/.A-F\_/.B/A VB/A: 14;A\a—'-‘-“-’B:‘-“—J-'-‘l
dedA-i-dB/A dB/Az AQ‘MB;\L‘;

B o Al 45 al) ga A 4S5 gans B ! Ailhal) A ) Jle Jguaal) (Say o
A ARl Aewestal) A8l yglaall i ) dpusd
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Sample Problem 11.9 9.11 JBa
T—BE SOLUTION: Jial dea 5
1.9 w768 ' )
35|m r_ o ’
' [ oS 36 450 As juy B, & a5 A B L)
IEI—? LS adaliil) adali A Bl Ladie Asla
36 km/h OsSad) (s B3I jlaaad) ‘-1,\3 (JOAL e sA
oV oty QB Jlad s 35 3 G
S 1.2 b 4Ll Alaay qigial)

Automobile 4 is traveling east at the
constant speed of 36 km/h. As
automobile A crosses the intersection
shown, automobile B starts from rest
35 m north of the intersection and
moves south with a constant
acceleration of 1.2 m/s2. Determine
the  position,  velocity,  and
acceleration of B relative to A 5 s
after A crosses the intersection.

Blsal) Alas 5 Ao g pudaga 229l g s
IS5 A B b)) A Al B
L A ) adib (e
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51 BE |, SOLUTION:J-l Gkl o pslaall i .
35m l ST/S
Gkl ) =36 km/h, a,=0, (x,);=0
A 4 4)o

A -
T 36 km/h (VB)OZ 0, ag= - 1.2 m/S2’ (YA)O =35m

T A Bkl A8 a aaa

‘ _(361&1)(1000111)( 1h )_ o
ul N h J\ 1km /\3600s/ "7

(A B! Laliite 48 ja dllad cad

35 A ay = 0
o Olm Yg A vy = +10 m/s
- ¥ l faimiz) - x4 = (x4)o + vt = 0 + 10t
~ “—“A—’I Att=Ss
-
ay, =0 a, =0
bl vy = +10 m/s vy = 10 m/s —
B 2y = +(10 m/s)(5s) = +50 m ry =50m—
8 93
93
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B
B SOLUTION: JaJ
s [
B ‘B 5L A4S A a0
36 km/h
T B 8 baal! Aaliiiia Alaay 48 ja dllai ol
ag = —1.2 m/s>
vg = (vg)y +at =0—12¢
yl ys = (ygl + (vplt + Loyt =35 + 0 — 21.2)°

E Att=Ss
= B

35m }
@ l Ug l A ag = —1.2 m/s?
e ¥ oD - vp = —(12 m/sH)(5s) = —6 m/s
- I
- 5

ag = 1.2 m/s” |

- vg = 6 m/s
= rp =20 m1
Me
= 94
94
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SOLUTION:) @ =0 ap = 1.2 m/s2 |
Jal vy = 10 m/s — V3=6m/sl
ry =50 m— r3 =20 m1
g3l Ja ¢ ilB gl g Leaia Allesal) Ja Uiy

10 m/s

152 ln/S2 ap/A

T'B/A
20 m
of

50 m
rga =539 m o = 21.8° vpn = 11.66 m/s B = 31.0°
rys = 539 m = 21.8° vga = 11.66 m/s & 31.0° ap=112hm/s )
(sl A8 ad) () 8) AbLCA) CSluanall Sa¥ clgatall aladiul LAl i

Iy =T, +Xg Ve =V, +Vp ag =a, tag,
20j=50i+1y,, —6j=10i+v,, —1.2j=0i+ay,
Ty, =20j—50i (m) Vga =—6j—10i (m/s) ay, =-12j (w/s)

oAl i) ) i Wiy B3 beal) (g e A B bl (B G815 ¢ Liles
vp, = 11.66 m/s 95

d A |

Vector Mechanics for Engineers: Dynamics

Concept Quiz

If you are sitting in train B looking out the
window, it which direction does it appear that

. > R 66 km/h
train A is moving? l——

QYA Jatig B U b Galla cui€ )
kﬁ&j.\:ﬁd‘}ubl@s“éigﬁ‘bﬁ‘j
A adl)

a) /_57
b)Lz/so
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18 dlaal s (AR glaall) dgacadl) 45 jal)) dada jlua

-\A‘JL&J‘-\LA@&QA&A@J‘Z&JJJ-\H}ScMQMﬂ‘M‘gA
0.5 W laka dlazy B asdd) 4o jou (BT Lady ¢ day ja 4330 S S
Y A B gl dpadl) Ao puad) jlala 239§, drg pa 4 U< i
¢ A asal)

Question 1: At the instant shown, object A’s speed is
increasing at 1 m/s?; object B’s speed is decreasing at
0.5 m/s?. Determine the magnitude of the relative
velocity of B with respect to A.

________ 0 (a) 4.46 m/s
- (b) 6.77 m/s

> vg = s
gl 2 (c) 8.46 m/s

(d) 10.2 m/s

97
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18 (k! Jlia Ap) ( (RUB ) saal) Ayl 38 jal) e Jlss e 4S5l

.\A\JL&J\.\L%A*@J\&}.«M%SsMQMﬂ!M\QA
0.5 W )ik dlazy B apad) 4o jou (BT Lady ¢ day ja 4330 S S
Y A B gl dpadl) Ao puad) jlala 239§, drg pa 4 U< i
¢ A asal)

_________ 3 g
P —_—
o vp=3m's
v, =4m's
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19 ALl Jha ( Alasiall ) slaall) Fpull S o)) Gsde jles e 4S50l

-\A‘JL&J‘-\LA%AM‘&}JQH}SQMQM\QA‘M“}
0.5 W )ik dlazy B asdd) 4o jou (BT Lady ¢ day ja 4330 S i
Y A B el dadl) Al jlaa 2a g1, Ay e 4l 0 fia
¢ A asal)
Question 2: At the instant shown, object 4’s speed is
increasing at 1 m/s?; object B’s speed is decreasing at

0.5 m/s2. Determine the magnitude of the relative
acceleration of B with respect to 4.

------- ""’j‘;"-o - (a) 0.620 m/s2
A " vp=3m's (b) 0.866 m/s2
v,=4ms (c) 1.44 m/s?

(d) 1.87 m/s?
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) g L like ddaay A aswddl de po 31355 ¢ JSANY Ao gal) daall)
0.5 W )ik dlaay B asdd) 4o jou (BT Lady ¢ day ja 4330 S i
Y A B el dpadl) Al jlala 2291, Ay e 4l IS fia

A h\u@i‘
_________ 0.
. —
= vp=3m's
v, =4m's
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Tangential and Normal Components 200 sanll 5 Alaall cilS Al

403 gand) LS yall ARy o Ui (685 La LIS Byl Jlewa (& 5 S8 LA (S 1Y)
Ul 48, Y ohwd_stkﬁtdgﬂjhbﬁum@wu
() lfilaal)

| ©

Vector Mechanics for Engineers: Dynamics

(5 i (B asein A3 jal 4 ganl) g Apadaal) G Hall

Y 4 p= Bl lsall (gl b ciual
v=ve,
dv Vv
a=—e +—e,
dt P

ﬁu@ﬂk}d\ daiag asaddl el (ulas o 5L (e) ebaall olaiyl o
. bl o@\u&ﬁgﬁoﬁ

Al 05y e, eubaal slal¥l o Lages (55 (e) gaserd sald) .
spad) Jlacal Gu gl S pa gad i gal)

- (e,) o) (B g g (o) oladl (b Lalan (LIS ja (o (o8I0 Alaal) o
102
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5 5ha B asan A5 ol 450 ganl) g dpdaall S sl

LUS (Sag ¢ V= V6 Al de el data (e gl e

§ IS ) Alae

y : _ dv_ vzﬁ dv V2
d=—2¢e+—¢, ay=— a,=—

dt Yol dt Yol

_bla,ﬁmgé*ﬁﬁicpﬂwaﬂd‘,ﬂ\&ﬁﬂu

=

R o0 t 0 Laln ¢ Adlu i A g Lanibaal) A8 pall 0685 (0 (Saa @
- L sl 38 5 olad) B Lails 43 gard) 48 pal) 585
—

]

Me

a5 103
103
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E1AN (B aseia 45 ol 453 garll g dpailaal) LS ol

N e osilitig G0 gard) g dpslaal) Alaal) il o cilBde Gaudat Usil ¢Sy o
plane B A Aata Jsb Ao & Aty s e
e!l
& d—ﬂé +ﬁé a - a —ﬁ
/ P dr ! p " ar Yol
@J}Aﬂ\jgﬂw\ baa o) (;GA.:""‘OJS"“ ‘SM\M .
o = . owadl) (o glasas
/ Qpall (e uaddll g gl o g3 gandl datal) alagl (Say e
z T ggandly laall Baa gl gadal ALY
& €, =€ %€,
Bl €, = principal normal ¢ gl
- €, = binormal @S g3 panl
.
- G SN sagan) slady) B A4S ya Alpal) ALy
tre 104
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daga Ll 350 gand) g dnidaal) S all Gadle

_M\Mdﬁz#\sz*@\u}ﬁ@(n-ﬂ Z\.,.a,.«ib @M\ aldlaay) el.ﬁi .
V=ve, kb faal g 4 ya dlai de jud) ¢ (n-t) LS e pladiuly s AS ) Chiag dis o
Uaall 4 gard) A8 pall g ¢ Ao puad) ke B pail) (o jti g, Alaall dpadaall A8 4al) o

Aoyl ol A il ce ad

..3‘.
s v RS — %S Dol

Uy e
v=v,+(a,).1

vi=v; +2(a,).(s—s,)
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daga Ll 350 gand) g dnidaal) S all Gadle
Lo gand) 48 pall 0585 Ly ¢ Al 5l A ga @, Aplaall 48 pall (65 () (S o
- sl S e ol A Laila @y,
D sbe sl phaB (b ¢ y=fi(x) A1S Blana (e Jlaa o @Al sl (IS 1Y) o
- h+ (@ 7acy 2
|25 7 ax?|

§ jlall (gl JhaB aa gl ¢ ) o midaga gb LaS Blara anen el dadal) Alalea ; U

) 2 |siz2
p=|l+(d_\/d\-) I ¥

o
|d? 37 ax?| i
o
dy 3 1 g*y 3 L
—_— X = —0yx -
x 8 dx? 16
dy d:’l' 3 3
- 2 _1.5 D e 3
@x=16m — o _r=%x=
P, =125m
o 16m x
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SOLUTION: Jtiall dea 3

Sample Problem11.10 10.11 Jbs
iada s o Sbud) Bilu ey
2500 ok Chuai g ) (k) (e

VYA:GUW
A
Gl Aslu [ Ju 60 4s puy o

2500 ft 138 g (Jal dll o lad Jaiay 5 )
Tl G B sl
motorist 1s traveling on a curve 1 . oo i e
section of highway of%adius 2500 ft ol Ga “’j‘y 8 ..'u-" o w
at the speed of 60 mi/h. The motorist [Jn 45 °“Jl+“5‘ e ‘a‘?h"‘
suddenly applies the brakes, causing a bwdl Adas gl asla
the automobile to slow down at a L il Jal 8l e Jaall

constant rate. Knowing that after 8 s
the speed has been reduced to 45
mi/h, determine the acceleration of
the automobile immediately after the

brakes have been applied.

107

SOLUTION: il do aldlaY de .
T (plaall o@?\géw aall g de yudl) 2agf o

— (601ni)<5280ft)< 1h > oy
i = (o™ _
m h N\ Tmi /\3600s s

45 mi/h = 66 ft/s

DO A Al dlaal) o

Av 66 ft/s — 88 ft/s 5
a = averagea, = S = ———— ——— = —2.75 ft/s*
iy As pul) ¢ Sal il o Rl (bl day 3 ydilea o
gt Al g a8 88 (g gl ) e
3 N
MOUOV \ 02 (88 ft/s)?
>a a,=—= —— = 3.10 ft/s’
e p 2500 ft
a, =3.10 ft/s2 @ 3.10 ft/s>

a=1Ja’ +a? =275 +3.10° Bnais s

a = 4.14 ft/s? a = 48.4°
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Tangential and Normal Components A3 gand) 9 Aplaall CLS jal)

(2 il ELE ) uey TMS )i (2 a8 @l el Gl #lal) a3« 2001 4w b
il G a8 B Al Gna ¢ Flad) @b Ghila o Lala ST g LY 138 g 459 gand! Alaalf
wapd A gl 4udi ) g-loads Awd ¥ Apilall o Aatl lan dadipe dae ) il )
g Al pLEY) Al sled) Alla 1 g i agia gl Lag g (Aoad) c il ¢ils gl

¢ Aial) o3 Jadiu Ll

s aldaY) ana:
Avx CM\ kﬂ\ Cra Jaladl) -
$San \3&) Cugiil) jlad u& Al -

A -
v (e a8 )
Ay G i) o g @) -
.(g-suits) 4alldll GlaY)
Mec
il 109
109
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Tangential and Normal Components A3 gand) 9 Aplaall CLS jal)

:g-loads (s dLia);

Gx, Gy @S ye A0 L1 Lgapei oSay
., Gz

saall e 5 isall 558l Jia Gx -
8 ially £38Y) wie el Apis
Do Ds B AL i) i f

M\d\d‘iﬂ\y&ﬂlgd’h(}y -

B 8 Loy Al Aae oo Aaall) sUleal) o Bala 49153 8 il sladl s die
¥ Jsasll ae ¢ Gl Adle il ) Y N A RETS
. 1g &a Si g-loads e Lald (ELadll ) 2l ‘ ;
J\em\u-“w‘jloa‘w\.uc;z -
bl dga) ga (s gL (usally
Addlal) e ) i 44 ggd)
Mec
i 110
110
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Problem

@:NN&SS&S%

L

The tangential acceleration of the
centrifuge cab is given by

= a,=0.5¢ (m/s?)

B where ¢ is in seconds and g, is in
m m/s?. If the centrifuge starts from
fest, determine the total acceleration
by magnitude of the cab after 10
| seconds.

SOLUTION: JUdll das 3

Lkl g slaid duwleall ddanll
(s JSAll il gal) (A) (5 Sl

;gltm
a, =0.5t (m/s?)

Aal

9 I Gl £ Gl ) Cua
Sl ulli ;S sl
gt J 131, Ay pa 4uils JI
Ul da gf ¢ GaSd) (e AS ol
10 v A plbill LUK LUl

."g.v'/ﬂ

111

Al el Aaldld) cildaay) G s
Q58 laall s3] ¢ ilal) bl
dadall ) R0 g3 saall olad) b

s ldaall ds ) ual
a,=0.5¢

v, = [ 0.5tdt=025¢[ =025
0 0

v, =0.25(10)" =25 m/s

i‘ + 40 ganl) Aaal) ol

| 2 2

. an=M:2i=78.125 m/s’
- r 8

- A0S Aldaal) )aka an gl

oy = [a* +a? = \/78.1252+[(0.5)(10)]2

@/

Top View

a,,, =78.285 m/s®
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20 Alal Jha (A2 sandl 5 Apdaal) LS all) Haie s e QS jall

M\M@@Sﬁ\ad@iygﬂjmdﬁuie L‘ﬂJﬂg*@
Cra 4SS 1A anead) OIS 1), JSAIL piaga ga LaS lial Apilall (5 gleaa
Gal ¢ Aoy pa Al JSI j5a 2 W laha Al Alasy A AdaB) Che o sSaad)
¢ B Akiil) Juay S CBgl) (o annl) glig oS
Question 1: A particle travels along a path made up by
two semicircles with same radius of 8 m, as shown. If it
travels from rest from point A and its speed is increasing

at a constant 2 m/s?, determine how long it takes for the
particle to get to point B.

@

- (a) 3.55 s

- & (b) 7.09 s

- (c) 142 s
(d) 3.30s

EM'ich"" 113
113
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Dbl ALall (g glua IR Ciual (gl L 50 ciliail ¢ ¢ s8a Jlsa Jsh o & Aty assa
Al Alaay A Al (e () 9Sall (4SS ga Nay peadd) LS 1Y) JSAN i ga sa LS
§ B Al Juay S gl (a pnuad) gliag aS Gl ¢ Aoy e 4l IS e 2 W laka

(a) 3.55 s
. (b)) 7.09 s

“ (c) 142 s
(d) 3.30 s

W laa (3 pall Cilail) jlasall Joha o A5l dsulas Adaay & jads asead) 1 s Jall (§gdia
at=2 m/sz
8] . ) Aaling AN ASH cral) Sl alaal) olad¥) A ALY Alaall (il 8 Gaadat Unle Gy
B -5 e oo 3 ke S de ghilal) ddlall 5 (0) A e AuIaiY) de il g (2) daad) 1 cilbal)

Me
o 114
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21 Alal Jhs (423 sandl  dpslaall ClS yall) Jaia s e 38 al)

M‘Muﬁ@ﬁ)ﬂddhﬁj@@j&)hﬂd}hu& «‘ﬂ)&ﬁ:\?‘.y.a;
Cro 4SS A 13w asadd) S 1Y) | JSAILG i ga ga LaS e 4pilall (5 gleaa
Gal ¢ Aoy pa Al U< j5a 2 Wy laka Al Alasy A AdaB) Cha o gSaad)
¢ B 4kl die asual) ddae j)aia
Question 2: A particle travels along a path made up by
two semicircles with same radius of 8 m, as shown. If it
travels from rest from point A and its speed is increasing

at a constant 2 m/s?, determine the magnitude of its
acceleration at point B.

(a) 5.80 m/s2

s  (b) 6.61 m/s2

- (c) 25.2 m/s?
(d) 101 m/s2
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Dbl ALall (g glua IR Ciual (gl L 50 ciliail ¢ ¢ s8a Jlsa Jsh o & Aty assa
Al Alaay A Al (e () gSall (4SS a Nay poeadd) LS 1Y), JSAN i ga sa LS
§ B Akl die apad) Aae jIahe caual ¢ Az je 450 S e 2 W laka

(a) S5.80 mv/s=2

= (b)) 6.61 mJ/s=2

P (c) 25.2 mv/s2
(d) 101 mv/s=2

W laa (3 kall ilall) Jluwall Joh o AL dsulan Aaay & oty aseal) 1 U Jal) (3 gaia
a=2"m/,

¢ B e aswall 4uilgdl) Ao ) Maa alaall ol B ALY Aaal) (pil B Gadal Lile quny

Aaal) dlasa dlag) g ¢ Alaall 430 gardl g Lyaibaall Sl yall il g8 (a B 2ie 4y pand) Alaal) dlagh ol (e
+ gl 23 gl 5 dpuaal

Bl s ¢ B le S Ae ghalall AdLall 9 (0) A i Alaiy) de pudl g (2) Aaal) ; cildanal)
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Radial and Transverse Components (r-e) Akl <ls all

I Ay gl g Byitdal) day ABlica 43 ma DA (ha
o i) & gl () sall (S

OSay ISy Blaal) Ciliald Al y 9 ¢Sy
Al Ll A5 Jlad U « Wagads

fn il g 1 g ) Adal) S pal) pladialy
o (sl

Vector Mechanics for Engineers: Dynamics

(r-e)

C}AI’&MJJMPM‘&A'AJAO o
slai¥l a1 ¢ P ) O Jua) ddaii

G55 €g waiaall sl € skl
L€, gkl slai) o Lagas

€r

F=re,
P R sl de jud) dnia o

v=ré +rle,

D A apall dlaal) dxia o
i=(F-r0") e +(r6+2r0),
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Concept Quiz

If you are travelling in a perfect circle, what is always true
about radial/transverse coordinates and normal/tangential
coordinates?

@l oLl g I s o & e cuig 1))
CF dapaua Laild S A Jaall (e
S pall g dpa pand) 5 dpuulaal) S sl

¢ dyuladl)

Y eg 00T lilhaa (168 e olail,
= b) e, bl o Lages (158 gy olal
= C) e ol aabilse (s e ol

M
Graw| 119
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(R-©-2) 4l shu¥) s sl

43 o) S pall ATy Blara asad) 0 9S) Ladic o
Laidle preaall dlaall g de jpuad) 8 mardl) (1685 ¢ (812)
1Al Bas gl clgatia aladialy
€r,ég,and k.

F=Rép+zk

dr . R _
V=—=Rép+ROéy+zk
at R 0

rllaal) 4nia o
a =%=(R’—R92)ER +(RG+2RO)ey +2k

120
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Sample Problem 11.12

SOLUTION: Jtdl dea 5

i jra O Adadl Jdea g1 o2
dua @=0.152 Al Dalaally
ldat Gy Il dulia @
Rotation of the arm about O is defined r < p=0.9-0.12¢2 E L4

by 6= 0.15 where is in radians and ¢ g DA g ey, UYL Audda
in seconds. Collar B slides along the 1Al as 9l ¢ daa 30 Ay

¥ arm such that 7= 0.9 - 0.12¢* where 7 is i ) ) )
=1 in meters. . ALl A0S de ) (a
After the arm has rotated through 30°, Aatatt 40t Adaalt (b

®  determine (a) the total velocity of the ’ . :
i collar, () the total acceleration of the A ALY Al dldgal) (C
= collar, and (¢) the relative acceleration g Al
| of the collar with respect to the arm. )
:ﬂﬁ?" 121
121
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Sample Problem 11.12
SOLUTION:
6=130°. is t (el pb o
6=0.15¢
=30°=0.524rad  1=1.869s

Jualdill g J o) Jualill g ¢ (591305 s okAN pagall jiB .
TSR

r=0.9-0.12¢> =0.481m
7 =-024t=-0.449m/s
¥ =-024m/s’

0 =0.15¢>=0.524rad
0 =0.30¢=0.561rad/s

@ =0.30rad/s>

122
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Sample Problem 11.12
N CAdpally Ao ) sl .
' v, =i =—0.449m/s
vg =10 =(0.481m)(0.561rad/s) = 0.270m/s
v= vr2+v§ ,thanflv—g

v=0.524m/s B =31.0°

a, =¥ — r92
=-0.240m/s? - (0.481m)(0.561rad/s)?
=-0.391m/s>

ag =r0 + 270
= (0.481m)(0.3rad/ s? )+ 2(~0.449m/s)0.561rad/s)
=-0.359m/s?

[ 14
a= a,2+a5 y =tan 149
a

¥

a=0.531m/s y =42.6°

123

Vector Mechanics for Engineers: Dynamics
Sample Problem 11.12

1A L A ARtall Auudl) Adaal) a8 .

Motion of collar with respect to arm is rectilinear and
defined by coordinate r.

plione Jad & 6% 1) ) A AR Al AS )
I ANaYL A8 g

agjoq = F =—0.240m/s’

agop = (-0.240 m/s2)e,

w 124
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Group Problem Solving

‘ 8m ' SOLUTION: J&all ias 53

 NNNNESTSS kY g £1A Ay gl 3l Alaal)
C%_mebhhb ABMal) s S T3 3%
/ - Al

6=0.056 (rad/s?)

The angular acceleration of the

centrifuge arm varies according to ha 03], 3L dlia © G
e dagl ¢ sl o Jlgad

E} 6=0.056 (rad/s*) Jdotiall ot &) day Adaal)
¢ GlalS (i 50
. where 0 is measured in radians. If the
. ccntrifuge starts from rest, determine
mm  the acceleration magnitude after the
< gondola has travelled two full
B rotations.
il 125
125
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Group Problem Solving
.y Galdl) Y Al G s

0583 5913 o) ¢ (ilall Bhual) B NSNS
L dadall o JAIA 5 gandl slad) gﬁ %BBB&BB e

Ayl A ) aa gle
6=0.056 (rad/s®)
D peagall b Al Aaall ey

e, Top View

4d6 =046
: JAIS:S‘ J-\g ee //
@27 o . .
0.050d0 = j 6do
0 0
S 22T o0
0.05¢*["" _6* 6" =0.05[227)]
2| 2,

126
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Group Problem Solving

a4y g) 31 e yuad) gl | - ‘
6 =005[22n)] ¢ [ NNNSSSSEN—> ¢,
0 =2.8099 rad/s J

Oiogd Ay 9 31 Alaal) Guale
6 =0.050 = 0.05(2)(27) = 0.6283 rad/s
4 ail) g duda paicsal) Alaad) LS o s
i=(F-r6)e +(ré+2i0),
=(0-(8)(2.8099)°) &. +((8)(0.6283) +0)¢,
= —63.166 &, +5.0265¢, (m/s’)
s akal)

N :\/(—63.166)2+[5.0265]2 Uy = 63.365 m/s>

127
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clilaay)

Sdalatial) LS jall <
(x,y,2)

L gand) 5 pnaal) LS pal)
r = 0g; + Oe, (n-t) “T

pslre al)

-«

Al LS sl

(r-e)

o=
37

Vector Mechanics for Engineers: Dynamics

Jlsall Gaany o ¢y a3y Sl
(e e gdadl Juadll o
(e dal) gl

Practice makes perfect

130

130
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The End of Chapter 11

J ¥ Juadl) Al

LS Ol gl (985 i g (AU Juadl)
(A g Os2) slasuad)

&
= Kinetics of Particles:

Newton’s Second Law
:ﬂﬁﬁf"" 131
131

Tenth Edition

e /ECTOR MECHANICS FOR ENGINEERS:
DYNAMICS

Kinetics of Particles:
Newton’s Second Law!
g.il."d\ Suadl)

Clazeandl 184508

A (g sl

>F =ma

© 2013 The McGraw-Hill Companies, Inc. All rights reserved.
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Contents

(PEIBPES) PN Qg sl AS ) das Aaaial)
Angular Momentum of a Particle Introduction
((Andalll CLfiaa) aladialy AS al) cYslae A all SEN (figal o4l
Equations of Motion in Radial & Transverse Components Newton’s Second Law of Motion
(69130 a3 3 Jain) 4390 30 AS jad) daS Jada (Baad ad 3l) asend ddadl) 48 ) dpas
Conservation of Angular Momentum Linear Momentum of a Particle
Agilall rign o 4i8 Gian gl Ak
(8-12) Jua As all N Maa
Sample Problem 12.8 Equations of Motion
o Ssabiaall G Y
= Dynamic Equilibrium
= (7-12 (N 1-12) Akial
==
1 Sample Problem 12.1
= Sample Problem 12.3
Sample Problem 12.4
= Sample Problem 12.5
Sample Problem 12.7
Mec
o 133
133
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Kinetics of Particles Clasunl) 184858

S e B Al s i S Jlad ol cong G s T Sl il O
.\PJMHAAJA\UA&)&‘A . u-bb‘)#s‘sﬁ.‘.”aw

o G 138 5 cJaadl g} Aa g )

Jaall il o) Adudud) adals
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Introduction dadial)

>F =ma

RS all B (g o o

¢ Al g gl asun o B isa 5 8 Aaaa CiilS 1Y) .
M\J\ﬁn@‘,\uﬂhtﬂhﬁdyﬁu#\ol‘é
_Mlo@\&t@@\&,@g

=

= sga@).ajém.ﬁsg{’\ﬂé\ﬂ\)&dﬁ‘e%J\@gﬁJ&‘u}\wﬁﬁM\% .

| (;M\@@Gﬁ\‘gi@\”akﬁmu@‘Z@&\JM|”m)M

.

— L ASLY JiK) Ay asdiad ¢ gilal) cpe ddpal) s2a o

B 135
135
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il ad 3 aead Adadl) 48 jal) Asag

Linear Momentum of a Particle

DN gl e pud) Juality AN (g 91 A Adaal) Sl o

= av
F=m—
2E=my,
d, . dL
=E(mv)=5 mv

L = linear momentum of the particle
(Bl ad 3l) asndl Adadl) 48 ) dpas

=

- s (i as il Lids ) Lubasl) A af duaS Lids faa
- "’I.S‘kﬂ‘ual‘é‘ iﬂ“éJM;M- .&Sﬂyaﬁmﬁu‘:\!
> . olaiVl g Jladal) gé @U uiga Hﬂé-“
:“s?w 136
136
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Systems of Units @l gl) Aol
S il B5Al) g ¥ L) dag¥) Clan g (e ABED &y jay LGAN) (Say o
9 L G815 Ly il daal) cila (o Y SV g o gl g Jghall g ALISY
=il T - . “a
=1k L A8 Gies (s aa

(2) Skt g b Lciles¥) Sl gl :(ST) laa gl Agtll LB o
(L) il g (a9 ALty

P dailie 548l Sing o
1N=(1kg)(1mj=1kg’m
52 52

a=9.81 m/s2
W=98IN

il Jshl Slaa g o :@wauS’/ Clda gl ; Cfda pll S sa¥) AL
 / bag.(Sec Gl ills (Ibf st 545 (ft 4
1 o dadiices LS

[ a=1 ft/s? e
—— =gy o I
| -1 slug F=11b 322 ft /S 1ft /S i
(= 11b-s¥ft)
= 137
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Equations of Motion FEPREN T
> F=ma Y g o sil8 o
Balaiall il jal) Jha 1 Apealgl) S pal) ¥ olaa aladind (iSay o
y

Z(Fx7+Fy]+le€)=m(axl7+ay]'+azl€)
YFy=may Y F,=ma, Y F,=ma,
YXEc=mi Y F,=my Y F, =mZ y

Me
- 138

69



Vector Mechanics for Engineers: Dynamics

Dynamic Equilibrium (Sl o )

ot A (g ) AT e

ZF—m&zO

—md = inertial vector

s 58 AT S 13 ¢ Saalipa ¢ 381 Adla (B aseeall (585 o
() 5eatl) Aaia Liadaia )) jieall (¢ slosa

4 il ilageuall Aadiioual) Jolail) g b aladiad Ua oSay o
i (A8l g gl Ge il (S Dia |, Ll
Ball cilgaial) aliaa & a5 aladiuly (s siasal)

I guall) 5 gy paniila Bale LI gudl Cilgaia o
W A ascad) Laglia ce Ll Cua ¢ (A0 g 411)
Lo g de ) B il Jia ¢ AS Al A ) Gu

¢ llaaS Sada( Aalall (g gh) I ) gualll (g g8 (655 B
ASSUEY) (B 593 gall dppdladl g uadlil (g g8 Apdd ¥ SV g

139

Vector Mechanics for Engineers: Dynamics
Free Body Diagrams and Kinetic Diagrams at.‘s:.‘:‘:'ﬁ‘ Gihabial) 8y Jﬂ‘ P‘-“%J‘ Cihabaia

A Ua (g ¢ SN B Aasiiuall Lgudi & FBD sall acall cillalais
. KD ‘a,,w@i\ 1S cildaladig A8L) (e

(oAY peial) ASad 33 3 el puiall I8 -1

(A ¢ A e ¢ 435508 ) Aadiieaal) ) glaal) pus ) -2

et el B8 ¢ 3501 ) pmdd) o B el (g 4Bl il -3

(gisas Jad oy ¢ B8 Jad 3 ) Jladl 393 dastal) Jalaall Jasiad -4
((W8) au) e ) g -5
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Free Body Diagrams and Kinetic Diagrams
1SSt Jahadlall o 4SS ja Jula 30 yal) aal] (AdAIA) I ) guall) o 6B
(JA.“ ?“‘9'“) All) a3 yad) ?"“91‘ Jdist 1

slal A Lpa bl 1 b e LS 1Y) ¢ anall Alaal) B ALY g e pea ) -2
. olAl) | glaall caa gall

Vector Mechanics for Engineers: Dynamics

Free Body Diagrams and Kinetic Diagrams

Draw the FBD and KD for block A (note that the massless, frictionless pulleys are attached to block A and should be included
in the system).

Jagall 05l il @l S o BaY ) A @ssiall (KD) 9 ( FBD) awi
9 ALAI B gl g A (B oinally Alfia Jaguall dlSiaY)

IVIARU

\|

57
£
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Free Body Diagrams and Kinetic Diagrams

ad) J3=) 1

sl pa 2

Ahal) g 58l o)) .3
Judy) 359, a4
) pua 5

Sl Jabadal) ayl 6

Vector Mechanics for Engineers: Dynamics

Free Body Diagrams and Kinetic Diagrams

plane, and @, r are increasing

Draw the FBD and KD for the collar B. Assume there is friction acting between the rod and collar, motion is in the vertical

dalal) o Alia) dUa i g ), B 4dlall (KD) 9 ( FBD) awi
?(Jgéj\ubgée’rjédwi\ ngtgégﬂisﬂ\‘wu

144
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Free Body Diagrams and Kinetic Diagrams

p) J3o1 .1

osbaall gz 2

Aahall 48l oyl .3
JudY) 293, a4

) a5

S5gl) abial) o)) .6

r

ma

145
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Sample Problem 12.1

A 200-1b block rests on a horizontal
plane. Find the magnitude of the force
P required to give the block an
acceleration of 10 ft/s? to the right. The
coefficient of kinetic friction between
the block and plane is g, = 0.25.

SOLUTION: Juiall daa 5

200 038V 53 Esiall g S
gl L8 (g gina o B gBanigly
glacy da DU P 568N laka

"3! 100s> (g j)aka 11;: Boriall
O S AD ALY Jalaa cppad)
§ =025 g gbun ghacadl g (3 gaiall

146

146
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Sample Problem 12.1

W =2001b SOLUTION: Jall
P,
3002\ g0 pand) LgalS ja ¥l ) ALSH AS jal) Alslea Ja o
L!_] - L'_ > F.=ma:
. m=6.21 Ib-s¥/ft
, ol ® Peos30°~0.25N = [6.211b-s% /ftf1oft/s?)
=62.11b
O Y F,=0:
w 2001b N —Psin30°-2001b=0
& g 3221s? N Jadll 3,9 P ikaal) 5580 o 5 e Jualal)
P —6211]”2 . Jaalaall alag¥ c¥aleal) o3a Ja (Say o
~ ' o
= F=wuN N—Ps1i130 +200'1b ]
= _0.25N Pc0s30°-0.25(Psin30°+2001b) = 62.11b
P=151Ib
EM‘ich"" 147
147
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Sample Problem 12.3
m D SOLUTION: JUall dea 3

A jal) o (Al daud gal) gaaliall

C o dlsia) aa e | G gSad) (1
BSal) ANS | 5l B8 (g giesal)

1800 ks | @il (e JS Uae sa gl | Alaga
,M\@ﬂ\&ﬁ\g

The two blocks shown start from rest.
The horizontal plane and the pulley are
frictionless, and the pulley is assumed
to be of negligible mass. Determine
the acceleration of each block and the
tension in the cord.

IVIARU

\|

57
£

148

148
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Sample Problem 12.3

my= 0 kg
mp =300 kg

Wy =2940 N mpag

T, T .
T,

SOLUTION: Jal
I sl Alsall g dilaie¥) 4S all LAl clial) o)

1 1
YB =7%X4 ap =54y

S galiall A8 al) cilaa i) o
2F =myay:
=(100kg)a 4

2 F,=mpag:

mpg~T, =mpag

(300kg)(9.81m/ sz)— T, = (300kg)ap

T, = 2940N - (300kg)ag
> F,=mcac =0:

—27,=0

149
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Sample Problem 12.3

Wy =2940 N mpag

T, T .
T,

Unal) da¥ Leda g A al) ciYalaa g ALY clBdall gaa) o

il b addly Gualiall
Y = *xA ap = %GA
=(100kg)a 4
T, = 2940N - (300kg)az
= 2940N - (300kg)(La )

T, -2T=0
2940N - (150kg)a 4 —2(100kg)a =0

ay =8.40m/s2

ag =%aA =4.20m/s2
=(100kg)a 4 = 840N

T, =27} =1680N

150
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Group Problem Solving

The two blocks shown are originally
7 at rest. Neglecting the masses of the
Bl pulleys and the effect of friction in the

pulleys and between block 4 and the
* horizontal surface, determine (@) the
i acceleration of each block, (b) the
B tcnsion in the cable.

SOLUTION: Jtall dea 5

C oSl (o IS A (ki) fas
Jualy il g Jlaly
Lag g ¥ . b dliay)
gl A sl A diKia)

. (sl JS Adae g
A TEN g AT

151
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Group Problem Solving

SOLUTION: Jall
ASilaigl) Basial) Aldaal) g AS Al Y alea ST o

D bl Jualdl) B Al o2 e Jadd)

x, +3yg +constants = L

T Gl c Aaal) A8Me dla¥ (4 e Juald

v,+3v, =0
a,+3ag =0

a, =-3ag (D

152
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Group Problem Solving
'dJMdS-‘KDJFBwaJ! .

@ man
mag,

Lot JS1 AS jall e alaa S o
& . Tt ZF =myay:

"‘l IF, = mpay

T =mag

ﬁ WB _3T:mBaB (2) From Eq (1) T=3mAaB (3)
< D Jablae AEBEN Slag¥ cNalaa A Ja o
= (3)9(2) mBg_3(3mAaB)=mBaB T=3X30 kg X 083136 m/SZ
- ) ‘
g, =5 OB 63136 mis? | r=748N
: 149 11g30ke )

mg 25 kg a,=-249=249m/s* —
EMF}N 153
153

Vector Mechanics for Engineers: Dynamics
Concept Quiz

\ 2100 1b

2200 lb ‘
2) 3)

(IR A Aas Y1) LU claadl Gy ¢ ¢ sSud) (ha LGS sa ADAN Aalal) Jas

a) (1) >(2)>(3) d 1) =@2)= 3
b) (1) =02 >3 e) (1) = (2) < (3)
c) (2> 1 >3

154
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Sample Problem 12.4 412 A
SOLUTION JUall dea y3

Bs8-aighs 12 (138l 53 B Gsaial)

A8 3l Cssal) 0n %y
S0° 5gB-aisk 30 ¢l 53 A Gsaial
6 Snally psS 0 A gaiual) ¢

-

BPCY
The 12-1b block B starts from rest and e
slides on the 30-1b wedge 4, which is DAyl ¢ dsiaY) Jlaly

& supported by a horizontal surface. LA Gl | < -2

g Neglecting friction, determine (@) the

[ ;cceleration of the wedge, and (b) the L B @gdiall dpudl) daall — b
= acceleration of the block relative to the LA G galall

B> wedge.

ig_;ﬁ

:ﬂﬁﬁf" 155

155

SOLUTION: Jal!
LA Gotial) mhau o Jiad ) GIBU Ade B Gatiall
Sk LIS a ¢ 0
dB sz +dB/A
liall 4 al) e alas s .
YF =myay:
lein30°=mAaA
0.5N; =(W,4/g)ay
ZFx:mBax:mB(aAcos30°—aB/A):
—WBSin300=(WB/g)(aACOS3OO—aB/A)

ap/y =a,cos30°+gsin30°
Y F, =mpa, =mp(—a sin30°):

Ny =Wy cos30°=—(Wg /g)a 4 sin 30°

156
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Alsal da¥ Js -
05N =(Wy/g)ay

Ny —Wgc0s30°=—(Wy/g)a sin30°
2W,/g)a —Wgcos30°=—(Wg/g)a ,sin30°

0, = 8Wpcos30®
A7 0w+ Wy sin30°
asn = (32.2ft/52X121b)cos30°
47 2(301b)+(121b)sin 30°
=
= ap/y = a4 cos30°+gsin30°
agy = [5.071/52 Jeos30°+ (32.2t/5 sin 30°
ag 4 =20.51t/s
EMFE"" 157
157
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Kinetics: Normal and Tangential Coordinates a._....-h.d‘_, ‘1'.'3.""“ Shdlay) ; 3.1_,;-\‘ Yl

L Lgalad) il die 3 s dagas Lgﬁui\cﬁ\)w\‘g&\)ﬁw\ubﬂ
_;\,'Jl.n.“ e pud) Alcz\,y.bJY\ dudlal) 5 98 s

\ D

158
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Kinetics: Normal and Tangential Coordinates daulaall g 400 pand) CiLilaay) ; 4S ol CVilae

> F =mad A jall A o i 053 o
s 400 ganll g Aulaall LS jall o
D F,=ma, 2 F,=ma,

2
\4
F =m—
S,

Vector Mechanics for Engineers: Dynamics
Sample Problem 12.5

SOLUTION: Jiall daa 5
¢ JLAl g sall Jstidl

Lﬁg)i\djhuub‘b.ubd);ﬁd
& S  gagand) (s giall A
D 2.5) s Jiall A 2dd)

B gl ¢ (Al 009 B Lgsaa
13 A Gl U Alaall g de )
ghe b.ob ofa2-m pendulurp oash
escribes an arc of a circle in a
vertical plane. If the tension in the
cord is 2.5 times the weight of the
bob for the position shown, find the
velocity and acceleration of the bob

in that position.

160

160
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SOLUTION:
Apdaall @l pal) ANy Gl ) A8 Al c¥Maa 08 e .
Apagardl g
Apulaall Alaad) s pa gy A8 all @l jall c¥alaa Ja o
Aagand)y

ma,,

> F,=ma,:  mgsin30°=ma,

a; = gsin30°

> F, =ma,: 2.5mg —mg cos30° = ma,

a, = g(2.5-c0s30°)

a, =16.03m/s’

. Laganl) daal) A S de pud) 22l o

v=pa, =+/(2m)16.03m/s?)

161
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Group Problem Solving

The 3-kg collar B rests on the
frictionless arm A4'. The collar is held
in place by the rope attached to drum

SOLUTION: JUall des 3

e al e gliS 3 galis B 4t
g1 B dsiaYl) 447 104 e
(Jage

Jon Aol g3 Lgilsa b Aifia ddla))
Adll) Joa iy D duadll b lagy
hail) de ) |8 s giwall A O
- A A3Mal) e b 3 B Adlal

=] D and rotates about O in a horizontal m/s @ iy ol dua y=10.2 £

[ plane. The linear velocity of the collar 3 L&) aa gl | A6l Gl ¢ a3l g

== B is incr.eaging accordir'lg'to V= 0.2' £ A8t s 8 il ﬁbl“ 3589 Jaal)
m Where vis in m/s and tis in sec. Find ¢ r=04m oSN S5 B

Bl the tension in the rope and the force of Fr=0.4mos = :

by the bar on the collar after 5 seconds if

Bl =04m

:ﬂE'Tf'" 162

162
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SOLUTION: o chedl: v=02#, r=0.4m

e 2 : Tand N at7=5 sec

Al FBD , KD <ilalads au sl

o T ma,
- A8l A4S jall Y alae il
-
-— XF =ma, 2F =ma,
- 2
] 1% dv
Y=rs r=mu
t
fee T A T 163
163

Kol s v, a, a,
v, =0.26 =0.2(5%)=5 m/s
2 2
¢ =Y =3 _ 625 mis)
P 0.4 T O\N ma,
dv )
a, == =0.4t=0.4(5=2m/s
dt
& RSN T IO PPN
< 2F =ma, 2F =ma,
> N=3.0(62.5)  comsim T =3.002)
- pee)
N=1875N T=60N
EMFT-“‘ 164
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A ) s 1) Al Ja oy s

mg s paall Akl e g
L0 Ll s

€
ma,
o . ; e
§ gagand) (5 glal) 2 n —
You would add an mg term and would also need to
calculate 0 T O\ N ma,
mg

¢ 453 paall e uS) Apailaal) 5 g8l (<5 S

a >>a, osSisde 5 Jaaadll b ol vie Ayl daid ) 5
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Kinetics: Radial and Transverse Coordinates

(s Al clfilaaY) asdiuile Bals

Y D

550 5 agd) S aal) AS 5 Jylad

. Basatiall iy g ) goNy

(Al cilgblanl) alasialy 48 jal) ¥ alaa
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Egs of Motion in Radial & Transverse Components (m\ lfilaay)) aladiul AS al) calaa

Dbl plBY G0 g1 (e pasa s e

2 F. =ma, :m(f_réz)
> Fy =mag :m(r§+2f9)

a IF, LF,
; m P
3 r
& 0
:ﬂﬁ‘?:‘"" 167
167
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Sample Problem 12.7

SOLUTION: Juiall daa 5

L m A g3 B eaiall 355
géJ\g.\,g Lﬁ'n‘ OA u-ula\ &U:\‘;‘G
Gy 8 Jaray Y (5 glasal)

§=ty ' B Gstiall 3l 3 45 cuale 13)
A b.loc'k B of mass m can.shde freely on S e e O o r, Ale Al
a frictionless arm OA which rotates in a . 3 s
horizontal plane at a constant rate 6, . STt
Bl Knowing that B is released at a distance dgtiall de yd v, 4844 (a
i@l r, from O, express as a function of r . 04 gL Jsb Lo B
= i Aidaal) s i
= a) the component v, of the velocity of B Sudaal) AE0Y) 5 R )Ga (b

r- along O4, and K .
L D) the magnitude of the horizontal force ' B ds ‘ ‘-’h
exerted on B by the arm OA. . OA g

Me
o 168
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Ao ) Aalea dlagy 4y yhadl) 48 ol Dalea JalS o

I mag ,:\,,Uhﬁ\
dv,. dv,d d
- i, f:ﬁ,:—’:il:vrl
_ dt dr dt dr
”
il

27 .. dv,
OV—E'// ’ e dr

v,dv, =r0%dr = r6ldr
SOLUTION: Jal v, o
25130 oladl L AS al) e olas S [v,dv,=6;[rar
Jhﬁ‘} 0 o

= _ 2 _ -2( 2 2)
P 2. F.=ma,: 0=m(F—r6’2)' : v, =605 \r~ —rg
> Fg=magy: F=m(r§+2f’6") Lz pliial) 48 al) Aslaa & cilaraly page o
- B. Gstiall Ao ddaal) 3 68l o juatll sy
— . /2
< F=2n16?g(r2—r02)1
:ﬂﬁﬁf" 169
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Group Problem Solving
SOLUTION: Jall <l glad

The 3-kg collar B slides on the frictionless arm 44'.
The arm is attached to drum D and rotates about O
in a horizontal plane at the rate g = (.75; where g
and ¢ are expressed in rad/s and seconds,
respectively. As the arm-drum assembly rotates, a
mechanism within the drum releases the cord so that
the collar moves outward from O with a constant
speed of 0.5 m/s. Knowing that at t=0, r=0,
determine the time at which the tension in the cord
is equal to the magnitude of the horizontal force
exerted on B by arm AA4'.

Dy D dluall bag e g 1A 447 Gl £ 1,31 e o) LS 3 ALK s B Adlall (3l
t ol srad/sec @ s g Cus G275 Jier A g siwal) 3O SO Joa
oAl Jsa (el — g 1) e S all alail oy stie 53 gl i b, s il

e 43l Ay O Sall ce dantae B &Gl @ et Cumy Juall dluall iy« O
= Gl e ()5S exie (521 £ Gadl sl ¢ 1=0 058 =0 e 4l cadde 13, 0.5m/sec
€ 44" &) danl g B Adlal) e Zidaall 28Y) 5 laial U slse Jial

w 170
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A SOLUTION: « <bhadl: 9 =0.75¢  r(0)=0
3 ﬂe

=5 m/s
| !

T=N e el angl

\/,~ .B AU KD 5 FBD asle

e ma,
\/7 e A _ ma,
T N

@
. B Al A< jall ci¥alas il
| +/ ZF;, =ma, 2F,9=m3f19
| & -T =m(i - r6?) N =m(r0 + 2i-0)
:ﬂE‘Tf"" 171
171
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_m|w%i- =5 m/s
r t
, I dr = j 0.5 dt
6 =(0.75¢t) rad/s 0 0
6 =0.75 rad/s® r=(0.51)m

a,, ag <Yilaa A adll oo Gage =0

a, =¥ —r0* =0-[(0.5t) m][(0.75¢) rad/s]* = —(0.28125¢>) m/s*
ay =r@ + 270 =[(0.5¢) m][0.75 rad/s* ]+ 2(0.5 m/s)[(0.75¢) rad/s]

= — (1.125¢) m/s>
. s A al) cidae B page T=N @&
8 yp —ma: —T =(3kg)(~0.28125) m/s’ (0.84375¢%) = (3.3751)
- 2 > =4.000
= SF, =mya, N =(3kg)(1.125) mvs :
| t=2.00s
:ﬂﬁ?" 172
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Angular Momentum of a Particle (Lﬁ.’U‘“ pi_}s") 'h_,Hﬂ ‘L,lj\_}n 355)&-“ 3-3-05

das Jada Jase ddac) gy dslial) jLadY) %S)A‘S-\-‘MZ AN
- (9IS A SN) Aa gl 3 As jad)

Vector Mechanics for Engineers: Dynamics
Angular Momentum of a Particle (gg.,U'“ (ﬁi_}n) M ‘1',1_91_}“ 355)&.“ i-.éﬁs
TSN R (1 g gl Akl Jga 858 e dlal AdiS Ui ad 1 dxa) e

235 L v Al Sl LSSEY) i e Lalal

c*; Ussidpmatir Top view
i Juala o8 BLe sa Jua¥) Akl Jsa 558 a e

SR i Jas ek e Bua gand) Adleedl) (3 5 gAN lala

. Jua¥) dii g

M, =Fd

-

 asae sl o Ak Jga 508 p el dnda e OSey W5
e Ak,

(] Ools e ke 58 1 Jea¥) AL Jsn 35E a3 4ada G e

o8 5580 Jas Jad g Juat) Aki G ABlewal) Anlal Lalady) o judal)
[ il 4
> — >
m M, =rxF Side view
_— 3

x

EM‘TE-“" 174
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Angular Momentum of a Particle (cj_,Uv“ psjs") .h_,Hﬂ ‘1-,1_9\_)1! :LS)L" 3.,»«\5.
205 g (@9 3Y ad ) ASal) dpaS e dlag) (S sadll (udi e 1 o)
1O Adadilly

Angular momentum 1 vicw

(53130 a3 ) A sl A ot Las.
HO = (mv) d

350a0 dsa 55030 a3 30 ke l-"
o X

ol dga 59150 ad 50 Anda
o)

ﬁo =?X(m;) Side view

- 3 _;
.u. mv

Me

a5 175
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Eqgs of Motion in Radial & Transverse Components w‘ ‘;l‘-_:l\h\ll-,l a-'l_)ﬂjl <Y ala

D ekl a3l B G ¢ die Chre arn i) e
ZFrzmar:m(i"—réz)
Y Fg =mag =m(r5+2f9)

T AN Bda fase (@b oo Aaall) sda (ELE) (S o
Ho =mruvg

_ 24 T A g sl (e
HO_mr 0 Jdsx sl agle £ sana

d 5 Jira £ sana (g gbuuy ALk
_“ : Jos A all LS pg e s
: JsY) deaadll cpa S rZFH—dt(mr 9) AR i3 Jana) A (puis
- . S T
Vv=reée +r0e,

= m(rzé + 2rf’9)

a=(i-r0") e +(rf +2/0)¢, .. .
Y Fy= m(rH + 2?6’)
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Conservation of Angular Momentum

1 * MU= T * MU,

G 9 ad 3l Bl jase

9 s dgagay paean Ao Ak Judh § g8 cllin ()55 Ladie .

Ak apead) ¢ Jghl Liay « O A% A ¢e 5arie

y A8 e B8 il s
) ORI, a5 e B Gl
ZMO =H0 =0 and
F, L e
ol _ 7xmV = H = constant
ﬁO‘u'b GIE (5 ginun (B A arual) Ao pug plgall (gia o
z
mv
Q S g A e
= Hp =rmV sin ¢ = constant
B P
o =rymV, sin g
3 r mvq by s

= or Hgp=mr°0=constant
- a 130 A8 ) Agas
b © = 7 Hp 20— p= angular momentum

m unit mass
Me AuS Baa g
ol 177
177
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Newton’s Law of Gravitation

Al (g5 )

Tl 368 gl Guadd) Ao g S o< o Aadaal) il 568 o
o Aaga Al A 2 Y Aa) g Aeliall JLdY) o dddaal)
Aailal) 568

o el ladl] B aSa : (gd] (AN ) pled) idad) (it o
bt gleadia g (ha geili uladl) 138) 1 g M LagiliS Criasns
L) i e gy Laglae B3 g olad¥) 6 Cpdilisa g ylsbal 6

) G Bl )
F—gMm

2,
r Al al
G = constant of gravitation

3 4
=66.73x107 - =34.4x107° ft ;
kg-s Ib-s
: AN gl o m 4GS pcal .
W=mM—2G=mg g=9.81%=32.2%
R S S

178

89



Vector Mechanics for Engineers: Dynamics

Sample Problem 12.8

18,820 mi/h

SOLUTION: JUdl dea 5

63 sa olad) QA FSla b Gl

240 mi | S+ 18820 4s yun 2 Y pdand

gl .Jae 240 gl (g delu

A satellite is launched in a direction dal Ladis sliall jadl) is g
parallel to the surface of the earth i 2 a0
with a velocity of 18820 mi/h from 2340 ‘*5‘9%;‘9“9 g’Lh.J‘ u‘ﬁ !

=1 an altitude of 240 mi. Determine the 3960 s w2y J'Eﬂ chuai g
== velocity of the satellite as it reaches fa

mm it maximum altitude of 2340 mi.
The radius of the earth is 3960 mi.

o 179

¢ mvy  SOLUTION: J=Jl

myv ‘%}ﬁSﬂﬁ’Mdﬂ@M‘)&‘ow’

A PN Gua) A5 (985 Ay gl 3 AS ) dsas 1)
Y a3 Bida fase Gy B« A 08 g5I Y
a8l Ao ju ey Al Ja ol (e g (il sic

mvp _&G:U\ U.AAE\ k¥ ‘;GM\

rmvsing = H = constant
rymy, =rpmvpg
r
\j_:} 12:] =VAA
P '8
B (3960 + 240)mi

— (18820 mi/h) >0V + 240)mi.
(18820mi/ )(3960+2340)mi

= vg =12550mi/h
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22 ) Ju. (sl aa30) Ayl 50 AS Hall dues Laaaiag,

A

1
r=(20-2f)m
0

& adig hady Al gy ja pas 2 1galiS 3
. o F 38l cils ) | 88 5 giaal) B
B i Guny Bl G e Jat bl
El ¢ JSAlL i ga gh LS a3l g Adsh
-~ . t=5 sec (1) e 88 As pu il
_— kw;ﬂ‘ﬁgﬁﬁhkﬂ@‘ﬁﬂkﬂs

-
o = B 17
ar
[ \'9
-
~
~
~
~
~
~
~
-
«

(Ho)| =(Ho)_~

LMV =0 My,

r=(20-2¢)m n=20m r,=10m v, =10m/s

¥y, =20 m/s

W _)ake duilaiy) v, =% =-2m/s
dad e i oda #
S5 Lages ds pud) o 10m£:§ v, =207 +(~2) =20.1(m/5) Ans.
EMF}W a—— 181
181

@l) 1 il die AS al) L)y o G A
Aatl) (A Al oo Al jiua 2y

) Akl Ak A A0 Akl g oY)
(Al e IS5

523 (0) 08 Ga) xis ) AV
4l Akl die il g ¢ 20 (5 g
(Ae10 529 A5 5 Ga) 2 6!

- ) dgagend) do gl cldarall (pa
Jd Jia 10 (g sbed Aplagl) die dy) 3
LA

B Al aie )l gl aghi -
>

Gy g 9130 330 Hasa Gl (Say
I8 ) &35 5a 858 A Al
(s

Gl g k) B el ABaadle iy
. oYL Aslaal oa

A jal) das p e Ladf 13 4d) Uia Jaadu
Laie ay ¢ shea (g gy bl olad) b
¢ Jadd 4y ) 300 olad) B AS Al 4aS a 30
L Oa¥) Jed) ki)
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- ., - 1 Gkl de (g 9130 AR 3 Tasa (Gpkaly &1

--\i/g L) 30 oladl 8 Aoyl dla) (S 2

- L2 Al xie
g L Ao ) calla gl () Bad
& b Ae ) alagl ad | 2 Adalil) e
B el s kil sl
i o Jalial) Llee o1 by gl
Ao ) sy ) oladl (8 aua gall
A k)
= g ) 5 ) 30 A paad) sl )
P Oa I 5y o) ) 24k xie
=] Al aadl a8 dliSey (4 jal)
= Ao yul) Aliana ¥ Lagans e (38
. A sllaal)

Me
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Silasal) Glars Sl ¢y paiy Al
QLS o e A Juadl) e
)

" [Practice makes perfect
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: The End of Chapter 12

AN Juadl) dilgs
O gimy 3980 8 g CllEl) Juadl)
(ASad) Apas g 4B (3 ok rclapnd) 1S01K)

&

E Kinetics of Particles: Energy and
' Momentum Methods

185
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Contents A Jaall il gina

sblae 4,38 40 558 il cuat 45 ) Ladiall

Motion Under a Conservative Central Force Introduction

A al) duas g 20a)) fase 358l Jid

Principle of Impulse and Momentum Workof a Force

dabaial) 45 jal) AUal) g Jrdd) fasa

Impulsive Motion Principle of Work & Energy

12139 10-13 &t Bl 5 Jdd) ase il

Sample Problems 13.10 to 13-12 Applications of the Principle of Work & Energy

pdbual 3L 5 58l

Impact Power and Efficiency

@ Ll (s 38 sall asbuatl) 5-13 M 1-13 ALl

- Direct Central Impact Sample Problems 13.1 to 13.5
=

Jilall (s 38 sal) adluadl) aalsl) ABUaY)

. Oblique Central Impact Potential Energy

daS g ABUl) e Jalai 13,17 N 13,14 Aial sblaal) g 58l

bl a8 )ﬂ\ Conservative Forces

1 Sample Problem 13.14 to 13.17 e .

° 48Ual) Jaia

Mz T

Graw| Conservation ghEnergy
Wi

187
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Energy and Momentum Methods A ) duasp Bkl 3k

O padll Jibll macd gag Lae ey Ay g3 S sde
w‘\.nls.“.:\al.hﬂ“:g 4,,\5{;.“ 48l L AS ) dgas 3k Adal oy
3l b Lalsy) Zdlal g 4ita
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Introduction daaial)
S (e cilapeadl 4S a pa Jalai Al Jilaal) Ja a3 Ll o
Zﬁ — mEi c&SJA.“ ;\,’\MMY‘ Aalaall
AS al) Jalaih bl cpinas (il sk adly Juadl) 138 o

A Yy de_yual| g ALiSl g 5 98l Loy 45 il g Jeiid) 48, 4k o

Lo ilia A8y
A - - v - - . P
- Ao yuull g LSl g 6980 By 5 2 AS o) LuaS g 2dal) 4is o
: 6 pilsa dBdley 30 U5
?i
:ﬂﬁﬁf"‘ -189
189
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Introduction

Ll Bl Angla

;\.‘99-335 aa\j\-:\.ﬁ)u C)Aj-iﬁ)u

& A all i (it 4l - o AS Al dpas — g
[ () Juadlt)
-

¥ _ b = -
- ZF = ma, N1+Ui =D my, +L Fdt =my,
:ﬂE‘Tf"" 190
190
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Work of a Force 3l Jak
sl Aal3l 4 dF Agaiall il o
85l il g pnall G 5 plie 1 o8 85dl) JiiS
_ ALY S
dU = F e dF
=Fds cos a
= Fydx + F,dy + F.dz
e F Jsa o 4oy 548 8 Johll o Jadll el o
— .‘,J’?ﬁ"if'é_és- o length x force.
— dr 17 (joule)=(IN)Im)  1ft-Ibf =1.356J
B dU =Fcos@-ds=F-dr P e—F
] %_J
< s
Work of force F: U =F -5
EM'ich"" 191
191
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Work of a Force

D3 dal ) DA sl Jad .

Sy Sy
= I(Fcosa)ds = IF, ds

51 51
4

= Iz(dex +Fdy+ dez)
4

*  Work is represented by the area under the curve of F, plotted against s.
TP Eﬂ\wﬁﬁ:’\;whu‘)an Jaill e
. il

« F,is the force in the direction of the displacement ds

s Aal Y1 oladl a5l a F e

Wi 192
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Work of a Force

What is the work of a constant force in rectilinear motion?

§ Aaiious A5 a B A% 54l D) sala

S

Vector Mechanics for Engineers: Dynamics

Work of a Force

HSTRY i3
dU =F,dx+F,dy + F.dz
=-Wdy
V2
Uiy == [Wdy

N
=—W(yy—n)=-W Ay

ﬁ *  Work of the weight is equal to product of weight /¥ and vertical displacement Ay.

Ay e ) Ga) Y1 AW 05 oy e 5 shas 05l Jih o

Tj $ Qaga Cra 3l Aol g Jsdeall il 068, e ¢ gl Jsdd) L.’é ¢
i 2 Y2yl oeds,al [ b) yl M y2 geds sl ] ©) i
e, 194
194
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Work of a Force
2 AU pe qualiii & yui§ Aa gy ABdaal) 5 g8 ke o

Spring undeformed

140

F=kx

ol cul
k =spring constant (N/m or Ib/in.)
dU =—F dx =—kxdx

X
— _ 17,2 1.2
U1_>2——J‘kxdx—§kxl _EkXZ
X
Laie o) x, <oy O Ladis i ga 068y il BB Jrd o
() Ay ) Gl 3 sy

Aalusall cally i jra Gadtill 568 Aol g3 Jodeall Jridl o
L ABlaie - B g8l date cual

Uiy =—3(F +F) Ax

195
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Work of a Force

Spring undeformed

- _.lAl
As the block moves from A, to A, is the work positive or negative?
-~
o gall ¢ Alall & Al Ladic
¢ Al ‘-’J‘ AO “ ‘JA dJ . ‘ - Displacement is in the
? %SLA-H J‘ - ay ‘JJ a. :S‘ !i :'“ o ;s,.' (f)g}zzsitedirectionofthe

@ b osss Ay
B Positive 3 gall alaall slasy)
A, A, sl (e G sdlall & aly Lais

¢ Gl g g Jgdal) Jalid) 558

:ﬂﬁ‘?:“‘ 196
196
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Work of a Force

Wiy O ulll) quasall Jing M el &) a1 ) il 5.8 i
D il il gall Jlall Jsb e & Al maseal)

dU = —Fdr = —GM—;ndr

.
r2 M

Upsy =—jG—;”dr=G@—GW
0o T ) n

197
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Work of a Force

Does the normal force do work as the block slides from B to A?

A I B o Gl (3155 Laie Jid Js 4o sanl) 5 5811 Ja

3 7

Gl Latie Jid Jiy s O

> ‘A I B (m Ggiial

- b Jal?

¥

i 198
198
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Work of a Force

= (ds=0o0rcos a=0) Jrd iV Al g6l

« Reaction at frictionless pin supporting rotating body,
D99 pmd oo ] ASIAY) anie Jada dis Jadll
« Reaction at frictionless surface when body in contact moves along surface,
o o) Jsh o Al awa acal MSIAY) ape gl die Jadl) 3

» Reaction at a roller moving along its track

OLBJMAJJEUJG&)S}SSJS,\&M‘AJ

=

[ g »  Weight of a body when its center of gravity moves horizontally.

= o L) o aty L8 S e (9 Ladis a5

»

Me
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Particle Kinetic Energy: Principle of Work & Energy ‘EUG-“J Jrdd) i*:\-‘ e:wﬂ -'i,gSJaJl Al

- FafdAde figm AlS asea of a8l o

v
Fy=ma; =m—
dt

F,ds=mvdv
Ay NA; GedalS e
v

52 2 3 3
J'F,ds = m.[vdv=%mv2 —%mvl

E E L RS
U_,=1,-T T=%mv = kinetic energy
. M@ﬂ/ﬁ@/@ﬂ/gjl«g#ﬂﬁ bl il Jid o
2
T:%mv2 :kg(m) :[kgmjm:N~m:J
S 52
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Applications of the Principle of Work and Energy :\31-53“9 Jadd) i.\,u illb

s e Vg bl o Lages g Pagdl .

L+Uis =1,
O+WZ=1KV%
2g

*  The bob is released from rest at position 4.
Determine the velocity of the pendulum VZ =12 gl
bob at 4, using work & kinetic energy.

glagdl Jsuidl 5 ki .

Ap pasd o @il Jealy Wslas ) g sasl s oha e ) lus LSl o
& .r.Zc gl 548 Ao pu ta g/ . el Adee ) jal g Adaall
I L il A, g o
; ¢ Lus ) DBAIy ik (R AL Tl S 6 5 e laall S @
- Bila ary e gaan
- Aol e Lghan g Jid Jans ¥ 3 5 gl
B 201
201
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Applications of the Principle of Work and Energy

Jaiall lanll slagy ABUalf g Jrddl fase Guadad Sy ¥ o
RS

KELH\JM\@JEMJ}'MM\QMJ\QM .
AS A ) g5 (06 Gl ga

P
A, @lsalls pai Jotid] 58 Latie o

b > F,=ma,
‘f_}_ h A3 T= As n:a/z P—W:Kﬁ
B w g !
tw? vy =25l P=W+Zzlgl—3W
:ﬂﬁ‘jfw 202
202
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Power and Efficiency SISl 5 8 )
Power = (a3l duailly Sl 185 Jara (8 3 e 3,480 o
_dU _Fedr
de —dt
:F.\_;

Bl * Ao ) o) cpall [ JREN A B ARl May) o
Cilgll oA BN Cilaag .

W watt) =12 = IN- or 1hp =550 1100 746w
S S S
o .
| « 71 = efficiency 77 = sslash)
;j _ output work s gea
1 input work T JANal Sral
= tput
= — power oufput Aaslall 5 udl
4 power mput = =0
Alljal) 3 asl)
EM‘ach"" 203
203
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Sample Problem 13.1

SOLUTION: JUdl dea 53
b o A8 4000 Ibf W0y 8k
I\swuﬁ‘ﬂuh Q@JJMM
e i 53 gl b At JS) Jga 6O
S B g sana ) gl ¢ Jaldll 4
An automobile weighing 4000 Ib is . 1500 Ibf W_lada 4l
driven down a 5° incline at a speed . . .. )
of 60 mi/h when the brakes are Bl Aol g3 A ghilal) Adlusall 22 )
applied causing a constant total S g s
breaking force of 1500 Ib.
@
Ml Dectermine the distance traveled by
[ the automobile as it comes to a stop.
Hep 204
204
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Sample Problem 13.1

v, =60 mih SOLUTION: Jal
G S Al ABY B e 8 .
R e
mi 3600
Ty = Smvi = 1(4000/32. 2)(88)? = 4810001t -1b

V2=0 T2=0

G obaa JrA 058 (S A glhaal) de ghial) diluall 22 4f o
@ﬂ\&&l\gﬁﬂ

A
f Uy, = (~15001b)x +(40001b )(sin 5°)x
_— =—(11511b)x
‘“?i
— h+Uis =1,
- 481000ft-1b—(11511b)x =0
x =418 ft
:ﬂﬁ‘?.‘"" 205
205
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Sample Problem 13.2
200 kg SOLUTION: Juall das 53

dai gal) Gl Cuay

HE 5 o Al g JSdll
Cra AaH (alaf 13, aaaill
@M\ a.ﬁ)u .\Q‘gﬁ ¢ QJSMS‘
. e 2 Aloia phalty o 33 A
o SMSEAY Jalaa (1S 1Y)

Two blocks are joined by an inextensible

cable as shown. If the system is released P cswalyg A (E5iall
& from rest, determine the velocity of block .
Bl A after it has moved 2 m. Assume that the dane 3)5:‘3‘3 M = 0.25
* coefficient of friction between block 4 €% el Ad aga S<iay)
. and the plane is 4, = 0.25 and that the a4l 9

pulley is weightless and frictionless.

Me
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Sample Problem 13.2
SOLUTION: Jal

Jhadily @aidal) o S Ao A8l g JLddf fase Gud o

W, = (200kg)[0.81m/s?)=1962N

Fy=uNy =W, =0251962N)=490N

h+Uy =Ty
O+FC(2m)_FA(2m)=%mAv2

Fe(2m)-(490N)2m) =1 (200kg)

Wy = (300kg)0.81m/s? )= 2040N
h+Uisp =1y
0-F,(2m)+Wp(2m)="Lmpv?

— F,(2m)+(2940N)(2m) = 1 (300kg)v*

207
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Sample Problem 13.2
el daY Ja g lry g Giililaall gaa) e

Fe(2m)-(490N)(2m) =1 (200kg)v?

— F,(2m)+(2940N)(2m) = 1 (300 kg)*

(2940N)(2m)—(490N)(2m) = 1 (200 kg + 300 kg

(500kg v?

A
E_ v=4.43m/s
.

490017 =

D= =

o 208
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Sample Problem 13.3

D Jlal) daa 5

Ay 60kg 02 @siia B & 55 padiny
k=20 @il el 88 mha o 350
Sl Ja) oS Al gy 3 gadia &l i3 9 « KN/m
4e . 120 mm Jsby Liah b gudaa 58

A spring is used to stop a 60 kg package JCAIL Aa sl 3 3 erieal
which is sliding on a horizontal surface. 9 2.5m/s b ?A'“ .. ‘,"3 ‘.'” ,.!
The spring has a constant k£ = 20 kN/m and . 40 mm (s sbes il ) ad) ol

is held by cables so that it is initially

compressed 120 mm. The package has a )
velocity of 2.5 m/s in the position shown 3 oatall - e
%] and the maximum deflection of the spring ghedls Gy b "’S‘P'“ Aia¥) daaa a-
. is40mm. sl L agi Lais §gaiall 48w b-
— Determine (a) the coefficient of kinetic L Jsall ra gl
P friction between the package and surface
= and (b) the velocity of the package as it
I passcs again through the position shown.
Mec
G 209
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Sample Problem 13.3

SOLUTION: J=ll
Ladie 2 duilgdl) Abadil) g1 Auiaigy) Al oy AUl g Sl fase (Guda o
L LS dn gl o 3 (08

T =1mf =1(60kg)2.5m/s) =187.5] 1, =0

Uisa)y =~ x

= —,uk(60kg)(9.81m/ s2X0.640m) =—(3770)y
P = kxp = (20kN/m)(0.120m) = 2400N
Pax = k(xg + Ax) = (20kN/m)(0.160m) = 3200N
(Ui52), = =3 (Puin + Prax)Ax

=—1(2400N +3200N)(0.040m) =~112.0J

Uiso = (U1—>2)f +(U)52), ==(3770)sy - 1121

L+Uo=1:
187.51-(377 1)py —1121 =0

210
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Sample Problem 13.3

v va=0 s ladie 3 Agilgdll Adaiil) g 2 ALl oy ABUAN g JR) Tase Bk o
. ¥l A ey (§ gricall
=0 Te=lmd = L(60kehd
Uyy3 =(Uns3) p + (Ussy3), =377 D)agy +1123
=+36.5J
IW
Vi L+Ups3=15:
P w 0+36.5] =1(60kg)h3
) vz =1.103m/s
o
Me
ol 211
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Sample Problem 13.4

(e LS Tagi 38 il 2000 439 Bk
AlSia) ¢ g9 Jiad I 1 Aalll) die oy g<il)
L JRANL i gall ) Lo

Dy

Bkl o jleal) Adacid gy Alpdaal) 568l -g
. 2 Akl aie

3 Akl Ao (g8 paf ghad Chial al -p

29 A 2000 Ib car starts from rest at point 1

M8 and moves without friction down the Determine:

b track shown.

- a) the force exerted by the track on

— the car at point 2, and

a b) the minimum safe value of the
radius of curvature at point 3.

Me
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Sample Problem 13.4

ma

SOLUTION: Jal

. 2 Adall sie de pud) Mgy A8l g Sl fame (s o
;=0 T, =
Ul—)z = +W(40ft)

1w
L+Uj,=T:  0+W(40ft)= 2.7
g

V3 =2(40ft)g = 2(40ﬁ)(32.2ﬁ/ s2) vy =50.81t/s

.2 Akl sie (g3 gand) Jadl) 1) Sy 2 Akl die g 98 Gada o

+T Y F, =ma,:
2
~W+N =ma, =KV72=K2(407ﬁ)g
gp g 20ft
N=5W N =100001b

213
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Sample Problem 13.4

ma,

. 3 Akl sie Ao pud) ¥ AUl g Jad) fame (Gga o

T +U =T, 0+W(25ft)=%%v§

vi =2(25ft)g = 2(25ft)32.21t/s) vy =40.1ft/s
e (aghl) gl b il sl sl (AU (s 058 B .
L) e A ga B g8 Jluall (gudny Ladis llg 3 ALl

Juani S (Lhea) ¢Saba JBI Jadll 35 09 ¢ o 430 Uia Badl .
L ougil kb ciial sl o

+V Y F,=ma,:

W =ma,
Wi w2(25f)g

=2 =""0"0 =50ft
gp;s & P3

214
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Sample Problem 13.5
T Jhal) day s
Lo dilgaa g D (Ggaiall ¢ ¢ Jilball Jodd) B
. 558214 800 C Jaalh ¢y Lain 3 8- sl 600
M Algsl) &) Adaca) g9 A1 gduall 5 A8 as f

- e
@ v 4l Aoy JeW) A D Ggdiall & aty - g

¢ 8 ft /sec gyl

The dumbwaiter D and its load have a combined PR .
weight of 600 Ib, while the counterweight C 8 ft /sec ¢k Aial de juu D (Gyaiall dlay - b

weighs 800 Ib. § AV N g LeglS 2.5 fit/s? (s ket Aas

L motor M when the dumbwaiter (a) is moving up
[ at a constant speed of

8 ft/s and (b) has an instantaneous velocity of 8
ft/s and an acceleration of 2.5 ft/s2, both directed
upwards.

Me
215
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Sample Problem 13.5
diaal) 568N qual ¢ Aaliila 4 ja B alual) ¢ gV Aal) B o
G gbe Alaall) LAY &) JY) YAl e djaal) Jia ddacil g
-:(JLA.“
Free-body C:
+TYF,=0: 27-800lb=0  T=400Ib

Free-body D:
oT T +TYF,=0: F+T-6001b=0
F =6001b—T =6001b-4001b =200 Iy
=
< l cC D l Power = Fvp, = (200 1b)(8ft/s)
> VD
k =1600ft-1b/s
= 600 b Power = (1600ftIb/s)— TP _ 5 91pp
800 Ib 550ft-1b/s
:ﬂE‘Tf"" 216
216
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Sample Problem 13.5
AN g QoI (Gubr ¢ AL Aaay Al plual) ¢ LGN A B .
=t M aall (e & gtlaall 56l ¥ Cpamad) (0 JS o

ap =2.56/s* T ac=-Lap=125f/s* )

Free-body C:

+V Y F, =mcac : 800—2T—§32(I 25)  T=3845Ib
C — (o]
- Free-body D:
& + MY F, =mpap : F+T—600—600(25)
| 8001b  mcac Y D¥D 32.0
- F+384.5-600=46.6  F=262.11b
‘“?i

Ii” ’ Power = Fvy, = (262.11b)(8 ft/s) = 2097 ft - Ib/s
A
< Power = (2097t -Tb/s)— P —381hp
5501t -1b/s

Me
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Group Problem Solving
Im/s + JUial) daa i3

(1 é\d.ﬂ.d&huéﬁhﬂ)ﬂ\ﬂqu
2 m/s wheee To w 4 s
ns \\/ djﬁ@})ﬂ‘_lm/smﬁdﬁu‘
) 4gaie ABC bl Jsh o
[ORSORNO. l« Ao yun pad) doad ¢ dadall gl
= MY Jalaa ¢ uale 13 . 2 m/s
Paclfages are thrown down an incline at ABC Gh‘"‘” K} a Y JSS\ O
A with a velocity of 1 m/s. The packages e .
slide along the surface ABC to a d 42l gl ¢ W= 0.25
conveyor belt which moves with a a ¢ JSS‘ M Al uj; da }d\
] velocity of 2 m/s. Knowing that p= ¢ - oy wan
Il 0.25 between the packages and the 2 m/s 4& e C 4kadll) aie
i‘ surface ABC, determine the distance d if
rey the packages are to arrive at C with a
a velocity of 2 m/s.
8 218
218
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Group Problem Solving

) /yl " SOLUTION: Jal
2 { A Given: v,=1m/s, ve=2 m/s, w=0.25
. Find: d
il Ty+U, 5 +Upc =T¢
die g Sl ) acad) an ) A>B Joduall Jadd) an of
. C s Al
N 5 =mgcos30°

mg F.p =N 5 =0.25mg cos 30°
& I@v/ﬁa U,,p=mgdsin30°-F, . d
= Koo =mg d(sin30° — 1, cos30°)
= e B—C Jodal) Jiid) aa i
= "
Nge=mg  xpc=Tm
— @ Fec Fyo =y mg

Nec Upsc =~y Mg Xpc
i 219
219
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Group Problem Solving

- C ¢ A Badl aie 4 al) 48U ) l/‘,\/lm

A

T lmvz and v =1ms o 1, d -~ Pl { /
=5 = =—mv; and v, = S : i
e ' . ‘ @E@- &

Akl g Jodd) ase Aslaa B (o ge T, +U, p+Up,c=T-
1 . aro . 1,
Eva +mg d(sin30° — g, c0s30°) — p,mg xp- ZEva

= d Sy Jaym e and

o
s L _Lee e —ving]
Zj (sin30° — g, cos30°)
— _ (2%(2)9-81) +(0.25)(7) - (1)*/(2)(9.81)

sin30° —0.25c0s 30°
EM‘;'}"‘ - 220
220
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asaliall J) ‘g

%

¢ %
mw&:ﬁ 300 i we=0.25

| B

B

LaS & i § aladiad) oSaall (e J ¢ jleal) dulgs die 4065 S GilBgia) i 13

§ JSAllh mage o2
a g 015 S Al 1 (g g )y 30 Al 2L Y Y
= L el ey 3l Gl N g S b
~ ¢ Y o i g i g 4355 S0 Ja
- Sy pall SR Gy bl o g Ll (Y ¢ Y1 Al ¢ o
= . el 5 5 S
EM}'}" 221
221
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PEAL DA

Al LAY e 45330 ALl A3l blad) B a4l ALl Al

u&;aéﬁﬁlbuﬂdgﬂuJW\ ALdls A8 g A A A8 & Jead
Lo Ala B U cily e e ) 8 ) Laie ) il
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Potential Energy aaalsl) aalall
Gl (8 ) Uiy ¢ ada gall (8 CMEAY) o L aaing B8 (i IS 13
L Adals A3 S
¢ Adals dBUa 1S A (g gBl) Aanad g Jga Jr (& aadl) Sy A

Can the work done by the following forces be expressed as potential energy?

Y b
s asa =
. e id
< 26558 ¥
8 223
223
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Potential Energy 43l<1) Aalal)
WO gk .
Uiy =Wy =Wy,

hash aadiay By ¢ dadly oA Ll £ g o daiag Y SRl e
W P Rl g i) ol e
Ve =Wy
= awal! &Y/ edal) daii dial<l ddLbl

Ui = (Vg )1 - (Vg )2

@

P Ly EUELY) Ada Gally oA Agla) AakS 5 glaea JLEA) iSay o
= e s

| O =1 gl (pudl Lagd Aialsl) 48U 5 Jad) o
— Ve =Wy=N-m=]

Me

i 224

224
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Potential Energy

PEALN| BN

OS5 pal oz Y lall dialsl) 48Ul dBLu) divall o

Ll anad) (55 G Sy Lais hith dasaa
38 B el JLieY) B Y cay ¢ AUl GLS pall .
oY) S5 e ) e dlilal)

GMm 3 GMm
) n

Uiy =

848 A il JLad) LiSer¥ Losic Y, Rial)) Al
o1 dilall & @JQ\JI

_GMm __WR*

r r

Ve =

225

Potential Energy

Spring undeformed

Vector Mechanics for Engineers: Dynamics

41a\S]) AaUal)
e b aaiad & 3l e gy Aldaal) 5 gAY Jid o
L i 5N Ailg it 5 Auifaiyy) i)
2
Uiy = 3k =

-;@Mhﬂ\&&\&u\ .

V, =1k
U1—>2 = (Ve )1 _(Ve )2

1) b8 daiaia G955 W, (A ARlad) dipal) G BaY e
. o9l Juble plsgo o Ly il (A ANbisY) Coid

226
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Conservative Forces abailaall 5 5l
d Al Yo, 2e) o aaiag¥ 5 AN S RS 1Y) Gabay ) Sy ALalSY) ABUY) e o
\ Ay 1) ) £ g
\
AN Uiy =V p1.21) =V (60,2, 22)
S Asblaall s gl and (s g8 oA Jia
opb—— - -1 Gl s o Aidas Ablaa 58 oY o
2 §Fedi=0
- O gkate (il G Aa) Y dpeailly (ALY JrdD) .
y F,
o du =V (x,y,z)-V(x+dx,y+dy,z +dz)
= —dV(x,y,z)
F ! dex+Fydy+dez=—(6de+any+anzj
- o Aqlxy, y1.71) ox oy 24
4 G -
. - Fz_[aV+aV+an=—gradV
z s 4sia ox Oy Oz
:ﬂﬁ'ff" 227
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Conservation of Energy sl Jaés
- m‘&d SJE M .
U, =N-1"

-7 &8l g Jridl fasa o
Uso =T -1
‘ - Ol e g e
Rt R T — 4BUal) B fase o
E =T +V =constant

h=0 n=wt goana ¢ Aiblan o g8 il it pren & oy Latis o
L+h=wt L AG () 9S ASilal) ALY
o
7, -3 =" (2e0) =1 7,=0 Af@',&{;_&'&fﬁ‘{ﬁ - 'ﬁufﬂféf ’
598 il LalS (el dllliaf 4y AUl 4SSl
-7,V =W Asiay)

: 4 la A D) dliay) dau) gy 248 4ilSual) d8UY o
Ll (8 ABl) £ gana
:ﬂﬁ'?f"" 228
228
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Motion Under a Conservative Central Force 4dailas 43 35S 3o 3 8 00 a3 45 5al)

igh&ﬁsdﬁm&.};ﬁs,ﬁ)ﬂsm%&ﬂum .
EXIBUIPE G-t EN

- rymvgsingy = rmvsing

/&3@‘ Jada jasag

1 _ GMm
2 r
laghad (o
@ rbaall fro 5l 5 v de_padl dla) GSas ¢ o 22l) Agaslaay
| Ziledd) Yolaal o

@ =900 sslt il D)5 s 6 Alaall a8 ol g ST 2ic
AL Vel Ja K ¢ GO Aoty Ja g il G glaay @
Voo,V -alagy

min> Y max*

Viin Vmao

13 - 229
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Sample Problem 13.6
1l das i

U5 8 ghaigly 20 ¢y @l ddla
9 LS A8 agae o Sia) gy

b gy pal) & i3 | Sl e ga

4 s gbu 0 iy Jgh dllay Adlall,
sy JS1 8 Baigly 3 (g gbewy il

A 20 Ib collar slides without friction along

a vertical rod as shown. The spring Ao ) oSaall (pa ABMAY) bl )3)
% attached to the collar has an undeflected dau A8l ds SRS Ji <1 6‘4 yﬂ‘

(2 pasall 2ie) dag 6 LgS S

1, determine its velocity after it has moved
6 in. to position 2.

o 230
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2 pasal;

SOLUTION: Jali

.2 ¢ 1 kil A8UAY) Bada fage Gk o

1 e2sal ¥V, =L =1(31b/in)8in.— 4in.)’ = 24in.-Ib

Vi =V, +V, =24in.-1b+0 =2t -1b

h=0

V, =1k =1(31b/in.(10in. - 4in.)” = 54in.-1b
Vg =Wy=(201b)-6in.)=-120in.-Ib
Vy=V,+V, =54-120=-661in.-Ib=-55ft1b

2120 23112

0+2ft-1b=0311v3 —5.5ft-1b

vy =4.91ft/s{

231
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Sample Problem 13.7

: JUal) das 3

-k 0.5 CUsh 53 sl cady
O ctha) g ¢ & ) A 5 g8
Jaals | A ki) die ¢ oSl
il J81 aa gl ¢ ell<iay)

dos Al & et S & i

Job ARl Liadia A g 4dlaY)
¢ gl

- 232
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D SOLUTION dall:
Aoy 8 S Ja ¢ jhiall (g gbuat Alal) Aaud gy Aldaal) 5 gl uia o
.D e

+~L2Fn=man: W:man mg:mv%/r
vh =rg =2 ft)32.2ft/s) = 64 4% /s>
LD s A Gkl oy A8Ual) Jada fase gika .

T - T Vi=V,+V, =Lie? +0=1(361b/ft ) = 18+
w ma,, Ti = 0

Q D Position 2

- V=V, +Vy =0+Wy=(0.51b)4ft)=2ft-Ib

' S0 By - % 32(.221/12 (64'4ﬁ2/ 52)= 0.5ft-1b
e y ?’\NJ L+W=T+V,

’ Posiion 1 0+18x2 =0.5+2 x=0.3727ft = 447 in]
:ﬂﬁﬁf"" 233
233
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Sample Problem 13.9

36 900 km/h  Jiad Aaa
Maximum altitude <& R LéJ.‘J" olad) gé gﬁu.«a JAE é&hi
36900 st ds s G2 gehad
W) (e ds bl v
= e 500 gli,l o Jd J-'-‘JL‘S
. Aagls
A satellite is launched in a direction C a
parallel to the surface of the earth -
with a velocity of 36900 km/h from al) 4l G ) -
PN an altitude of 500 km. K8 & e el a“
g Determine (a) the maximum altitude T
= rcached by the satellite,
|
B -234
234
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(aBl) Cpilasil) Lt g gl 3l ad 3l Jada g ABUal) Jada (e S (alea Bk o

36 900 km/h N R
LU ouatl gy (gl Bl g

26Ul B 1
GMm GMm
TA+VA:TA'+VA' %mvg— :%mvlz—
o n

$ 350 a3 fasa

o
nmvy = nmyv, VI=Vo—

gl
ary (i) ¢ )8

2
1.2 ) _GM ) Vo_ZGM
ZVO[ —ZJ—[l—j l+*— 2

Vo

A n ) " n Vo
' o = 6370km + 500km = 6870km

- Vo =36900km/h =10.25x10° m/s

GM = gR? =(9.81m/s? [6.37x10° m [’ =398x10'2m?/s2
%:,—’\

| i = 60.4x10°m = 60400 km|

Me
i 235
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Group Problem Solving

: Jlal) LA):\

1 agall Al Ul L akida
IR AB & G a 055 JSAlL
. 400 N\ r=240 ft ,fg", - 8’3“ m‘\” '“I :J‘t CD s
' 240 st CD owslll JkE , BC
GJ{} % *Eﬁwg&‘ggﬂ\ﬂjg.?ﬁ
v 7 LAl Ao pu o i ¢ 3 dhenigh 560

| | | Laaa Juad dis jheall 4 ghass (9SS

P A section of track for a roller coaster consists of
= two circular arcs 4B and CD joined by a straight
[ portion BC. The radius of CD is 240 ft. The car
mm and its occupants, of total weight 560 Ib, reach
B Point 4 with practically no velocity and then
= drop freely along the track. Determine the

normal force exerted by the track on the car at
b point D. Neglect air resistance and rolling

| resistance.

Lid af a9 A ARl LN Lgls
4agand) 558 gl Jlaal) o 4 ay
die L al) Jo bl o) gy Addaal)
chl daglia Jaal | D Adalll

. goal) dagliagg

236
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SOLUTION dJali:
Given: v =0 ft/s, rop=240 ft, W=560 lbs
A
T B Find: Np
o r=240 fi - .
‘qji‘é? N\ I MN‘PAAJ‘JSJJM‘GMUJQ
c . D 5 A LAl vic avall

f

60 ft

L w
VARNVARNVARN ~ Datum

=t vp A ) Y ABUAN B faw ariind T +V =T+,
= T, vy=0 T,=0
|l vD
“ A V, =Wy, = (560 1b)(90 + 60)=84,000 ftIbs
- 2
A 8.6957v, =84000
=~ N T, =Ltm? =1(@j 2 =8.6957v}
— 2 21322 vp =98.285 fi/s
Vp ¥p=0 Vp=0
:ﬂﬁqfw 237
237

Dw\ﬁﬂ\wﬁﬁlﬁh&p{)\
en
\ L)et
‘\\ y ma,
k £W L_'
ma,

~
S~

I,

s gand) olaiN) L D (g ¢y ilB ardi)

= 2
560 ( 98.285
- _ Np =560+
- 2. F, =ma, b 32.2{ 240 ]
.
~ Np,-W=m i
- > R N, =1260 Ibs
:ﬂﬁﬁi‘w 238
238
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Group Problem Solving

What happens to the normal force at D if....
o 1D e A gand) 368N Giaay il \
B
T 40° r=240 ft
CNSAY) Jags al..... i AS
a) US| oSNy If <
D
[b) Seal 58N, ] 7NN TS
€) R WS AN,
‘i} I
. (el A US| o8 Ll s, ..
@) Has N, Cw) sTosN, |
= b) Jual 085 Ny, b) Jal 058 N,
%E,’\
| O AN, €) LS ASN)
i 239
239
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Impulsive Motion daaall A4S jal)
dpla) 58 Jig g gslall ady 35 Bial) Abaly U L o el g
A s Fglall plaey Ainma Al labale | il L) 38 daS daly o
. Al Cpand B Baeluall alahall i Ladl el gl

Ll ) Calida b dadlud]

w 240
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Principle of Impulse and Momentum 4s jall dgas g adal) fasa

to F:
I‘“Pl*zx’l‘ Fdt dt

it mvy

Ft = d(mv)
' mvy + e ‘) ) )

4
gl * 5l A -z BB ada eyl e f 55l ada
Jorce*time. [ Fdt=Impy_,5 =impulse of the force F*
o =R b @4 Clag e ! A8 al) dpas adal fana

’ mﬁl + Imp 12 — mﬁz ‘<—

g —(k /2) K @@Y\&M\@j@ﬁu@l@@‘kﬂ\;\# .
= Nes=lkerm/sThs=ke m/s g T s g sl L 48 a0 dad

w| 241
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Impulsive Motion duxdnll 4S )

Jan B pauad Apla ) B3 DA aseud o 35l 3481 o
S8 Y B Rl () Lay B S 3 AR 28 (65 iy
Aoadal) 3 gl and ¢ AS jal) ApaS B S

¥ - e i Aada (o g8 dllin (0 Ladie
WAt =0

mv; + 3 F At = mv,
(wraall) Land) Lo g1 J gamnsd) 38 Gy oy Ladis o
598l oda (i1 B yuuald Auia 55 JMA Juall aaag ¢
& BUS AS g (b i CanY AU 48 Lay

AHilig o 3 pia FAL i) 558 b Lnds ill 5 50 o
sl 58 (5 g lli e Jlia - Alngea 555 58

w 242
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Sample Problem 13.10

5°

An automobile weighing 4000 1b is
driven down a 5° incline at a speed of
60 mi/h when the brakes are applied,
causing a constant total braking force of

: JUiall daa i

A& 4000 Tbf L=l 3 e
o dsady Jaay g Ao
J< Ja 60 ds e B o
agh ciph 1) gl b ¢ dola
358 £ sana A (ool ¢ Jal dll

. 1500 Ibf L )xia 4 s

o

~ - 5 el 4alind g2 a3l 2

[ Dectermine the time required for the ) a8 e
= a9 -
m automobile to come to a stop. .

.

ig_;ﬁ

:c"‘h"" 243

243

wt
50
’E M - Eﬁf )
Ft
Nt

SOLUTION dJ=li:

L AS Al Ay adal) fape gk o
mvy + 2 Impy_,» = mv,
L) gl A ) gl S pal) 34

mvy + (W sin5°) — Ft =0

& [‘3“2’()2()}(88 ft/s)+(4000sin 5°) —1500¢ = 0
= .

-

—

rg_;ﬁ

:“5?... 244
244
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Sample Problem 13.11

s JUial) dan 5

%
}\%7120 ft/s
’

L ¢ 5 gBanigh 0.25 G5 Jgaeun 5 S

80 (s sl 488 Aoy B SN oy pa
»-og - Laally 50 oy g , ol JSI o8

B 80 s 120 () e o Qi ¢ (naaall)
420 40 Jray oladl (B 4l <t 08

A 4 oz baseball is pitched with a - Jeady Tase s LS (A oo
velocity of 80 ft/s. After the ball is hit 5K g Luard) fpa (puadlil) 33 s 1)

=1 by the bat, it has a velocity of 120 ft/s . A i
Y 4 b gia a2 gl ¢ 436 0.015 sl

=% in the direction shown. If the bat and R I LY o7
m ball are in contact for 0.015s, A 5 S e dluaal) dadal) § g8l
o determine the average impulsive force ¢ e.\l.mﬂ\ 5 18

exerted on the ball during the impact.

") 245
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SOLUTION Jali:
7 A gandl g ABEY) LgILS o i alaas AS jald) AaS g adul) fase (s o
5267120 s
/,/ —- —
7 myy +1Imp,_,» =mv,
7/
%‘ﬂ“_"i@““ X A S pal) Astaa
B iy —mv, + F At =mv, cos 40°
4/16 4/16
~222.(80)+ F,(0.015 )= 2-(120 cos 40°
32 2 80+ F.(0.015)= 57 (120 cos 40°)
mvy Fx =89 1b
" = 40°
0+ _ g = “ “
a T ¥, Af y A3 gard) LS yal) Alalaa
- yL F, At 0+ F,At =mv ,sin 40 °
x Fo(0.015 )= 29 (20 sin 40 )
- A 32 .2
- F, =39 .90
1 = = =
. F =(891b)7 +(39.91b)j, F =97.51b
:c"‘h"" 13 - 246
246

123



Vector Mechanics for Engineers: Dynamics

Sample Problem 13.12

2 Jhal) day 3

Jile el (3o (0 S5 ¢l b 10 WALS Aigi S
Jd e 3 48y (AR o dn 50 30 4asl

.« ploasls 24 Lalis (du g ) 4e (b Al
Shual) (g gl Al ¥ & all A8 juu ¢ Aa slaa
gl ¢ (duial Gg) A goadl) gk

A 10 kg package drops from a chute s

into a 24 kg cart with a velocity of 3 L o

m/s. Knowing that the cart is initially at - el Al 4e yud) -a
7y rest and can roll freely, determine (@) A al) Ada gy A3 S0 e Gakaal) gda) -

the final velocity of the cart, (b) the
impulse exerted by the cart on the
package, and (¢) the fraction of the
by initial energy lost in the impact.

Ll A 3 g8kal) Ailaiy) ABUal) dpds -

ol 13 - 247
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SOLUTION Jali;
Tl Ao puud) oy aa g aUAIS Ay ) 5 AS g8 S Ao AS ad) Ajas g adul) e g o
Aol

(mp +me)vy

mpyvy +> Imp,_,, = (mp +mc)172

X components: m v c0s30°+0 = (mp +m, )v2
(10 kg)(3 m/s)cos30° = (10 kg + 25 kg)v,

- v, =0.742m/s

) - 248
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LESa Aas A i) e Lgale Jabeaal) pdal) sl Jath 45 63 SN e fasall bl (Guba o

i

X

X components:

mpvy

L i
B mpvy

mpﬁl + Zlmpl_,z = mp\72
m,v; cos30°+ F At =m v,

(10kg )3 m/s)cos30° + F At = (10 kg )v, F,At=-18.56N"s

o

s components:  —m,v;sin30°+ F)Ar =0

—(10kg)(3 m/s)sin30°+ F,Ar = 0 F,At=15N"s

= SImp,_,, = FAr=(-18.56N-s)§ +(I5N-s)j  FAt=239N-s

Me

il 249
249

T, =4(m, +m,)v; =1(10 kg +25 kg)(0.742m/s)" =9.63 J
=
L-T, _451-9.631 _ o
E T 45]
L o
:ﬂﬁqfw 250
250
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problem
/{um s JUall daa i3
e ° Cre £38Y) ok LN Juay il

LTS

s gbuadi 482 de yu jlunll
u'éﬂ‘-.' Naia Ay ¢ 10m/sec
50 4253 3885 < 0.18sec el
. gl 12m/sec 4s s 4 )2
The jumper approaches the takeoff 4 "i.! 1) M R Jﬂ\ -E-uula

line from the left with a horizontal . R "
velocity of 10 m/s, remains in contact GS) | A8 gfb o) daw) g
with the ground for 0.18 s, and takes ¢ o2l DU G AV il
off at a 50° angle with a velocity of 12

m/s. Determine the average impulsive

force exerted by the ground on his

foot. Give your answer in terms of the

weight W of the athlete.

251

Given: v, =10 m/s, v,= 12 m/s at 50°,
At=0.18 s
Find: F,,, in terms of W

JBAN A< al) dpas g adal) cilabada an )

A %\ """ L,

JlA.aYny DIAA\GAASJAJ\ A.AASJ cﬁ.ﬁ\ Aalea adddi)

av

- 252
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avg

/j% m;\‘zl + ’% _
W At V At

mv, +(F,,, — W)At=mv, At=0.18s
F,, sy o x olad) @ A8 Al das g adall Adalaa aadiad

@ K(1 0)+(~F,, )0.18) = K(12)(cos 50°) 0+ (F, , —W)0.18) = %(12)(sin 50°)
g g

vg—X
— = 10— (12)(cos 50°) W g, =W+ (12)(sin 50°) W
2 € (9.81)(0.18) (9.81)(0.18)
-
F,, =—1295W i+621W j
u 253
253
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‘;JL.A.LH
Lria j 8 58] peivn Gppawa o Sola ! (Tmpact) pabad) o
ard] lpiany o (658 pluaY) 48 Llui 53] 5 5 juad
9;.)_}4:_// & yidiall L3l 8 ; (Line Of[mpacl) PJLA’U/&S .
. platll P el ] e

W aolaill 58 : (Central Impact) sJSsal pdlail)
 poladl L3 e a5 Lo Y1 ST so 4 5550

557 (g3l aolail] s :(Direct Impact) skl aslall] o
. platl b Jsh o dga pe dedlaioll plua Y/ de_ju 44

G587 (gl polaill g8 :(Oblique Impact ) Sl pdlalll o
o ol 8 Lt S ) leial alasa Y1 2/ oo 4
Ll ik ol

254
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Direct Central Impact bl (g 38 jall aaliaill

VA>VB M‘M‘U‘M@U\SHU&A“A .

VA VB
— —pe
' ‘ (aﬂ‘)ﬁ\gﬂ\éﬁﬁjﬁ)@edw\wo

3 oo oS G Geedtal) Al i
Wi ) Gy 5 SI) & ja aal) 138 die

LA il ¢ (g a3 5 53 Rall ueBll) J3IA
a5 0 OSaal) e ¢ il (I aadlil) daline
29 0 5 Ll iy f La¥) LIS ) alua)

A3 A A8 jal) ApeS Tase aladiiul
|4 vVa VB
, i —
. H ! !
= Of Lile and ¢ Aalaal) 8 0l sema Lyl adly a3l o
B _Qﬁcﬂ\&gd)sif&v\s&&m
v 255
255
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Direct Central Impact Ll (g 38 jall anliaill

° MV L °jP_dt _ 03: s g2l Jalza

e = coefficient of restitution
o gdll 3 yid; mAvA—IPdt=mAu fRdt u—v'

a0 °<ffdt mv;, _IPdt_vA—u
A + —
°" 0<e<l

s 858 mu— [ Rdt =m 4V

B aseall e sl i (5 5a e e=VBH

B daladide B Sy el A i g o SV — v =ef

...................................

. LAde.LU/ra.?Laa.ZL’/e:O; v'B :v;l = myv,y+mpgvp =(mA+mB)v

- LaLa.?'dJ.a.///,JL.A:L[,/e= 1:
) LS pn LS g gana s gl o sans Laias

Bies 256
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Oblique Central Impact Jilall _ﬂ;)sj,dl aslaill

t v
n e Orenall Al Aoyl
<" 4 St Yy il R e
&) zlias L
dall aValea EJ\ .

M‘d}umw\ﬂ\s‘)a.“mﬂ\_\s%o VA);
0555 el LY 3 A Hal) S ()
(€8 5 ) A e

CRTEACPERIVAEE SN
5 shas) Als sine (55 mmy o Camanll my (vy), +mp(vp), = my(vy), +mp(vi),

s (e
g
o O Rl Sle sl Bsanl) LS e (v) (), =e|(vy), ~(v5),]
Calaa 283 i 53 30 (555 w3l
i . o=l
i?\
:ﬂﬁ?w 257
257
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Oblique Central Impact Jilall (5 3S yall aaliaill

_kﬁ‘;ﬁ\}\ al.;'a‘ilgédﬂgﬁdeyd‘g.\&d\ .
F and —F 2030 dadall g ) e il bl o
L Jall dpmial) (5 i) o 5 e n el Jsh e

Jsh e dgasall s 81 o) A g0 Adaluadl) Fypy
L Y mhadl e (53 gaal)

Waol s ¢ A sgae 5855 )SH Ailaall Ao juall olail 5 laia o

o B ) pling | A sena (3 stieall Ldledll e jull laia
B L e¥olas
—

ig_;ﬁ

8 258
258
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Oblique Central Impact Jilall (5 3S yall asliaill

mpvg
t\
n
N -
mgvy

o Agine 058558 pleall A Nl S A8 e (vp), = (Vp),

Yy

MAVA
bz

Ll g sl
o 3 ANAS all LSt 48V S yall £ e my(vy)+mp(vg), =m(vy)+mp(vp),
Sl (g sbon B3 sina (58 (B gauall
b+ 00 O Ll e jull s panll 2550l 05), =), =el(va), ~(vg), |
il Jelao A8ay a5y e (5558 SN 5 (3 520l
b sl
:ﬂﬁ?w 259
259
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Problems Involving Energy and Momentum :\S)L“ ar.“‘s-]lj EEBA| g JAL’-U \.l-’LM

or WSl Jibesa Jalasl 5k A3 .
S i o e ke -
A 5 Jadl) 45,k -

3 A gl ol
o Aleall cpa g3 gh Adlasal) Jad daidla Ay gl J138) ()
1) A€ Bk fase o
[ETRE TN et . e Ve
Conservation Conservation of momentum Conservation

of energy Relative velocities of energy

Ll
l l
(Vy)z =0 (VA)g (VB)s

A3 By

260
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Sample Problem 13.14

: JUal) das 3

s eﬁ@hﬁh&bs‘)sﬂ,yw

5 S adea i 5 e | LSIAY)
Ll Lgie p il ¢ Jailal)
Lyl aniagy (s sbuIiia

A ball is thrown against a frictionless, 4’“*’5’"" . Q"ﬁ ) & 4,2 30
vertical wall. Immediately before the slad) g Jld8a da gl ¢ €=(.90
51 ball strikes the wall, its velocity has a a1 Y die 3 JS-“ ;\sﬁ

@ magnitude v and forms angle of 30°
mm with the horizontal. Knowing that

m ¢ = 0.90, determine the magnitude and
direction of the velocity of the ball as
b it rebounds from the wall.

w| 261

SOLUTION Jali:
Cohadl e 0 gee s Apulas G A udl GLS e Jla o

v, =vcos30°=0.866v v; =vsin30° = 0.500v
CBSU laall olai¥) 84S jal) S Lada s 3k
v; =v, =0.500v
| nally ikl e e e (mapeily 5 img ) Jalae ilokae (310

0-v, =e(v, - 0)
v, =-0.9(0.866v) = —0.779v

gl ot pliadl s ke o [ = =0.779v 4, +0.500v
bl p pgaa e 503278 . 0.779

' -1 _39 70
st daps7 s . V0926V tan [0.500) 327

262
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Sample Problem 13.15

vy =30 ft/s

vg =40 ft/s

The magnitude and direction of the
velocities of two identical
frictionless balls before they strike
& each other are as shown. Assuming
i ¢ = 0.9, determine the magnitude
(® .nd direction of the velocity of each

p- ball after the impact.

p JUal) day 5

cile ) claladly alia
(e Oililaia (4

LaS Blara adliail) 8 cl<iay)
oladilg J)ia 22 9) ¢ =0.9 O

263

SOLUTION Jali:

(v4), =v,c0s30°=26.0ft/s (v4), =v,sin30°=15.0ft/s
(vg), =-vpcos60°=-20.0ft/s (vg), =vpsin60°=34.6ft/s

55858 S IS Al A jall A0S AS e o

my(va), mp(vp)y
'mA(vA),? ?mB(VB), (V:4 )t = (VA )t =15.0 ﬂ/S (V’B )t = (VB )t =34.6 ﬂ/S

I FAt  -FAt b 3 gandl oladil & &l A< jall s .
\;} o Bl Al (55 (5 senll oladl 3 Dl JSITAS jall A0S & gena
i‘ mu(vi), mp(Vg),
B~ my(va), +mg(vp), =ms(vy), +mp(v),
- ik malval m(26.0)+ m(~20.0) = m(v',), +m(v}y),
[ (vy), +(vz),=6.0
:ﬂﬁ‘?lm 264
264
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my(vy), mg(vg)y ) ua;_,a.':h ‘_Li_,_._! &J-’J‘ Q\ﬁ W‘ i—_‘l.\)d.“ Q\s‘)..-]i .
ma(va) | i mpg(vg), : (‘:{ )n + (\’; )n = e[(".‘! )n - ("3 ),,]
Vi e =0.90[26.0 —(~20.0)]=41.4
+ Q=>Q
= metvie pilacll an e ol oV Ll A Gl o
mivil (v'd), =-17.7ft/s (v3), =23.71/s

=419

vl =4+154,-17 .74,

v, = 2320 fi /s] tan 1(.1715_7) R
. 7 la=40.3

V) =34 .64, +23.74,

vy = 41.9 ﬁ/zl tan "[23 '7] 34 4°
34 .6 =55.6

265
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Sample Problem 13.17
; JUal) dan 3

Cra al gl 30 Ay (Gsdia
éﬂ\«ﬂ)ﬁ}\&“&ﬁ)&Z&&j
P LS 2l a b 10 sbun 4935 O5S
O arall o Gl B JLEL s ga
i 3 il jad) 22l (e=0) Ll
J8 Agle cfiall aall 3 Al

PN A 30 kg block is dropped from a height i g ¢ (X3) plahall dules
=1 of 2 m onto the the 10 kg pan of a & i Al (e A YAy
[l spring scale. Assuming the impact to be &3 | (h) aldaaY) Egas
;=r‘v perfectly plastic, determine the ’ ’ s
mm maximum deflection of the pan. The @I

o constant of the spring is k£ = 20 kN/m. ¢ k=20 kN/m
B 266
266
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G‘:)';_i::":gm SOLUTION Jali:
o 5l adbiadll Al e yud) ey 38Ul Lais fase 3k

=0 Vi =W,y=(30)9.81)(2)=588J

15} =%mA(VA)§ =%(30)(VA)§ V=0

Ti + I/l = T2 + V2

0+5887=1(30)vy )3 +0  (vy), =6.26m/s

Impact: Total
momentum conserved

o guaial S jall 4paS Jada lage (Gaudaly pobialll 22y A judl aa gl o
s Gaall 5 (5 ganall

m (v )2 +mp(vg )2 = (my +mp)vy
(30)6.26)+0=(30+10)y;  v3=4.70m/s

267

S a3l Gal ) Gl Sy 38Ul Jads fase Gula o
g of '()m-rgy

Ty =1(my+mphvi =1(30+10)4.7)=442]
Vy=Vy+V,

— 0+ L2 =1 3 3P
0+ 1k = 1(20x10° fa.91x107 f —0.2415

T,=0
G i3 ) il jasy) Va=Vy+V, =W +Wg)—h)+Lhg
ol 005 = 2392, x;)+ 1 20x10° )3

e 13 =%=%=4.91x104m =-392(x, —4.91x10_3)+%(20x103)x§
h G+Vy=Ty+V,
' 442+0.241:0—392(x4—4.91x10*3)+%(20x103)x3
- x4 =0.230m

h=x4-x=0230m-491x10"m
:ﬂﬁ';fw 268
268
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Summary (38 al) LS 5 28Ul (3l Slasusl) K68) S Jaadll Ladlal

S Jilsa e

;\.‘gﬁ-bgﬁ aa\j\-:\.ﬁ)u C)Aj-iﬁ)u

& As all (gl (ool 2 . Jud A al) s — g
[ () Juadlt)
=

2 _ b — —
= > F =ma, LH+Ui =1, m‘71+L Fdt=my,
:cﬁ?w 269
269
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S Jilanall (ny o ¢ paiy Sl
el GUSY e e G Juadl

Practice malkes perfect

Sl Juadl) dulgs

270
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Tenth Edition

nmem——— V/ECTOR MECHANICS FOR ENGINEERS:
DYNAMICS

19

Mechanical Vibrations
AV &l Juadl)
<3155 (A8 Absay dadia
4SS al)

Vector Mechanics for Engineers: Dynamics

Contents & N deadl) i sine

Al
Introduction
Alaont) 4388) g3l A8 a1 ancead Bal) <l 3 5AY)

Free Vibrations of Particles. Simple Harmonic Motion

1.19 b

Sample Problem 19.1

Y Juadl)

Me
o - 272
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Introduction 4aliall

O pidi g s cobidls a9 penn S 8 6 e 1 LuSuilSua) LR Y) o
511 g Y e’ b g e e Siaglly YY) 3 1 ) k]
. ﬁW/QjJ/MyU

LS (e LIS B 50 JaSid ol Lgaliag )5 S A ¢ )Y 6

L Ol Baay JSI ) gall adan <l 3 HAY) a8 Gully .

. alAIl ) 5391 audaga (ha Al a8 B e 10 RY) da o

@ _ﬁj\ﬂ&j‘ﬂ&‘dﬁ&e@\gﬁmaﬁ}&d\dﬂ\waﬁukﬂ\gﬂuﬁﬁ .
_gﬂj\jﬂb\t@i\u«h\&aa&ﬂ\dﬁseLEJuJGSJJSﬁASJE&HLAAbJ

- A8 L) el o AS ) Uit ¢ Jaga SLSiaYL ABUY 205 (16 Latis o
JLeda e Baadie e ) FAY) JS ¢ ARl B el gy

Mec

i 273
273
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Free Vibrations of Particles. Simple Harmonic Motion  Adasa) 4,388 3l &S o)+ Clagead] 2l 51 55AY)

Qs bl S ey GOIE pudaga (4 x,, Alless pnea da) ) 513 o
Alnaay 4388) 5 A8 o Giany (i gas paadd) ey

. ma=F =W k(S +x)=—kx

T3 mi+ ke =0

Bl fg by Gpaldd) Culal) £ gana 92 ARl Adlaall alall Jal) o
[k k
x=C sm{\f tJ +C, cos(\ftj
m m
= C;sin(w,t)+ C, cos(w,t)

. &Mﬁﬂlgj[ﬂ/uﬂﬂa)nJJU&ﬂ/alJﬂx .
Ay b g pill Aol Cy 5C, ol sl 2247 o

x = Cy sin(w,t)+ C, cos(@,t) Cy =xg
v=x=Cw,cos(w,t)-Cro,sin(w,t) C,=vy/w,
274
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Free Vibrations of Particles. Simple Harmonic Motion ‘;-h:l-'-'-.'” 3‘:"“515‘“ '-‘5)5-“ s Slazaall 2l ) AN

x=x,sin(o,t+¢) | x, =\/m= s Y] dew

@
7 p=tan" (v /xow, )= skl Dl
> == 05,4 w
-l e Lyl fp=—="t= mubl il
T, 2w
EM‘i‘Icliw 275
275
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Free Vibrations of Particles. Simple Harmonic Motion ‘;-h:l-'-'-.'” 3‘:"“515‘“ '-‘5)5-“ s Slazaall 2l ) AN

i Aaal gy (Crajmtlas 9 (o Jde i) liina Jilad (e
Ayl DAL Y g (Oaj-asa) (Aaial B A (il cuad)
Loshll
X=X, sin(wnt+¢) D — @
V=X
= x,,0,, cos(@,t + @)
= X, 0, Sin(w,,t + P+ 77/2) < | de il
a=x
= —x,, 02 sin(w, + ¢)
A = x,, @2 sin(@, 1 + ¢+ 1) [ diesi
E Amax™Xmax *wzn Vmax=Xmax*@n
EM}'}W 276
276
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Sample Problem 19.1
SOLUTION: Adleal) day 3

ky=4kN/m O &k ol jashS 50 o_fdha 09 Al okl o
Al JSAll g b LaS (rdas (ngase
ks =6kN/m Jiudd sirasle 40 W a8 ddlua (3 gaiall o
LB a3 (e g g 8 puaga a

2yl .

VAN 3 .

A 50-kg block moves between vertical Bodiall 48 s i b o
O guides as shown. The block is pulled istiall dac b ¢ o
40mm down from its equilibrium < sl e
position and released.

vibration, b) the maximum velocity of
fall the block, and ¢) the maximum
acceleration of the block.

Mec
[ 277

SOLUTION:Jall
* Springs in parallel: ¢} siall (S i 30 aUaill
LSRN AU Sl i) sa gl -

L ALS. 5 Uil A88) g3 AS all Ay &8N Bl gada -

4
o, =\/E= 10 N/m 4 14rad/s
m 50kg
2
T =

k; =4kN/m k&, =6kN/m

" o, 7, =0.444s

O P=k15+k25 vm :xma)n
- P by + ke =(0.040 m)(14.14 rad/s) v,, =0.566m/s
- o

7 2
== —]0kN/m=10*N/m Ay =Xy
= =(0.040 m)(14.14rad/s)’ a,, =8.00m/s’
Mec
e 278
278
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Sl g e 05 )
e e auldl) Juadll e
(e dal) gl

Practice makes perfect

279
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et 4

Ay R

2025/2024
| cladlly BAIL gresll (S
& Good luck om your [Fimal
[Exam
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