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Engineering Mechanics: Dynamics
alisal) sdpwaigd) LSSl

Lec (2)

Kinematics of a Particle
ascal) (Siladw) WSailais

ExamQIe 1

« The car on the left in the photo and in Fig. 12-2 moves in a straight line such that for a short
¢ time its velocity is defined by v = (0.6t2 + t) m/s, where t is in seconds. Determine its position
and acceleration whent=3s. Whent=0, s =0.
8 bl Atia 3 8l Lgtie jas 23a8 Cumy afiiina Jad (8212 JSAN 55 seall (8 Jlul) e 5 5a gall 3 jlndl o s 4
Ol et =0 05 latie £ =35, (558 Ledie Lge jluig lgad o 23a it Cua o v = (0.612 + 1) m/s Aalaall, 4
s=0.

¥ Solution

Coordlnate System. The position coordinate extends from the fixed origin O to the car, positive
/ to the right.

Posmon Since v = f(t), the car’s position can be determined from v = ds/dt, since this equation

relates v, s, and t. Noting that s = 0 when t = 0, we have

u.m_\l\ g L_A}AX\ a\AJY\ OsSag caJLuA\ Ls'j\ O aull MLAY\ adaail) % @}A\ Ls..l‘..\;\ Jiay, ul.u\h‘ﬁ\ e\.ba"
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Aaleall 038 (¢S ¢ v = ds/dt Aalaal) (1o 3 lul) &8 g0 pasT (Said ¢ v = f(t)u.o)l\uﬁdb«cﬂ\u\bu @3.43\
e Jani = 0 ladieg = 0 of St 55 sV wk@%
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il i A R A ke i e AL g

a
(5) v=22= (062 + 1)
/(fa = /{t 6 + f)dt

i

s :=UQF—%U59

0 0

s = (0.2 + 0.5%) m
When t = 3 s,
= 0.2(3)® + 0.5(3)? = 9.90 m

W Acceleration. Since v = f(t), the acceleration is determined from a = dv/dt, since this equation

e e e A e e e e e e e N e e A A s G S E G

% relates a, v, and t.

§ Om oy i sl o3 o € ¢ @ = dv/dt Wabaal) e g jbesil) wass o ¢ v = Fi(t) el (8 Ao de i o Ly "
tsv sa

dv

d
+ = — = —(0.68% + ¢
(=) = = ot

= (1.2t + 1) m/s*
When ¢t = 3 s,
a=12(3) + 1 =460m/s*—

The formulas for constant acceleration cannot be used to solve this problem, because
! the acceleration is a function of time.

*The same result can be obtained by evaluating a constant of integration C rather than using

e N e N e N e e e e A N e e 5 R A T

% definite limits on the integral. For example, integrating ds = (0.6t2 + t)dt yields s = 0.2t3 + 0.5t2
g + C. Using the condition thatatt=0, s =0, then C = 0.

e e A e g e e e e e g e e g e G N e e e A e S G g G G e e G e G G e e i G G e e e G A G A A N e e G g A e e A G S A e A e S N N S S
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t=0 e 4l Lo Lot 3 Lyl ot ss = 0,23 + 0,512 + C. axads = (0,612 + )t Jos ‘d\-bd‘i;f
C= OuU‘S—OUJSJ‘Lf

Examgle 2

%%%%%@%%%%%%%%

A small projectile is fired vertically downward into a fluid medium with an initial velocity of 60

¥ m/s. Due to the drag resistance of the fluid the projectile experiences a deceleration of a = (-

%%

i 0 4v3) m/s?, where v is in m/s. Determine the projectile’s velocity and position 4 s after it is

o 0 1 B0 £ B £ £ £ E0 10 B0 £10 B0 £ £

=
=
@D
o

& el daglaal 4505 60 M/s | uj\mu\m\m}u@u.hmj‘;dm‘j\‘;\mw )Mujm@h"ﬁ

J@M}A} LJ}J'S.AM 4.9).»: .JJ;_ @Lﬂ\@)ldbv dus @ = (-04V3) m/S2 aJ\AbA )L\_tﬂujds.d\ U cc_m\.d\ {if

N

&
|5
%.
o
¢
%

Fig. 12-3

U)

Solution

0O

oordinate System. Since the motion is downward, the position coordinate is positive

o

ownward, with origin located at O, Fig. 12-3.

<

elocity. Here a = f(v) and so we must determine the velocity as a function of time using a =

o

v/dt, since this equation relates v, a, and t.
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i"f%’f‘ﬁf"i’f‘ﬁf‘i’fﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%%ﬁ%ﬁﬁﬁﬁﬁfﬁﬁfﬁﬁﬁ‘ﬁf‘ﬁf‘ﬁf‘ﬁf‘ﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁfﬁ?ﬁfﬁfﬁfﬁ?ﬁ

ﬁ ¥ (Why not use v = vO + act?) Separating the variables and integrating, with vo = 60 m/s when t =

‘Qf 0, yields

e s e A i e e e A e e i e i e s e e e A G e e e e S e s e e e N A s A e 5 i e e e e A e i e N e e s A N S A S A

W

£

Lailell ol = L\AJA O5S cﬁ}aﬁj‘ LNt cJauy) A8 Al o L (Coordinate System): ldlaay) rm\.l::.x
12-3 Kl O aie el ddali a5 o(JiuY) sa)

@dus Ao yudl st lde o dlMlg g = f(v) ic yull @d\a &)Lu.d\ Alac (<5 La (Velocity): A&J.u.d\

EL e EP EP £

o

o

0 £

ﬂﬂ

{if
o
{if

(1) 05 (a) & el s (V) deuad) (o i Alsbaall o3 (35S ¢ @ = dv/dit Asbaall alainly a3l ‘L?f

5
k.
T
§
;

oladV) i 8 & jahy anall Y clibiadl Jean Jand) gad clilaa DU s gall olas¥1 HLaals Gu gall slady)

dt = dvf(v)

laalay) (o staal) A8l ) sl Aol il JelSall ) ja) 5

= — = —040°
a df v

(A t
dv
[t [
60 m/s —0.4v 0
1 ( 1 ) 1
—04\ -2/ »?

1{1_ L] _
0.8 2%  (60)2%.

(4

=1t—0
60

o~ i 0x] "o
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Here the positive root is taken, since the projectile will continue to move downward. Whent=4 ¥

©w

v = 0.559 m/s|

Position. Knowing v = f(t), we can obtain the projectile’s position from v = ds/dt, since this

equation relates s, v, and t. Using the initial condition s = 0, when t = 0, we have

A= 45 sS latie 5 JauY) a3 38 pall b e Caglial) (Y 1l ccan sall 3al) 22 3 Lia
v = 0.559 m/s|

9V S u'.).i.k.l).l‘dju‘o&ujS‘V:dS/dtUAQJ}JSAS‘é}AuACd)maj\l_\.\s.a.\cvzf(t)uiaﬁ)ud
Sl dani it =0 Laaies = 0 (Al da il aladiils of,

ds [ 1 12
+ vV=— = + O.Sf]
(+v) dt [ (60)>
s ir 1 —1/2
ds = f — U,Sr} dt
fu o L (60)°
2 1/2|¢
= + 0.8¢
0.8 [ (60) } 0
1 ] VEE | }
= + 08¢t — —
0.4 {[( ¥ } 60 "
When ¢t = 4 s,

s =443 m

e g e N R G e e e G N e e e e e g e e N e e e G e g N e A e e e e A A e e e e e e e N A

W During a test a rocket travels upward at 75 m/s, and when it is 40 m from the ground its engine
‘Df 2 fails. Determine the maximum height sg reached by the rocket and its speed just before it hits
gthe ground. While in motion the rocket is subjected to a constant downward acceleration of 9.81

‘ﬁf m/s? due to gravity. Neglect the effect of air resistance.

B B B0 £ 0 B £ B B0 £ 10 B £ B0 B0 £ 10 B £ E0 B0 £ 10 0 £0 E0 0 £10 0 £ £0 £ 0 £10 0 £ £0 £ B0 £ 10 £ £0 £ B0 £10 10 £ £0 £ El0 £10 0 £ £0 10 £ £10 £\ £ £10 0 £ £10 B0 £ £ £ EP £
(62}

@f = Dr. moawia Ibrahim hamedelnil — moawiaibrahim73@gmail.com
{’zfff‘ﬁfff‘ﬁfff‘ﬁfffﬁfffﬁffﬁfffﬁffﬁfﬁﬁfﬁﬁfﬁﬁfﬁﬁfﬁf‘ﬁf‘ﬁffﬁfﬁﬁf&ﬁf&ﬁfﬁfﬁfﬁfﬁfﬁﬁfﬁf%ﬁfﬁfﬁﬁﬁﬁ%%ﬁ%%%ﬁ



mailto:moawiaibrahim73@gmail.com

Y R T i B i G
W d.i:uuz\ua_)\}(\u.all.om &WJ\L_ALU}SJLAJ.\L}‘75m/s@yés‘}(\‘;;\c_gjuaﬂ_);ﬁ:\6u\_)bﬁ;y‘h\dk‘g

i
¥ a8 all U 5 yile (VL Adlabaal Ui die gy & 5 jball 43l Jomy 55 L) (ol 22 5l 4S o
7 ; ; ;
g o) ged) A glia il Jaal dndlad) Cu 9,81 m/s? o lata Jawy) gad il g bl & 5 Ll
5
5
g Solution
g Coordinate System. The origin O for the position coordinate s is taken at ground level with
gposmve upward, Fig. 12—4.
' . . Sty e o .
o }ﬂ%%ﬂ“bﬁhﬁ@éAwéﬁ‘ Y AbséyMﬂh¥Odedﬁ¢%hﬂghw@ﬁ
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g 412 J<al ¢ LY
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W
o
i
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W
o
W
i
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W
i
i
¥ =15
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o
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o
o
¥ ,
Y 54 =40m
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¥ 1
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o
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% Fig. 124
o
o
o
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I\/IaX|mum Height. Since the rocket is traveling upward, va = +75 m/s when t = 0. At the

@f
+ maximum height s = sg the velocity vg = 0. For the entire motion, the acceleration is a. = -9.81

i
i
i
i
i
i o : . " : L ¥
‘ﬂf m/s? (negative since it acts in the opposite sense to positive velocity or positive displacement). g
2 ¥ Since ac is constant the rocket’s position may be related to its velocity at the two points A and B g
i i
7 on the path by using Eq. 126, namely, g
gl ) padl dic 5t = 0, ddaalll o Siladicyy = 475 MfS Ol ¢ AoV sai @l jaiy & jlall o Ly, g&szd\‘g
L}.;Sl.a.aa\;_u\@dmm‘juluac -9.81 m/s? (EJLHJ\UJSJ‘AS);J\U.\AJ\)LJVB_O Aoyl 4 Si5 = g ﬂf

B A ikl die ey &5 jlall a8 ge dayy (S iy Of Lass (B sall da) Y J\M;;A\%}ﬂﬁf

Lt 6612 Aaleall aladinly Jw\‘ﬂf

0 e EY

(+1) vp = v + 2a(sp — Sa)
0 = (75m/s)? + 2(—9.81 m/s%)(sz — 40 m)
sp = 327 m

\Velocity. To obtain the velocity of the rocket just before it hits the ground, we can apply Eq.
12-6 between points B and C, Fig. 12-4.
B oilaill ¢ 612 Aabaall 3 Wiy 6 pla i )Y dwlabanal Ji & 5 jball de s o Jganll 48 )
4-12 JKalic

(+1) ve = vp + 2a,(sc — sp)
=0+ 2(—9.81 m/s%)(0 — 327 m)
ve = —80.1m/s = 80.1 m/s |
 The negative root was chosen since the rocket is moving downward. Similarly, Eq. 12-6 may
* also be applied between points A and C, i.e.,
(C A il ¢y 612 Aolaall Gl Ll o cJially s Jau) g @l a5 sball oY QL) 3l Jlidl o5 4

sl 4
(+7) ve = v + 2a(sc — 54)

= (75 m/s)* + 2(—9.81 m/s9) (0 — 40 m)
ve = —80.1m/s = 80.1m/s |
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R R R R R G O G i G
g It should be realized that the rocket is subjected to a deceleration from A to B of 9.81
i - :

= m/s?, and then from B to C it is accelerated at this rate. Furthermore, even though the rocket

i
“ momentarily comes to rest at B (vg = 0) the acceleration at B is still 9.81 m/s? downward!

.C I B (30 danall 033 & sy 3¢9.81 mM/S? Llaias B () A (e bl o oy & 5 slall o @l ) cany
5239.81 m/s? Ul B xie ¢ jlull lé «(0=vg) B ikl mwurs}zﬁ@)u\ Ol g g el e 5 e 4
Us.w‘)l\

A metallic particle is subjected to the influence of a magnetic field as it travels downward
through a fluid that extends from plate A to plate B, Fig. 12-5. If the particle is released from

“ rest at the midpoint C, s = 100 mm, and the acceleration is a = (4s) m/s?, where s is in meters,

-~ determine the velocity of the particle when it reaches plate B, s = 200 mm, and the time it takes

« to travel from C to B.

R e e e e e e N O e e S R O e e e S G e A N A e N S

o £

ds.ml\cBb}ﬂ\é\Ahjﬂ\wmd.\u)m@Y\Fdﬁgu\w&kwd@ﬂuwﬂ@m%ﬁ
a= (45)m/52}sx&)l.ml\u1$}‘s_100mmunccw\¢i=sd\mujsud\uﬂ?.uﬂ\dﬂa\\J\ 5 121?
C e JED 3 jaiesall e M5 ¢ 5= 200 MM Cun B Aa gl ) Jy Lovie apuaall e o aa ol (Sl s Cun) ¥ ,gf
i

B

o

X\

v Coordinate System. As shown in Fig. 12-5, s is positive downward, measured from plate A.

Al e lilie Jau) i lin ge s HaaY) (6K 512 UKD e e s LS seblany) alas

|
\

A

100 mm

200 mm

[ A

N s e i e e e A e i B s N e S e e e A G s e i 3 i G s e e e A A s e i e e e e A e s N N e e s N N S A G
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R R R R R A T A A G G R T T i A T T g
¥ = Velocity. Since a = f(s), the velocity as a function of position can be obtained by using v dv =a g

‘Qde Realizing that v =0 at s = 0.1 m, we have g
i

Ol 4 ey v dv = a ds. Aaleall aladinly a8 gall 8 S de ol e Jganl) (K ¢ g = f(S) of L. @MMK

e danics=0.1maey = O,ﬁ

(+1) vdv = ads
/ vdv = / 4ds ds
0 0.1m
1 T 4 5
22l =242
2 lo 2 loim

v = 2(s* — 0.01)2m/s
At s = 200 mm = 0.2 m,

= 0.346 m/s = 346 mm/s |

The positive root is chosen since the particle is traveling downward, i.e., in the +s direction.
Tlme. The time for the particle to travel from C to B can be obtained using v = ds/dt and Eq. 1,

7 where s =0.1 mwhen t = 0. From Appendix A,
+S. g_mj,d\ blAJY\‘_,’JLS\ 6dSMY\PdJMM\ u‘}f k_t;}d\ JJ;J\ olaal (-;3

(] Asall gy = ds/dt Daaall 23508 JIC (e JEE aseeall 48 i 31 (el e Jpeanll (Kay, (34 Js\
« (Appendix A)i galdl ()t =0, Lxie s=0.1 m u)&un
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(-l-l) ds = v dt
s
= 2(s* — 0.01)"2a

fs £ — ffz dt
01 (s — 0.01)12 0

t
In(Vs® — 001 +s)| =2t
0.1 0
In( V& — 0.01 + 5) + 2.303 = 21
Ats = 0.2m,
In(V(0.2)2 — 0.01 + 0.2) + 2.303
(= = 0.658 s

2

“ NOTE: The formulas for constant acceleration cannot be used here because the acceleration
changes with position, i.e., a = 4s.

a=4s o sl c@dsall an iy g jlall (Y L il ¢ jlall ¥ ales aladiad oK Y Adiadle
 Example.5

¢ A particle moves along a horizontal path with a velocity of v = (3t2 - 6t) m/s, where t is the time
|n seconds. If it is initially located at the origin O, determine the distance traveled in 3.5 s, and

the particle’s average velocity and average speed during the time interval.
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o8 \J\ @\}.\]\JUA)S\}A'[ dus ¢y = (3t2 6'[) m/s&u\smwupb@&\ JL‘.MJJLLAL?.\MA«JJM
(average deaiall de yull o sia g ¢ 3,5 5 JOA e sladall ddLiidl) a0 d*a‘i\&mmmh.d\@e.u;l\
Axia 33yl s3a A asuall (average speed) asslall de pull das gia ;velocr[y)

¥ Solution
Coordlnate System. Here positive motion is to the right, measured from the origin O, Fig. 12—
6a

2.6—12 JS&l (O Jaa) adaii (e dulia cCppanll sani Lin daa sl 4 jall () K57 cibfilany) alla
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s=—40m §=6.125m
o 0
fk \ O |
f=12s t=0s t=35s
(a)

Dlstance Traveled. Since v = f(t), the position as a function of time may be found by integrating
v Vv =ds/dt witht=0,s=0.
s = dsfdt Aaleall JalSE 5y 53k e Ga il 8 ANS a8 sall s} Sy ¢ v = (1) O e,

s=0st=0
(i‘} ds = v dt
= (34 — 60 dt
/dsz /(3{2—61*]0?
0 0
s=F—-3Am

i In order to determine the distance traveled in 3.5 s, it is necessary to investigate the path of
/ motion. If we consider a graph of the velocity function, Fig. 12—6b, then it reveals that for 0 <t
< 2 s the velocity is negative, which means the particle is traveling to the left, and for t > 2 s the
veI00|ty Is positive, and hence the particle is traveling to the right. Also, note thatv=0att=2
’s. The particle’s position whent=0,t=2s, and t = 3.5 s can be determined from Eq. 1. This
ylelds
A Sl ane 1 )G i 13 A8l lese sl 3 (g5 mall (e ¢ 3.5 § JDIA de ghaall ddlisall mani Jal (e g
amall (i Les Al de ) S50 < £ <2 8 A 31 5 yall Al il a5y 43l (p6—12 IS ‘;mfmg
V=0 of laf a¥ cpad) sadarad) @l sy il s dn sede 5ull 05S5t> 2 el Al ¢ lal) sai el jay g
A e iy ] Aol (wt =35 s st=25 st=0 Laic anall alge aaai (St =2 5, 2
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v (m/s)

/_/ t(s)

(0,0) (25s,0)

(1s,—3m/s)
(b)
Fig. 12-6
5|;=|] =0 5|;225 = —40m 5|r=3.55 = 6.125 m

The path is shown in Fig. 12—-6a. Hence, the distance traveled in 3.5 s is

sp=40+ 40 + 6.125 = 14125 m = 14.1 m
Velocity. The displacement fromt=0tot=3.5sis
As = s|,—355 — s|;=0 = 6.125m — 0 = 6.125m
and so the average velocity is

As 6.125 m
Vovg = = = 1.75m/s —
e At 35s—0 /
 The average speed is defined in terms of the distance traveled st . This positive scalar is

sy 14125 m
At 35s—-0

R = = 4.04m/s

7 NOTE: In this problem, the acceleration is a = dv/dt = (6t - 6) m/s?, which is not constant.
i e g ol s @ = dv/dt = (6t - 6) m/s? s g sbull Aliall oda 8r Asadls
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