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Engineering Mechanics: Dynamics

LSaaliaal) s Apeaigh LSS al)
Lec (6)

(Kinetics of a Particle: Force and Acceleration)

&Jw\}ﬁjﬂ\ Hu;\\g“_al_}s);

EXAI\/IPLEl-

A 75-kg man stands on a spring scale in an elevator. During the first 3 seconds of motion from
rest the tension T in the hoisting cable is 8300 N. Find the reading R of the scale in newtons
/" during this interval and the upward velocity v of the elevator at the end of the 3 seconds. The

’ total mass of the elevator, man, and scale is 750 kg

I A e e s S G e N e A N A g e S S e R e S A N SN

ajﬁu}S.\6u)u\w45)ﬂ\wujj‘)f\u)d\@\)ﬂ\db MJA\AGSJMJLJ\JM‘_A&: kg754ﬂ:\5d;)us.1§
sl M Aol i 55 o3 JA (5 il R o)) jaall Bel B aa sl N8300JMJW@J\@S$TMW
Kg 750 A Lae o)l s Ja 5 dmaall dllaay) ALY oL Lale uM\@\jﬂ\M@‘;MVLA&Y\

T'=8300N

Y
|
|

el g
L 75(9.81) =736 N
R

750(9.81) = 7360 N
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il i A R A ke i e AL g

willy el (g,lus) alze Lle aspully ol dlawlys alzuall sgall o JS raisns 1Sl
J2 g olisally asaall 3l pwll lalaso oo anb soill lgd 0555 il & uall SN aul osSs
: AW alxa)l Gl pi s

F = 8300 - 7360 = 750
[LF,=ma] %

(Scale Reading R) gljxaldl 65l 9 Cluuw= .3

The scale reads the downward force exerted on it by the man. The equal and opposite reaction R to this
action is shown on the free-body diagram of the man alone together with his weight, and the equation

of motion gives:

leJ abiloodl R J=all 85, jglaig .adde J> I Lo 55 il JawW alaclall 5gall ol)-._._.nJIi)j.g_
L aS =l alsles slasig raijg go 03800 J2 ) R pauzdl blaxe e oVl 9 awmsSeallg

[LF,=ma] R - 736 = 75 (1.257)

(Final Velocity v) audlgddl ac il > 4
The velocity reached at the end of the 3 seconds is:

o M sl g o9 Lal] Jposll ot il a5 punll

[Av = [adi] v-0=[,’1.257dt v =23.77 n/s

Ans:v=3.77m/s | R=830N
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YEXAMPLE-2-

e i . . . i

« A small inspecti on car with a mass of 200 kg runs along the fixed overhead cable and is
controlled by the attached cable at A. Determine the acceleration of the car when the control
cable is horizontal and under a tension T = 2.4 KN. Also find the total force P exerted by the

supporting cable on the wheels.

A i) vie Jate eéajdgls&;n‘ﬁ‘)‘ﬁj ul\,\uggjlc L},‘ISJJL‘:J; J,}uﬁeészo()m:\s; praa (el 5l
VP Adlea ) 558 Lial s sl KN 2.4=T o3 2 5 Ll oSl JS (5 Laie 5l (g jlast) dlae 2

EOlaall e acall QIS Ly Sis

y (Equilibrium in y-direction) (s>gosll olzuVI (s9 yl;5VI .3

The car is in equilibrium in the y-direction since there is no acceleration in this direction. Thus,
taddeg oVl o 9 (6 luws) d=xe 1959 pos) T)Ja_. Yy oVl 8 ol A 9 8, luad] eSS

[LF,=0]  P-24(5/13)-1962(12/13) = 0

P=273KkN (Ans.)
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x (Motion Equation in x-direction) n29VIl olsuV¥l (n9 aS =l alsleo .4

In the x-direction the equation of motion gives:
ol b aS)adl dsleo lasd X ol 8

3 Fx =m ax] 2400(12/13) - 1962(5/13) = 200 a

a=7.30m/s* (Ans.)

EXAMPLES -3-

The 250-Ib concrete block A is released from rest in the position shown and pulls the 400-1b log
p the 30_ ramp. If the coefficient of kinetic friction between the log and the ramp is 0.5,

u
determine the velocity of the block as it hits the ground at B.
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gﬁi"f‘E’if‘i’f‘ﬁf‘ff"fﬁﬁﬁfﬁﬁﬁ%fﬁﬁfﬁﬁ%ﬁf%ﬁf%ﬁfﬁﬁfﬁfﬁfﬁfﬁﬁ‘ﬁf‘ﬁf‘ﬁf‘ﬁfﬁifﬁfﬁfﬂﬁfﬁfﬂﬁfﬁfﬂiﬁﬁfﬁfﬁfﬁiﬁiﬁiﬁﬁ?ﬁfﬁfﬂﬁfﬁ?°

2501b |+

P EYL EP B B BV BV BV EP EP EP EP B EP EPEVEP S EP EP B B BV
e
A\
\ N
/j
2

‘ﬂf The solution begins by noting that the movements of the log and block A are interconnected.

‘“ 2 We can mathematically demonstrate that the log's upward acceleration along the incline is

g exactly half of block A's downward acceleration. By defining the total cable length as L=2Sc+sa 4
% +constant (where the constant represents the cable wrapped around the pulleys) and

E differentiating this equation twice with respect to time, we obtain 0=2s"c+s"a, which simplifies

ﬂf to the acceleration relationship:

ﬂﬂ?ﬂ?ﬂ?ﬁ?ﬂ?ﬁ?ﬂ?ﬁ?ﬂ?ﬁ?ﬁﬁ?ﬂ?ﬁ?ﬂ?ﬂ?ﬂ?ﬂ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬂ?ﬁ?ﬂ?ﬁ?@?@@?@@?@@?%@?@@ﬁ

L=2sc+sa+constant < Jsl S J glall cay jat JOIA (e Jasy A Ay &‘)Luu Caai bavally (g glo d.\l.d\ ﬁ,:ﬁ
écdmsw‘)ﬂw\_)uyﬁdiud\o& dmmj(u\)ﬂ\dﬁuﬂd\dg&\gﬁugbﬂdwug;(ﬁ

Adall g jlall adle ) Jawd Al 5 «0=25"cH+S A
0=2ac+taa

 Assuming the pulleys have negligible mass and rotate without friction, the free-body diagram
for pulley C indicates a state of equilibrium in both force and moment. Consequently, the
ten3|on in the cable connected to the log is double the tension applied to block A. It is also

 important to note that the log and the center of pulley C share the exact same acceleration.

%Q‘?Qﬁ’ﬂ?ﬂ?ﬂ?%Q%%%Q%%%%%%%%%%%%%%%%%%%%%
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e})ﬂ\}d}sﬂcﬁu\}\dbc )&ﬂ)ﬂ\euﬂ\klnu@aycd&n\u}u‘)}mng_\\)ﬂ\d.\st)\ua\)ﬁh
£ 3al) o\&;)ﬁm@,\e@\wA_muﬁdgmx\mm@%@gwm&\@mdy@u@w

i
ol g jluil) i Lagd C 5S4l S jas %

« When analyzing the free-body diagram of the log, we account for the kinetic friction force (uk
“ N) opposing the upward motion. Evaluating the equilibrium in the y-direction yields the normal

force

anily | e A Hall (Slas 3l (KN (Soad) NSiay) 58 lie Y 8 340 e dall jall auall Jalaie Jilas vie
MJ}A:J\ o)sl\ ‘_Ar_ d...a;.\ (y)ad\.mj\ J};.d\ ola.i\ ‘_g u\}\z}\

[XFy=0] N—-400c0s300=0 N=346 Ib
Applying Newton's second law for the equation of motion along the x-direction results in:
Tl iy ¢ (X)) ) saall olad) 84S jal) Aalaad U (53 600 () 38 (Bradaly
[XFx=max] 0.5(346)—2T+400sin300=(400/32.2)ac
 For block A, setting the downward direction as positive, the equation of motion is:
1 IS AS jal) Alalaa (0 5S5 en gall oladY) g JauY olad¥) jlielys ¢ ALLSH 4l
[+ XF=mal] 250—-T=(250/32.2)an

By solving these three simultaneous equations for the unknown variables aC, aA, and the

7 tension T, we determine their values to be:
;&msﬁgmnnTMQMA}aCM%;&QuﬁJiﬁyﬁdDWCMMAh&du

aa=5.83 ft/sec? ac=—2.92 ft/sec? T=205Ib

e s e A e e e e A A e A i e s e e e A A e s B e N e s A e e i e S e e e A e i e e N A e i G e A A e A e i A N e e S B A A A
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TR R R e r e R G T G G G G i
“ = Finally, considering the block experiences constant acceleration over a 20-ft drop, the final

ﬁ;f
+ velocity acquired by block A is calculated using kinematic equations:

o

% L5 21 L) e ol Cloen o (Lo 20 Adlose L sis & il gLl om yos ALY o Y Juu‘\ﬁ\
% AT AS ) il 8 alasiuls A ey
¥

% [V2=2ax]  va=\2(5.83)(20)=15.27 ft/sec

g

% EXAMPLE -4

g

“ A 10-kg projectile is fired vertically upward from the ground, with an initial velocity of 50 m/s,

‘Qf Flg 13-7a. Determine the maximum height to which it will travel if (a) atmospheric resistance
W

g is neglected; and (b) atmospheric resistance is measured as Fp=(0.01v?) N, where v is the speed

& ¥ of the projectile at any instant, measured in m/s.

ﬁQ&?ﬂ?ﬂ?ﬁ?ﬂ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬂ?ﬁ?ﬂ?ﬁ?ﬂ?ﬂﬂﬂ%ﬁ?ﬂ?ﬁ?ﬁ?ﬁ?ﬁ?ﬂ

J;j\a) 713 JSEI50 m/s (L2 4l de jun oa Y clau e ey ) Lm\)]_() kg 4iliS o ghaa umg
O (5l GO e sl Gl | (5 sl G fa slie Jlea) 10V Gl b o g3l adl) Sy g lis u_ma\
m/s. JLM.E;JL;\ die oMl de ju AV Cua (Fp=(0.01v?) N

2

SOLUTION
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R R R T T A A A A G A G G T T A G A T T

¥ = In both cases the known force on the projectile can be related to its acceleration using the

% equation of motion. Kinematics can then be used to relate the projectile’s acceleration to its

g position.

OSa a AS el Aalas aladinly (ailae ) 4e jludy o sdal) e 3 i pall Ao glaall 3 al) Jas ) S epillall S a5
(4ol ) 4xd gay o s3aall £l oy 5 (L)) AS jall ale aladia 4

As shown in Fig. 13-7b, the projectile’s weight is W=mg=10(9.81)=98.1 N. We will assume

the unknown acceleration a acts upward in the positive z direction.

Jsenall gl of [ 580aW=mg=10(9.81)=98.1 N. 58 < s3iall 135 (8 713 JLAl L& e sa 58 LS
2. osaall caa pallolai¥) 2 eV ) Sisa

|

=)

98.1 N

(b)

[+1XFz=maz]-98.1=10a=a=—9.81 m/s2

 The result indicates that the projectile, like every object having free-flight motion near the

! earth’s surface, is subjected to a constant downward acceleration of 9.81 m/s2.

il s cnlis jll aucady - W) s (il 5 AS a @l ey s (o) Jies Cagdiall G ) dagiill s
9.81 m/s?. o lasa
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ﬁﬁ%ﬁﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%%%%%%%%%%ﬁﬁﬁﬁﬁ%%%%%%%%%%%ﬁﬁﬁﬁﬁ%%ﬁ%ﬁﬁﬁﬁ
Klnematlcs [ 4s 2l alo) 18silaisl)

¢ Initially, zo=0 and vo=50 m/s, and at the maximum height z=h, v=0. Since the acceleration is

constant then:

ﬂﬁ?ﬁ?ﬂ?ﬁ?ﬁ?ﬁ?ﬂ?ﬁ?ﬁ

z=h cmﬂ\u)&&m_)\ums\mj‘vo 50 m/s 4dlanyl de ydl 570=0 w\m‘j\tm}d\u}&‘m\qd\uﬁﬁ

-

C
[o-
f
G

e

“E

C
3

&

<

o
b

G

[+1] vi=vo?+2ac(z—20)
0=(50)2+2(—9.81)(h—0)
h=127 m.

# Free-Body Diagram / sadl awal) ahia

Smce the force Fp=(0.01v?) N tends to retard the upward motion of the projectile, it acts
i d

ownward as shown on the free-body diagram, Fig. 13-7c.

o rmse sn LS i) a5 Leils o piiall dgne Luaill 48 jall ddle) ) JaeiFp=(0.01v2) N Uss\un.u
€).7—13 JSadl) all aval) Jabada

£l

Equation of Motion / 4S_all dlalea
e pull AU e Ll e Jeans ¢ e ul Sl oVl 3 S (s 0 5018 Gadaty

[+1XF,=ma;] —0.01v>—98.1=10a=  a=—(0.001v>+9.81)
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 Here the acceleration is not constant since Fp depends on the velocity. Since a=f(v), we can

_1
@
=2
@
®
~+
(@)

o
o
7
2.
o
S
c
<2
>

Q

pladiuly a8 galls & bl Jay y LiiSay c@=f(V) Ol s Aoyl Jde CadicIFD dagiall 5 8 oY LuL:Uth_)Luul\ Lia 4
Al

[+1] adz=vdv= —(0.001v?+9.81)dz=vdv

Separatmg the variables and integrating, realizing that initially zo=0, vo=50 m/s (positive

¢ upward), and at z=h, v=0, we have:

&\j:ﬁ)\ ‘5»45\2[ d).&éjj\ e ‘20:0, Vo=50 m/s <2 4&4\&3.1\}“ J)J;j\ u\ slel & cJalsd) ¢l ) C'_a\‘);\ald\ Chady
v=0: 4e yull () Si7=h

Johdz=—]5000.001v?+9.81vdv=—500In(v>+9810)50 m/s0
h=114 m.
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The 100-kg block A shown in Fig. 13-10a is released from rest. If the masses of the pulleys
{;f * and the cord are neglected, determine the speed of the 20-kg block B in 2 s.

L_a\)s.ﬂ\d_\sg_ﬂ.«z\h\ Fig. 13- 1OaM\uJG‘AJAJAL«Su)SJ\uAlOO kgt.é_\l\s‘;\j\j)Am‘).\)M?J
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SOLUTION

Since the mass of the pulleys is neglected, we can assume equilibrium for pulley C where XFy

£ L el el 2o e B0 £ £l o 2o £ El0 £ 210 £l0 20 £10 £\ £ 210 210 £ £10 810 £ 210 210 £ £10 £ £ £ 20 £

=0. For block A to remain static, the required tension would be T=490.5 N, whereas for block B
it would be T=196.2 N. Therefore, block A will move downward while block B moves upward.
For consistency in calculation, we assume both blocks accelerate downward along +sa and +sg.

The three unknowns to find are T, aa, and as.

RSl A A (b5 S5 BFy=0. (558l dloana 0585 Cumy C 5_S o) Y1 (ia i Ly ol S0 AES Jlaay ke
A S & et elld e 25 T=196.2 N, 230 o 5k 43Slu B AL Jhai S ety ¢ T=490.5 Na& 358 o 3L £
oLVl & JauU (le s Galisll SIS () (o it s sa (S Cililuad) ¢ Y _&NBM\dJﬁ@d@m%
B (ap). AN g jludg ¢ A (@)l g bt g ¢ Tadll o 4 glaal) B3N Jalaall +5p, 5 +5a slaell can gl

e e e A e e e e A e e e e G A e e e e e e e e e N e S R G g A N A e A ARG

e e A e N A e e e e A A e A e e s A N e A A A N
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T
A i
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2T 5S4 981N Sy
(b) (c) (d)

(Equations of Motion)as all eyl
Applying Newton's second law (XFy=may) with downward as positive:
(i) a3 JISU 5 ) S o sall ola3V1 i i (EFy=mMay) S (55 s 0538 Gadaityr 4 ) dan i)

. Block A: 981-2T=100aA— (1)
. Block B: 196.2-T=20aB— (2)

Jalsil) g 33 jaall 48 ad) (Kinematics)
The geometric relationship between the coordinates of movement is given by:
SIS | Jshally il Jaall cillaay) (g Al A8Mal) (s
2sat+se=I
Differentiating twice with respect to time t yields the relation between accelerations:
rle Hladll o A8Mall e Jeanit (e Al (408 j Jucaladl) o) jals g
2ap=—ag— (3)
Solving equations (1), (2), and (3) simultaneously:
ol 233 lae (3) 5(2) 5 (1) osilabaall Jay
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il i A R A ke i e AL g
« T=327.0N

e aa=3.27 m/s?

« ap=—6.54 M/s?

Since ag is constant, the velocity of block B after t=2 s is calculated using the constant

acceleration equation:

el 4 jal) Adales aladinly Covald St=2'S s 2o B A de o ld el gg g bl ol L

v=Votagt
v=0+(—6.54)(2)=—13.1 m/s

The negative sign indicates that block B moves upward at a speed of 13.1 m/s.

13.1 m/s.a laie de yun JeS &l awi B ALK of ) ddlad) 3 ,LEY) s
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