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e US (8 LilSaall (8 o )V Apul) S e )l 5 a5l (g e
(ST)can sl o) allail)
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ES PRI RE T

Quantity | Symbol | SI units |Unit Symbol | U.S. unit Eﬁiﬁ?ﬁf&l
Mass M kilogram | kg Slug -
Length L Meter m foot ft
Time T Second |s second S
Force F Newton |N pound Ib

(g)g.a'aJ\J\ &J\.uﬂﬂ douldl) Aty
die 5l s (5 gie 2ie 3 ) 3all G )3 Al Adlall ¢ Ll W o Walie ) ai i) 4l al) Lol
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A0 gy ) ) pd G
(ST).olas 511 dsall llill 823005/ 59 81 o
laa gl Sy 5 Al 8 20505/.0830 .
o) i (5 giosa die Apdal) ¢ )l dad Jiad all o3
1 — Kinematics
1. Rectilinear motion . aiiuelbi  lo

2. Curvilinear motion . Asiabi o
3. Rotation . 4 54l 31 all

Sg ( Rectilinear motion ) : 4shail) 4< )
t _______ SA_""’F ......... AS---- 5 :.- hiuJD ' .\ZSJA‘;QJ
0 A
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adaiill dpuailly Alie B ddads (8 dpuall a8 50 (B 4al Y1) Sp: 0 Displacement

AS =Sp -S4 4al ¥ ‘_,3 il

s Y1 (S):-
The change of the location of the body with respect to fixed point
A3 A Rl sl 0
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a3l il A Y1 ks Jama 2 VAl ey

As
Vav -
At
( Instantaneous velocity ) &:balll de ) 400
. As ds
V= = e e e 1
hm it = M
o5l Al eyl 8 sl Jane 431 e Gy 3 o) Jupatl
Av
d,, = At
S S (a ) Ball) Janatl) ofd ale
Av  dv
a= = e e e 2
L 775, =, 2
and
2
d’s
a = ——
2
dt
(1)pd, Adtase 010
d d
y=Ls =2
dt
duani (2 ) ad) Asaall B G gad
_dv  dv
“ T gr T ds
iy
d
a—=—vZY . (3)
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-

Newton's laws (5 st (il 68
Js¥) sl

When the Resultant of force acting on a body is zero the body

either at rest or moving with constant velocity on straight line

S Gsla A o) Lal sl 8 T jds amiad) o ddalicall (5 gl Aliaaa ()5S0 Ladic
AL A g e A e & Ay

V = constant a= 0

Second law A4l oy eial)

If the resultant of force acting on body is not zero when the body
move in the direction of resultant with acceleration directly
proportional to the resultant and inversely proportional to the
mass of body .

R
aa .




a= =il

R= ilaadl

m= x|

&4l otk ity oty Alasall olath s G puead) Off i (o slu puead) e Aalusall (g 5l Aluana il 13

 aiad) AL pa Lo g Abeanal)
Third law Gl ¢ gl

For each action are reactions equal in magnitude and opposite in
direction. slad¥) 2 duslay g jlalall 8 4y gluw Jad 3 Jad U<,

Rectilinear motion with constant acceleration afiusbi o 4s al)
b Jaaadyg

Let the body moves with constant acceleration (a) from point (A)
to point (B) which (s) displacement from (A) in a time (t) starting
with initial velocity (Vo) at (A) and reach a final velocity (V) at

i
X

B

a=constant
Vo \Y%
adad ) Eua (B) Akl ) (A) Adalill (e (@) Cl Japatiy & oy aaad) (1S 1)
A8l (e (V) L1k i) de sy 1aaa (£) o_)2Ra (e (5) L laka 4l )
. (B) Akl (& (V) L )ha de juu Cgilas (A)

_ds
V_dt ©

_d
a=y 2

From 1 and 2




dt =4

=7

ds _dv
vV a

Vdv = ads

From 2
dv=adt




From @

Vdv = ads
vdev = a}ds

Vo

o=al[s ]’

o

V2=V’ +2as

Jex=ill (m/sec?)

o (sec)
alany) de yull (m/sec)

-AadAl

dabadl) wig all dla ‘!,5 daddicaal) Y alaal)

il Juaadis Adadl) 4 jall daadiieeall i alaal)

v=ds/dt

V=V, t+a-t

a = dv/dt = d?s/d¢t?

S=s,t+vot+1/2 at?

vdv = ads

v2=v,2 +2 a (S-So)




ol Uniform motion dekiiall 4< a1l -3

A jall KU ) Caalii asgy Ao jull = v,y Aoyl Jaza-)

Al el Cua ie Ao _ud) = Bl (5) e aneal gk 31 Adlisal)-

Vo = 0 byl (5 sSall (e ansall Jaits 13)-4

i (5 i pwenl) Aliay o8] sl die Gyl (8 e W) ) sl (3381315

Exi: A particle moves in Rectilinear motion according to the relation as
S=t>-9t>-2. Determine the displacement(s), the velocity (v) and
acceleration (a) when t= Ssec.

Sol:
S=t3-9t>-2
At t=5sec
L.S=(5)°-9(5)?%-2=102m
de yudl e Juaail dal 3Y) diide 2ai
ds ,
VvV = —  =3t’-18t at t=S5sec
dt

L.V =3(5?%-18(5)= -15m/sec

Jaaatill Je Jiasilde jul) d8ida 2

a=dv/dt at t=Ssec

.. a=6(5) -18 = 12m/sec?

Ex,: A body move in Rectilinear motion with acceleration of (a= -2m/sec?) if
the velocity = 8m/sec and S=0 when t= 0. Determine V & S when t = 6 sec.
Sol:

a=dv/dt

. dv=a.dt

Cplall Jalsill sl
[dv = [adt

V=J-2dt
V=2t + C, at t=0—v=8m/sec
L8 =-2(0)+C, J.Ci=8

=2t+8

6sec (w ) die eyl aas

at t=6sec .. v= -2(6)+8)

. v= -4m /sec
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d.s
dr

ds=v.dt
Jods = (-2t +8) dt
Sle Jaans (b ylall Jalsil 3l
[ds = J(-2t+8)dt
S, S = [-2tdt +/8dt
1S =22t%2 +8t+C,
S= -t* +8t+C»

odlef A8dall & (a2 S=0 at =0 Jlsud) i Jaze 5o oS
0 =0+0+C> — (=0
S=-t* +8t
t=6sec 055 Lexic dal ¥ axs
S=-(6)*+8(6) =-36+48=12m

ol Jaanty dudadl) 45 ally Aald Al
Exi: A body started from rest with constant acceleration of 4 m/sec?.
1-Find the velocity and displacement of the body after 10sec from its

motion.
2-Find the distance that the body was traveled when its velocity becomes
12 m/sec.
Sol : Culd Jaaty Gdad 1 A€ el allay Zalall i sbaal) aadios
V=v,+ta.t atvo=0, a=4m/sec’
1- V=0+4(10) — V=40m/sec Voz0 .

a=4m/sec

L
S=S0+v0t+5at

1
L8 =040+ (@A =200m oy s

2- V2=Vo?+2a(S-So)
(1272 = 0+2(4) (S-0) — 144 =8(S)

S:%:l&n 12m/s de pull Ladie aueall Lgadaly ) ddLadl)
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Exz: The body in fig below has a constant acceleration 2m/sec if its start
from rest , Determine its velocity and position when t= 5 sec.

v=? a=2m/sec

Sol : s g
— N —ssec @
V=0 V=

V=Vo +a.t at t=5sec
VvV =0+2«(5) = 10 m/sec So=0 S=?
t=0 t=5sec

S:So+voz‘+%at2:>S:0+O—|—%><2><52 =25m

Allhddd Jo Jla
Ex3: A stone is thrown vertically upward from the ground with a velocity
of 19.6 m/sec.
1-Find the velocity of the stone after t= 1.5 sec from motion.
2-Find the time which stone needs to reach the highest elevation.
3-Find the time which the stone needs to reach the height of 18.37m.
Sol:
1- Vo=19.6m/sec & g=9.8m/sec?

V=Vo-gt
V=19.6 -9.8 (1.5)=4.9m/sec
2-
V=Vo—-g.t
Ve=Va-gt V=0 (Db e yudl 4 duai i )i e asY)
0=19.6 -9.8(t)
. 9.8(t) =19.6 :>t=%:2sec
L9, . 03

S=3S, +v0t+%gt2

18.37=0+19.6(¢) — %(9.8)t2
18.37 =19.6 t— 4.9t e dianil 5 Al 5 ) gay daleall UK das
4.9t -19.6t +18.37 =0

9.8t>—39.2t+ 36.75 =0
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From @

Vdv = ads
vdev = a}ds

Vo

W, =als ],

o

V2=V’ +2as

Jaxaill (m/sec?)
= (sec)
4l de il (m/sec)

[Freely fulling bodies 1 Uagiu alua¥) Ja giu }

Jiaaill) Cull Jawty g ailena 1l o A pn T ya Un gl plca¥) o gl g
A al) ol 8 (81X (9,81 m/sec?) st Wy (g) U Jas g(a Y

V=V,+gt

I »
S=V, t+ — gt
2g

V=V, + 2gs

:‘"Am“gﬂ\&&c_’\mﬂ

b (<) @bl Jaaill g (+) & il Jaadl) (o s )
A Al ol B Gaakat Al




(8) 08 did (A AW o sl g s (B ) Taghod) s
() Bl (g) G Ao (Y a8 s g (+) Gasa

el 4S 2

a= constant < ueah/ \ 4l 4o V=constant

V:VO+ at

S=Vot+;at2 a=0

-5 gun gal) 138 Jga daga culBiadla dldaa SllLia
t=o0 and vo =0 (U JsSeall (e 48 jally aeall fan Ladie ]
gl 4o yull v =0 QB AS jall (o auall i 2D

Janadl)
o8 Uniform motion 4ekiil 4 jall -3
A jall Sl ¢ gl Caatic ey e pudl = gy de gl Jaaen
Al Gl Caas die de pudl = 440 (5l die avall lgalady Al ALl
sl & Sl

V=V, + 2as

’ Vo = 0 bl {58l (e pusal) Jai 13-4

©) +) a6 gt avall dliay g5 51 all e Aol Gl oW 1 aall (338135

Q/ An automobile 3 L moving at constant velocity <& Wi s of
( 15 m/sec) passes a gasoline station 229 dhaa two second later
(il | another automobile A8 b leaves 83 the gasoline

station 252!l <haa accelerated at the constant rate Jsaxih e jludy
<l of (2m/sec’) , How soon will the second automobile over take

the first . A% ) Juail 400U 2 U (a3 sala

a= constant
Gasoline 4asa =2 m/sec’ over take line
Station 485 second automobile Sy aa

»

V=15 m/sec >
First automobile
V= constant

S




Second automobile 4utl 3 L)

a = constant = 2 m/sec’

|
2

| P
S=0+ A *2%
2

S=t2—(: )

First automobile Jg¥) 5 Ll

= constant = 15 m/ sec

Szaim

S=15t+ 30
From 1 and 2
=15t + 30
'~ 15t-30=0
AxX*+Bx+c=0

x = “BEVB’-44c

24
_~(-15)2(-15)2-4*1*30

2
154345 _15+18.5
2 2

;_15+18.5_33.5
2

t=16.72 sec




Q/ A stone is dropped down the well and (5 sec ) later the sound
of the splash alaba¥) &isa is heard .

If the velocity of sound is (340 m/sec) , what is the depth of the
well ?

h= Jall Gee [

53l = Ggall dgma )+ saall ds 6 e

t= sl ds3ige) pa s

5—t= Gsall dpmia )

Foe the stone  aall &l
a = constant = g = 9.81 m/sec”

|
S=Vt+ 5 gt
58
1 2
h=0+ 5 *9.81 *t
2

h=4.905 t* 1

For the sound < sall 4uwilly

V = constant = 340 m/sec

340*5-340t =h
1700 — 340t =h
h=1700 - 340t
2,1
4,905 t*= 1700 — 340 t
4,905 t* + 340 t— 1700 = 0

f=—BX\B*-44C

24




_ —340,(340)*-4%4.905*-1700
- 2*4.905

1 2 pas
h=4.905 * 4.683

t

h=107 m

In rectilinear motion aficabi o 4<all 3 a]l part of the body
awall ¢1 32l 224> moves in direction o3k parallel to the line of
motion 45 all ki 53152 and the displacement 4>)3¥) and velocity
4yl and acceleration to each part s3> J<! from the body are
parallel to the line of motion . always x-axis <l )gaa Laily
taken positive Ga g X% in direction of motion 452l slaily | 50 the
displacement , velocity , acceleration and the components of
forces s Al &S 1 are positive in the direction of motion 4sal slaily
and negative in the opposite direction 4S_all jusSe 4dlug and if we
apply (=45 second law of Newton AU (fisi (i 6iL8 5o the equation
is :

X :Vg*a SY =0 Yz =0
Sx = as ) sladly 5 gil) Alasa

W = amall 055

g = =aY) Janaill

a= H;j\d:\;,j

0) 4 daaa e Balall Luda




Ex: The car moves in a straight line such that for a short time
its velocity is defined by v = (3¢> + 2t) ft/s, where ¢ is in seconds.
Determine its position and acceleration when ¢t = 3s. When ¢ = 0,
s = 0.

0

Position. Since v = f(t), the car’s position can be determined from
v = ds/dt, since this equation relates v, s, and ¢. Noting that s = 0
when ¢ = 0, we have*

_ d
() v =2 = (32 + 21)
/ds=/(31-+2t)dt
a
s| =& + 2
0 0
s =1 + 2

When ¢t = 35,
s = (3)° + (3)% = 36 ft Ans.



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

dv d
5 =—=—(3+2u
(= a=-— dt( )
=6f + 2
Whent = 35,

a=6(3)+2=20ft/s"— Ans.



Freely Falling Bodies

g =32.2 ft/s?
g =9.81 m/s?
Ya=h
yp=0
Ye=h
a=g Ora=-¢
Yo=Ya=0
Yp=-h
Ye=0




Ex: a ball is thrown vertically up word from the top of 18 m tower

with an initial velocity of 12 m/s . Find?

1) The velocity and displacement at any time.

2) The highest elevation

3) The time when the ball reached the ground and the velocity at
that time.

1)
dv/dt=-9.81
v t
j dv=j —9.81dt
12 0
v =-9.81
v—12=-9381t

v=12-9.81t (Instantaneous velocity)
dy/dt=12-9.81t

y t
j dy = J (12 — 9.81t)dt
0

Yo=0
9.81 -
y=12t— — t> (Instantaneous displacement)



2) At highest elevation
v=0
so 0=12-9.81t then t=1.22sec
Var10p = 12 *1.22 —(9.81/2) * (1.22)?
=7.3m
y=7.3m fromthe top
y=7.3+18=25.3m from the ground

3) when the ball hits the groundy =- 18
-18 =12 t—4.905 t?
4905t2-12t-18=0

. 12 F V122 + 4 % 18 * 4.905
B 2 % 4.905

Then t=-10.5sec neglected
or t=3.5sec then Ve =12—9.81*3.5=-22.3 m/s



EXAMPLE

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 = (—0.4v%) m/s?, where visin
m/s. Determine the projectile’s velocity and position 4 s after it is fired.

Velocity.
a = f(v) with v = 60 m/s whent = 0
dv
+ = — = —0.4°
( b “ dt v

v !
/ dv /dt
60 m/s —0.40° 0
T 1N
—-0.4 ( —-2) v?
il e
0-8['02 3 (60)2] =

o (o]

Whent = 45, v = 0.559m/s| Ans.

v
=¢t—0
60




Position.
from v = ds/dt

(+1)

Whent = 4 s,

condition s = 0, when t = 0,

ds [ 1 1-1/2
= + (.8¢
dt | (60) .

s o 1-172
/dS = / s + 0.8¢ dt
0 0 L(60) y

s =443 m Ans.



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, : - = ’ A

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 : K%

meters, determine the velocity of the particle when it reaches plate B, | | 100 mm
|

s = 200 mm, and the time it takes to travel from C to B. | (k| -
P C—1r1— 200mm

SOLUTION ' @

Velocity. : . ';-‘“r '; ’ B
Since a = f(s), ' )

vdv = ads.usingv =0ats=0.1m

vdv = ads
/vdv—/ ds ds
0.Im
—'1)2 _s2
2 0 2 01m

v = 2(s* — 0.01)"2 m/s
Ats =200 mm = 0.2 m,
vg = 0346 m/s = 346mm/s | Ans.



Time. The time for the particle to travel from C to B can be obtained
using v = ds/dt and Eq. 1, where s = 0.1 m when ¢ = 0. From
Appendix A,

(+1) ds = v dt
= 2(s*> — 0.01)"2dt

/s LI /{2dt
01 (52 — 0.01)2
In(\/s* - 0.01 + s)
In(\/s? - 0.01 + s) + 2303 = 2
Ats = 02 m,

In(\/(02)> = 001 + 02) + 2303

[ = 5 = (0.658s Ans.

= t




a = constant

dv
vV —=2a
dx
(% X
vdv = adx
Vo Xo
2
T o=ak-x)
vi=vZ+2a(x— x,)

EXAMPLEL

During a test a rocket travels upward at 75 m/s, and when it is 40 m
from the ground its engine fails. Determine the maximum height sg
reached by the rocket and its speed just before it hits the ground.
While in motion the rocket is subjected to a constant downward
acceleration of 9.81 m/s®> due to gravity. Neglect the effect of air
resistance.

vy =75m /sT

-

R 4() m

- 2 e
|

Sp

0

!



SOLUTION
Maximum Height.
vg = 0. the maximum height s = sp

vy = +75m/s whent = 0. At
Since a. is constant a, = —9.81 m/s’
(1) vp = v + 2a.(sp — sa)
0 = (75 m/s)> + 2(—9.81 m/s*)(sg — 40 m)
sg = 327 m Ans.

Velocity. To obtain the velocity of the rocket just before it hits the
ground,

(+‘[) v = vh + 2a.(sc — sg)
=0 + 2(—9.81m/s*)(0 — 327 m)
ve = —80.1 m/s = 80.1 m/s | Ans.

The negative root was chosen since the rocket is moving downward.
Similarly, Eq. 12-6 may also be applied between points A and C,

(+T) v% = v:',, “+ 20(.(5'(- — s,,)

(75 m/s)? + 2(—9.81 m/s*)(0 — 40 m)
ve = —80.1m/s = 80.1 m/s | Ans.



H. W.:
Chapter 12: 1,4,5,7,9, 11, 28, 29, 40
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12-1.

Starting from rest, a particle moving in a straight line has an
acceleration of @ = (2t — 6) m/s2, where ¢ is in seconds. What
is the particle’s velocity when ¢ = 6 s, and what is its position
when t=11s?

SOLUTION
a=2t—6
dv = adt

v 1
/dv=/(21—6)dt
0 0
v=1r>—6t
ds = vdt

s t
/ds: /(t2—6t)dt
0 0

A

=— — 3
)
Whenrt = 635,
v=20
Whenr = 11,
s = 80.7m

Ans.

Ans.

Ans:
s = 80.7m
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*12-4.

A particle travels along a straight line with a constant
acceleration. When s = 4 ft, v = 3 ft/s and when s = 10 ft,
v = 8 ft/s. Determine the velocity as a function of position.

SOLUTION

Velocity: To determine the constant acceleration a., set sy = 4 ft, vy = 3 ft/s,
s = 10 ft and v = 8 ft/s and apply Eq. 12-6.

(+) v’ = v + 2a.(s — s0)
8 =32+ 24, (10 — 4)
a, = 4.583 ft/s’

Using the result a, = 4.583 ft/s?, the velocity function can be obtained by applying
Eq. 12-6.

(5) o> = vj + 2a.(s — s0)

<
Il

2 =32 + 2(4.583) (s — 4)

v = (V9.17s — 27.7) /s Ans.

Ans:
v = (V9.17s — 27.7)ft/s
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12-5.

The velocity of a particle traveling in a straight line is given
by v = (6t — 3f%) m/s, where ¢ is in seconds. If s = 0 when
t = 0, determine the particle’s deceleration and position
when ¢ = 3 s. How far has the particle traveled during the
3-s time interval, and what is its average speed?

SOLUTION
v =6t — 3
dv
a= s 6 — 6t
Att = 3s 4
a=—-12m/s Ans. :.- -
ds =vdt 20 £ le
s 1 &7 fa
/ds = /(6t — 31%)dt
0 0
s=32-1
Att = 3s
s=0 Ans.
Sincev = 0 = 6t — 3¢2, whent = Oandt = 2s.
whent=2s, s=3(2)>—- (27> =4m
sp=4+4=8m Ans.
(vsp)mg = STT = g =2.67m/s Ans.
Ans:
st = 8m

Vayg = 2.67m/s
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12-9.

The acceleration of a particle as it moves along a straight
line is given by a = (2t — 1) m/s%, where ¢ is in seconds. If
s=1m and » =2m/s when =0, determine the
particle’s velocity and position when ¢ = 6s. Also,
determine the total distance the particle travels during this
time period.

SOLUTION
a=2t—1
dv = adt

v 1
/ dv = /(Zt — 1)dt
2 0

v=r>—t+2

dx = vdt

s 1
/ds=/(z2—z+2)dt
t 0

13 12
= PPy u+l
ST30 T,

Whent =65

v=232m/s

s =67m

Sincev # Ofor0 =t = 65, then

d=67—-1=66m

$F 67

Ans.
Ans.

Ans.

Ans:
v =132m/s
s =67m

d = 66m
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12-10.

A particle moves along a straight line with an acceleration
of a=5/(3s"?+ s7%) m/s?, where s is in meters.
Determine the particle’s velocity when s = 2 m, if it starts

from rest when s = 1 m. Use a numerical method to evaluate
the integral.

SOLUTION

5

ads = vdv
2 v
5d
[t o
1 (3s§+s5) 0
1
0.8351=5v2

v =129m/s Ans.

Ans:
v =129m/s

10




Curvilinear translations of

In case of moving on straight line aiicebi Ao dsalldls ithe
displace velocity and acceleration are in the direction of motion.
in case of curvilinear motion displacement 4aI3¥) velocity 4 -l
acceleration has two components (Sl . one parallel to x-
axis and other parallel to y-axis . Projectile <3 js sample s
of curvilinear motion.

Y vy v

aial) Al ulas Ayl ¢ o8 Lala
V =\/vx2+vy2

tané =Yy
.

X

v =y cosd

v, =V sin@




gl )l sl s




1. Air resistance neglected 43 siaa &) sl da glia
2. projectile moving in vacuum £/l b 44,38 & o
3. wind velocity and rotation of projectile neglected 7= 4s s
43 gaa ANEY () 4999
4. Let the path _lwas of projectile 4438l be given by the curve
i (0,B,C,D). , *
5. let the initial velocity of projectile is ( Vo ) 4silaiy) A yudl
@ ARV
6. the only force 5334l 3 i) ki acting on projectile 4L Ll

Is its weight its total acceleration Sl Jza23l at all position 2
&2 sall 22aa is due to gravity and directed 42 vertically down
ward Jiul N with value ( g= 9.81 m/sec’).

ax=10 ay=--¢

In stead of considering the actual path A8l jlwddl of projectile
we combine its simultaneous projection up on the
( x-axis) and (y-axis) . the equation of these rectilinear

components A4zhill ©LsS all of the path are found by substituting
uaisxi the ( x ) and (y ) components of (s) , (v) and (a) in the
equation <Y for rectilinear motion with constant acceleration

@UMJ&&M&S&&&JM\ QYJLLA‘",A’U'AJAS




As shown z=2s< WS in a compiling table 43,8l Jg2a

Rectilinear motion X — component of y- components of
constant acceleration flight flight

Vx=Vox + axt Vy = Voy + ayt

V=V,+at Vx = Vo cos ¢ Vy = Vo sin 0- gt

Sx = Voxt + ;axt2 Sy = Voyt + ;ayt2

Sx = Vo cos Ot

Sy = Vo sinft - ;gt2




Curvilinear Motion

The motion a long a path other than a straight line is called a curvilinear motion

Y

Displacement :

In x-direction : x =f(t)

In y-direction : y = g(t) Ay
r’=x?+y? y
O=tan’ y/x

r> displacement from o is called the position vector.



Velocity :

In x-direction

In y-direction

Ux
vy, =
= vy + vy
0 = tan™



Acceleration :

dv, d*x
“T T T aee
_dv, d?y .,
YT T aee Y
a” = a7’ + a3l a= /az+a2
X y X y
dZ
g = tan‘l—y



Ex: A particle is moving along a curve such that x=(t+1)%2 and y=(t+1)2(xandyin m, t
in sec). Find vanda at t=1 sec.

V. = dx/dt = x=2(t+1)

Then a,= 2
V, =dy/dt=y=-2 (t+1)3
Then a,= 6 (t+1)* a, =6 (1+1)*= 3/8 m/s?

att=1sec 3
— [92 5\2 — 2
v,=2(1+1)=4 m/s 4 \/2 + (8) ,v=2m/s

O =tan! d? y/d?> x = tan’! 3/16 = 10.62°

v, =-2 (1+41)3=-1/4 m/s

v=\/42+(_71)2 ,v=4m/s

O =tanldy/dx = tan!1/16 =3.75°



Ex: If x = 5t3 and y = 4t? at time ¢, find the magnitude and direction of the velocity
when t = 10.

x=5t3 So dx/dt=15t2
At t = 10, the velocity in the x-direction is given by:
dx/dt = v, =15(10)?=1500 m/s
Also, y = 4t?> so the velocity in the y-direction is:
dy/dt = 8t
When t = 10, the velocity in the y-direction is:
dy/dt = v, =8(10)=80 m/s
So the magnitude of the velocity will be:
v=V(v,)*+(v,)>=v1500°+80*=1502.1 m/s
Now for the direction of the velocity (it is an angle, relative to the positive x-axis):

tan 6,=v,/v, So 6,=3.05".



At any instant the horizontal position of the weather balloon
is defined by x = (8¢) ft, where 7 is in seconds. If the equation
of the path is y = x*/10, deteimine the magnitude and
direction of the velocity and the acceleration whent = 2 s.

SOLUTION
Velocity. The velocity component in the x direction is

d
v, =X = E(St) = 8ft/s—

16 ft
. d . i i
vy = ¥ = —(x%/10) = 2x%/10 = 2(16)(8)/10 = 25.6 ft/s T v — 26.8 ft/s
Whent = 2s » 8, = 72.6°
v = \/ (8 ft/s)? + (25.6 ft/s)? = 26.8 ft/s Ans.
(b)
i 5.6
6, = tan 1—~ = tan_lz— = 72.6° Ans.
Ve 8
Acceleration.
; d
ay =m0 =—(8) =0
3 d : i %
a, = v, = E(2xx/10) = 2(x)x/10 + 2x(x)/10
= ;. - 2 ©
= 2(8)2/10 + 2(16)(0)/10 = 12.8 ft/s? T
a=\/(0)2 + (12.8)2 = 12.8 ft/s? Ans.

128 _

6, = tan 90° Ans.



Baveel

For a short time, the path of the plane is described y = (0.001x%) m.

If the plane is rising with a constant velocity of 10 m/s, determine the
magnitudes of the velocity and acceleration of the plane when it is at
y=100m.

SOLUTION

When y = 100 m, then 100 = 0.001x?
x = 3162 m.

v, = 10 m/s,

y = then 100m = (10m/s)t we have t = 10s

Velocity. v, =y = %(o.oouz) = (0.002x)& = 0.002xv,

Thus  10m/s = 0.002(316.2 m)(v,) y
v, = 1581 m/s

100 m




v="\/vl+ vyz = \/(15.81 m/s)® + (10m/s)> = 187m/s  An: y

Acceleration.

a

) = by = 0,002, + 0.002xb, = 00022 + xa,)

100
When x = 3162m. v, = 1581 mjs. b, = a, = 0. |

0 = 0.002((15.81 m/s)* + 3162 m(a,))
a, = —0.791 m/s*

a=\/a+ ai - \/(—0.791 m/s) + (0 m/s)?

= (791 m/s* Ans.




Motion of a Projectile

When air resistance is neglected, the only force acting on the projectile is its
weight, which causes the projectile to have a constant downward acceleration
of:

a=g=9.81 m/s?> or g=32.2ft/s?

oyt " v\,
y T |
' L




In x-direction :

Neglecting air resistance a, =0
V, =constant=V_ =V,  cosa
X=X,+Vt

X=V ,cosat (whenx,=0)

In y-direction : When the y, =0 then the equation will
a, =-8 be:

V=V, +at V,=V,sina—-gt

Y=Y+ V t+%at? y=V, sinat-%gt?
VZ=V2+2a(y-vy,) V2= (V,sina)2—2gy




EXAMPLE
y

The chipping machine is designed to eject wood chips at vy = 25 ft/s
as shown If the tube is oriented at 30° from the

horizontal, determine how high, A, the chips strike the pile if at this
instant they land on the pile 20 ft from the tube.

X=20ft, a=30°,V. =25ft/s,a= -32.2ft/s?
X=V, cosat
20=25cos30 t then t=0.9238sec (bl (1))
y=V, sinat-%gt?
=25sin 30 * 0.9238 -7 * 32.2 * 0.92382

Theny=-2.19 ft

h=4-2.19

=1.81 ft



T

The track for this racing event was designed so that riders jump off the y
slope at 30°, from a height of I m. During a race it was observed that C
the rider remained in mid air for 1.5 s. Determine 2" ——
: : . ; |
the speed at which he was traveling off the ramp, the horizontal 3 h
distance he travels before striking the ground, and the maximum ' 4 v
height he attains. Neglect the size of the bike and rider. RN "m ¢ B
- RV -

a=30° y=-I1m, t=1.5sec

x=R=?, hp=7,V,=?

max
Yy at V,=0
y=V, sinat-%gt? mazx Y )
V= (V,sina)?=2gy,..,
1=V, sin30*1.5-%*9.81 *1.52 o m
0=(13.3825in 30)2—2 * 9.81 *

ymax

Then V,=13.382 m/s

Then =2.282 m

Ymax
X=V,sinat "
h,.x=2.282+1
R=13.382cos30 * 1.5

=3.282 m

Then R=17.384 m



Ex: a projectile is shot with an initial velocity of 800 ft/s at a target B located 2000 ft
above the gun A and at a horizontal distance 12000 ft . Neglect air resistance,
determine firing angle a :

X=800cosat

12000=800 cosat

t=15/cosa  ---—--- (1)
y=800sinat—7%*32.2t?

at point B 2000=800sinat—16.1t% ----- (2)
equ. (1) in (2)

2000= 800 sin a. (15/cos a) —16.1 (15/cos a)?
2000=800 * 15tan a—16.1 * 152 . sec’ a
2000= 800 * 15 tan a— 16.1 * 152. (1+ tan?a)
3622 * tan?a— 12000 tana + 5622 =0

12000 F V120002 — 4 % 5622 * 3622
2 % 3622

tan X =

Tan o= 1.565 then a =29.5°
Or
Tan a=2.75 thena =70°



-

Newton's laws (5 st (il 68
Js¥l sl

When the Resultant of force acting on a body is zero the body

either at rest or moving with constant velocity on straight line

S Gsla A o) Lal sl 8 T jds amad) o ddalicall (5 6l Aliaaa ()5S0 Ladic
AL A g pafine A o & Ay

V = constant a= 0

Second law AWl oy eial)

If the resultant of force acting on body is not zero when the body
move in the direction of resultant with acceleration directly
proportional to the resultant and inversely proportional to the
mass of body .

R
aa .

)4 daaa ee & dalall uyda




a= =il

R= ilaadl

m= x|

&4l gtk ity oty Alasall ool g puead) Off i (o st puead) e Aalusall (g sl Aluana il 13

 aiad) AL pa Lo g Abeanal)
Third law Gl ¢ gl

For each action are reactions equal in magnitude and opposite in
direction. slad¥) 2 dcslay g jlalall 8 4y gluw Jad 3 Jad U<,

Rectilinear motion with constant acceleration afiusbi o 4s al)
ol Jaaady g

Let the body moves with constant acceleration (a) from point (A)
to point (B) which (s) displacement from (A) in a time (t) starting
with initial velocity (Vo) at (A) and reach a final velocity (V) at

y

/l

B

a=constant
Vo \Y

adad ) Eua (B) Akl ) (A) Adalill (e (@) Cl Japatiy & oy aaad) (1S 1)
A8l (e (V) Wi dsiliiy) de sy 1a50a (£) o_)aRa (a3 (5) Jada dal )
. (B) ARl (A (V) e de you Lgiiag (A)

_ds
V_dt ©

From 1 and 2
DJJAAAA.AﬁjQ : de\uﬁuu




dt =4

=7

ds _dv
\% a
Vdv = ads

From 2
dv=adt

ds = Vdt

s 4
[ds = [(vo+at)dt
0 (0]

044 daawa e ¢ Balall Luda




From @

Vdv = ads
vdev = a?ds

Vo

W, =als;

o

V2=V’ +2as

Jex=ill (m/sec?)

= (sec)
aaalany) 3&)....45\ (m/sec)




Energy & work

Definition of Work:

In physics, a force is said to do work if, when acting on a body, there is a
displacement of the point of application in the direction of the force.
Units:

The Sl unit of work is the joule (J)
N.m=)J
11b.ft=1.356)

The work U done by a constant force of magnitude F on a point that
moves a displacement S is:


http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Force
http://en.wikipedia.org/wiki/Joule

Work of Constant Force:

The constant force F_ that acts on the body, which
produces a displacement S, can be explained as work
equation:

U=(FcosO)S

F, | % F.cos®

F.cos @



Work of a Weight:
U=W. Ay



Work of a Spring Force:

The spring forceis  F

1 2 2
1
U= —E(FZ—F]_)AS

- K.

S




EXAMPLE [l

The 10-kg block rests on the smooth incline. If the
spring is originally stretched 0.5 m, determine the total work done by
all the forces acting on the block when a horizontal force P = 400 N /.f’\\

pushes the block up the plane s = 2 m. /

Initial
position of spring
400 N™/

SOLUTION

2 s 30°m

Horizontal Force P.

Since this force 18 constant, the work 1s

Up = 400 (2 cos 30°) = 692.8] 300
@ 98.1 N ,}‘7)
Up = 400N cos 30°(2 m) = 692.8 ] /l,:\ PN

A
N B / FS



Spring Force F..
§1 = 0.5m
S$5=0Sm+2m=25m

Us = —[3(30 N/m)(25 m)? — (30 N/m)(0.5m)2] = —90J
Weight W.
Uy = —(98.1 N) (2 msin30°) = —98.1J

Total Work.
Ur =6928] —90J — 981 J = 50517 Ans.



Kinetic Energy of a Particle, Principle of Work and Energy

Kinetic energy is defined in expression of

= 1 mv?
Unit

m 2_ Kg m - -
Kg.(7) = “G" .m=N.m=]
OR =1b . ft

Then the work and energy of a particle moves from point 1 to
point 2 can be express by the equation:

Uu=T,-T,
The work and energy also can be written as

T,+2U=T,



ez [

20 1t/s The 3500-1b automobile travels down the 10°

inclined road at a speed of 20 ft/s. If the driver jams on the brakes,
causing his wheels to lock, determine how far s the tires skid on the
road. The coefficient of kinetic friction between the wheels and the

roadis py, = 0.5.

e SOLUTION

.—4“’—.—_

— 11,3500 1b
\‘ w \ . Work
., \,41/_/ «J’ >F, INSF, = 0. N4 —3500c0s10°lb =0 N, = 344681b

) 10° ‘ Thus,
N Fo=w Ny =05(3446.81b) = 1723.41b

Principle of Work and Energy.

L+ 2U,=T
1( 3500 Ib ) 5 :
oo —m————s + °) — (172341b)s = 0
ACETTE (20 ft/s)* + 3500 Ib(s sin 10°) — ( )s
Solving for s yields

s =19.51t Ans.



H. W.: Chapter14: 1,6, 7,8, 10
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14-1.

The 20-kg crate is subjected to a force having a constant
direction and a magnitude F = 100 N. When s = 15 m, the
crate is moving to the right with a speed of 8 m/s. Determine 30°
its speed when s = 25 m. The coefficient of kinetic friction
between the crate and the ground is u; =0.25.

SOLUTION

Equation of Motion: Since the crate slides, the friction force developed between the
crate and its contact surface is F; = pu,N = 0.25N. Applying Eq. 13-7, we have

2(9.81) N

: .\ 305'
+1 S F, = ma,; N + 100 sin 30° — 20(9.81) = 20(0) ] e

N = 1462 N

Principle of Work and Energy: The horizontal component of force F which acts
in the direction of displacement does positive work, whereas the friction force
Fr =025(146.2) = 36.55 N does negative work since it acts in the opposite direction
to that of displacement. The normal reaction N, the vertical component of force F

and the weight of the crate do not displace hence do no work. Applying Eq.14-7,
we have

Tl + EU1,2 = T2

25m

1
E(20)(82) + / 100 cos 30° ds

15m

25m 1
- / 36.55 ds = 5(20)1)2
1

Sm

v = 10.7m/s Ans.

Ans:
v =10.7m/s

377
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*14-4.

The 100-kg crate is subjected to the forces shown. If it is
originally at rest, determine the distance it slides in order to
attain a speed of v = 8 m/s. The coefficient of kinetic
friction between the crate and the surface is u; = 0.2.

SOLUTION

Work. Consider the force equilibrium along the y axis by referring to the FBD of

the crate, Fig. a,

+13F, =0; N + 500sin45° — 100(9.81) — 400 sin 30° = 0

N = 82745 N

Thus, the friction is Fy = N = 0.2(827.45) = 165.49 N. Here, F; and F, do positive

work whereas F; does negative work. W and N do no work
Ur, = 400 cos 30°s = 346.41 s
Ur, = 500 cos 45°s = 353.55 s
Ur, = —165.49 s
Principle of Work And Energy. Applying Eq. 14-7,
h+3U,,=T1T

1
0 + 346.41s + 353.55 s + (—165.49s) = 5(100)(82)

s =5987m = 599m

F.=500N W=/00(98)N  F=400N

30°

459

/? =02

()

Ans.

500 N

45°

400 N

\30°

Ans:
s =599m
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14-6.

When the driver applies the brakes of a light truck traveling
40 km /h, it skids 3 m before stopping. How far will the truck
skid if it is traveling 80 km /h when the brakes are applied?

SOLUTION

40(10%) my
40km/h = ——==11.11m/s 80km/h = 2222 m/s

3600 v

hi+3U,=T [—_O: 2
Sm(L11Y = mg(3) = 0 ——;
g = 20576 s
L +3U,=T1T, Nzomg

%m(22.22)2 — (20.576)m(d) = 0

d=12m Ans.

Ans:
d=12m

382




Principle of Linear Impulse and Momentum

Momentum: is a vector quantity that is the product of the mass and
the velocity of an object or particle. (Momentum:is mass in motion)
The unit of momentum is (kg.m/s).

p = momentum
m = mass
v = velocity




Impulse: is a term that quantifies the overall effect of a force acting over
time. It is conventionally given the symbol | and expressed in Newton-seconds.
For a constant force,

I=F. At

Impulse of a force from time t1 to t2: The integral of the force over the time interval
of concern is its impulse. The impulse of a force is a vector given by the integral



The Momentum-Impulse Theorem:

states that in order to change the momentum of an object, one must exert an
impulse

(change in momentum) = (impulse)
P final = Pinitial = (fOFCE) * (time)
m*ve . - m*v. ... = (force) * (time)

t
2
4



o - - — E [
AT - L Fwd 4 1=Fit, - 1y)
! ! {
I fa f fa
Variable Force Constant Fores

If each of the vectors is resolved into its x, y components, we can write the
following two scalar equations of linear impulse and momentum.

iz
m(ve); + 2 / F.dt = m(v,),
f

m(v,); + E/—F_‘. dt = m(v,),
£

E.[I F dr

& + *

Initial Impulse Final
momentum diagram momentum
| diagram , | diagram

@}nv2




EXAMPLE |15.1

The 100-kg stone shown in Fig. 15-4a is originally at rest on the
smooth horizontal surface. If a towing force of 200 N, acting at an
angle of 45°, is applied to the stone for 10 s, determine the final
velocity and the normal force which the surface exerts on the stone
during this time interval.

(2)

SOLUTICN
Principle of Impulse and Momentum. 5

7] v
=) m(v,); + 2/ F.dt = m(v,), L %

4
981 N
200N
0+ 200N 45°(10s) = {100k
R R -
v = 141 m/s Ans. 7 %
N¢
rH
(+T) m(vy); + 2/ Fydt = m(v,), {b)
i

0 + No{10s) — 981 N{10s) + 200N sin 45°(10s) = 0
Ne = 840N Ans.

NOTE: Since no motion occurs in the y direction, direct application of
the equilibrium equation ZF, = 0 gives the same result for N.

981 N (10 8)

200 N (10 )

N((]n S)



EXAMPLE 152

The 50-1b crate shown in Fig. 15-54 is acted upon by a force having a
variable magnitude £ = {20z) 1b, where tisin seconds. Determine the
crate’s velocity 2 s after P has been applied. The initial velocity is

v = 3 ft/s down the plane, and the coefficient of kinetic friction
between the crate and the planeis yu, = 0.3

SOLUTION

Principle of Impulse and Momentum. Applying Eqs. 15-4 in the x
direction, we have

2
(@ (+¢) il #05 ] Pl =l
191

2%
(3 ft/s) + / 20t dt — 0.3N(2s) + (50 1b) sin 30°(2 s) =
{

501b
32.2 ft/s*

solb
322 ft/s? 2

4.658 + 40 — 0.6Ne + 50 = 1.5532
The equation of equilibrium can be applied in the y direction.

N2 E =0 Nec—50cos30°Ib =0

Solving,
Ne=43301b
v = 44.2ftf/sv Ans.

(b)



15-2, The 12-Mg “jump jet” is capable of taking off
vertically from the deck of a ship. [fits jets exert a constant
vertical force of 150 kN on the plane, determine its velocity
and how high it goesin ¢ = 65, starting from rest. Neglect
the loss of fuel during the lift,

(+1) o) +3 f F,dt = mlv,)s

0+ 150(10°)(6) — 12(10°)(9.81)(6) = 12(10%}y

v = 16,14 mfs = 161 m/s Ans,
(+1)  v=w+at 12(10)(9.81)N
16,14 = 0 + af6)

a = 2.690 m/s*

=

(+T) s*=sb+voi+%a;ctz

s=0+0 +%(2.690)(6)2

150(10°)N

§=484m Ans.,
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EXAMPLE | 15.1

200 N

(®)

200N

45°

The 100-kg crate shown in Fig. 15-5a is originally at rest on the smooth
horizontal surface. If a towing force of 200 N, acting at an angle of 45°,is
applied for 10 s,determine the final velocity and the normal force which
the surface exerts on the crate during this time interval.

SOLUTION
This problem can be solved using the principle of impulse and
momentum since it involves force, velocity, and time.

Free-Body Diagram. See Fig. 15-5b. Since all the forces acting are
constant, the impulses are simply the product of the force magnitude
and 10s [I = F.(z, — ;)]. Note the alternative procedure of drawing
the crate’s impulse and momentum diagrams, Fig. 15-5¢.

Principle of Impulse and Momentum. Applying Egs. 154 yields

15}
(i)) m(vx)l +E/ Fx dt = m(vx)Z

h

0 + 200 N cos 45°(10's) = (100 kg)v,
v, = 14.1m/s Ans.

5}
(+T) m(vy)l + 2/ F;/dt = m(vy)Z

t

0 + N(10s) — 981 N(10s) + 200 N sin45°(10s) = 0
Ne = 840N Ans.
NOTE: Since no motion occurs in the y direction, direct application of

the equilibrium equation 3 F, = 0 gives the same result for N¢. Try to
solve the problem by first applying 3 F, = ma,, then v = vy + a.t.

200N (10's)
981 N (10's)
|
z 45° B z
e =
_ - ——~ "5 | 100kg) v,

()
Fig.15-5
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EXAMPLE | 15.2

The 25-kg crate shown in Fig. 15-6a is acted upon by a force having a
variable magnitude P = (100¢) N, where ¢ is in seconds. Determine the
crate’s velocity 2 s after P has been applied. The initial velocity is
v; = 1 m/s down the plane, and the coefficient of kinetic friction
between the crate and the plane is u, = 0.3.

SOLUTION

Free-Body Diagram. See Fig. 15-6b. Since the magnitude of force
P = 100¢ varies with time, the impulse it creates must be determined
by integrating over the 2-s time interval.

Principle of Impulse and Momentum. Applying Egs. 154 in the
x direction, we have

(+¢) m(v,); + E/Zdet = m(v,),
2s h
(25kg)(1 m/s) + / 100t dt — 0.3Nc(2s) + (25 kg)(9.81 m/sz) sin 30°(2s) = (25 kg) v,
0

25 + 200 — 0.6N + 24525 = 250,

The equation of equilibrium can be applied in the y direction. Why? 25(9.81)N
+\2F, = 0; N¢c — 25(9.81) cos 30°N = 0
Solving, > /
Nc = 21239N 7 B
v, =137 m/s ¢ e \
P =100t Ne

NOTE: We can also solve this problem using the equation of motion.
From Fig. 15-6b, (b)

+3F, = mag; 100t — 0.3(212.39) + 25(9.81) sin 30° = 25a Fig. 15-6
a = 4t + 2.356

Using kinematics

v 2s
+/dv = adt; / dv = / (4t + 2.356)dt
1 0

m/s

v =137m/s Ans.

By comparison, application of the principle of impulse and momentum
eliminates the need for using kinematics (¢ = dv/df) and thereby yields
an easier method for solution.




