103 PHYS-CH2 - Part2

2.5 FINDING THE MOTION OF AN OBJECT

Derivation of equations:

All equations that will be derived, are used to describe ONLY the

motions with constant acceleration

--“.
tL=0 L=t
. .
X; =X, ’ ’ ‘ ‘ ‘ ‘ ’ | K=k
E= == X=X (1) =
t
= =15
== (2)
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From (3), we will get

v=v + at (4)

From (1),we will get

v = — x=x, +t

t
Then, substitute the average velocity (above) with that from (2)

v+,
= x=x, + E t
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From (5), substitute the vwith that from (4)

(vﬂ + at)+ v"]t

2

= x=xo+(

L
X—-—x,=v,t+—at
2

From (5), substitute the #with that from (4)

= X=X, +l(v+v0)(v_v”)
2 a
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Summary; Equations of motion with constant acceleration

(x,v,a,t)

v=vy, + at (v,a,t) withoutthe' x"
1 2 ) "y,

xX—x,=v,t+ —at (x,a,t) withoutthe' v

1 .

X—Xx, = E(V - v{,)t (x,v,t) withoutthe' a"
2 = 2 9 {144

v = v, + Za(x — x0) (x,v,a) withoutthe' t

Sign convention for quantity “x”,”v” and “2” is VERY IMPORTANT!
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Constant Acceleration /,,-""/= slope
x(t) V(t)
9= Vxi
t t

X(t) = xi + vt +

112 ax t? e
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Sign convention :
v=v0+(—a)t v=vy, + at
1 %4 | 4

a a
Both “v”’ and “a” Both “¥’ and “a”
have Opposite sign ! have Same sign !
dih.
READ EXAMPLES 2.6 to 2.8 in the Textbook N
Ry
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EXAMPLES

A motorist traveling at 90 km/h applied the brakes for 5 s. If the deceleration was 3
m/s2, then his final speed will be:

(@) 35 m/s

(b) 25 m/s

(c) 15 m/s v =v, +at =M—3x5=10m/s
(d) 10mis 4g 3600

A jet plane accelerates on a runway from rest at 4 m/s2, the distance and the
velocity of the jet after 5 sec is:

(a) 30 m, 20 m/s 3 )i .
(b) 40m, 10 m/s x—v0t+5at =50m
(c) 50 m, 20 m/s

(d) 100 m, 10 m/s v=y, +at=20m/s

A car travels north at 40 m/s for 1 h. It stops for 50 minutes and return south
traveling 10 km for 20 minutes. Its average velocity and speed respectively are:

(a) 10.5,10 m/s Displacement=40x3600-10000=134000 m
(b) 12.1,12.5 m/s Distant=40x3600+10000=154000 m
(c) 17.2,19.7 mis 4 Total time=3600+50x60+20x60=7800 sec
(d) 14.2,16 m/s Av. Velocity=134000/7800=17.2 m/s

Av. Speed =154000/7800=19.7 m/s
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A car is traveling 22.2 m/s in a school zone. A police car starts from rest just as the
speeder car passes it and accelerates at a constant rate of 2.2 m/s2.

(a) When does the police car catch the speeder car?
(b) How fast the police car traveling when it catches the speeder?

V=222 m/s V=222 m/s I
— B ——

V=0

V= constant=22.2 m/s Ep 3 =0, V, =0
(a) 'Since the car is traveling Vi/i'[h constant velocity, its position x; is given by
switha =0:  x =y ¢ +5a"t2- x, =v,t =222t

1 1
The position of the police car x,, is givenby x, = —at P=—2)t’
We find the time when the tho cars are at the same pdsition by setting x, = x,
and solving for # (22.2) t :7(2.2) t
=
t=20s
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The police car thus catches the speeder at time #= 20's from his startup

(b) The velocity of the police car is given by y = v, + at, with v;=0:
v,=at=Q2.2) t
At t =20 s, the velocity of the police car is;
v, = (2.2)(20 5) = 44 m/s =158.4 km/h
At this time, the speed of the police car is twice that of the speeder. This
must be true because the average velocity of the police car is half its
final velocity, and since both cars cover the same distance in the same

time, they must have equal average velocities.
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EXAMPLES

o caf) eDlas dE Lavie giepa 058 1M ¢ O gl (el s 400 M Algh 7,049 20 S ) Bl g lias
(a) 20 m/s (b) 32 m/s c) 40 m/s (d) 80 m/s

o i Jal Jis 1.5 m/s? Jlakar cisjlady OsSald) (e aly 13, Cidgs AT (1 400 M ddls Alila ahal
Y a3l qanl 0 <1 2 m/s? sk llla o Gag el e 3 Ao pual) ety Copaind il 339 9 MS
g L (s ABlsal) el ALY 438 50 (1)

Dr. Abdallah M. Azzeer

o)) dasa dilae o



103 PHYS-CH2 - Part2

bl JSA) A dina Jale DG dlia of aad Alal) sy BS
('):M

vy=0;a=+1.5n/s’; vi= 9 m/s
ViVO+al e U=(V- Vp)a=06 S

ddlace candad AU8laL) (o cpall) 3A DA
X=(Vop - Vop)2a=27 m
(1): 4808 Ads sl
v=9m/s; vi=0,; a=-2 m/s2
Ly=(ve - Vy)a=4.5s
Jilua cindad Jlal) 0585 Cpa3ll 130 S
X=(Vor - Vop)/2a=20.25 m
(1) A Asjpal) B ddlsa canked B ABlaY) 0585 Al sliyg
X;=400 - (x4 x)=352.75 m S .
ol (1) &st) syl b @=0 of s
X =Voly wmm—y ;=X V= 39.2 5 E
Al S il

T=t#ty#ty =50 s
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Adriver of a car going 90 km/h suddenly sees the lights of a barrier 40m ahead. It takes the
driver 0.75 seconds before he applies the brakes (this is known as the reaction time). Once
he does begin to brake, he decelerates at a rate of 10.0 m/s?.
a) Does he hit the barrier?
b) What would be the maximum speed at which the car could travel and NOT hit the
barrier 40m ahead?

40 m

(@) 50m>40m
(b) 14.26
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