105 PHYS_T2Y41

CH1_Describing Motion_part2

1.6,1.7.1.8 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

_--_SS
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From (3), we will get

v-v,
a =
t
v=v + at (4)
From (1),we will get
= X-X =
v = == x=x, + vt

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=Xx, +§(v+v0)(v_v”)

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 “a” is VERY IMPORTANT!

Dr. Abdallah M. Azzeer
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Sign convention :
v=y, + (—a)t
| 4

v=v, + at

V

Both “¥” and “a”

Both “¥’ and “a”
have Opposite sign !

have Same sign !

Dr. Abdallalh M. Azzeer

EXAMPLE 13

A woman standing in front of a cliff claps her hands, and 2.50 s later she hears an
echo. How far away is the cliff? Assume that the speed of sound is 343 my/s.

SOLUTION The total distance a sound travels in 2.50 s is
x = vt = (343 m/s)(2.50s) = 858 m

The sound must travel to the cliff and back, so the cliff is half this distance away,
which is 1(858 m) = 429 m. 14
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Y EXAMPLE 1.4

If the highway speed limit is raised from 55 mi/h to 65 mi/h, how much time is saved
on a 100-mi trip made at the maximum permitted speed?

SOLUTION At v; = 55 mi/h the time needed for the trip is #;, = x/v;, and at v,
= 65 mi/h the time needed is t, = x/v,. Hence the time saved is

X x 100 mi 100 mi

At=t, —th=———= o e
R T, T SSmih 65myn . 0-28h
Since 1 h = 60 min, the time saved in minutes is
At = (0.28 h)(60 min/h) = 17 min ¢
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BB,  EXAMPLE 1.9

A car is stationary in front of a red traffic light. As the light turns gre§n, a truck 2oeq
past at a constant velocity of 15 m/s. At the same mqment, the car beglps to acceleryy,
at 1.25 m/s®>. When it reaches 25 m/s, the car continues at this \{eloc1ty. When does
the car pass the truck? How far have they gone from the traffic light at that time?

vt SOLUTION (a) The car’s final velocity is v; = 25 n?/s, and the truck’s COnstap
@ E II velocity is v, = 15 m/s (Fig. 1.12). The car needs the time |
! - v 25 m/s
% === =20s
te ’ ’ " T 15w
TV* E | to reach the velocity v;. To find the distance the car covers during its acceleration,
© 2 T [ we use Eq. (1.11) with vy = 0 and v, = v,. The result is
PSS = -
| 2 )2
R N -

2 (2)(1.25 m/s?)

distance
|
[
, =0 1 ll n=vl-n
@ S a for a total distance of

Figure 1.12

x=x+x=x+vi@t—-1t
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If ¢ i« ihe total time the car needs to catch up with the truck, the car travels the furthe |
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The truck meanwhile covers the same distance in the same time at the constant
velocity v, so

X = vy
Setting equal these two formulas for x gives

Wt = X1 + Vl(t = tl)

¢ = X — Vi _ 250 m — (25 m/S)(2O S) _
v —vi  (I5ms) — 25mis) 28

The car passes the truck after 25 s.

(b) We can use either formula for x. The second one gives

X =vt=(15ms)Q25s) = 375 m = 0.38 km ¢

Dr. Abdallah M. Azzeer

A car is traveling 80 km/h in a school zone. A police car starts from rest just as the
speeder car passes it and accelerates at a constant rate of 8 km/h.s.

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

Dr. Abdallah M. Azzeer
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The two solutions are

t=0 corresponding to the initial conditions
and t= M =20s
4 km/h.s

The police car thus catches the speeder at time ¢= 20's

(b) The velocity of the police car is given by  — v, + at with v, =0:
v,=at=(8 knv/h.s) t
At t=20 s, the velocity of the police car is;
v, = (8 km/h.s)(20 s) = 160 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.

Dr. Abdallah M. Azzeer

EXAMPLES

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

(@) 35m/s

(b) 25 m/s i

(c) 15m/s v=v0+at=w—3x5=10m
(d) 10m/s 4@ 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 _ 1 I

(b) 40 m, 10 m/s x—V,,t+Eat =50m
(c) 50 m, 20 m/s

(d) 100 m, 10 m/s V=V,,+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 m/s‘ 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

Dr. Abdallah M. Azzeer
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o* Ga) glas G Laie giepm O 1A ¢ OgSull (e @i s 400 M Alsh 739 20 S ) Biilh glias
(a) 20 m/s (b) 32 m/s c) 40 m/s (d) 80 m/s

oV iy i i 1.5 mfs? aia csjlady O sSud) e il 13, B bl G 400 M Adlw Alila adat
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) JSAY A Lina Jale 30 dlia of 2ad Ablal) day A
(1):eds¥) s al

V=0, a=+1.5m/s’; vi=9 m/s
ViVO0tal ety (V- V))a=65

Ailse cakid ABlAY) 0685 il 130 DA
X=(Vop - Vop)2a=27 m
(1): 4006 A yal)
vy=9nvs; vi=0,;a=-2 m/s2
Ly=(Ve - Vy)a=4.5s
Llose caaddd ABAY) 0585 Gl 120 S
X =(Vop - Vop)/2a=20.25 m
(1) L6 Asjal) B dbluse caddd 6 ALolal) 585 Al eliyg
X;=400 - (x#x)=352.75 m . § : : =
ot (1) A Al i @=0 of o
Xy =Volis mm— =X/ Vo= 39.2 5 E
Al S il

T=t#t#t=50s
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1.9 Free Fall (Acceleration of Gravity)

Free fall is a motion under the influence of gravitational pull (gravity) only;

Which direction is a freely falling object moving?

Gravitational acceleration is inversely proportional to the distance

between the object and the center of the earth

The gravitational acceleration is g=9.80m/s? on the surface of the earth,

most of the time.

The direction of gravitational acceleration is ALWAYS toward the center
of the earth, which we normally call (-y) ; where up and down direction

are indicated as the variable “y

Thus the correct denotation of gravitational acceleration on the surface of

the earth is g=-9.80m/s?

Dr. Abdallah M. Azzeer
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@® Free falling Objects

In the absence of air resistance, all objects fall towards the earth with the same
constant acceleration (a = -g = -9.8 m/s?), due to gravity y

a= § ; free falling acceleration
gravitational acceleration g = 9.80 m/s?

QY
I
|
)

Free fall motions: Summary

v=v, —gt ‘

=yt i £’
y yo_o Zg

y—y, = %(V + vo)t
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B ,mjo"‘m

A man throws a brick upward from the top of a
building. TRUE OR FALSE. (Assume the C
coordinate system is defined with positive being| j’::}):w
upward) g

@

s
a) At ‘A’ the acceleration is positive —F é
b) At ‘B’ the velocity is zero —— = T z
c) At ‘B’ the acceleration is zero —F :';- B
d) At ‘C’ the velocity is negative — T :; i o0 ms
e) At ‘C’ the acceleration is negatve ~—— T §
f) The speed at ‘C’ and at ‘A’ are equal —-T -35;
g) The velocity at ‘C’ and at ‘A’ are equal F %
h) The speed is greatest at ‘E’ — T § Ems

3 L L e,

Dr. Abdallah M. Azzeer

A ball is thrown up from the top of a building 40 m high with initial velocity of
10.0 m/s, determine:

a) The time at which the ball reaches its maximum height.

b) The maximum height.

c) The time at which the ball returns to the position from which it was thrown.

d) The velocity of the ball at this instant.

e) The time at which the ball reach the ground.

f) The velocity of the ball when its reach the ground.

g) If the ball thrown downward with the same velocity ( 10 m/s), what the
velocity of the ball when its reach the ground?

Dr. Abdallah M. Azzeer
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At max. height v=0
Vs v=y, —gt=0

g 98
(b) The maximum height.
2

vi=v-2gy=0
v: _ (10)

4

(c) & (d) left for you to try.

=yt ltz
Y = Zg

Dr. Abdallalh M. Azzeer

(a) The time at which the ball reaches its maximum height.

|
Voi I 1
l i = >

s - =
h =

(e) The time at which the ball reach the ground.

y=h=—40=(+10)t —é(9.8)t2

=51m

49 -10t—-40=0
ax’+bx+c=0

solution
. -b+b’ —4ac
t 2a
t=4.05s
(f) The velocity of the ball when its reach the ground.
v=y —gt

=+10-(9.8)(4.05) = -29.69 m/s
Try using yp? = vj -2gy

(g) left for you to try.

Dr. Abdallah M. Azzeer
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=0
n=0
v =20.0 m/s

lg=2.04s
yg=20.4m

© lc=408s
¥e=0
e ==20.0 m/s

@ 10 = .r).”() S
o= =225 8
vp ==29.0 m/s

lE = 5.83 S
Y ==50.0m
@ ve=-37.1m/s

A stone thrown from the top of a building is

(2)

(b)
(©)

(d)
(e)

given an initial velocity of 20.0 m/s
straight upward. The building is 50 m
high. Using t, = 0 as the time the stone
leaves the throwers hand at position A,
determine:

The time at which the stone reaches its
maximum height.

The maximum height.

The time at which the stone returns to
the position from which it was thrown.

The velocity of the stone at this instant

The velocity and and position of the
stone att=5.00s.

Dr. Abdallah M. Azzeer

A box falls from an elevator that is ascending with a velocity of 2 m/s. It strikes the

ground in 3 sec.

(a) How long will it take the box to reach its maximum height?
(b) How far from the ground was the box when it fell off the elevator?
(c) What is the height of the elevator when the box is at its highest point?

When the box falls from the elevator, its initial velocity

will be v,=2m/s and a =-g.
(a) At maximum height, the box velocity is v=0

V=V, 8t
0=v,—gt

S t=v,/g=0204s
(b)t=3sec; v,=2ms

=
Y=Y, 23

=231 O8N3) == Im

v=2 m/s

Dr. Abdallah M. Azzeer
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=y t+lat2
Y= 2

(¢) The box will reach the maximum height in t = 0.204 sec. During this time, the

elevator will move up with constant velocity ( v=2 m/s ) and acceleration a = 0.

S y=(2)(0.204)—0=0.408 m

Therefore the height of the elevator; from the ground, when the box at its

highest point =38.1+0.408= 38.51 m

Dr. Abdallalh M. Azzeer
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< 0y

i

i

@vi=v) -2gy

v=\v, —2gy =+174=-174 m /s

V-V _ (-17.4)-(20)

b)v=v —gt — t= =382s
( ) 0 g -g -9.8
(c) at max. height v=10
vi=v!-2gy
2 2 2
y= Vv, _0-20) =20.4 m (from ground)
-2g -2(9.8)
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The pilot of a hovering helicopter drops a lead brick
from a height of 1000 m. How long does it take to
reach the ground and how fast is it moving when it
gets there? (neglect air resistance)

143 s
-140 m/s

71000 m

Dr. Abdallah M. Azzeer

A sandbag that is dropped from a balloon strikes the ground after 20 s. If the balloon is
moving vertically upward with a velocity of 20 m/s then the height of the balloon when
the sandbag is dropped is:

(a) 2360 m
(b) 1960 m
(c) 400 m
(d)

d) 1560 m 4l

Dr. Abdallah M. Azzeer
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A man ascending at 7 m/s in a balloon 20 m above the ground accidentally drops a box.
The velocity of the box just before touching the ground is:

(a) 14 m/s v2=v,f—2gy
(b) 18 m/s ,

(c) 21 mis4g =(7) -2(9.8)(-20) =441
(d) 58 m/s v =21 m/s

A ball is thrown vertically upward from the ground with a speed of 29.4 m/s. The time it
takes the ball to arrive at a height of 19.6 m on its way back is:

(a) 5.235s

(b) 1.345s

(c) 0.652 s

(d) 0.052s

To get A+ : Study and Solve Problems As MUCH As you CAN

i

e, |
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