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lecture 4 freely falling body
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Freely falling objects

s Definition
An object moving under the influence of

gravity alone (upward or downward) is
called a freely falling object

Galileo was the first to notice that if we
ignore air resistance, then all objects fall
with the same constant acceleration

For example, if we drop two objects with
different masses from the same height,
then the two objects reach the ground at
the same time

¢+ Free fall acceleration

The magnitude of a free fall acceleration
near the Earth’s surface was found to be

lay| = 9.8 m/s?

The direction of a free fall acceleration is
downward toward the ground

If we use the y-axis to describe the
motion of a freely falling object with the
positive y-axis directed upward and the
negative y-axis directed downward, then
the free fall acceleration can be written as

ay, = —9.8m/s*

Where the negafive sign means that the
direction is downward
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+¢ The symbol g

We usually use the symbol g instead of
a, to represent the acceleration of a
freely falling object

The magnitude of g is given by
lg| = 9.8 m/s?
For simplicity we will stop writing the
magnitude sign —
g=lgl=9.8m/s*
As a resulf,
a, = —9.8 m/s?
ay,=—g
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Freely falling objects
< The equations of motion for Freely
falling objects
To find the equations of motion for a
freely falling object, we wuse the
equations of motion along the y-axis, but
we replace a, by —g

Remember, the equations of motion
along the y-axis are

Where
Ay =yr— Vi

1 .
Ay = vyt + Ea,,t

2
Vyr = Vy; + ZayAy

1
= E (Vyf + Vyi)

Vy.avg

The equations of motion for a freely

falling object become
Vyr =Vyi— gt
Where
1 .,
Ay = vyt — 79t Ay =ys—¥i
vyf vy[ 2gAy
Vyavg =5 (Vyf + Vyi)
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+» Example

A ball is thrown upward from the edge
ofatopofabmldmg Find the

cceleration of the ball at the maximum
helght the ball can reach

%+ Solution

The acceleration of a freely falling
object is constant everywhere and
directed downward —

a, = —g=-9.8m/s*

3 Exercise

(a) If the velocity of an object is zero, does
it mean that the acceleration is zero?

(b) If the acceleration is zero, does it mean
that the velocity is zero?

The answer is

(a) No (b) No




following cases When taking the
direction of the positive y-axis to be
|upward and the direction of the negative
y-axis to be [T

(A) A ball is thrown downward from the
edge of a top of a tower with an initial
ISpee_dofS:mls.

(B) A ball is thrown upward from the
edge of a top of a tower with an initial
Ispeedof4-rnls.

(C) A ball is dropped from the edge of a
top of a tower
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Solution

e are asked to determine
he initial velocity

Yy
ﬁ Positive

0

¥ Negative

positive scalar quantity

speed =5m/s
The velocity is a
vector quantity that
can be positive or
negative

Vyi = —5m/s

We are given the
speed, which is a

We are given the
speed, which is a
positive scalar
quantity

speed =4 m/s
The velocity is a
vector quantity that
can be positive or
negative

Vyi = +4m/s

Whenever we say
“dropped,” it means
that the initial
velocity is zero




s+ Example In this case the distance is given by
Aballlsdropped_theedgeofatop d = |Ay|

| . We first calculate Ay

Solution The equations of motion are given by
The word dropped means that the initial | Vyf = Vyi — 9 ¢
velocity is zero

Where
: 1 2
Ay = vy,t—igt Ay =yr— Vi

Vi = Vi — 2gAy
Vyavg =35 (Vyg + Vyi)
We use the second equation

1 2
Ay = Vyit = Egt

We are asked to calculate the distance
travelledin 2 s
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Substitute the numbers —>

1
Ay=0—ix9.8x22 —

Ay=-19.6 m —=

= |Ay| = |-19.6|
=19.6 m
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The speed is a positive scalar quantity
A ball is thrown downward from the In this case, the speed is given by
edge of a top of a building with an initial S—|v |

/hat would its speed = Vyr

We first calculate v, ¢
The equations of motion are given by

Vy‘f=vy1—gt

Where
1 .,
Ay = vyt — >4t Ay =y~ i

v;f = Vfi — 2gAy

1
Vyavg = 2 (vyf o vyt)

We are asked to calculate the speed of
the ball after 2 s

We use the first equation
t=2s

Vyr =Vyi— gt
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Substitute the numbers =—
VyF=-3-9.8X2 —

Vyr = —22.6m/s >

=22.6m/s
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Freely falling objects

%+ The velocity at the maximum height

Consider a ball thrown upward from the
edge of a top of a table.

y max

As the ball rises, its speed
decreases until it reaches
the highest point, where
its speed is zero for an
instant; then it falls back
to the ground.

— "yf|=
y

@0 =0
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¢ Calculating the maximum height
To find the maximum height, we first
choose the origin at the point of

yf = Ymax| projection —>

The initial position of the ball is
yi=0
The final position of the ball is at the
maximum height
Yr = Ymax

= AY=Yr—Y =Ymax— 0

= AY = Ymax
We also, use the fact that the velocity at
the maximum height is zero

vyfl =0
Y

We now choose the suitable equation of
motion to calculate the maximum height
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The equations of motion are given by

Vyr =Vyi— gt

1
Vyavg = E(Vy}' + Vyi)
" g 1 2 Where
Y=Wit=29% dy=y-v,
vy = Vyi = 291y
We use the third equation

Vyr = Vyi — 290y

Substitute

for AY = Ymar and vy
= 0 leads to

0= v;zi — 29Ymax

VJ%I
= Ymax = 2g

Which is the maximum height with
respect to the point of projection
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+»» Example (A) » Exercise
A ball is thrown upward from the edge of | The maximum height with respect to the |A stone is thrown vertically upward
a top of a table with an inifial speed of 10 | point of projection is given by with a given initial velocity. It reaches a
m/s. if the height of the table is 2 m. % maximum height of 100 m. If, on a
(A) Find the maximum height the ball Vi = X second shof, the initial velocity is
can reach with respect to the'table. 29 doubled then the stone will reach a
(B) Find the maximum height .tl_le_ ball Substitute for v,; = 10 m/s maximum height of.
can reach with respect to the gr " A.70.7m
. : Yoo = & im B.1414m
(B) D.241m
E.400m
The maximum height with respect to the E400ml ]
ground is given by Hint Ymax = %g{
_@| wi=10m/s | Ymax/grouna =5.1+2=7.1m If the velocity is doubled, then
2
zl Vmax/men = V0% 200
m i max/new — -
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Freely falling objects Department of Physics
& Calculating the time required to|To find the time required to reach the | The equations of motion are given by

reach the maximum height maximum height, we use the fact that the -
Consider a ball thrown upward from the velocity at the maximum height is zero Vyr=Vyi— gt
edge of a top of a table. Where

0 vt
v)’fl = Ay = Vyit =5 gt Ay = yr—yi

Ymax

y max

;J’f = Ymax TG
5 We now choose the suitable equation of | V¥f = Vi — 2gAhy
motion to calculate the time required to

reach the maximum height

As the ball rises, its speed
decreases until it reaches
the highest point, where
its speed is zero for an
instant; then it falls back
to the ground.

We use the first equation
Vyr =Vyi— gt
Substitute for v, = 0 leads to

V.
O=v,;—gt = t=f

Which is the time required to reach the
maximum height and can be written as

= VyOma) =0

= Ulmax—height =




Freely fallin
+»» Example

objects

An object is thrown upwards with a|A pail is hit straight up into the air. The ball is observed to reach its maximum

speed of 10 m/s. Find fhe fime required | height/3.1 § after being hit. Whatislits speed after 4.2 57
for the object to reach its maximum Tha Ansvenis
height

o

-

speed = 10.8 m/s _8

Solution ' ©
10 m/ i

Vyi = m/s

.1 . )

Q

n

The time required to reach the —
maximum height is given by =
o hight = =
max—height g E

<

Substitute for v,; = 10 m/s

10
= Ulmax-height =g = 1.02s




