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Abstract: In the following pages, I put forth formulae which hold good for finding velocity, kinetic energy, total energy of a body
which is projected vertically upwards or vertically downwards with some initial velocity “u” in one dimension motion, where the body
has covered fraction (}/ﬂ)th of the total displacement “h”. Here the fraction (J/p) in my derivation is represented by y for the sake of
convenience. For example: If a body has covered (1/2)" of total height then 2 =1, B =2 and y = (1/2)

1. Introduction

These are the terms which will be used in the following
pages
o Initial velocity (u): The initial velocity is the velocity of
the object before acceleration causes a change
e.g.: If a body starts with rest then its initial velocity is 0.

e Final velocity (v): Final Velocity is defined as the
Velocity attained by a body after completing or reaching
certain distance or a given or certain time interval.
eg: If after acceleration the velocity of a body becomes 12
m/s, then the final velocity is 12 m/s

e Acceleration due to gravity (g): Acceleration due to
gravity is the acceleration on an object caused by the force
of gravitation. Neglecting friction such as air resistance,
all small bodies accelerate in a gravitational field at the
same rate relative to the center of mass. This equality is
true regardless of the masses or compositions of the
bodies. For Earth, the value of acceleration due to gravity
is normally taken as 9.8 ms™.

e Mass (m): Mass is a property of a physical body. It is the
measure of an object’s resistance to acceleration (a change
in its state of motion) when a net force is applied. It also
determines the strength of its mutual gravitational
attraction to other bodies. The basic Sl unit of mass is the
kilogram (kg).

¢ Kinetic energy (KE): Kinetic energy of an object is the
energy that it possesses due to its motion. It is defined as
the work needed to accelerate a body of a given mass from
rest to its stated velocity.

¢ Potential energy (PE): Potential Energy is the energy
possessed by an object because of its position relative to
other objects, stresses within itself, its electric charge, or
other factors.

o Total energy (TE): Total energy of a system is defined as
sum total of all energy possessed by a body. For
mechanical energy, the total energy is sum total of Kinetic
energy and Potential energy.

2. Existing Formulae

There are formulae existing for finding Initial velocity, Final
velocity, Acceleration, Displacement, Kinetic energy,
Potential energy.

1)For Initial velocity, Final velocity, Acceleration,
Displacement:
e VvV=u+at
e s=ut+ (atd)/2
e V2 U’ =2as

2)For Kinetic energy:
o KE=mv%2

3)For Potential energy:
e PE =mgh

3. Proposed Methodology

For a body projected vertically upwards with some initial
velocity
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FOR A BODY PROJECTED VERTICALLY UPWARDS
WITH SOME INITIAL VELOCITY

Body projected vertically upwards,
with some initial velocity “u” and has
covered a fraction(A/B)of total
displacement “h"

Fraction of total displacement(A\/B) covered
by a body projected vertically upwards with
some initial velocity “u” ,i.e. it is at (A/B)" of
total height above the ground.

ﬁ

Total displacement “h” covered by a
body projected vertically upwards

N Al

now

with some initial velocity “u

GROUND

[Tt

For everybody projected up with some initial velocity “u”, it
covers fractional displacement “y” of total height “h”, which
is represented by ( A/B)h in one dimension motion, g’ is
acceleration due to gravity and negative sign indicates
negative acceleration.

V- U’ =2(-g) (¢ h)

V= u?- 2gyh
vi=ul- Ig}j% (h=u?/2g in one dimension motion)
V= -yl
v= Jut — yu’
v=1u ,.‘,-"J. - ¥
i

v = u\l| 1- 7 (gisafraction in form A/B )

[6-1
P Ll -
v=u V7 1

We know that Kinetic energy (KE) = mv?/2
KE =é m (u,/1— y)* (Substituting eqn 1 in this eqn )

KE== mu®(1— ) 2

L - (B-1
KE =2 mu (?)
We know that Potential energy (PE) = mgh. Since the body
covers the displacement of y, so it is at height x of total
height h.
PE = mg(y h) -3
We know that Total energy (TE) = Potential energy (PE) +
Kinetic enrgy (KE)

TE =mgyh + i.'rrw::{'J.— ¥

(Substituting eqn_2 and eqn 3 in thiseqn)
TE =mgyh + :

mu- — mu Yy

ta |-
ta |-

TE = %{2mg;;ff.‘+ mu” — mu-y)

2oxw’ u:+ ui- uly
TE=m |—2—

(h=u?/2ginone dimension motion)
TE=>mu® (0R) T

(By multiplying by g both in numerator and denominator)
TE= > mu® (OR)

(U*/2g = h in one dimension motion)

mgh

4. Result of the Findings

1) When a body of mass 5 kg is projected vertically
upwards with initial velocity 10 m/s, and it has covered
(4/5)" of its total displacement.

Here: m=5kg,u=10m/s,A=4,p=5
A) Velocity of the body at (4/5)™ of total displacement is
=

y B
-
= 10\;? m/s

P=Uu

-
=
5 m /s

10
N
v =245 m/s

B) Kinetic energy of the body at (4/5)" of the total

displacement is

KE = f mu” {%)

KE =:(5)10° (22)

5
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KE = 2(5)(100) (3)J

KE =307
C) Total energy of the body at (4/5)" of the total
displacement is

TE = %mu:

TE =2 (5)10%]
TE = £ (5)(100) ]
TE =250]

2) When a body of mass 100 kg is projected vertically
upwards with initial velocity 100 m/s, and it has covered
(1/200)" of its total displacement.
Here: m =100 kg, u=100 m/s, A= 1, p =100
A) Velocity of the body at (1/100)" of total displacement is
u |E

\ B
lton—1

.= |
v 'lll]ll]_k‘I o0

7=

m/s

—
= [3%
v mn\,lmn- m/s

v = 30311 m/s
B) Kinetic energy of the body at (1/100)" of the total
displacement is

KE = f mu” {%)

_1 o f100—1
KE =3(100)100° (*2=2)

1 ~ o0
KE = 2(100)100% (=)
KE = 405000
C) Total energy of the body is
1 -
TE =-mu-

TE = 2(100) 1007 J
TE = = (100) (10000) J
TE = 500000 ]

FOR A BODY FALLING WITH SOME INITIAL
VELOCITY

Fraction of total displacement(A/B) covered
by the body

Body falling from a certain height “h", with
some initial velocity “u” and has covered a |4
fraction()/B)of total displacement “h"

to be covered by the body ,i.e. Itis at (1-
(A/B))" of total height of above the ground.

Fraction of total displacement({1-(A/B)) yet <

~—

Total displacement “h" covered by a
falling body.

/

GROUND I

For everybody falling with some initial velocity “u”, it
covers fractional displacement “y” of total height “h”, which

ERPRCE)

is represented by ( A/B)h in one dimension motion, ’g” is
acceleration due to gravity.

vt —ut =2 (g)xh)

v =ut + 2gxh

v = u” + 2gy 'J—g (h = u?/ 2g in one dimension motion)
v: = ut + yu’

e

V= H\,II 1+ 7 (y 1s a fraction in form A/B )
B+l

)= g |EE1 -

v u\l 2 1

We know that Kinetic energy (KE) = mv?/2
KE :é m{u, 1+ y )? (Substituting eqn 1 in this eqn )

KE== mu®(1+ x) 2
_L ot (B
KE—:mu (3)

We know that Potential energy (PE) = mgh. But the body
covers the displacement of y, S0 it is at height (1-y) of total
height h from the ground.

PE = mg(1-y ))h --3

We know that Total energy (TE) = Potential energy (PE) +
Kinetic energy (KE)

TE=mg(l—p)h+-mu®(1+ x) (Substituting eqn 2
and eqn 3 in thisegn))

TE = mgh —mgyh + i mu® + = mu-y

TE = %{Em',gfr — 2mgyh + mu® + muy)
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TE = -{?‘mgf.{l— }+mut(l+ x))

1=

TE = _(?mg—u— )+ mu® {L+}f]] (h = v?/ 2g in

one dimension motion)
TE = %{mu:{l — ¥+ mu*(l -|-):‘]}

=t

TE=-mu*(1—y+1+y)

TE = S mu(2)

TE=mu® (0R) L5 (By multiplying by 2g both in
numerator and denominator)

TE = mu® (OR) 2mgh

(u?/2g = h in one dimension motion)

If,

TE; = Total energy of a body when it is projected upwards
with some initial velocity “u”

TE, = Total energy of a body when it falling with some
initial velocity “u”

Then,

TE, mgh 1
TE, 2mgh 2

TE,:TE, : 1:2

From equations:
KE a m

KE a u?

TE a m

TE o U

m o 1/u?

Where

KE = Kinetic energy
TE = Total energy
m = Mass

u = Initial velocity

5. Result of the Findings
1) When a body of mass 20 kg is falling with initial velocity
2 m/s, and it has covered (1/2)" of its total displacement.

Here:m=20kg,u=2m/s,A=1,3=2

A) Velocity of the body at (1/2)™ of total displacement is

v=u B
v B
—

I+l
L—Eﬂl%m,ﬁs
[z

1:=2\I|:m,.-’5

v =+6m/s
B) Kinetic energy of the body at (1/2)" of the total
displacement is

= me (2
KE =:0202° (%)
KE=:002 (%)
KE=60]

C) Total energy of the body is

TE = mu®
E=(202%]
E=(20)(4)]

TE=80]

D) Thus we can find height from which ball is falling
TE =2mgh (Where h = maximum height)
80 =2(20)(10)h  (Taking g=10 m/s) So, h=0.2m

2) When a body of mass 1 kg is falling with initial velocity
100 m/s, and it has covered (2/5)" of its total displacement.
Here: m=1kg,u=100m/s,A=2,B=35

A) Velocity of the body at (2/5)™ of total displacement is
[
y 8
—
100 -.,II-T-'-E‘ m/s

7=

=
I

I'?
v l[l[l\lg m/s

v = 20435 m/s

B) Kinetic energy of the body at (2/5)" of the total
displacement is

KE = {S+.l)
KE‘—-{LJLEIEI (=5) 5

5
KE = 2(1)100° (2)J
KE = 7000 ]

ol

C) Total energy of the body is

TE = mu-

TE = (1)100° ]
TE = (1)(10000) J
TE = 10000 ]

D) Thus we can find height from which ball is falling

TE = 2mgh (Where h = maximum height)
10000 = 2(1) (10)h (Taking g=10 m/s)
h=500m
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