By Prof. Rashad Badran

Finding Average Velocity «xs Instantaneous Velocity from a Given Equation:

A particle moves according to the equation x = 10 t?, where X is
INn meters and t IS in seconds.

(a) Find the average velocity for the time interval from 2 s to 3 s.

(b) Find the instantaneous velocity att = 4 s.

By Prof. Rashad Badran



By Prof. Rashad Badran

_Ax_xf K

avg. At te —t
The initial and final positions (x; and X,) that correspond to the given initial and final
times (t; and t;) can be found using the given equation

x=1Ot2

. . . 2
For t =t, =2 s, substitute this into the equation to get x. as: X, = (10)(2)~ = 40m

(@) v

2
For t =t;=3 s, substitute this into the equation to get x;as: X = (10)(3)" =90m

“t 7% 90m-—40m

avg. tf —ti 35 — 25

— 50m /s towards +ve x-axis

By Prof. Rashad Badran



By Prof. Rashad Badran

dx
(b) e

Take the derivative of the given equation (X = 1Ot2) with respect to t to get:

v =20t
X

The obtained equation shows that v, is linearly proportional to t.

At time t = 4s, the velocity is _ towards +ve x-axis
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Finding Instantaneous Velocity from a Given Graph:

X (M)
The position versus time for a certain
particle moving along the x axis is shown. 207----gc-r=------r----1
Find the instantaneous velocity at the 8f---Fr-"7""7""""
following times (@) t=1s, (b)t=3s, (c)t= °] /7

O B e E e B o
45s,and (d) t=7.5s.
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Finding Instantaneous Velocity from a Given Graph: _

X, — X.
Ax  Tf 7

V =V For the linear relation

inst avg. At '[]c —ti between x and time't

(@) Fort=1s, vjq Is equal to v, Iin the time

Interval fromt, = 0 to t; = 2 s, (the slope
of the purple line)

10m -0
_ =V = =+5m/s
INSt avg. 2—-0

V
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Finding Instantaneous Velocity from a Given Graph: _

. & N f | For the linear relation 4

avg. At t_ _t betweenxand timet
fo

Vv V

INst B

(b) Fort =35, vjq Is equal to v, in the time
Interval fromt, = 2 sto t, = 4 s, (the slope of
the purple line)

B 5m —10m

V. =V = =-2.5m/s
Inst avg. (4-2)s
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Finding Instantaneous Velocity from a Given Graph: _

X, —X. x (m)
. _ A | For the linear relation | _____________________.
inst avg. At tf _ti between x and time t 10---3---5--L--E---?--E---E--i
8 +---—fF-N--i-- I

(c) For t = 45 s, vj, is equal to v, in the 6777/~
time interval from t; = 4 sto t = 5s, (the "7/ |
slope of the purple line) 2 2 e

0-0
V. =V = —
inst  "avg. (5-4)s
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Finding Instantaneous Velocity from a Given Graph: _

_ & . f |  For the linear relation 4

avg At t. —t Dbetweenxand timet A A A
to AR

V

et et s B e e e i B e

V. =
INSt

R o e e Rl sl

(d) For t = 7.5 s, vj4 IS equal to v, In the
time interval fromt = 7 sto tt = 8 s, (the
slope of the purple line)

A o 0

0—(—
. =V = S =5m/s
inst avg. (8—17)s

V
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Finding Instantaneous Velocity from a Given Graph: _

X (m
The position versus time for a certain ()
particle moving along the x axis is shown. 104 -~~~
Find the Instantaneous velocity at the 8 -~
following times (@) t=2s, (b)t=6s,and (c) °[ /N~ T
t=7s. 4 TN
74 & SEEL BT T B (R s :
ok
2_ ______________________
_4.,;-
L T SEN S
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With a constant acceleration -|

Displacement (M)
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Displacement (M)
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K

With a constant acceleration -I

Displacement (M)

0 ! I Time ° T (s)
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With a constant acceleration -I
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With a constant acceleration -I
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With a constant acceleration -I
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With a constant acceleration -I

-

+| Velocities at different S
Instants of time

Velocity is uniformly

— |
Increasing with time = |
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(m/s)

Velocity is uniformly
Increasing with time

Velocity

Displacement (M)

Time (S) By Prof. Rashad Badran
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(m/s)

Velocity is uniformly
Increasing with time

Velocity

v = (slope) x Time

= (Constant) xt

Displacement (M)

Time (S) By Prof. Rashad Badran
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One Dimensional Motion:

Average Acceleration g -4
A

. : : AV vV, =V,
In 1-D a simple form is written as: a,, = At
(It has a magnitude and direction) A\72 _d\17
Instantaneous Acceleration 4= %A_t T4t

. o dv
In 1-D a simple form is written as: a= s

(It has a magnitude and direction)
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Velocity is uniformly
Increasing with time

N
Tl

a,=constant

——— e

Acceleration (m/s?)

With a constant acceleration -I

R S S
Time (S)

v

Velocity (m/s)
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Displacement (M)

Time

()
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Finding Average Acceleration a.a Instantaneous Acceleration
from a Given Equation

A particle moves according to the equation x(t) = 10 t?, where X
IS In meters and t Is In seconds.

(a) Find the average acceleration for the time interval from 2 s to 3 s.

(b) Find the instantaneous acceleration att = 4 s.

(c) At what time Is the object at rest?

By Prof. Rashad Badran
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Yol llidle)aM (2) Average acceleration for the time interval from 2 s to 3 s.

_Av_vf Y

avg. At te —t
To find the initial and final velocities (v; and v;) that correspond to the given initial and

final times (t; and_t;). One can take the first derivative with respect to time of the given
equation x = 1Ot2 to get VX (t) = 20t

d

For t =t, =2 s substitute into the equation to getv, as: Vi = (20)(2) =40m/s

For t =t, =3 s substitute into the equation to get v,as: V¢ = (20)(3) =60m/s

V — V.
r +_60m/s—40m/s _,, /.2 Itisinthe direction of
t, —t 3s — 2s

f | Initial motion
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SYel[Uli[e]1g M (b) To find the instantaneous acceleration att =4 s.
dv
a =—
X dt

Take the second derivative of the given equation ( X(t) = lOt2 ) with respect to t to get:

It IS Iin the direction of
Initial motion

The result shows that the acceleration is constant when t varies (i.e. aX - aavg.)

(c)To find time at which the object is at rest?

Use the obtained equation Vx = 20t and put v, = 0 to get the time t =0
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with a Constant Acceleration

Displacement (M)

Velocity (m/s)

~

X

1 2
—X. =V t+—at
f | XI 2 X

=V .+at

R e
aX:constant

Acceleration (m/s?)
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Time
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Uniform Motion with a Constant Acceleration

V =V .+at
xf XI X

1
X, =X. ==(V .+V

f I 2 Xl xf)t

1 2
X —X. =V t+—at
f | XI 2 X

2 2
=V . 2 — X.
fo VXI - ax(xf XI)

(1) Velocity as a function of time
for a constant acceleration

(2) Position as a function of
velocity and time for a constant
acceleration

(3) Position as a function of time
for a constant acceleration

(4) Velocity as a function of
position for a constant
acceleration
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A truck covers 40 m in 8.5 s while smoothly slowing down to a
final speed of 2.8 m/s

Finding Acceleration of slowing down object:

(a) Find its original speed

(b) Find its acceleration.
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By Prof. Rashad Badran

A truck covers 40 m in 8.5 s while smoothly slowing down to a
final speed of 2.8 m/s

Finding Acceleration of slowing down object:

(a) Find Its original speed

(b) Find its acceleration.

t ,: 0 t; :E?.S S
~ = canomv- a V-
I VXI \41\\1 TeNJUAT ‘ xf =2.8 m/s
l > |
AX =40 m
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(a) 1 t=8.55s
AX==(v , +V )t U+
1 2" Xt Xl - Vit =2.8m/s
>
40m = B (2.8m/s+ VXi )(8.55) Ax=40m
= VXi = 6.62m /s due east and same as the direction of final velocity
Vv —V .
(b) . :( xf XI) 22.8_6.622—045m/82
X t 8.55 |

Conclusion: The minus sign indicates a deceleration of truck where a is directed
opposite to both 4Ax and final motion of the truck v,; .
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A baby toy car moving with uniform acceleration has a velocity
of 12 cm/s In the positive direction when its x- coordinate Is 3
cm. If its x-coordinate 2 s later is — 5 cm, what Is its
acceleration?

Finding an Acceleration:

By Prof. Rashad Badran
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Finding an Acceleration of an object when it changes direction:

A baby toy car moving with uniform acceleration has a velocity
of 12 cm/s in the positive direction when its x- coordinate Is 3
cm. If its x-coordinate 2 s later iIs — 5 cm, what Is Iits

acceleration?

t=25s =0
X;= -5 cm X;=3cm

By Prof. Rashad Badran
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t=0 x.=3cm V,;=12cm/s t=2s X=-5Cm a="?

Ay

2 <
X —X. =V .t+—at
f | XI 2 X

(=5—3)em = (12em/ 5)(25) + % a, (2)°

< AX=-8m

2

—a =-16cm/s due west and same as the direction of displacement

X
Conclusion: The minus sign indicates an acceleration towards —ve x-axis and Is

directed in the same direction of Ax and final velocity v,; . One can check whether the
final velocity Is directed towards west or not as follows:

_ 2
W SV el 1= Ve = 12cm/ s+ (=16ecm/s“)(2)

—v__ =-20cm/s —
xf By Prof. Rashad Badran
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Finding position and time of an object at a turning |ooimm

From the previous example, at what time is the car at rest? What Is its
position at this moment?
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One Dimensional Motion: |

If a car is travelling eastward, its acceleration

(a) must be varying
(b) must be eastward only

(c) ) can be eastward or westward

(d) The answers in (a) and (b) are correct

(e) None of above answers
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One Dimensional Motion: |

If the velocity of the particle is zero, its acceleration

(a) can be zero
(b) is constant but not necessarly zero

() cannot be zero but is increasing with time

(d) cannot be zero but is decreasing with time.

(e) ) The answers (a) and (b) are possible
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One Dimensional Motion: |

Two cars (A and B) are moving in the same direction in parallel lanes along a
highway. At some instant, the velocity of car A exceeds the velocity of car B. Which
of the following statements are correct?

(a) ) The acceleration of car A is greater than that of car B

(b) The accelerations of the two cars are the same

(c) The acceleration of car B is greater than that of car A

(d) B s an old car while car A is a new one.

(e) None of those statements is correct
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One Dimensional Motion:

Objective Question

A racing car starts from rest at t = 0 and reaches a final speed v at time t. if the

acceleration of the car is constant during this time, which one of the following
statements are true?

(@) The car travels a distant vt.

(b) The average speed of the car is v/2.

(c) ) The magnitude of the acceleration of the car is v/t.

(d) The velocity of the car remains constant.

(e) None of answers (a) through (d) is true



