Kinematics: The Mathematics
of Motion

Readings: Chapter 2



Motion along a straight line

1ls

2S

3S

4s

It ication, Inc.. publishing as Addison Wesley

Can be illustrated by
position-versus-time graph:
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A
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Position graph

x 1
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At AX
V=—o
Vv
1 2 3 4 i) Velocity is the_same —
zero acceleration
Straight line — uniform motion — the T AV -0
same velocity Aavg = A_t -

Velocity is the slope



| Position graph: uniform motion
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| Uniform motion: motion with constant velocity

V_Ax_ X, — X,
At t-t,
X, X, =X, +V(t—t,)




| Uniform motion: application X, =X, +V(t—t,)

Example: - X, =5m X, =1m t,=2s
A

X 2 S Find Xint and tint
m
v, =1—
Xint S

Xl
X2 >
to tint t

X, =X +V(t —t)=5+t —-2=3+1

int

Xing = X, +V, (4, —t,)=1+2t,  —4=-3+2t,,

int
3+t . =-3+2t t.. =6s
Xing = 3+ 1 =3+6=9m_



Position graph

1. At t = 0 min, the 2. The value of x decreases for
caris 10 km to the 30 min, indicating that the car
right of the origin. i1s moving to the left.

x (km): ’
204 & F

5. The car reaches the
25 origin at = 80 min.

-
,

10 1

{ (min)

_10_

_20_

3. The car stops for 10 min at 4. The car starts moving back
a position 20 km to the left to the right at 1 = 40 min.
of the origin.
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Value = —2.0 m/s
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(a)

1 Slope = —2.0 m/s
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f(s)
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realistic

(b) v_(m/s)

Value = 5.0 m/s
e

x\falue = —2.0m/s



| Instantaneous velocity

X
Very small At

C
=

Instantaneous velocity:

_Ax
At

AX

v

{

If dependence X(t) is given, then

V = Ax = dx(t) - derivative
. / At dt
. Example:
Instantaneous velocity - slope
x(t) = 5t* v= O o
dt
x)=5sin(t)  v=LU0_5eoqty




Finding position from velocity

dx(t)
dt

(a) _ .
v I'he velocity varies
with time.

The velocity curve is
approximated by constant-
velocity steps of width Ar.

(b)
V —
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Step N
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Step 1

fy

v
§

X(t) = j v(t)dt

During step &, the product
As,= (v) At is the area
of the shaded rectangle.

At f

v \
/ \
7 \ y
N
' f
i\ - J

During the interval f. b0t
the total displacement As is

the “area under the curve.”
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The displacement is the area, displacement is positive

t, t, t
) (X,)

L
X,y =X, =X, = Iv(t)dt >0
Y
v(t)>0

Displacement is negative
t

X,y =X, — X, = Iv(t)dt <0
t

V(1) <0

11



Example: 7 C D
Find the net displacement /\\ \
AN
0 Ao \. AA NN AN ()
N V2 4 6 8 10
t _2_
Xag = Xg — X, =j‘v(t)dt=—12-2=—2m
’ 2\

e 1 P area
Xg_c = Xo — Xg = jv(t)dt = 52-2 =2m
lg

tD
Xe = Xg — X, = j v(t)dt = 2¢(10—4) = 12m
tc

Xap=Xp—= Xy =Xg—Xe+Xe—Xg+Xg =Xy =Xe_p+ Xg_c+ X n
=-2+2+12=12m



Velocity is the slope
y - ds
B dt

> v, <0 Ve >0

V, <Vg <V,

13



Velocity is the slope

ds

\V =

dt

Acceleration is the slope

dv

AV

t

T

a=
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| Motion with constant acceleration

Motion with constant velocity:
AX X, — X,

X, =X, +V(t-—1
X K = X+ V(=)

V =

Motion with constant acceleration:

Av V-V,
Attt

a= v, =V, +a(t-t,)

X, =7

dx,
" e

t t
1
X, = X, +Ivtdt = X, +-“(v0 +a(t—t,))dt =x, +v0(t—t0)+5a(t—t0)2

t ty
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| Motion with constant velocity or constant acceleration

Motion with constant velocity: X, = X, + V(t — to)

Motion with constant acceleration: V, = VO + a(t to)

1
X, = X, +v0(t—t0)+§a(t—to)2

Useful relation:
Vt_Vo
2
a V, —V 1(v,—-Vv
X, = X, +V,— °+—(t o)
a 2 a

(t_to):

then

Vt2 _Vg = 2a(X, — X,)
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| Motion with constant velocity or constant acceleration
t =0

0

Motion with constant velocity: X, = X, + Vi
0

Motion with constant acceleration: Vt =V.+at

1

Vt2 _Vg = 2a(X, — X,)
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| Free fall motion - motion with constant acceleration
l y A

d = constant

vV, =V, — gt

vi—ve =-29(Y, - Y,)

1
yt=y0+v0t—Egt2
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| Free fall motion - motion with constant acceleration

Stop : _}O Vi Vi 4 Vfinal = O Vt = VO _ g t
} V=V ==29(Y, — Yo)
. ; g=98s—2 1 .
. ‘ yt=y0+v0t—zgt
o Vo=2m/s
At final point: V= 2—9.8t
v. =0 0=2-9.8t,
& v -22=-2x98xy,
—2°=-2%9.8x
/G y, =2t—4.9t

y, =2t —4.9t°
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