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Motion

Kinetics is the Sindy of motion
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Example
the position of a patica is given
by B t

XCH = A c +
Ct

where A
,
B,
< are known constants .

cas wha me the dimensions of

A ,
B

,
&C ?

(b) Who is the particles velocity ?

c) what is the particles acceetion ?

Solution

(a) Row
,

[x) = L , [t]
=T

Also
, [e4t

= 1 => (B) [t] = 1

=> [R] = I ⑪

then
(x3 = [A] - 1 + [C) ·T

-> (A) = L ⑬

(C)=



(b) Recall UCH=
X s ~
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Useful daridives to know :

If a = can
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-x(Sinaxs) = a coscax)

- (cos(ax)) = - as(ax)

- &
,

(h(ax)) =
1
X



So
,
v =d

= (1 e
+

xt)

=(1et) + q(t)

= AB et + c

Bt
-> Ult) = ABC +C

(C) G = dr
-

dt

-(ABet + c)

- Aet) + Ac
dt

= AB et

- act = A B eBt



Example
The acceleration of a patice is

versat
,

a= A
.

If the particle Stats from the origin

I res
,
who is its velocity &

position as a function o timeL.

Soltion

if a = A =

candal
,

we
wat to

invet a = de & v= dX for & X
-

It dt

subjec to the constrat x (t = 0) = X = 0

~(t=0) = v.= 0

a =d => dr =
adt

t

agree ! ndr - Ta dt
Wo 8

ar

~
!

XX iS t



Useful begras :

if a = cana
,

-

dx = ax!
,

= acx - xi)

XI

- ~"ax"dx = a l"-x
*
-x* )

X I

- dx =h(x) = r)Ei)

So
,
since a = conse

,

~Ov= At = UHI = At ↳

I
Vo

Similarly , Y = => dx
= udt

t

=> jax= I widt
0

=

A t dt = A
2

-

2



Se
, x = x + 1 A+

30
,
Xr

= 0

-> x(t = 1At

So
,
for a = A = cons

& x = 0
,
v = 0 & t = 0

,

W(t) = At

x(t) = A +
2

Recall in year for castat acceleration

motsch
,

a = const

v = Vo + at

X = xo + Not +
at



Example
A car moves 72 hm to the right,
& then reverses diedice & travels

120 um to the left
.

(a) who is the displacemed of the cur?

(b) Wha is the distance traveled by the car?

Solic

St
origin
& sudig poi of the car

·

SX2
C

X ,
>
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·
⑳ > X

x
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o

x
,

Dx ,
= x

,
- Xo

= 72 km

xx2 = xz - x
,

= - 120km



Total displacemen
3x = xz - Xo

= Xz
- x ,

+ X
,
- Xo

= 1xz + 1x
,

=-120km+72 ke

= 48 Gm

xx = - 48km

(b) Tota distance = d

d = 11x , ) + 11Xz)

=72kem + 120k-

= 192 kem

& = 192 ka

N .B .
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Example
A bug travels

on a quarter circle o

radius R .
End the displacemat &

the distance traveled by the buy .

solution

Displacemen "st = r -

: R
=

Fi = RI (initial 10
7

X

If = Rj (f-na))

= 3r =
- R(i - j)

C -
circumference of circle

Pance= d =
-

4 C

Y n

C = 2πR d

-
-
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can also express disparemed as

1Ar1= "
= IIR C

b

G = ta() = 135
:

7 I C
G

ti = I

"Fr esi

->
X

v .B
.
1Sr+d !

1Sr)= SER d =
TR
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Example
Alice thous a ball of a building

C

a beight h .

She thous o an angle O,

und hits a target which is a

distance d from the base of the

building .

At who speed wo mus

Alice thow the ball to

hit the target ?
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solution

Break motion into x & y directions

X = xr
+ urxt + daxt

y
=

yo + Uryt + 14y+2

in X : X =0

~
. x

= W
.
Cos&.

a
x

= 0

in
y

:

Yo
= h

Vo
,

= Wo Sin Or

dy =

- y

>
x =

v,
cos&. t

- E
y = h + v.s8

.
+-Egt

bon
,
wart No such the y =0

,
x=d

& Alice hits the target) ,



Lo t = T be the time when ball hits
.

d = u.cos&.I
21

E
0 = h + vosOrT - T (2)

two equations, two chroms (v&T)

solve for we !

from (1)
,
T =

d (1
*

)
-

W- COSDo

Sub (1
*
) o (2)

=> 0 = h + v
-
sno

. (a) - I s
.

= h + dtao. -Ecoso
Solve for Vo

-> ga
=
h +dtard

.

-

2Vocos



208cos2
-

I
- h+danOr

ga

-> wor= (Fatmars)
So
,
-

wo =

0. tar

Why is negrine sign ?



Example

Trying to escape his pursuers ,

sead uged Alice

skis of a stope indiced & 300 below

the horizontal & 60 knh
.
To survive

and land on the snow loom below
,

She mud clear a gorge
600 wide .

Does She make it ?
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Solution

Let wr = 60 kr/n

0
.

= 30

h = 100 m

D = 60

hat to know if trajaday is such tha XLD .

Sat coording system & point before
-

take of
"

-3

> X

↑ 10.

> Vo
h

......
↓ >
-

X

<->
D

So
,
U.

x

= Vo CusOr

Vog =- 2
.
Sinc



Equations of nation

x = Nox t

y
= vryt - Egt

So
, solan for t who y--h

- h = Vost - egt

E byth -uryt - 4 = 0

t = + v
.
/E()(- h)

z(ts)
- v= righ

I

Nor
, =- Vasind-

n = 60 =
60 x10 - (s)

= 16 . 7 es

=> vo
= - 8 .

35-s

therefore
,
t = 3 . 753 - 5

. 455-

-

-



So,
x 11

= trit

=Urx dusO tuit

- 54 .
2 e

-

=> Alice does it make it I
-


