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Motion in Two Dimensions- Kinematics

d Displacement and position in 2-D

 Average and instantaneous velocity in 2-D
 Average and instantaneous acceleration in 2-D
 Two dimensional motion with a constant acceleration
 Projectile motion

- Circular motion

 Relative velocity*



Motion in Two Dimensions - Kinematics

» Kinematic variables in one dimension

 Position: X(t) m
* Velocity: v(t) m/s °
* Acceleration: a(t) m/s?

» Kinematic variables in two dimensions

* Position: Fit)=xi + Y] m

* Velocity: V(t) =V,i+v,] m/s

- Acceleration: &(t) =a,i +a, ] m/s?
» Kinematic variables in three dimensions

. Position:  F{t)=xi+yj+zk m

« Velocity:  V(t)=v, i +Vv,j+Vv,k m/s

- Acceleration: d(t)=a,i +a,] +a,k m/s?
» All are vectors: have directions and
magnitudes

By Prof. Rashad Badran
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Position and Displacement

In one dimension

Positive direction

ol
AX =X, (tz) ~ (tl) Negative direction
X (1)) = -3.0m,x, (1) =+10m 5 e 1 o 1 2 5™
Ax=+10m+30m=+40m Oﬁgin/

In two dimensions y

Position: the position of an object is
described by its position vector r(t)
--always points to particle from origin.

Displacement: AF =T, —T,
AT = (X1 +Y,]) = (X1 + ¥, ])
= (% = X)i +(¥, = %) ]
= AXI + AY] S

Path of
an object

X
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Average & Instantaneous Velocity

Average velocity AT 5

—

Vavg = E

Vavg :Itl +Xt J :Vavg,xl +Vavg,yJ

Instantaneous velocity

AT dF
3 Ve =B A ot
= -0 At dt

— dF dX o dy 2 2 A

V=—=—"i+—2]=VI+V,]
dt dt dt

where r(t) = x| + yj

v is tangent to the path in x-y graph; 0 x
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Motion of a Turtle

y:dsinG }/:ont

(a) (b)

A turtle starts at the origin and moves with the speed of v,=10 cm/s in
the direction of 25° to the horizontal.

(a) Find the coordinates of a turtle 10 seconds later.

(b) How far did the turtle walk in 10 seconds?



Motion of a Turtle

Notice, you can solve the y
equations independently for the
horizontal (x) and vertical (y)

components of motion and then
combine them! RpgErgRing ||

0 = 25°

By Prof. Rashad Badran

O v, =1vcos 6

VO — VOX + Voy x =1, t

1 x components:  V,, =V,€0525" =9.06 cm/s =) Ax =V, t=90.6 cm

"y components: Vo, =V,SiN25° =4.23 cm/s m—m) Ay =Vt =42.3 CM

0 Distance from the origin: d = \/AX? + Ay? =100.0 cm



Average & Instantaneous Acceleration
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Average acceleration |z =2V
© At !
AV, . Av . :
aavg - At I+ At )= aavg,xI +aavg,y.l
_ o A
where V(t) =V i +v, ]
Instantaneous acceleration ,
s s AV AV gy dv . v
a=It|LT(1)aan—ItILT(1)E—E A=—r=rit—ri=al+a,]

The magnitude of the velocity (the speed) can change

The direction of the velocity can change, even though the
magnitude is constant

Both the magnitude and the direction can change
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Summary for Motion in Two Dimensions

Position rit)=xi+yj
Average velocity |V —A—F—gf+ﬂj—v I +V.. ]
MOOAt At At e

Instantaneous velocity |Yx = dt Y dt
. . Ar dr dx. dy- - .
Vi) =lm—=—=—1+—=]=VI+V ]

t>0 At dt dt t
Acceleration . = dv, _ dz;( . dvy _ dzy
dt dt y dt dt?2
_ . AV dv dv, . dv, . - .
a(t) = lim _d =dX|+—yJ=aX|+ayJ

t—>0 At  dt dt dt

r(t), v(t),and a(t) are not necessarily same direction.
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Example:

A particle is moving in x-y plane where its x- motion is x =(18 t) m and its y-
motions is y= (4 t - 4.9 t? )m. (a) Write a vector position expression as a function of
time using unit vector notation. (b) Find the average velocity in the time interval t =0
to t= 2 s. (c) Write a vector velocity expression as a function of time. (d) Find the
average acceleration from t=1 s to t = 3s. (e) What is the acceleration of the particle.

Two dimensional motion
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Two dimensional motion

(a) Substitute x =(T8 ) m and y= (4 t - 4.9 t* )m info the pom 10N Vector

expression F(t) = xi + yjto get:

= (18t)I + (4t —4.9t%))
_ Ar  AX~ AY 2 ~
(b) Vavg — AL — At | +A_tj =Vavg’xl +V
At t. = O the Initial position is : Fi =
At tf 2 s, the final positionis Tt =
of, Pt =

o

=[(18)(2)Ti +[4(2) - 4.9(2)*1)

=361 —11.6]
Thus Ax =36 mand Ay =-11.6 m
Thus, the average velocity vector is Vg = 3§m | — 112.6m ] =81 —-5.8))m/s
S S
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Two dimensional motion .

(¢) Use the definition of the velocity vector : T(t) = ar .

=V, i +V, ]
dx d - .
Where, v, =~ v, sd—i’ and,  F=(180)i +(4t—4.9t%)]

The derivative of the x- and y components give: v, =18 and v, =4 - 9.8 t

Thus, the velocity vector is  |Vi(t) =181 + (4 —9.8t) ]

=~ Xj+—Yj=a,. l+a

(d) Use the definition of the average acceleration: |®= = ar ' " at } = %o " Gy

At t, = 1 s the initial velocity is : |Vi —18?—5.8]

At t. = 3 s the final velocity Is : —181 —25.4]
Thus Av, =0 and Av, = -19.6 m/s 0.6m/
a S Y — H 2
d,, =00+ CIOMIS) 5 = (98)m/s

N
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Two dimensional motion

. . o dv dv, . dv, .
(e) Use the definition of the acceleration vector : |a= i dtx | +d—ty J=al+a]
dv, d?*x dv, d%y (1) —18F _ a
_ , _ _ and, V(t) =181 +(4—-9.8t) |
Where, |[&="1 =5 Y= T o

The derivative of the x- and y components give: a, =0 and a, = — 9.8 m/s?

Thus, the acceleration vector is 5 — (—9.8])m/52

Note: The average acceleration is equal to the instantenous acceleration



How do two different one dimensional motiong? P Rashad Badran

form a 2-D motion?
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Two dimensional motion m

A person drives his car south at 20 m/s for 3 min, then turns west and travels at 25
m/s for 2 min, and finally travels northwest at 30 m/s for one min. For this 6-min
trip, find (a) the total vector displacement, (b) the average velocity, and (c) the
average speed. [Hint: Let the positive x axis point east]

> Z

v

ulW € 10} YInos s/w 0z

25 m/s west for 2 min
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Two dimensional motion

Magnitude of first displacement A= (20 m/s)*x(3min) x 60 s/min = 3600 m
Magnitude of second displacement B= (25 m/s) x (2 min) x 60s/min = 3000 m
Magnitude of third displacement C= (30 m/s) x (1min) x 60 s/min = 1800 m.
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@) Two dimensional motion m

Distance Angle x-component y-component

A =3600 m 270° 00.00 m -3600 m
B =3000 m 180° -3000 m 00.00 m
C =1800 m 135° -1272.8 m 1272.8 m

R,=-42728 m , R,=-2327.2 m \

A

w—H—E
>
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O
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@ Two dimensional motion Solution:
N
— A
The total displacement is: R = Rxf + Ryj W () E
R = -4272.8i - 2327.2] >
Rl = JRE+R). 4
R| = [(-4272.8)2+(-2327.2)? = 4870m : %OQ )

Ry
0, =arctan—
R

6, = arctan— 2321.2 _ 5n90
4272.
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Two dimensional motion

(b) Solution: .
_ AT R = A \ W——E
Vpg =— = —— where R = .4272.8i - 23272] Y b

At 6min .

A

. 4272.81 —2327.2]
¥ (6min)(60s/min)

Voo = (—11.81 —=6.5))m/s
Vg = V/(~11.8)% + (-6.5)* =13.5m/s

Vay, ~11.8

0, = arctan— O =arctan
v

avg,

Or the magnitude of average velocity can be directly obtained as follows

_ R 4870m
™9 360s  360s

=13.5m/s
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Motion in Two Dimensions with a Constant Acceleration

« Motions in both dimensions are independent components

 Constant acceleration equations R
V=V, +at r —r, =V,t+5at

V=V Fa )i+ Vo, +a,t)] T =T =ot+3a0 + (vt +3a,t))

Here,  Vy =Vl +Vo, ] d=a,l+a,] F=xi+y] B =X +Yo]
* Constant acceleration equations hold in each dimension (i.e. a, and a, are constants
x — Motion y —Motion
vV, =V, +at Vy =Vyy + ayt
X—X, =V, t+1at’ Y — Yo =Vo,t +5a,t*

V.o =V,,” +2a, (X—X,) V,” =Vo,” +2a, (Y - Yo)

X



Hints for solving problems
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Define coordinate system. Make sketch showing axes, origin.

List known quantities. Find v;, vy;, a,, a,, etc. Show initial
conditions on sketch.
List equations of motion to see which ones to use.

Time t is the same for x and y directions.

Xi = %= X(t = O)’ Yi =Yoo= y(t = O)’ Vi =Vox = Vx(t = O), Vyi :Voy = Vy(t = O)-

Have an axis point along the direction of @ if it is constant.
Vi =Vox T axt Vy — Voy T ayt
2
X—X, =V, t+1iat’ Y= Yo =Vo,t+3a,t
2

V.2 =V,,° +2a, (X—X,) v, =Vy,” +2a, (Y~ Yo)

X
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Two dimensional motion

A fish swimming in a horizontal plane has velocity v, =(4i +1j)m/s at a point in the
ocean where the position relative to a certain rock is I = (101 —4])m . After the fish
swims constant acceleration for 20 s, its velocity Is ¢ = (20i —5))m/s- (&) What are the
components of the acceleration of the fish? (b) What is the direction of its acceleration

with respect to unit vector 1 ? (c) If the fish maintains constangacceleration, where is it
at t= 25 s and in what direction Is it moving?

v _(4| +1J)m/s
Answer: (a) 8 = (0.8i —0.3j)m/s? T~ & A
(b) 339° A B, -
(c) F=(360—727))m , -11.4°
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Two Dimensional Motion

() T<0iCaphm  V=@i+1)m/s v, =(0i-5)m/s  att=20s

_ =
a _'7 ay

= (Vs —V,)/t = (20 — 4)m/s/20 s = 0.8 m/s?
a,= (Vy—Vvy)/t=(-5-1)m/s/20 s = - 0.3 m/s?

(b)  6,=arctan (a,/a,) = arctan (- 0.3/ 0.8) = 339°

(c) Att=25s X —X=Vit+05a,rt
=X, =10m+ (4m/s)(25s) + 0.5(0.8m/s?)(25)? =360 m
Yi—Yi =Vt + 0.5 a, t?

=y, = {4m +(1m/s)(255) - 0.5(0.3m/s2)(25)2 = 7227 m
0, = arctan (y/x) = arctan (-72.7/360) = -11.4°
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Applications for Two Dimensional Motion

Projectile Motion

Circular Motion

Relative Motion




Projectile Motion

2-D problem and define a coordinate
system: x- horizontal, y- vertical (up +)

Try to pickx, =0, y,=0att=0

By Prof. Rashad Badran

Horizontal motion + Vertical motion

Horizontal motion: , constant velocity

Vertical motion: a,=-g =-9.8m/s?, v, =0
Equations:

Horizontal Vertical
Vx — VOx + axt Vy — Voy T ayt
2
X—X, =V, t+3at’ Y=Y =V, t+zat

V

X

‘ :V0x2 +2a,(X—X,) Vy2 :VOyZ +2a,(Y - Y,)
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Projectile Motion P A

[TTTTTTTTTTTT

x and y motions happen independently, so
we can treat them separately

=30

Vx — VOx Vy — Voy o gt 100
X=X + Vol Y =Y, +Vo,t =3 gt’ E [©
150k
Try to pickx, =0, y,=0att=o0 n
Horizontal motion + Vertical motion ok
Horizontal: a, = o, constant velocity motion I
Vertical :  a,=-g =-9.8 m/s? O

-250

x and y are connected by time t
y(x) is a parabola
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Projectile Motion PN

2-D problem and define a coordinate system.
Horizontal: a, = o and vertical: : a,=-g.

Try to pickx, =0, y,=0att=0.
Velocity initial conditions:

V, can have X, y components.

V,, is constant usually.

V,y Changes continuously.
Equations:
Horizontal Vertical

2
X =X, + Vb Y =Yo+Vo,t =30t

10.0 m
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Projectile Motion
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Projectile Motion
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Symmetrical Trajectory of Projectile Motion

Initial conditions (t=0): x,=0,y,=0

Vox =V, c0sb, and v, =v,sinb,

Horizontal motion:

X=0+v,t = tzi
V X
Vertical motion: ’
y =0+v, t—1gt*
2
X g( X
=V _ | == —
’ Oy(VoJ 2 LVOxJ
y =xtang, - J X

2v.%cos’ @
Parabola; 0 0

6,=0and 6,=90 ?

_,},_I‘J
Ly Hv v_.t,_v

Pru_]ectlle s Path f’/

ar
Uy = Uy
: >
: B=—8,
R B0 -l B=0 --—------ -
U:!_,— i'.-’ﬂ-.}, '.l__:|=l_:|ﬂ
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Equation of a symmetric Trajectory of Projectile Motion

trajectory y d U =0
Hu Uy = oy

HD Wﬂm_lﬂ

30

pallERN

25 /" AN
/ \\ A :

./ \

0 20 40 60 80 100 120 140 160 180 200

Parabola:
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What are horizontal range R and maximum height A7

For a projectile of symmetrical trajectory ONLY )

Initial conditions (t=0): x, =0, y, = 0,

v, =V, cosf, and v, =v, sinf_ then

y
_ _1qgt?
0=0+v,,t—7 0t 2Vy,  2v,sin 6,
X=0+v,t = g g
R = X x, =Vt = 2V, COS BV, Sin G, _ v, sin 26, A
' 9 tg(t 2
h=y—y, =Vt —1gt°=v, ——=| =
0 Oy*h 2 I*%h Oy 2 2(2
. V,”sin? g, | |
= T Horizontal Vertical
2V Vi = Vox Vy =Voy — 9t

Oy X=X +Vo,t y=y,+vy,t—1gt>
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2 sin 26
V," SIn 206

Projectile Motion at Various Initial Angles R
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* sin 20
V," SIn 206

Projectile Motion at Various Initial Angles R g
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Projectile Motion at Various Initial Angles R= VOZSZ‘ 26.

y(m)

* Complementary values

of the initial angle izal

result in the same , =TS
range 100
* The heights will be
different o9
. ' x(m)
e The maximum range 50 100 150 200 250

occurs at a projection —
angle of 45°
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The golfer shown in the picture has launched his ball with an initial velocity of 45 m/s,
31° above the horizontal. (a) What is the total time the ball will be in the air?

*. »

(b) How high above the ground will the ball reach at its
highest point?
(c ) How far will the ball “carry” over level ground?

(d) Write the equation of trajectory

Hint: Take g=9.8 m/s?
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(@) v, =45 m/s, 6, = 31° above the horizontal.

Resolve the ball’s initial velocity into horizontal and vertical components.

Vo, =V, COSEb = (45m/s)(0.857)
Vo, =38.57m/s
Vo, = Vg SIN6& = (45m/s)(0.515)

Vo, =23.17m/s

Note: Remember that v, will remain |
constant during the whole trip but that
v,y 1S NOt going to remain constant .
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Solution

(a) During the time the ball takes to rise vertically, stop vertically, and fall vertically
back to the ground, while the ball moves horizontally with constant velocity.

We must determineiust how long that time of flight is.

1 i 1
V, =V,, — g(;t/ = V, SIN 6b — Q[Etj =0
Solving for t, the total time of flight:

vosineo—g(%tjzo = %t:vosineo

2v,sin 6 _ 2(45 m/s)(sin31°) 4730 <
9.8 m/s’

Note: The substitution of t/2 in above equation considers the rising part of the
trajectory where the speed at maximum height is zero.

[ =




(b) To calculate this maximum height directly from the third kinematic equation:
1
y — VOyth _E gtﬁ

Vo, =23.17m/s , as given (v, = 45m/s and 6, = 31° )
t, = 0 4.73s — 2355 , Where t time of flight as obtained from (a)
2

Put these values Into the equation we get:

y = (23.17)(2.35) —%(9.8 m/s?)2.35s) = 27.1m

Note: The time we used was half the time-of-flight, t.
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(c) To calculate the horizontal distance, you should remember that the acceleration
IS zero In horizontal direction and the initial velocity Is constant along the whole
distance. It was obtained as V,, =38.57m/s

Use the equation: X =V,C0S6é -t
Such that X =(45m/s)cos31°)4.730s)=182m

(d) To find the equation Of trajectory, use the derived equation
2

gX
2v,” c0s fo
y =0.6X—3.29x°

y=xtan& —
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y =0.6X—3.29x°

trajectory

s T T

/" AN

./ \

0 20 40 60 80 100 120 140 160 180 200
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In a kitchen a girl slides a mug down the counter. The height of the counter is 1.22 m.

The mug slides of the counter and strikes the floor 1.4 m from the base of the counter.

(a) With what velocity did the mug leave the counter?

(b) What was the mug’s velocity just before it hits the floor?

W éci
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[n a kitchen a girl slides a mug down the counter. The height of the counter is 1.22 m.
The mug slides of the counter and strikes the floor 1.4 m from the base of the counter.
(a) With what velocity did the mug leave the counter?

(b) What was the mug’s velocity just before it hits the floor?

0,=0

V.=V

W éci




By Prof. Rashad Badran

|n a i!c;en a glr% s||!es a mug down the counter. The height of the counteris 1.ZZ m.

The mug slides of the counter and strikes the floor 1.4 m from the base of the counter.

(a) With what velocity did the mug leave the counter?

(b) What was the mug’s velocity just before it hits the ﬂooér)?
=0

o

W éci
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In a kitchen a girl slides a mug down the counter. The height of the counter is 1.22 m.

The mug slides of the counter and strikes the floor 1.4 m from the base of the counter.
(a) With what velocity did the mug leave the counter?

(b) What was the mug’s velocity just before it hits the ﬂocné?
I= O

Hint: Take g=10 m/s?

W éci
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In a kitchen a girl slides a mug down the counter. The height of the counter is 1.22 m.

The mug slides of the counter and strikes the floor 1.4 m from the base of the counter.

(a) With what velocity did the mug leave the counter?

(b) What was the mug’s velocity just before it hits the ﬂoog?

Hint: Take g=10 m/s?

W éci
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(a) To find the velocity of the mug when it left the counter:

X 1.4m
X=04+v,t = Vg, :?:T
But we do not have information about t, Hint: Take g=10 m/s?
while we have Ay= -1.22 m and v,, =0. Thus Vo=V

we use the equation of y-motion:
Y = YoVt = gt
ory —y, =V, t—1gt* =0-2(m/s*)t°
~1.22m =—(5m/ s*)t?
—1=0.49s
~14m

SV, =V, -28m/s *—  Hp ]
0.49s 1.4 m
V= ?

w2l
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Solution

(b) To find the mug’s velocity just before it hits the floor:

2

v," =V,," —29(y - Y,)

We know thatv,, = 0 and Ay = - 1.22 m Yor= Vo

2 2 2 2
v, =-2(10m/s")(-1.22m) =24.4m" /s
v, =—4.9m/s v, =2.86m/s

V=V, +Vv; =5.7m/s

W éci

tan ¢=4.9/2.86
$=59.7°
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A projectile is fired In such a way that its horizontal range Is equal three times its

maximum height. What is the angle of projection?

2 \x 2 !
: V.“SIn“ @ 2 A
GivenR= 3h . where, h=-2 : and R= Yo 31N 20
29 g
:> v, sin 26, _ 3(v§ sin® @)
9 29
Use the trigonometric identity sin (6, + 6,) = sin 6, cos 6, + sin 6, cos 6
For =0, =0, = Sin (2 6)) =2sin 6, cos 6,

)ﬁ 2sin 6. cos @ sin’ @
o 0 o) :3(\,0{ o) mmmmmmm) (AN o, =ﬂ:> 6, =tan_1(ﬂ) =53"
4 2% 3 3



By Prof. Rashad Badran

To start an avalanche on a mountain slope, an artillery shell is fired with an initial
velocity of 300m/s at 55° above the horizontal. It explodes on the mountainside 42 s
after firing.

What are the x and y coordinates of the shell where it explodes relative to its firing
point?
Hint: Take g=10 m/s?
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Example:

t=42 s

I




By Prof. Rashad Badran




By Prof. Rashad Badran

Firing point at (x, =0, y, = 0) Time of flightt = 42 s

x-motion: v =v, cos 6, = (300m/s)cos55° =172 m/s

y-motion: v,

, =V, sin 6, = (300m/s)sin55° =245.7 m/s

x-motion: Ax=v_t = (172 m/s)(42 s) = 7224 m

y-motion: Ay = Voy t —0.59 7 = (245.7m/s)(42 s) — 0.5 (10)(42)? =1501.3 m
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A ball is tossed from an upper-story window of a building. The ball is given an initial
velocity of 8 m/s at an angle of 20° below horizontal. It strikes the ground 3 s later.

(a) How far horizontally from the base of the building does the ball strike the ground?
(b) Find the height from which the ball was thrown?

(c) How long does it take the ball to reach a point 10 m below the level of launching?

Hint: Take g=10 m/s?
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(a) The horizontal distance from the base of
the building can be obtained using Ax =v__ ¢t

v, =V, cos 6 =(8m/s)cos 20° =7.5 m/s

. Ax =(7.5 m/s)(3 s) = Ax = 22.5m
(b) The height of the building can be found as
follows: Ay =v, t--0.5¢t2

Vo, =V, Sin 0, = - (8m/s) sin 20° = - 2.74 m/s -

Ay =v,, tc-0.5g t2 =(- 274 m/s)(3 s) - 0.5 (10m/s?)(3s)?
Ay =-53.2 m = h=532m

(c) The time it takes to be 10 m below throwers level is:
-10 m= =(- 274 m/s)t; - 0.5 (10M/s°)t;* pmmp 15 =0.79s
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Exercise Hint: Take g=10 m/s?

A ball is tossed from an upper-story window
of a building. The ball is given an initial
velocity of 8 m/s at an angle of 20° above
horizontal. It strikes the ground 4 s later.

(a) How far horizontally from the base of
the building does the ball strike the
ground?

(b) Find the height from which the ball was
thrown?

(c) How long does it take the ball to reach a
point 10 m below the level of launching?
Answer: (a) 30 m, (b) 69 m, (c) 1.7 s
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Exercise

A basketball player is standing on the floor 10 m from the basket as shown. The height
of the basket is 3.05 m, and he shoots the ball at a 40° angle with the horizontal from
a height of 2 m.

(a) What is the acceleration of the basketball at the highest point in its trajectory?

(b) At what speed must the player throw the basketball so that the ball goes through the
hoop without striking the backboard?

Answer: (a) -10 m/s?, (b) 10.77m/s e 10.0 m -



By Prof. Rashad Badran

Circular Motion:Kinematics

< Motion along a circle:
Changing direction of

velocity

Non-Uniform
Circular Motion

(Centripetal
and Tangential

~ -

mrosmmzm,w_u.mmm& or,
Changing magnitude
of velocity

< Motion along a circle:

Changing direction of
velocity

‘-orm Circular
Motion

|

Uni

(Centripetal
Acceleration

\ e
y

)

-~
\ — <
-

Constant speed, or,

constant magnitude
> of velocity
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A\

\— — 2

Object moving along a curved path with a =——
constant speed

Magnitude of velocity: same
Direction of velocity: changing

Velocity: changing
Acceleration is NOT zero!

Net force acting on the object is NOT
zero

“Centripetal force”
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y

AV  Ar VAr
= SO, AV=——
\Y; r r
Av_Arv_v*
At Atr r
AV V°
ar:—:—
At r

Direction: Centripetal
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Vv;is perpendicular to r; and v;is also

perpendicular to r; but r, =r; =r. The angle

between r, and r; is same as the angle
haot I l

between-v—ant-v—Hdsred-trangie+s—

y

Centripetal acceleration

AV Ar VAr
= SO, AV=—
V r r
AV Arv v*
At Atr r
AV V?
a'l‘ — —
At I

Direction: Centripetal

similar to
Vi y Vi
-S4 |Av=v,-v,
/7
V

// r \\ f
/
/ rf \‘
| |
\ O !
\ /’ X
k /

\\ P

S o -
Notes:
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A\

dVelocity:
“*Magnitude: constant v
“*The direction of the velocity is tangent to the

circle
: 2
JAcceleration: a =+
<*Magnitude: r

***Directed toward the center of the circle of
motion as indicated by a minus

JPeriod: T _ &

“*Time interval required for one complete v
revolution of the particle

a Lv
Av"/ \iz
\\
> —
/ a
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A Tire-Balancing Machine

N— S/

The wheel of a car has a radius of r = 0.29m and is being rotated at
830 revolutions per minute (rpm) on a tire-balancing machine.

Determine the speed (in m/s) at which the outer edge of the wheel is
moving.

The speed v can be obtained directly from 1-27 , but first the
period T is needed. It must be expressed in seconds.



By Prof. Rashad Badran

A Tire-Balancing Machine

— _J

830 revolutions in one minute

1
830 revolutions/min

=1.2x107° min/ revolution

T=1.2 x10-3 min, which corresponds to 0.072s

_2mr 272(0.29m)
T 0.072s

V =25m/s
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T=Tension in a rope

For the mass attached to arope,
when the rope is cut the circular
motion vanishes and the object
tends to go in a straight line

On Highway curves, If the frictional
force is insufficient, the car will tend
to move more nearly in a straight line,
as the skid marks show.
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This concept can be used for an
object moving along any curved

L

Tangential
__Accelerations)
a=ar+ad
2
dv Vv
d, = — a =——
dt r
= 2 2
a=a’+a
@ = arctan a4

d

r

path, as any small segment of
the path will be approximately
circular.

—

a Lv a, La
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(Centripetal and
Tangential \\

__Accelerations)

The total acceleration of a particle moving clockwise in a circle of

radius 2.5 m at a certain instant of time, is shown in the figure. For
that instant, find :

(a) The radial acceleration of the particle, ﬁ

(b) the speed of the particle, and

(c) Its tangential acceleration

B
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Non-Uniform
Circular Motion
(Centripetal and \

Tangential
_Accelerations)

(a) To find the radial acceleration of the particle
a.=a cos 30° = (15 m/s?)(0.866) = -13 m/s?

(b) To find the speeczl of the particle

v
a =—

r

r
v: =ra = (2.5m)(13m/s’) =>v=5.7m/s

(c) To find the tangential acceleration

S~a o -

a, = a sin 30° = (15 m/s?)(0.5) = 7.5 m/s?



By Prof. Rashad Badran

Exercise:

Non-Uniform
Circular Motion
(Centripetal and

Tangential \\

__Accelerations)

A train slows down as it rounds a sharp horizontal turn, going from 90
km/h to 50 km/h in the 15 s it takes to round the bend. The radius of
the curve is 150 m. Compute the acceleration at the moment the train
speed reaches 50km/h. Assume the train continues to slow down at
this time at the same rate.

Answer: 1.48 m/s? and 29.9° backward
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Exercise:
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Exercise:
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Non-Uniform
Circular Motion
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Exercise:

(Centripetal and

Tangential
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Non-Uniform
Circular Motion

(Centripetal and
Tangential \ v, = (90km/h)(10° M)y = 25m/s
Accelerations) kr%n 361 0s
: 2 v, = (50km/h) (10 o) =139m/s
m S
a = Ve (13.9m/s) _1.90m /<2
r 150m
B, =8y =2 = A39=29)MIS _ 4 74mys2 A
t; —t, 15s \
\
a|=\/a% +a? = /(12.9)% + (-0.74)* =1.48m/ s’ a % 3
r ’f
0, = arctanﬁ — arctan — 0.74 —_299° Note: The negative sign indicates that the
a, 1.29 direction of total acceleration is opposite to train

motion



