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Motion in two dimensions

Motion in two dimensions like the motion of projectiles and satellites and
the motion of charged particles in electric fields. Here we shall treat the
motion in plane with constant acceleration and uniform circular motion.
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Motion in two dimension with constant acceleration

Assume that the magnitude and direction of the acceleration remain
unchanged during the motion.

The position vector for a particle moving in two dimensions (xy plane)
can be written as

where X, y, and r change with time as the particle moves

The velocity of the particle is given by



ar ay . dv .
V=E — = — 3 i __.F
At dt dt

V=Vl + vy
Since the acceleration is constant then we can substitute
Vx = Vxo + axt Vy = Vyo + ayt
this give
V = (Vxo + axt)i + (Vyo + ayt)j
= (Vxol +Vyo )+ (axi+ayj)t
then
V=Vo+at (***)
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Since our particle moves in two dimension x and y with constant
acceleration then

X=Xo+Vot+1/2axt? & Y=Vot+ Vyot-1/2 ayt?
but

r=xi+yj

r=Xo+Veot+1/2at?)i+ (Yot+ Vyot-1/2 gt?)
= (Xo i + Yo ) + (Vxoi+ Vyoj)t +1/2 (axi+ ayj)t 2
r=ro+vet+1/2at? (H##)
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Projectile motion
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Example

A good example of the motion in two dimension it the motion of
projectile. To analyze this motion lets assume that at time t=0 the
projectile start at the point Xo.=yo=0 with initial velocity vo which makes
an angle qo,

then

Vx = Vxo = VoCOS(o = cOonstant
Vy = Vyo - gt = VoSiNg o - gt

X = Vxo t = (VoCOSQo)t

Y =Vyot-1/gt?= (vosingo)t - 1/2 g t?

Horizontal range and maximum height of a projectile

It is very important to work out the range (R) and the maximum height
(h) of the projectile motion.



To find the maximum height h we use the fact that at the maximum height
the vertical velocity vy=0

by substituting in equation

Vy = VoSINg o - gt
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To find the maximum height h we use the equation
y = (VoSinqo)t-1/2 gt 2
by substituting for the time t; in the above equation
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Example



Suppose that in the example above the object had been thrown upward
at an angle of 37° to the horizontal with a velocity of 10m/s. Where would
it land?
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Solution

Consider the vertical motion
Voy = 6 M/s
ay =-9.8m/s2
y =20m

To find the time of flight we can use

Y=Vyot-1/2gt?
since we take the top of the building is the origin the we substitute for
y =-20m

-20=61t-1/2 9.812

t=2.73s

Consider the horizontal motion
Vx = Vxo = 8M/s

then the value of x is given by

X=Vxt=22m



