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Physics 105, Fall 2009

Lecture 4
Motions in Two and Three 
Dimensions
Projectile Motion
Circular Motion

http://web.njit.edu/~sirenko/
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One dimension  (1D)
Position: x(t) m
Velocity: v(t) m/s
Acceleration: a(t) m/s2

All are vectors:  have direction and 
magnitude. 

Motion along the straight line + 
Vectors

X=0

Three dimension  (2D)

Position: r(t) m

Velocity: v(t) m/s

Acceleration: a(t) m/s2

Lecture 4 Andrei Sirenko, NJIT 3 Lecture 4 Andrei Sirenko, NJIT 4



Lecture 4 Andrei Sirenko, NJIT 5

Elephant and Feather 
http://www.glenbrook.k12.il.us/gbssci/phys/mmedia/newtlaws/efar.html

ay = -9.8 m/s2

vy(t) = vy0 + ayt; 
y(t) - y0 = vy0 t +ayt2/2

If g is the same, 
H = yf - y0 is the  same,
and vy0 is the same, then the time of 
the fall should be the same for both
Elephant and Feather !
What is wrong ???
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2D and 3D Motion

• Motion in 2D and 3D
– Position, displacement, velocity, and 

acceleration 
– Projectile motion
– Uniform circular motion
– Relative motion
– Reference frames
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Motion in 3D:
t = 0   beginning of the process
r = 0  is arbitrary; can set where you want it
r0 = r(t=0)  position at t=0; 

ax ≠ 0 vx(t) = vx0 + axt; x(t) - x0 = vx0 t +axt2/2
ay ≠ 0 vy(t) = vy0 + ayt; y(t) - y0 = vy0 t +ayt2/2
az ≠ 0 vz(t) = vz0 + azt; z(t) - z0 = vz0 t +azt2/2
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Position and DisplacementPosition and Displacement
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Average and Instantaneous VelocityAverage and Instantaneous Velocity
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Average and Instantaneous AccelerationAverage and Instantaneous Acceleration
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Motion in 3D; SummaryMotion in 3D; Summary
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Projectile Motion
Horizontal motion + Vertical motion
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Projectile Motion (continued)
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Projectile Motion (continued)
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Projectile Motion; General Case
Horizontal motion

Vertical motion

Trajectory and horizontal range
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Projectile Motion
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v0x = v0; x0 = 0
v0y = 0; y0 = h

x

y

∆x = ???
For x direction: t = ∆x/ v0

For y direction: y(t) = 0 
y(t) - h = v0y t - gt2/2
∆x= v0⋅(2h/g)½
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v0x = v0; x0 = 0
v0y = 0; y0 = h

x

y

∆x = ???

For x direction: t = ∆x/ v0

For y direction: y(t) = 0 
y(t) - h = v0y t - gt2/2
∆x= v0⋅(2h/g)½

For 
v0= 2.2 m/s
h = 1.0 m
∆x= 1.0 m

QZ#4 How long is the fall?
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QZ#4 (continued)

Which path (A or B) is quicker and why?



Lecture 4 Andrei Sirenko, NJIT 21

Uniform Circular Motion

Centripetal acceleration

PeriodPeriod
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Uniform Circular Motion

Centripetal acceleration

PeriodPeriod
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Uniform Circular Motion
Centripetal acceleration

Period:Period:

v = 100 m /12 s = 8.33 s;  R = 100/π = 31.8 m 
a = (8.33)2/31.8 m/s 2 = 2.2 m/s 2


