
TodayToday’’s Lectures Lecture 

Vector Description of MotionVector Description of Motion 
MotionMotion in More Than Onein More Than One--DD



An object undergoes acceleration of                             over a period of 
10s. After these 10s its velocity is

a) What is the initial velocity?

a  2.3

i  3.6


j m/s2

v f  33

i  15


j m/s.

b) By how much did its speed (magnitude of velocity) change?

Hence,

a 
v f − v i
Δt → v i  v f − aΔt

v i  33

i  15


j − 2.3


i  3.6


j 10

v i  10

i − 21


j m/s

vf  332  152  36. 25m/s and vi  102  212  23.26m/s

Δv  vf − vi ≃ 13m/s

Example: Velocity/Acceleration in 2DExample: Velocity/Acceleration in 2D



Example: Velocity/Acceleration 2DExample: Velocity/Acceleration 2D
An object undergoes acceleration of                             over a period of
10s. After these 10s its velocity is

c) By how much did its direction change?

a  2.3

i  3.6


j m/s2

v f  33

i  15


j m/s.

d) Compare the change in speed with the magnitude of the acceleration times
the time, 10s. First we note that the magnitude of the acceleration is

Hence,

Since the acceleration and the velocity are not parallel there is no reason to
believe that the change in speed is equal to this acceleration times 10s. 

 f  tan−1 vyf
vxf

 tan−1 15
33 . 426rad  24.4∘

 i  tan−1 vyi
vxi

 tan−1 −21
10  −1.126rad  −64.5∘

Δ   f −  i  88.1∘

a  2.32  3.62  4.27m/s2



An object’s position is given by:

a) What is its initial velocity?

b) How long does it take for its velocity to rotate 90o?

For this to happen the x component of the velocity must vanish, or:

Example: Velocity/Acceleration 2DExample: Velocity/Acceleration 2D
r  ct − bt3


i  dt2j

c  6.7m/s, b . 81m/s3, d  4.5m/s2

v t  0  d r
dt t0

 c − 3bt2

i  2dt


j

t0

v t  0  c

i  6.7


i m/s

c − 3bt2  0 → t  c/3b  1. 66sec

c) How much does its speed change during this time?

v t  c/3b  2d c/3b

j  14. 94


j

Δv  14.94 − 6. 7  8.24m/s







Example: A Jetliner and the Jet StreamExample: A Jetliner and the Jet Stream
A Jetliner with an airspeed of 960km/h flies from
Houston to Omaha, a distance of 1290km. The jetstream
at altitude is a steady vjs = 190km/h from west to east. 
(a) In what direction should the jet fly?
(b) What is the ground speed of the jet?
(c) How long does the trip take?

(a) To ensure that the jet travels due north it must take
a heading to the east so that its east-west velocity
component counteracts the jet stream.

v ′  v ′ cos

j − v ′ sin


i and v js − v ′ sin


i  0

960sin  190 →   sin−1 190
960 . 199rad  11.4∘Solving for f

 
we find:

(b) The ground speed is: v ′ cos  960cos 11.4∘  941km/h

(c) The trip time is:



t  d
vy

 1290
941  1.37hr  1hr 22min



Consider two different frames S and S’ where the 
relative velocity between the two frames is 

If an object has a velocity     in frame S then its velocity
in S’ is                        Differentiating this expression yields 

Generally we will only consider frames that are not themselves accelerating. 
If neither S nor S’ are accelerating then their relative velocity is constant. This
means that for any object is S (or S’):

Frames in uniform motion are called inertial frames! and 
The laws of motion are the same in all inertial frames of refereThe laws of motion are the same in all inertial frames of reference.nce.

Acceleration in Two Different FramesAcceleration in Two Different Frames

V.

v
v ′  v − V.

a ′  dv ′

dt  dv
dt −

dV
dt .

a ′  a













y  tanx − g
2V0

2 cos2
x2













Next week we will review Next week we will review 
projectile motion and beginprojectile motion and begin 
our study of circular motion our study of circular motion 

WeWe’’ll then begin Newtonll then begin Newton’’s s 
LawLaw’’s of Motion s of Motion 

First Quiz is this Friday! It will not 
cover material on circular motion!
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