Phys101 Lecture 4
Relative Motion

Key point:

Vector relationship among the absolute velocity,
relative velocity and the velocity of the moving
reference frame.

Reference: 3-9
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Displacement of the Displacement of the Displacement of the
object measured object measured in a moving reference
using a coordinate coordinate system frame measured
system fixed on the attached to a moving using a coordinate
ground. reference frame. system fixed on the

ground.



For velocity relationship,

%(tl)’ and let At —> 0. We get

Ve =Vt T Ve

.e.,
absolute velocity = relative velocity + velocity of moving reference
T
Vector sum!

Similarly, for acceleration,
Ay = Aur T g



—

VBW
Vg IS the velocity of the boat relative to theshore,

Vi,s IS the velocity of water relative to theshore,
IS the velocity of the man relative to the boat,
s IS the velocity of the man relative to the shore.
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A Boat in a River

River current

VBS = VBVV o sz.

If a man is walking on the boat,
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Is the velocity of the boat relative to water,



Example 3-14: Heading upstream.

A boat’s speed in still water is ;
Vgw = 1.85 m/s. If the boat is to ‘

travel directly across ariver

whose current has speed v,
= 1.20 m/s, at what upstream
angle must the boat head?

Vs = Vw T Vws.

X-component:
0 =vg, SINE —V,

] V
VBW

_ V - .1.20 The x-component of vg,
6?:sm‘1viszsm‘lﬁ=40.4° cancels Vys.
BW '



Example 3-15: Heading across the river.

y
The same boat (vg, = 1.85 B -
m/s) now heads directly ; et
across the river whose River curreft

current is still 1.20 m/s.
What is the velocity
(magnitude and direction) of
the boat relative to the
shore?

Vs = Vw T Vws.

It' s arighttriangle,

Vas = Ve 2 +Vigs? =V1.852 +1.207 = 2.21m/ s

O =tant Ws _ tan? 1.20 _ 33.0°
Ve 1.85




Next: Dynamics

Key concept/method:
Free body diagram

Ref. Chapter 4 — the whole chapter.



