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Last time

• relative motion examples



Overview

• lots more relative motion examples



Relative Motion

Observers A and B have different descriptions of the motion of
particle P. We can relate these descriptions using vector addition.

#»vPA = #»vPB + #»vBA

#»vBA is the velocity of observer B’s frame relative to frame A.

If we want to think of how A moves relative to B, then we need to
swap the subscripts. Swapping the subscripts flips the sign.

#»vAB = − #»vBA



Relative Motion Practice

Suppose the river is 50 m wide, the motorboats move at 5 m/s
relative to the water, the river has a current of 1 m/s, and that
boat A makes an angle of 30◦ to the horizontal and boat C makes
an angle of 60◦ to the horizontal as shown in the picture.

(a) How long does it take each
boat to cross?

(b) How far downstream is boat
B when it reaches the opposite
shore?

1Figure from Hewitt, “Conceptual Physics”.



Another Boat Question

You are riding in a boat whose speed relative to the water is
6.1 m/s. The boat points at an angle of 25◦ upstream on a river
flowing at 1.4 m/s. What is your velocity relative to the ground?

Sketch:
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EXAMPLE 3–2 Crossing a River
You are riding in a boat whose speed relative to the water is 6.1 m/s. The boat points at an angle of 25° upstream
on a river flowing at 1.4 m/s. What is your velocity relative to the ground?

Picture the Problem
We choose the x axis to be perpendicular to the river, and the y axis to
point upstream. With these choices the velocity of the boat relative to the
water is 25° above the x axis. In addition, the velocity of the water relative to
the ground has a magnitude of 1.4 m/s and points in the negative 
y direction.

Strategy
If the water were still, the boat would move in the direction in which it is
pointed. With the water flowing downstream, as shown, the boat will move
in a direction closer to the x axis. To find the velocity of the boat we use

with 1 referring to the boat (b), 2 referring to the water (w),
and 3 referring to the ground (g).

Solution

1. Rewrite with and 

2. From our sketch we see that the water flows at 1.4 m/s in the 
negative y direction relative to the ground:

3. The velocity of the boat relative to the water is given in the 
problem statement:

4. Carry out the vector sum in step 1 to find 

Insight
Note that the speed of the boat relative to the ground is and the direction angle is

upstream.

Practice Problem
Find the speed and direction of the boat relative to the ground if the river flows at 4.5 m/s. [Answer:
In this case, a person on the ground sees the boat going slowly downstream, even though the boat itself points upstream.]

Some related homework problems: Problem 41, Problem 45, Problem 47

vbg = 5.8 m/s, u = -19°.

u = tan-111.2/5.52 = 12°
215.5 m/s22 + 11.2 m/s22 = 5.6 m/s,

 = 15.5 m/s2xN + 11.2 m/s2yN v
!
bg = 15.5 m/s2xN + 12.6 m/s - 1.4 m/s2yNv

!
bg:

 = 15.5 m/s2xN + 12.6 m/s2yN v
!
bw = 16.1 m/s2 cos 25° xN + 16.1 m/s2 sin 25° yN

v
!
wg = 1-1.4 m/s2yNv
!
bg = v

!
bw + v

!
wg3: g:1: b, 2:w,v

!
13 = v

!
12 + v

!
23
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!
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vwg
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Suppose the problem had been to find the velocity of the boat relative to
the water so that it goes straight across the river at 5.0 m/s. That is, we want
to find such that One approach is to simply solve 

for which gives

3–9

Another approach is to go back to our general relation, and
choose 1 to be the boat, 2 to be the ground, and 3 to be the water. With these sub-
stitutions we find

This is the same as Equation 3–9, since In either case, the desired ve-
locity of the boat relative to the water is

which corresponds to a speed of 5.2 m/s and a direction angle of 16° upstream.

v
!
bw = 15.0 m/s2xN + 11.4 m/s2yN

v
!
gw = -v

!
wg.

v
!
bw = v

!
bg + v

!
gw

v
!
13 = v

!
12 + v

!
23

v
!
bw = v

!
bg - v

!
wg

v
!
bw,v

!
bw + v

!
wg

v
!
bg =v

!
bg = 15.0 m/s2xN .v

!
bw
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Hypothesis: Less than 6.1 m/s, but more than 6.1-1.4 = 4.7 m/s.
The angle the velocity makes to the x-axis will be less than 25◦.

1Figure from Walker, “Physics”.
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Strategy: Vector addition.

#»v bg =
#»v bw + #»v wg

x-components:

vbg,x = vbw,x + 0

= (6.1 m/s) cos(25◦)

= 5.528 m/s

y -components:

vbg,y = vbw,y + vwg,y

= (6.1 m/s) sin(25◦)

+(−1.4 m/s)

= 1.178 m/s

1Figure from Walker, “Physics”.



Another Boat Question

3–6 RELATIVE MOTION 71

EXAMPLE 3–2 Crossing a River
You are riding in a boat whose speed relative to the water is 6.1 m/s. The boat points at an angle of 25° upstream
on a river flowing at 1.4 m/s. What is your velocity relative to the ground?

Picture the Problem
We choose the x axis to be perpendicular to the river, and the y axis to
point upstream. With these choices the velocity of the boat relative to the
water is 25° above the x axis. In addition, the velocity of the water relative to
the ground has a magnitude of 1.4 m/s and points in the negative 
y direction.

Strategy
If the water were still, the boat would move in the direction in which it is
pointed. With the water flowing downstream, as shown, the boat will move
in a direction closer to the x axis. To find the velocity of the boat we use

with 1 referring to the boat (b), 2 referring to the water (w),
and 3 referring to the ground (g).

Solution

1. Rewrite with and 

2. From our sketch we see that the water flows at 1.4 m/s in the 
negative y direction relative to the ground:

3. The velocity of the boat relative to the water is given in the 
problem statement:

4. Carry out the vector sum in step 1 to find 

Insight
Note that the speed of the boat relative to the ground is and the direction angle is

upstream.

Practice Problem
Find the speed and direction of the boat relative to the ground if the river flows at 4.5 m/s. [Answer:
In this case, a person on the ground sees the boat going slowly downstream, even though the boat itself points upstream.]

Some related homework problems: Problem 41, Problem 45, Problem 47

vbg = 5.8 m/s, u = -19°.

u = tan-111.2/5.52 = 12°
215.5 m/s22 + 11.2 m/s22 = 5.6 m/s,

 = 15.5 m/s2xN + 11.2 m/s2yN v
!
bg = 15.5 m/s2xN + 12.6 m/s - 1.4 m/s2yNv

!
bg:

 = 15.5 m/s2xN + 12.6 m/s2yN v
!
bw = 16.1 m/s2 cos 25° xN + 16.1 m/s2 sin 25° yN

v
!
wg = 1-1.4 m/s2yNv
!
bg = v

!
bw + v

!
wg3: g:1: b, 2:w,v

!
13 = v

!
12 + v

!
23

v
!
13 = v

!
12 + v

!
23

x

y

25°

vbw = 6.1 m/s

vwg = 1.4 m/s

vwg

vbg

O

REAL-
WORLD
PHYSICS

Suppose the problem had been to find the velocity of the boat relative to
the water so that it goes straight across the river at 5.0 m/s. That is, we want
to find such that One approach is to simply solve 

for which gives

3–9

Another approach is to go back to our general relation, and
choose 1 to be the boat, 2 to be the ground, and 3 to be the water. With these sub-
stitutions we find

This is the same as Equation 3–9, since In either case, the desired ve-
locity of the boat relative to the water is

which corresponds to a speed of 5.2 m/s and a direction angle of 16° upstream.

v
!
bw = 15.0 m/s2xN + 11.4 m/s2yN

v
!
gw = -v

!
wg.

v
!
bw = v

!
bg + v

!
gw

v
!
13 = v

!
12 + v

!
23

v
!
bw = v

!
bg - v

!
wg

v
!
bw,v

!
bw + v

!
wg

v
!
bg =v

!
bg = 15.0 m/s2xN .v

!
bw

WALKMC03_0131536311.QXD  12/7/05  19:19  Page 71

Strategy: Vector addition.

#»v bg =
#»v bw + #»v wg

x-components:

vbg,x = vbw,x + 0

= (6.1 m/s) cos(25◦)

= 5.528 m/s

y -components:

vbg,y = vbw,y + vwg,y

= (6.1 m/s) sin(25◦)

+(−1.4 m/s)

= 1.178 m/s

1Figure from Walker, “Physics”.



Another Boat Question

3–6 RELATIVE MOTION 71

EXAMPLE 3–2 Crossing a River
You are riding in a boat whose speed relative to the water is 6.1 m/s. The boat points at an angle of 25° upstream
on a river flowing at 1.4 m/s. What is your velocity relative to the ground?

Picture the Problem
We choose the x axis to be perpendicular to the river, and the y axis to
point upstream. With these choices the velocity of the boat relative to the
water is 25° above the x axis. In addition, the velocity of the water relative to
the ground has a magnitude of 1.4 m/s and points in the negative 
y direction.

Strategy
If the water were still, the boat would move in the direction in which it is
pointed. With the water flowing downstream, as shown, the boat will move
in a direction closer to the x axis. To find the velocity of the boat we use

with 1 referring to the boat (b), 2 referring to the water (w),
and 3 referring to the ground (g).

Solution

1. Rewrite with and 

2. From our sketch we see that the water flows at 1.4 m/s in the 
negative y direction relative to the ground:

3. The velocity of the boat relative to the water is given in the 
problem statement:

4. Carry out the vector sum in step 1 to find 

Insight
Note that the speed of the boat relative to the ground is and the direction angle is

upstream.

Practice Problem
Find the speed and direction of the boat relative to the ground if the river flows at 4.5 m/s. [Answer:
In this case, a person on the ground sees the boat going slowly downstream, even though the boat itself points upstream.]

Some related homework problems: Problem 41, Problem 45, Problem 47

vbg = 5.8 m/s, u = -19°.

u = tan-111.2/5.52 = 12°
215.5 m/s22 + 11.2 m/s22 = 5.6 m/s,

 = 15.5 m/s2xN + 11.2 m/s2yN v
!
bg = 15.5 m/s2xN + 12.6 m/s - 1.4 m/s2yNv

!
bg:

 = 15.5 m/s2xN + 12.6 m/s2yN v
!
bw = 16.1 m/s2 cos 25° xN + 16.1 m/s2 sin 25° yN

v
!
wg = 1-1.4 m/s2yNv
!
bg = v

!
bw + v

!
wg3: g:1: b, 2:w,v

!
13 = v

!
12 + v

!
23

v
!
13 = v

!
12 + v

!
23

x

y

25°

vbw = 6.1 m/s

vwg = 1.4 m/s

vwg

vbg

O

REAL-
WORLD
PHYSICS

Suppose the problem had been to find the velocity of the boat relative to
the water so that it goes straight across the river at 5.0 m/s. That is, we want
to find such that One approach is to simply solve 

for which gives

3–9

Another approach is to go back to our general relation, and
choose 1 to be the boat, 2 to be the ground, and 3 to be the water. With these sub-
stitutions we find

This is the same as Equation 3–9, since In either case, the desired ve-
locity of the boat relative to the water is

which corresponds to a speed of 5.2 m/s and a direction angle of 16° upstream.

v
!
bw = 15.0 m/s2xN + 11.4 m/s2yN

v
!
gw = -v

!
wg.

v
!
bw = v

!
bg + v

!
gw

v
!
13 = v

!
12 + v

!
23

v
!
bw = v

!
bg - v

!
wg

v
!
bw,v

!
bw + v

!
wg

v
!
bg =v

!
bg = 15.0 m/s2xN .v

!
bw

WALKMC03_0131536311.QXD  12/7/05  19:19  Page 71

Strategy: Vector addition.

#»v bg =
#»v bw + #»v wg

x-components:

vbg,x = vbw,x + 0

= (6.1 m/s) cos(25◦)

= 5.528 m/s

y -components:

vbg,y = vbw,y + vwg,y

= (6.1 m/s) sin(25◦)

+(−1.4 m/s)

= 1.178 m/s

1Figure from Walker, “Physics”.



Another Boat Question
3–6 RELATIVE MOTION 71

EXAMPLE 3–2 Crossing a River
You are riding in a boat whose speed relative to the water is 6.1 m/s. The boat points at an angle of 25° upstream
on a river flowing at 1.4 m/s. What is your velocity relative to the ground?

Picture the Problem
We choose the x axis to be perpendicular to the river, and the y axis to
point upstream. With these choices the velocity of the boat relative to the
water is 25° above the x axis. In addition, the velocity of the water relative to
the ground has a magnitude of 1.4 m/s and points in the negative 
y direction.

Strategy
If the water were still, the boat would move in the direction in which it is
pointed. With the water flowing downstream, as shown, the boat will move
in a direction closer to the x axis. To find the velocity of the boat we use

with 1 referring to the boat (b), 2 referring to the water (w),
and 3 referring to the ground (g).

Solution

1. Rewrite with and 

2. From our sketch we see that the water flows at 1.4 m/s in the 
negative y direction relative to the ground:

3. The velocity of the boat relative to the water is given in the 
problem statement:

4. Carry out the vector sum in step 1 to find 

Insight
Note that the speed of the boat relative to the ground is and the direction angle is

upstream.

Practice Problem
Find the speed and direction of the boat relative to the ground if the river flows at 4.5 m/s. [Answer:
In this case, a person on the ground sees the boat going slowly downstream, even though the boat itself points upstream.]

Some related homework problems: Problem 41, Problem 45, Problem 47

vbg = 5.8 m/s, u = -19°.

u = tan-111.2/5.52 = 12°
215.5 m/s22 + 11.2 m/s22 = 5.6 m/s,

 = 15.5 m/s2xN + 11.2 m/s2yN v
!
bg = 15.5 m/s2xN + 12.6 m/s - 1.4 m/s2yNv

!
bg:

 = 15.5 m/s2xN + 12.6 m/s2yN v
!
bw = 16.1 m/s2 cos 25° xN + 16.1 m/s2 sin 25° yN

v
!
wg = 1-1.4 m/s2yNv
!
bg = v

!
bw + v

!
wg3: g:1: b, 2:w,v

!
13 = v

!
12 + v

!
23

v
!
13 = v

!
12 + v

!
23

x

y

25°

vbw = 6.1 m/s

vwg = 1.4 m/s

vwg

vbg

O

REAL-
WORLD
PHYSICS

Suppose the problem had been to find the velocity of the boat relative to
the water so that it goes straight across the river at 5.0 m/s. That is, we want
to find such that One approach is to simply solve 

for which gives

3–9

Another approach is to go back to our general relation, and
choose 1 to be the boat, 2 to be the ground, and 3 to be the water. With these sub-
stitutions we find

This is the same as Equation 3–9, since In either case, the desired ve-
locity of the boat relative to the water is

which corresponds to a speed of 5.2 m/s and a direction angle of 16° upstream.

v
!
bw = 15.0 m/s2xN + 11.4 m/s2yN

v
!
gw = -v

!
wg.

v
!
bw = v

!
bg + v

!
gw

v
!
13 = v

!
12 + v

!
23

v
!
bw = v

!
bg - v

!
wg

v
!
bw,v

!
bw + v

!
wg

v
!
bg =v

!
bg = 15.0 m/s2xN .v

!
bw
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Speed of boat relative to ground:

vbg =
√

v2bg,x + v2bg,y

=
√

(5.528 m/s)2 + (1.178 m/s)2

= 5.653 m/s

= 5.7 m/s

Direction angle

θ = tan−1

(
vbg,y
vbg,x

)
= tan−1

(
1.178

5.528

)
= 12◦ upstream / counterclockwise

from my x axis

1Figure from Walker, “Physics”.



Relative Motion Practice

You are riding on a Jet Ski at an angle of 35◦ upstream on a river
flowing with a speed of 2.8 m/s. If your velocity relative to the
ground is 9.5 m/s at an angle of 20.0◦ upstream, what is the
speed of the Jet Ski relative to the water?

(Note: Angles are measured relative to the x axis, which points
across the river.)

1Walker, “Physics”, ch 3, problem 55.



Relative Motion Practice

You are riding on a Jet Ski at an angle of 35◦ upstream on a river
flowing with a speed of 2.8 m/s. If your velocity relative to the
ground is 9.5 m/s at an angle of 20.0◦ upstream, what is the
speed of the Jet Ski relative to the water?

(Note: Angles are measured relative to the x axis, which points
across the river.)
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3. Find the direction of 
fw

v
G

: 
fw, 1 1

fw, 

2.25 m/s
tan tan 43  west of north

2.40 m/s

x

y

v

v
θ − −

⎛ ⎞ ⎛ ⎞⎜ ⎟= = = °⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠
 

 
4. Find the magnitude of 

fw
v
G

: ( ) ( )2 22 2

fw fw, fw, 
2.25 m/s 2.40 m/s 3.29 m/sx yv v v= + = − + =  

 Insight: If the person were to walk even faster with respect to the ferry, then  
fw

v
G

 would have to be shorter and point 

more in the westerly direction. 

 

 

55.  Picture the Problem: The situation is similar to that depicted in the figure at 

right, except the boat is supposed to be a jet ski. 

 Strategy: Place the x-axis perpendicular to the flow of the river, such that the 

river is flowing in the negative y-direction.  Let 
bw

=v
G

 jet ski’s velocity relative to 

the water, 
bg
=v

G
 jet ski’s velocity relative to the ground, and 

wg
=v

G
 water’s 

velocity relative to the ground.  Use equation 3-8 to find the vector 
bw

v
G

, and then 

determine its magnitude. 

 Solution: 1. Solve eq. 3-8 for 
bw

v
G

: 
bg bw wg bw bg wg

    = + ⇒ = −v v v v v v
G G G G G G

 

 2. Find the components of 
bg

v
G

: ( ) ( )
( ) ( )

bg
ˆ ˆ9.5 m/s cos 20.0 9.5 m/s sin 20.0

ˆ ˆ8.9 m/s 3.2 m/s

= ° + °

= +

v x y

x y

G
 

 3. Subtract to find 
bw

v
G

: ( ) ( ) ( )
( ) ( )

bw bg wg
ˆ ˆ ˆ8.9 m/s 3.2 m/s 2.8 m/s

ˆ ˆ8.9 m/s 6.0 m/s

= − = + − −⎡ ⎤⎣ ⎦
= +

v v v x y y

x y

G G G
 

 
4. Find the magnitude of 

bw
v
G

: ( ) ( )2 2

bw
8.9 m/s 6.0 m/s 11 m/sv = + =  

 Insight: Note that the 35° angle is extraneous information for this problem.  If we work backwards to find the angle 

from the components of 
bw

v
G

 we get ( )1
tan 6.0 8.9 34θ −= = ° , not exactly 35° due to rounding errors. 

 

 

56.  Picture the Problem: The situation is depicted in the figure at right, except the 

boat is supposed to be a jet ski. 

 Strategy: Place the x-axis perpendicular to the flow of the river, such that the 

river is flowing in the negative y-direction.  Let 
bw

=v
G

 jet ski’s velocity 

relative to the water, 
bg
=v

G
 jet ski’s velocity relative to the ground, and  

wg
=v

G
 water’s velocity relative to the ground.  Set the y component of 

bw
v
G

 

equal to the magnitude of  
wg

v
G

 so that they cancel, leaving only an x 
component of 

bg
v
G

.  Then determine the angle θ. 

 Solution: 1. (a) Set 
bw, wg, 

0y yv v+ =  and solve for θ: 

( )
bw, bw wg, 

wg, 1 1

bw

sin

2.8 m/s
sin sin 13

12 m/s

y y

y

v v v

v
v

θ

θ − −

= = −

− − −⎛ ⎞⎛ ⎞
= = = °⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠

 

 2. (b) Increasing the jet ski’s speed relative to the water will increase 
bw
v  and therefore decrease the angle θ. 

 Insight: Airplanes must also make heading adjustments like the jet ski’s in order to fly in a certain direction when there 

is a steady wind present. 

 

1Walker, “Physics”, ch 3, problem 55.



Summary

• relative motion

Homework

• relative motion question on next slide (don’t hand in)

• relative motion worksheet (answer on scantron and hand in,
due Thurs)

Walker Physics:

• Ch 3, onward from page 76. Problems: 49, 51, 53∗, 57

∗There is a mistake in the vector diagram answer in the back of the book.
It looks like vpg = 340 km/h, but as it says in the question, the airspeed
vpa = 340 km/h, so vpg 6= 340 km/h.



Extra Homework Question

An automobile traveling 95 km/h overtakes a 1.10-km-long train
traveling in the same direction on a track parallel to the road. If
the train’s speed is 75 km/h, how long does it take the car to pass
it, and how far will the car have traveled in this time? What are
the results if the car and train are traveling in opposite directions?

1Giancoli, “Physics: Principles with Applications”, 6th ed, page 43.
Ans: 3.3 min, 5.2 km; 23 s, 0.61 km


