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11A: Relative Velocity

Vectors add like vectors, not like numbers. Except in that very special case

I ¢ in which the vectors you are adding
lie along one and the same line, you can't just add the magnitudes of the vectors.

Imagine that you have a dart gun with a muzzle velocity of 45mph. Further imagine that you are on a bus traveling along a straight
highway at 55mph and that you point the gun so that the barrel is level and pointing directly forward, toward the front of the bus.
Assuming no recoil, as it leaves the muzzle of the gun, how fast is the dart traveling relative to the road? That’s right! 100mph.
The dart is already traveling forward at 55mph relative to the road just because it is on a bus that is moving at 55mph relative to
the road. Add to that the velocity of 45mph that it acquires as a result of the firing of the gun and you get the total velocity of the
dart relative to the road. This problem is an example of a class of vector addition problems that come under the heading of
“Relative Velocity.” It is a particularly easy vector addition problem because both velocity vectors are in the same direction. The
only challenge is the vector addition diagram, since the resultant is right on top of the other two. We displace it to one side a little
bit in the diagram below so that you can see all the vectors. Defining

VBR to be the velocity of the bus relative to the road,
. VDB to be the velocity of the dart relative to the bus, and
. VDR to be the velocity of the dart relative to the road; we have
. The vector addition problem this illustrates is

v
I — - -
==v FORWARD VDR — VBR L VDB

If we define the forward direction to be the positive direction,

FORWARD
Positive Direction

then, because the vectors we are adding are b]pth in the same direction, we are indeed dealing with
0

that very special case in which the magnitude of the resultant is just the sum of the magnitudes ©of the
vectors we are adding:

ﬁDR:‘})BR‘f“;DB Vor = Vr + Vbos Vpgr = b5mph + 45mph  Vpgr = 100mph

VDR = 100mph in the direction in which the bus is traveling

You already know all the concepts you need to know to solve relative velocity problems (you know what velocity is and you know
how to do vector addition) so the best we can do here is to provide you with some more worked examples. We’ve just addressed
the easiest kind of relative velocity problem, the kind in which all the velocities are in one and the same direction. The second
easiest kind is the kind in which the two velocities to be added are in opposite directions.
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A bus is traveling along a straight highway at a constant 55mph. A person sitting at rest on the bus fires a dart
gun that has a muzzle velocity of 45mph straight backward, (toward the back of the bus). Find the velocity of
Again defining: the dart, relative to the road, as it leaves the gun.

e Vpg to be the velocity of the bus relative to the road,
e Vpp to be the velocity of the dart relative to the bus, and

o ‘7DR to be the velocity of the dart relative to the road, and
defining the forward direction to be the positive direction; we have . .
FORWARD Vor=Vsr+ Vs

Positive Direction

Vbor = VBr — |VDB|

Vg = 55mph — 45mph  Vpp = 10mph 17DR = 10mph in the direction in which the bus is traveling

It would be odd looking at that dart from the side of the road. Relative to you it would still be moving in
the direction that the bus is traveling, tail first, at 10mph .

The next easiest kind of vector addition problem is the kind in which the vectors to be added are at

rlght_angles to each other. Let's consider a relative velocity problem involving that kind of vector
addition problem.

A boy sitting in a car that is traveling due north at 65mph aims a BB gun (a gun which uses a compressed gas

to fire a small metal or plastic ball called a BB), with a muzzle velocity of 185mph, due east, and pulls the

trigger. Recoil (the backward movement of the gun resulting from the firing of the gun) is negligible. In what
Defining _ cOmpass direction does the BB go?

e Vg to be the velocity of the car relative to the road,
e Ve to be the velocity of the BB relative to the car, and

. VBR to be the velocity of the BB relative to the road; we have

Vbo _1 VBe
anf = — 0 =tan  ——
Ver Ver

0 — tan-1 185mph 6 = 70.6°
65mph

The BB travels in the direction for which the compass heading is 70.6°.
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A boat is traveling across a river that flows due east at 8.50m/s. The compass heading of the boat is 15.0°.
Relative to the water, the boat is traveling straight forward (in the direction in which the boat is pointing) at
11.2m/s. How fast and which way is the boat moving relative to the banks of the river?

Okay, here we have a situation in whijch the hoat is being carried downstream by the movement of the
water at the same time that it is moving relative to the water. Note the given information means that if

the water was dead still, the boat would be going 11.2 m/s at 15.0° East of North. The water, however,
is not still. Defining

. 17WG to be the velocity of the water relative to the ground,

e Vpw to be the velocity of the boat relative to the water, and

e Vpe to be the velocity of the boat relative to the ground; we have

¢/ =8.50 m/s
WG

Solving this problem is just a matter of following the vector addition recipe. First we define +x to be
eastward and +y to be northward. Then we draw the vector addition diagram for V. Breaking it up

into components is trivial since it lies along the x-axis:
Breaking 173W does involve a little bit of work:
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v,

3 W
sinf=——
Vaw

Vi = Vi SINE

Vy, =1 1.2? sin(15.0%)

Vi, = 2.399?

VHW
cosf=—2-

BW

Viwy = Vi COSE

Vi, =112 cos(15.0%)
5

Viuy =10.822
-]

Now we add the z components to get the z-component of the resultant
VBa: = Vwae + VBwe

Vios = 8.502 +2.809 Vg, =11.2992
S S S

and we add the y components to get the y-component of the resultant:
Veay = Vwey + Vewy

Vi, = 0= +10.822%  Vpe, = 10.822
S S S

Now we have both components of the velocity of the boat relative to the ground. We need to draw the

vector component diagram for Vg to determine the direction and magnitude of the velocity of the
boat relative to the ground.

We thgn use the Pythagorean Theorem to get the magnitude of the velocity of the boat relative to the
ground,

Ve = /Vies + Ve, Ve = /(11.299m/s)? + (10.82m/s)? Vpe = 15.64m/s
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and the definition of the tangent to determine the direction of 1735;: Viay . Viay
Y g _

tanf =
BGz

10.82m/s @ =43.8° Hence, Ve = 15.64m/s at 43.8° North of East.

6 =tan ———
11.299m/s
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