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Last time

e vectors



Overview

e motion in 2 dimensions
e relative motion

e introducing projectile motion



Vectors Properties and Operations

Negation

If u = —v then u has the same magnitude as v but points in the

opposite direction.

Subtraction
A—B=A+(-B)

We would draw l{ Vector G = & — Bis

B here if we were ¢ the vector we must
- s = —

adding it to A. ,' B add to B to obtain A.

>l

Adding —BwoA
is equivalemﬁto
subtracting B
from A.




Motion in 2 Dimensions

The displacement of the
Y particle is the vector AT,

\
t.\® AY
ty

"\, Path of
particle

X

r=xi+yj

Ar=rs—r;



Motion in 2 Dimensions

All other kinematic quantities generalize in a straightforward way.

dr
v=—
dt
where v = v,i + vy j
Ar
Vo = A
dv . .
a= (same expression as 1 dim)

where a = a,i + a,j

Av : .
Aavg = 1 (same expression as 1 dim)



Constant Velocity in 2 Dimensions

O vy, =vycos B

X =0, t

Or, we can find the distance it travels in the x-direction by
considering what is its rate of change of x-position with time!

Ax
Vox = = wecos® = x=(vgcosO)t

And in the y-direction:

A
voy:A—)t/ =vsin® = y={(wsin0)t

IFigure from Walker, “Physics"”.



Relative Motion

We can use the notion of motion in 2 dimensions to consider how
one object moves relative to something else.

All motion is relative.

Our reference frame tells us what is a fixed position.

An example of a reference for time and space might be picking an
object, declaring that it is at rest, and describing the motion of all
objects relative to that.



Intuitive Example for Relative Velocities
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'Figure by Paul Hewitt.



Intuitive Example

Now, imagine an airplane that is flying North at 80 km/h but is
blown off course by a cross wind going East at 60 km/h.

How fast is the airplane moving? In which direction?

Sketch:

'Figure by Paul Hewitt.



Intuitive Example

Now, imagine an airplane that is flying North at 80 km/h but is
blown off course by a cross wind going East at 60 km/h.

How fast is the airplane moving? In which direction?
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Intuitive Example
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Strategy: vector addition!

In this case, the two vectors are at right-angles. We can use the
Pythagorean theorem.



Intuitive Example
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Strategy: vector addition!

In this case, the two vectors are at right-angles. We can use the
Pythagorean theorem.

v =100 km/h at 36.9° East of North (or 53.1° North of East)



Intuitive Example
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Strategy: vector addition!

In this case, the two vectors are at right-angles. We can use the
Pythagorean theorem.

v =100 km/h at 36.9° East of North (or 53.1° North of East)



Relative Motion

One very useful technique for physical reasoning is considering
other frames of reference.

A reference frame is a coordinate system that an observer adopts.

Different observers may have different perspectives: different
frames of reference. Consider a pair of observers, one stationary
(A), one moving with constant velocity vgs. Both observe a
particle P.

Sa Sp
1)
N

Tpa /.

Tpg
A B .
EN -

BA <

- Vs



Frames of Reference
How do we relate coordinates in different frames of reference?

Two frames S and S’

y S 'yl S/
— 1

P (event)

Galilean transformations:

X:x'+vt', y=y, z=z, t=t



Relative Motion

Sa Sg
P
N
TpA
AN
I'pp
A B X
Vol
A —
B. # VB A

rpa =rpg +vpat

VpA = VpB 1+ VBA




Relative Motion Example

A boat crossing a wide river moves with a speed of 10.0 km/h
relative to the water. The water in the river has a uniform speed of
5.00 km/h due east relative to the Earth. If the boat heads due
north, determine the velocity of the boat relative to an observer
standing on either bank.!

23

2Page 97, Serway & Jewett



Relative Motion Example
A boat crossing a wide river moves with a speed of 10.0 km/h
relative to the water. The water in the river has a uniform speed of
5.00 km/h due east relative to the Earth. If the boat heads due
north, determine the velocity of the boat relative to an observer

standing on either bank.!
ver = 10.0 km/h

v,e = 5.00 km/h
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Relative Motion Example

A boat crossing a wide river moves with a speed of 10.0 km/h
relative to the water. The water in the river has a uniform speed of
5.00 km/h due east relative to the Earth. If the boat heads due
north, determine the velocity of the boat relative to an observer
standing on either bank.!

ver = 10.0 km/h

v,e = 5.00 km/h

‘ %?% ; “’EMSS VpE = Vpr +V,E
S

Simply use vector addition to
find VbE.
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Relative Motion Example

A boat crossing a wide river moves with a speed of 10.0 km/h
relative to the water. The water in the river has a uniform speed of
5.00 km/h due east relative to the Earth. If the boat heads due
north, determine the velocity of the boat relative to an observer
standing on either bank.!

ver = 10.0 km/h

v,e = 5.00 km/h

VpE = Vpr + V£

Simply use vector addition to
find VbE.

VbE = V 102 + 52

= 11.2 km/h

5
0 =tan! =26.6°
an <10> 6.6

2Page 97, Serway & Jewett



Relative Motion and Rip Currents
Life and death application: rip currents.

In shallow ocean water, a rip current is a strong flow of water away
from the shore.

IF CAUGHT IN A RIP CURRENT
® Don't fight the current =

* Swim out of the current, then to shore

+ I you can't escape, float or tread water

# If you need halp, call or wave for assistance |

s
+ Know how to swim
#* Nevar swim alone & X M"%

. # If in doubt, don't go out 0 @ @
L . -




Relative Motion and Rip Currents

If you are caught in one, which way should you swim?

Feeder

Breakers

!Diagram from Wikipedia.
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Relative Motion and Rip Currents

If you are caught in one, which way should you swim?

Feeder

Breakers

!Diagram from Wikipedia.



Example, Ch 4, #72

A rugby player runs with the ball directly toward his opponent’s
goal, along the positive direction of an x axis. He can legally pass
the ball to a teammate as long as the ball's velocity relative to the
field does not have a positive x component.

Suppose the player runs at speed 4.00 m/s relative to the field
while he passes the ball with velocity vgp relative to himself. If
vgp has magnitude 6.00 m/s, what is the smallest angle it can
have for the pass to be legal?

!Halliday Resnick Walker, 9th ed, page 82..



Example, Ch 4, #72

A rugby player runs with the ball directly toward his opponent’s
goal, along the positive direction of an x axis. He can legally pass
the ball to a teammate as long as the ball's velocity relative to the
field does not have a positive x component.

Suppose the player runs at speed 4.00 m/s relative to the field
while he passes the ball with velocity vgp relative to himself. If
vgp has magnitude 6.00 m/s, what is the smallest angle it can
have for the pass to be legal?

VpA =Vpg +VBA

vpa must have a zero or negative x-component. For the smallest
angle, vpa x = 0.

!Halliday Resnick Walker, 9th ed, page 82..



Example, Ch 4, #72

If vgp has magnitude 6.00 m/s, what is the smallest angle it can
have for the pass to be legal?

vpa must have a zero or negative x-component. For the smallest
angle, vpa x = 0.

VPAx = VPBx 1t VBAXx
VPB,x = VPAx — VBAx
vpex = —4m/s

Vpg = Vpgxi + VpB,yj

-4
0 = cos (6) =132° (counterclockwise from x azxis)



Projectiles

projectile

Any object that is thrown. We will use this word specifically to
refer to thrown objects that experience a vertical acceleration g.

Assumption

Air resistance is negligible.

Why do we care?
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Projectile Velocity

The y component of
velocity is zero at the

The x component of

il peElseE i, velocity remains
N constant because
v, =0 v e :
v ) © g there is no
v, ® -~ o= - acceleration in the x
) - © \\@ Uy di i
N () irection.
Vi Uy 0
Uy ; 4 xt v, -
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\
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@ > 3 »—x
V.,
X1 Bl
The projectile is launched -
Uy Ve

with initial velocity v;.



Projectile Velocity

< But the y
The ycomponent of 5 coperation
velocity is zero at the .
is not zero! The x component of
Y peak of the path. ] A
velocity remains
N l N constant because
=0 Vo g there is no

o 2
v, / = ©‘°_">\ - acceleration in the x

. ‘ﬂ O v direction.

v

2
@ i U:\@\
— \

The projectile is launched
with initial velocity v;.




Vector Addition can give a Projectile’s Trajectory

1
Ar:rf—ozv,-t+§at2



Motion in 2 Dimensions
A method of testing that the vectors add as asserted!

Y
Target | ,‘ —*L
27 T
3o~ 1,42
) eo%i// : 7 &t (
\}(i// : X tan 6,
== ~
2277 Point of J y4
Gun O 0; collision v
|
) o —
-
" .

F g2
¥e =V;T — —
f i 2g J



Motion in 2 Dimensions

A method of testing that the vectors add as asserted!

y
Target f wi—
- |
v;t &%\%// | Lth
e [ 2
e [ xT tan 0;
27 |
2 Point of - y4
Gun O 0; collision Y
|
/‘47 X
y
" .

tr = vit — gt



Summary

e motion in 2 dimensions
e relative motion

e introducing projectiles

Homework
e prev: Ch 4 Problem 76, 83 (relative motion).
e new: Ch 4 Problem 73, 75 (relative motion).
e new: Ch 4 (projectiles)



