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Vectors and Scalars

Scalar quantities require magnitude & unit for complete description
Examples: mass, time, temperature, speed, ...... (what others?)
2.7kg
57°C
60m/s

Vector quantities: require magnitude, unit & direction for complete deription

Examples: displacement, velocity, acceleration ...... (what others?)

500m  north
50m/s  heading 040°
9.8m/s down

V ector Notation

Vector quantities are graphicdly represented asarrows........

Y, A Thelength of the arrow represents
the magnitude of the vector and
the direction isself-evident.

X

Vectors quaftities areref erred to by symbol, such as...
“A” or “A” (arrow used on blackboard, boldfacein the text,
and on overheads)
A simple, unbold, unarrowed “A” refers to the magnitude of vector A.

A=Al




Vector Math

Vectors can bemultiplied by scalars:

A e o
0.758\

The result is that themagnitude of the vector changes, but not the direction, except

in the case of muliplication by a negative number where the vector reverses
direction.

Adding Vectors

(parall elogram method)

A+B=R

Adding Vectors

(“tip-to-tail” method)

A+B=R




Adding Vectors

(“tip-to-tail” method)

Theresultis
independent of the
order of addition!

B+A=A+B

B+A=R

Subtracting Vectors
B -B
A 2 AV
A+B=R <A =R-B
B

Vector Components

y
A
h
A)’
0
> X
AX
Vector A (with magnitude, A) isdirected at an angle 6 above the +x axis
A=A+ Ay

Ay vector component of A in the x-direction

Ay 1 vector component of Ain they-direction




Scalar Components

y

A

Ay

Given A, 6, the scalar components of A are

A, =Acos(0)
Ay=Asin(0)

Scalar Components

Given A, A,
how doyoufind A, 8 ?

Magnitude:

N 2
A= A +A
Angle:

e A
6=t =
an (P&)

Be careful!

«Calcul ator in degree mode?
sLook at thesignsof A and A,
Does the angl e make sense?
«Inverse tangent only gives back a
result from -90° to +90°. How do
you get the right quadrant?

Adding Vectors by Components

A+B=C

+y +y
C B, C B, C
/ﬁ y y ©
B,
A, I, A
A +X A B +x ' C +X

1. Choose coordinate system and draw a picture.
2. Find scalar components: A,, Ay, By, By

3. Cdculate scalar components:

C,=A+B, and C,=A+B,

4. Find: C=,/C} +C]

C
5. Find: 6 =tan™ (=)
C

X




Example

Adding Displacement Vectors:

A hikers walks
D, =6.0km east on day 1
D, =4.0 km north on day 2
D, =10.0 km at 30.0° north of
west on day 3.

Find her total displacement f or the

Trip.

D;=D;+ D, + D,

Dy

Dl
By graphical| Methods

S
X N
Analysis

X-component | y-component
D; | +6.0km Okm D;
D2 [Okm +4.0 km
Ds |-10cos(30°) | +10sin(30°)

=-87km =+5.0km By graphical| Methods
Dr |-2.7 km +9.0 km

Dy =+/(~2.7)2 +(9.0)km =9.4km

6=180° +tan’1(%) =180° - 73 =107

S

(Needed to add 180° to get result in
the correct quadrant)

Vector Description of Motion

Path of
particle

A particle moves from P (at t;)to Q(at t;)

along thetrajectory shown above

(A trajectoryis apath of motion
through space)

Average Vector Displacement .

Ar =1, -1,
Average Vector Velocity.
~= Ar
Av = —
At
Instantaneous Vector V elocity .
. Ar
Av=Ilim—
at-0 At
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Velocity vectors
shown in red

Ar

Vector Description of Motion

How does velocity change?

ol

The velocity vector’sdirection is
always tangent tothe tragjectory and in
the direction of the motion.

The length of the velocity vector shows
the instantaneous speed of the particle.
Longer means faster.

Ve
WAV
Av =v, -V,
Average Vector Acceleration.
X — _Av
Aa=—
At
Instantaneous Vector Acceleration.
. Av
Aa=lim—
at-0 At

Vector Description of Motion

Velocity vectors shown

inred, acceleration
vectorsin purple

ol

The velocity vector’sdirection is
always tangent tothe tragjectory and in
the direction of the motion.

The length of the velocity vector shows
the instantaneous speed of the particle.
Longer means faster.

x Av

How does velocity change?

Av =v, -V,

i
Average Vector Acceleration.

Aa=—
At
Instantaneous Vector Acceleration.
. Av
Aa=lim—
at-0 At

Vector Description of Motion

As a particle movesalong itstrgjectory,

Acceleration vector shows how the v

velocity vector changes.

Velocity vector shows how the
position changes

Both velocity and acceleration can
change in both magnitude and direction

(This is aquicktime animation in the
screen version)




Projectile Mation

Projectile Motion describesthe motion of
any object thrown into theair at any abitrary
angle. -ﬂ'

To describe projectile motion
mathematically, we assume:

k
1. Projectile motion is uniformly acoelerated b
motion. The acceleration vector isdirected Quicktime Movieof ajuggler
vertically downward and hasa magnitude of
g=9.8m/s2.

2. The effects or air resistance are negligible.

Analyzing Projectile Motion

The prgectileislaunched at
initial velocity, v, at angle 8,
above thehorizontal .

(va)\\v‘ Initial componentsare:

Vyo =V, COS6,

‘ N +X ’
(%Yo Vi, =V, SiN6,
Subsequent to launch, the x-component of velocity,
remains constant; only the y-component changes.

V, =V, =V, C0sf, = constant Vy =V —gt
X = Vyot = (Vo COSE)t Y= Yo =Yt = 2o0t?
V2 =V =29(y —Yo)

The speed at time t isgiven by:

Example:

Find componentsfirst!

- v, =30c0s30°'m/s=26m/s
V,, =30sin30°'m/s=15m/s

A ball is thrown off a25m high roof at aspeed of 30 m/sat an angleof 30°

above hori zontal.

1) What isthe maximum height? Vi, =20(y-y,) 0 ¥ y& Vi/29
y=25m+(15m/s)?/(19.6m/s) =36 m

2) At what time does it land? Y=Y = Vot —0.5gt
497 -15t-25=00 &~ 125 t+ 43s
3) How far doesit travel? (What is the horizontal range?)

X=X =Vt
X=0+(26)(4.3) =110 m




Relative Motion

How isa motion described by differerent
observersin different reference frames
which arein motion with respect to each
other?

Relative Position Relative Velocity

Relative Velocities

Consider the motion of aboat inariver.
Vpr: Velocity of boat seen by river
Vi velocity of river seen by earth
Vpe: Vel ocity of boat seen by earth

Vector equation:

Vbe = Vbr + Vre
[ S )

Sign Convention:

Vie =~ Ver

Example

At what angle do you point the boat to
go straight across the river?
Vpr: Speed is 20 m/s, direction 77?

Vie: current, 10 m/s, due east
= Vpe: Speed is?7?, due north

N = \, Vector equation:

Vbe = Vbr + Vre
dlismaleste NS In components:
East: Vi (Vi = (Vo)
-20m/ssin(6)+10m/s=0 ---> 8 =30°

North: (vh,)y+ (v,gy: (v,,gy
20m/s cos(30° 0 MV'S = (Vpe)y = Ve = 17 MV




