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Introduction to Vectors



Why Bother With Vectors?

Imagine you wanted to represent the wind speed and direction across
Michigan. (e.g., In Dearborn, the wind has a speed of 8 miles per hour,
and is blowing from the northeast.)

Which of these figures makes it easier to see the overall wind pattern?
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Why Bother With Vectors?

Using vectors, we can represent the size/amount AND direction
of the wind efficiently.

Things that don’t have a direction, like temperature or mass, are
called scalar quantities. They wouldn’t be represented with
vectors.

What things that have both a size and a direction can we
represent with vectors?



Vectors in Physics

In physics, we use vectors to represent things like:
* Position:
How far away and in which direction from the origin is an object located?

* Velocity:
How fast and in which direction is it moving?

 Force:
How strong and in which direction is the push or pull on the object?
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Representing Vectors

“Tip’
There are many ways to Vector anatomy: :Head:
represent a vector. The Nose
simplest way is with an

arrow.

“Tail”
HFOOt"
llBaseH

We use coordinate systems to describe the direction of the arrow:

Y N
Vector points
in the negative Vector
x and negative points
y direction southwest

X E



Components of Vectors



The image at right shows the
three-dimensional vector:

(—=7,-5,0) m

This notation means:
Starting from the “tail”,

* go 7 meters to the left,
* go 5 meters down, and

* go 0 meters out of the page.
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Note: The vector’s tail could
be anywhere. We arbitrarily
chose to place the tail at the

point (9,6,0) m.

10 x (m)



This is the 7
overall vector 6

—5m

N

This is the
This is the Z-component:
X-component: This is the r, =0m
n =—7/7m y-component:
r,=—5m

y

7 8 |9]| 10 /x(m)

Note! We can use
any letter to
represent the
overall vector



y (m)

r =(=7,-5,0)m
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* The total size (length) ofa °

vector 7 is called its
magnitude. Magnitude is
represented as |7'| or .

* If you know a vector’s
components, you can
calculate the vector’s
magnitude using the
Pythagorean theorem:

7] =/ (=7 m)2 + (=5 m)2 + (0 m)?2

7] = V74 m
|7| = 8.6 m

The magnitude is
approximately 8.6 m



10

Test yourself:

Which of these
is the vector

—7,—5,0) m?

(Assume all
Z-components
are zero)
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Which of these
is the vector

—7,—5,0) m?

ALL of them!

You can move
vectors around.

As long as they
have the same
magnitude AND
direction, they
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are equivalent. 10

x (m)



Q1. Find the x- and y- 10
components of the vector 4 ¢
at right. (You can assume 8
the z-component is zero.) , 1
6
Q2. Sketch the vector: 5
B =(-3,2,0) m. 4
3
s 2
Q3. B = (—3, 2,0) m. Calculate
the magnitude of B. N

See end of packet for solutions



Unit Vector Notation



Mathematical Representations: Unit Vectors

We've been representing vectors as (Ax, Ay, AZ).

We can also represent vectors mathematically using “unit vectors”.

* Unitvectors are defined to have a magnitude of 1
e Unit vectors are dimensionless (they don’t have units)

We often use the unit vectors that point in the +x, +7y, and +z directions:

* 1 (or X) is the unit vector that points in the +x direction Y
(pronounce I as “eye-hat”)

>

* J (ory) is the unit vector that points in the +y direction 1

o>

« k (or 2) is the unit vector that points in the +z direction

Note: i, /] and k notation is commonly used in engineering courses



Mathematical Representations: Unit Vectors

 (or X) means “one unit in the +x direction”
J (or ¥) means “one unit in the +y direction”

k (or Z) means “one unit in the +z direction”

So we can write the vector at right as:

—7,-5,0) m A y (m)
7
OR, using unit vectors, as: ;
(=7t — 5/ + 0k) m °
4
(Note that we have to keep track of 3
each direction separately. We cannot 5

combine the 7, 5, and 0) j




Practice #2

o
Q1. Write the vector /TA (shown at 10
right), using 7, j, k unit vector 9

notation: 2 .

, A
Q2. Given B = (2i — 3] + 0k) m, 6
sketch B: 5

See end of packet for solutions 0 1 2 3 4 5 6 7 8 9 10x(m)



Unit Vectors

Unit vectors can point in any direction.

To find a unit vector 7 in the direction of any vector 7,
divide the vector 7 by its magnitude |7|:

a
F= — y (m)
r |7;>| 10 N
9
For the example at right: ¢
7
Note that the units
- —7, =5, O>)’n/ cancel out. " is 6
- 8.6 dimensionless. >
m/ 4
r = (—0.814, —0.581, 0) 3
2
Check: 1
0 >
|#| =/(—0.814 )2 + (—0.581)2 + (0 )2 0 1]2/3 4 5 6 7 8|90 x(m)

|7 = v1.00

7] =1 7 is a unit vector that points in the direction of 7




Ql.Isc¢ = <— g, — %, 0> a unit vector?

Q2.1s d = (11 + 1j) a unit vector?

Q3. Find the unit vector in the direction of a = <§, —1, O> m.

See end of packet for solutions



Adding Vectors



Adding Vectors Graphically

Vectors can be combined following specific rules for addition,
multiplication, etc.

€

In the next few slides, we’ll
describe how to add the

vectors A and B at right.

l
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« Remember we can move
vectors around, as long as
we don’t change their
magnitude or direction!

o 1 2 3 4 5 6 7 8 9 10 x(m)



Adding Vectors Graphically

Step 1: Move one (or more) of the vectors to arrange them “tail to
tip” or “tip to tail”

* [t doesn’t matter which of the vectors we move...

-

A+ B isequivalent to B+ A

B
/fv\

Here, we slid B so
the tail of B is at

A
the tip of A
B

Here, we slid A so
the tail of 4 is at
the tip of B




Adding Vectors Graphically

Step 2: Draw vector C =A+B:

After arranging Aand B tip to tail, draw vector C. Start from the first tail
in your “tip-to-tail” chain of vectors, and end at the last tip.

'\ Caution: This means the resulting vector ends up tip-to-tip, NOT tip-to-tail.

A+B=C s equivalent to B+A=C

]
N
)
we}l]
T

ool

The resulting vector Cis equivalent!



Alternate Method of Addition

You can also use a parallelogram to add two vectors graphically.

Step 1: Arrange vectors A and B tail to tail, and carefully sketch a
parallelogram.

B B Caution: Draw the parallelogram
\ carefully! Don’t just draw the
A’ \\ resultant vector randomly between

\ A and B without following Step 1!

P d
s

Step 2: Draw the resultant C vector from the tails of A and B
to the opposite corner of the parallelogram. 4

Note that this gives the same resultant vector as the previous method.



Graphical vector addition doesn’t
require a coordinate system.

If we have a coordinate system
and we know the components of
each vector, we just add each
component independently.

Given: 4 = ( 3i— 6§+ 0k)m
B = (=30 + 2]+ 0k)m

We calculate C =:¢T+§:

( 3t—6j+0k)m
+ (=31 +2j+ 0k) m
¢ (0i—4j+0k)m

A
+B

C,=A4,+B,=0m

(o]

Cy=Ay+By=—4m

vy
10

C = (01— 4f + 0k) m

Note that this gives the same resultant
vector as the previous methods.



y (m)
10 T o
Q1. Use graphical vector .
addition to draw the vector
C=A+B 7
: i
5
4
s | B
See end of packet for solutions 2
1
0 & >

x (m)



Practice #5

S . y (m)

Q1. Write vectors A and B in 10
unit-vector notation 5
8
Q2. Use vector addition by 7
components to find the vector i
5

C=4A+B T s

3 B
2
Q3. Does your answer match 1

o

s

the graphical addition of these
vectors in Practice #4?

See end of packet for solutions



Multiplying and Subtracting
Vectors



So far, we have only considered vector
addition. Let’s consider multiplication:

* You can multiply a vector by a scalar.
This changes its magnitude.

A=(3—6,0)m
1A=143,-6,0)m
A= 2 -3,00m
* Multiplying by a negative number
reverses the direction of the vector.

A=(3—6,0)m
—A=—(3,-6,00m
—A =1(=3,60)m

You can also multiply vectors by vectors!
See the Vectors III module for details.
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Now that we can multiply by a negative number, we can do subtraction:

A-B isjust/f + (—§)

10

So to graphically calculate A—B,we just reverse the direction of B to
get —B, then add 4 and (—§) as usual, “tail to tip” or “tip to tail”.
y (m)

This graphical subtraction matches
what we get using components:

A=(3,-60)m
B= -3,2,00m
A 3,—6,0) m
—B - =3, 2,0)m
¢ 6,—8,0) m

x (m)



You can also use a triangle to subtract two vectors graphically.

Step 1: The vectors A and B are arranged tail to tail in order to sketch a
triangle.

Step 2: The final vector is drawn from the tip of the second vector (§) to the
tip of the first one (4).

N

B

)

T
|
N}
|
ool

Note that this gives the same result as the previous method.



We define Av as the change in the velocity. Mathematically, Av = VF—V;

The initial and final velocity vectors are given in the figures:

—

Irlitial o Final v, =(-2,-1,0) m/s
v; =(2,1,0)m/s i

We can find Av graphically and by components:

Graphically: By components:

Av = 77 + (—77) Av =7/ -]

7 ~2,—1,0)m/s
7 — 2, 1,0)m/s
Av —4, —2,0)m/s




Q1. The initial and final velocity vectors are given in the figure.

We define Av = v — v; . For this scenario, find Av:
i.  graphically and
ii. by components.

Initial

&

B, =(2,—1,0) m/s ¥ = (2,1,0)m/s

See end of packet for solutions



Conclusion



Recap

After working through this module, we
expect that you can now:

* Distinguish vector quantities from
scalar quantities

* Represent vectors graphically and 10
mathematically (including using
unit-vector notation)

magnitude of a vector.

« Add and subtract vectors graphically
and by using components

. 6 ; :
* Use vector components to find the | ;

* Multiply vectors by scalars

If you still have questions about any of
this, please ask an SLC assistant!




Take the Post Test!

* You have completed the tutorial portion of the Vectors 1
Module

* When you feel that you understand the principles
outlined in this tutorial, get a post test from the Science
Learning Center personnel.

* Complete the post test and turn it in to be checked.

* If correct, you will be able to move on to the Vectors 2
Module.

* If incorrect, you may review the module and retake the
posttest as many times as is needed in order to pass.



Practice Problem Solutions



ﬁn

y (m) 10 1
Q1. Find the x- and y- components
of the vector A4 at right. (You can
assume the z-component is zero.) 8 A’
A, =3m /
Ay, =—6m e ;
0 M
A, =0m 5
- 4
A=(3,—-6,00m ;
2
Q2. Sketch the vector: s | zdo i
B = <—3, 2, 0) m. in/out ofpa$e
0 &
You can draw B anywhere, as o 1 2 3

long as it goes:

* 3m in the —-x direction,
* 2m in the +y direction,
* Om in the z direction.

Q3. Calculate the magnitude of
vector B = (—3,2,0) m

4 5 6 7 8 9 10 x(m)

|B| = \/B§+B§+BZZ

| —=3,2,0 | =/(=3m)2 + (2m)2 + (0m)>2




Practice #2 Solution

9 y (m)
Q1. Write the vector A (shown at right), 0T
using I, J, k unit vector notation: R
i A
A=(—31+6]+Ok)m .
7
6
- - . +6 m
Q2. Given B = (Zi — 3]+ Ok) m, sketch B: 5
(Note that By=2m, B, = =3 m, B, = 0 m) 4
3 b
- ) ) ~ B -3 m
You can draw B = (21 — 3] + Ok) m 2
anywhere, as long as it goes: 1
e 2 meters in the +x direction, . .
* 3 meters in the -y direction, o 1 2 3 4 5 6 7 8 9 10 x(m)

* (0 meters in the z direction.



Practice #3 Solution

Ql.Isc = <— \/;, — %, O> a unit vector? YES

The magnitude of vector ¢ is 1, so it IS a unit vector.

Q2.Isd = (1i + 1j) a unit vector? NO

d] = Jd2 + 3 + a2 a5

d| = /(1)2+ (1)2+ (0)2
|d| = V2

Because vector d has a magnitude larger
than 1, it is NOT a unit vector.

Remember, the magnitude of
every unit vector is equal to 1

Graphical Representation
15

115

-5



Practice #3 Solution Continued

Q3. Find the unit vector in the direction of a = G, -1, 0> m

|Q¢

a=

Qu

First, find the magnitude of d: Graphical Representation

1.5
1
3 2 2 d
= E + (1) +(0) y
0.5
N \/_
lal = —
2
15 ] 0.5
A (% _1, 0>m Note that thAe.units
a="—7 czfmcel qut. ais
— - m dimensionless.
G = 3 __2 0
\v13’ V13’

a = (0.832, —0.555, 0) 1.5



Practice #4 Solution

Q1. Use graphical vector
addition to draw the vector

C=A+B
Step 1: Move AorB tip to tail

Step 2: Draw vector C (Start
from the first tail in your
“tip-to-tail” chain of vectors
and end at the last tip).

Vector C should go:

1 unit in the +x direction, and
3 units in the +y direction.

y (m)

10

M

o)

OR

=5
e
)

x ()




Practice #5 Solution

Q1. Write vectors A and B in unit-
vector notation

A= (-11+ 6]+ 0k) m

Because A, = —1m, Ay =6m, A, =0m

B = (2i —3j + 0k)m

Because B, = 2 m, By =-3m, B,=0m

Q2. Use vector addition by
components to find the vector: C =
A+B

A (-1i+6j+0k)m
+B +( 2i—3j40k)m
¢ (11+3j+0k)m

- ~

C=( 1437+ 0k)m

y (m) 10

9

8

7

vl

>

OR

My
My

oo

o 1 2 3 4 5 6 7 8 9 10 x(m)

Q3. Does your answer match the graphical
addition of these vectors in Practice #37?
Yes, it matches! Our vector goes:
* 1 meterin the +x direction,
* 3 meters in the +y direction, and
* 0 meters out of the page.



Q1. The initial and final velocity vectors are given in the figure.

We define Av = v — v; . For this scenario, find Av:
i.  graphically and
ii. by components.

Graphically:

Av = V7 + (=)

Initial

‘ ‘ By components:

v = 1_7)f = Av = v_f) — FL’
j =

(2; _1;0) m/S (2;110> m/S

v, (2, 1,0)m/s

—-v; — 2,—1,0)m/s

Av (0, 2,0)m/s
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	𝑟𝑦=−5m
	𝑟𝑦=−5m

	𝑟𝑥=−7m
	𝑟𝑥=−7m

	𝑟=8.6m
	𝑟=8.6m

	 𝑟= −7, −5,0m
	 𝑟= −7, −5,0m
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	The magnitudeis approximately 8.6 m
	The magnitudeis approximately 8.6 m
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	Equivalent Vectors

	Test yourself:
	Test yourself:
	Which of these is the vector
	 −7, −5,0m?
	(Assume all z-components are zero)
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	Which of these is the vector
	Which of these is the vector
	 −7, −5,0m?
	ALL of them!
	You can move vectors around. 
	As long as they have the same magnitude ANDdirection, they are equivalent.
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	Practice #1
	Practice #1

	Q1. Find the x-and y-components of the vector  𝐴at right. (You can assume the z-component is zero.) 
	Q1. Find the x-and y-components of the vector  𝐴at right. (You can assume the z-component is zero.) 
	Q2. Sketch the vector:𝐵= −3, 2,0m. 
	Q3. 𝐵= −3, 2,0m.Calculate the magnitudeof 𝐵.

	Chart
	Span
	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10

	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10


	Figure
	Figure
	Figure
	y (m)
	y (m)

	x (m)
	x (m)

	 𝐴
	 𝐴

	See end of packet for solutions
	See end of packet for solutions
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	We’ve been representing vectors as 𝐴𝑥,𝐴𝑦,𝐴𝑧. 
	We’ve been representing vectors as 𝐴𝑥,𝐴𝑦,𝐴𝑧. 
	We can also represent vectors mathematically using “unit vectors”.

	We often use the unit vectors that point in the +𝑥, +𝑦, and +𝑧directions:
	We often use the unit vectors that point in the +𝑥, +𝑦, and +𝑧directions:

	• 𝑖(or  𝑥) is the unit vector that points in the+𝑥direction (pronounce  𝑖as “eye-hat”)
	• 𝑖(or  𝑥) is the unit vector that points in the+𝑥direction (pronounce  𝑖as “eye-hat”)
	• 𝑖(or  𝑥) is the unit vector that points in the+𝑥direction (pronounce  𝑖as “eye-hat”)
	• 𝑖(or  𝑥) is the unit vector that points in the+𝑥direction (pronounce  𝑖as “eye-hat”)
	• 𝑖(or  𝑥) is the unit vector that points in the+𝑥direction (pronounce  𝑖as “eye-hat”)

	• 𝑗(or  𝑦) is the unit vector that points in the+𝑦direction
	• 𝑗(or  𝑦) is the unit vector that points in the+𝑦direction

	• 𝑘(or  𝑧) is the unit vector that points in the+𝑧direction
	• 𝑘(or  𝑧) is the unit vector that points in the+𝑧direction




	•Unit vectors are defined to have a magnitude of 1 
	•Unit vectors are defined to have a magnitude of 1 
	•Unit vectors are defined to have a magnitude of 1 
	•Unit vectors are defined to have a magnitude of 1 

	•Unit vectors are dimensionless (they don’t have units)
	•Unit vectors are dimensionless (they don’t have units)



	Span
	Mathematical Representations: Unit Vectors
	Mathematical Representations: Unit Vectors

	Note: 𝑖,  𝑗and  𝑘notation is commonly used in engineering courses
	Note: 𝑖,  𝑗and  𝑘notation is commonly used in engineering courses
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	Figure
	 𝑖(or  𝑥) means “one unit in the +𝑥direction”
	 𝑖(or  𝑥) means “one unit in the +𝑥direction”
	 𝑗(or  𝑦) means “one unit in the +𝑦direction”
	 𝑘(or  𝑧) means “one unit in the +𝑧direction”
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	Mathematical Representations: Unit Vectors
	Mathematical Representations: Unit Vectors

	So we can write the vector at right as:
	So we can write the vector at right as:
	 −7, −5,0m
	OR, using unit vectors, as:
	−7 𝑖−5 𝑗+0 𝑘m

	(Note that we have to keep track of each direction separately. We cannot combine the 7, 5, and 0)
	(Note that we have to keep track of each direction separately. We cannot combine the 7, 5, and 0)
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	Practice #2

	Q1. Write the vector  𝐴(shown at right), using  𝑖,  𝑗,  𝑘unit vector notation: 
	Q1. Write the vector  𝐴(shown at right), using  𝑖,  𝑗,  𝑘unit vector notation: 
	Q2. Given 𝐵=2 𝑖−3 𝑗+0 𝑘m, sketch 𝐵:
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	 𝐴
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	See end of packet for solutions
	See end of packet for solutions


	Slide
	Span
	Unit Vectors
	Unit Vectors

	Unit vectors can point in any direction.
	Unit vectors can point in any direction.
	To find a unit vector  𝑟in the direction of any vector  𝑟, divide the vector  𝑟by its magnitude | 𝑟|:
	 𝑟= 𝑟| 𝑟|
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	For the example at right:
	For the example at right:
	 𝑟= −7, −5,0m8.6m
	 𝑟= −0.814, −0.581,0
	Check:
	 𝑟=−0.8142+−0.5812+(0)2
	 𝑟=1.00
	 𝑟=1
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	 𝑟
	 𝑟
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	 𝑟= −7, −5,0m
	 𝑟= −7, −5,0m
	| 𝑟|=8.6m
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	 𝑟is a unit vector that points in the direction of 𝑟
	 𝑟is a unit vector that points in the direction of 𝑟

	Note that the units cancel out.  𝑟is dimensionless.
	Note that the units cancel out.  𝑟is dimensionless.
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	Q1. Is  𝑐=−32,−12,0a unit vector?
	Q1. Is  𝑐=−32,−12,0a unit vector?
	Q2. Is  𝑑=1 𝑖+1 𝑗a unit vector?
	Q3. Find the unit vector in the direction of   𝑎=32,−1,0m. 
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	See end of packet for solutions
	See end of packet for solutions
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	Adding Vectors Graphically

	Vectors can be combined following specific rules for addition, multiplication, etc.
	Vectors can be combined following specific rules for addition, multiplication, etc.
	In the next few slides, we’ll describe how to add the vectors  𝐴and 𝐵at right.
	•Remember we can move vectors around, as long as we don’t change their magnitude or direction!
	•Remember we can move vectors around, as long as we don’t change their magnitude or direction!
	•Remember we can move vectors around, as long as we don’t change their magnitude or direction!
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	Here, we slid  𝐴so the tail of  𝐴is at the tip of 𝐵
	Here, we slid  𝐴so the tail of  𝐴is at the tip of 𝐵
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	Here, we slid 𝐵so the tail of 𝐵is at the tip of  𝐴
	Here, we slid 𝐵so the tail of 𝐵is at the tip of  𝐴
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	Adding Vectors Graphically
	Adding Vectors Graphically

	Step 1: Move one (or more) of the vectors to arrange them “tail to tip” or “tip to tail”
	Step 1: Move one (or more) of the vectors to arrange them “tail to tip” or “tip to tail”
	•It doesn’t matter which of the vectors we move…
	•It doesn’t matter which of the vectors we move…
	•It doesn’t matter which of the vectors we move…
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	 𝐴+𝐵
	 𝐴+𝐵

	is equivalent to
	is equivalent to

	𝐵+ 𝐴
	𝐵+ 𝐴
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	Adding Vectors Graphically
	Adding Vectors Graphically

	Step 2: Draw vector 𝐶= 𝐴+𝐵:
	Step 2: Draw vector 𝐶= 𝐴+𝐵:
	After arranging  𝐴and 𝐵tip to tail, draw vector  𝐶. Start from the first tailin your “tip-to-tail” chain of vectors, and end at the last tip. 
	Caution:This means the resulting vector ends up tip-to-tip, NOTtip-to-tail.
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	 𝐶
	 𝐶

	 𝐴+𝐵= 𝐶
	 𝐴+𝐵= 𝐶

	 𝐶
	 𝐶

	𝐵+ 𝐴= 𝐶
	𝐵+ 𝐴= 𝐶

	is equivalent to
	is equivalent to
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	The resulting vector  𝐶is equivalent!
	The resulting vector  𝐶is equivalent!
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	You can also use a parallelogram to add two vectors graphically.
	You can also use a parallelogram to add two vectors graphically.
	Step 1: Arrange vectors  𝐴and 𝐵tail to tail, and carefully sketch a parallelogram.
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	 𝐴
	 𝐴

	𝐵
	𝐵

	 𝐴
	 𝐴

	𝐵
	𝐵

	Note that this gives the same resultant vector as the previous method.
	Note that this gives the same resultant vector as the previous method.

	Step 2: Draw the resultant  𝐶vector from the tails of  𝐴and𝐵to the opposite corner of the parallelogram.
	Step 2: Draw the resultant  𝐶vector from the tails of  𝐴and𝐵to the opposite corner of the parallelogram.
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	 𝐴
	 𝐴
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	 𝐶
	 𝐶

	Caution: Draw the parallelogram carefully! Don’t just draw the resultant vector randomly between  𝐴and𝐵without following Step 1!
	Caution: Draw the parallelogram carefully! Don’t just draw the resultant vector randomly between  𝐴and𝐵without following Step 1!

	 𝐶= 𝐴+𝐵
	 𝐶= 𝐴+𝐵
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	Adding Vectors Using Components
	Adding Vectors Using Components
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	𝐶𝑥=𝐴𝑥+𝐵𝑥=0m
	𝐶𝑥=𝐴𝑥+𝐵𝑥=0m

	𝐶𝑦
	𝐶𝑦

	Graphical vector addition doesn’t require a coordinate system.
	Graphical vector addition doesn’t require a coordinate system.
	If we have a coordinate system and we know the components of each vector, we just add each component independently.
	Given:

	Figure
	We calculate  𝐶= 𝐴+𝐵:
	We calculate  𝐶= 𝐴+𝐵:

	 𝐴3 𝑖−6 𝑗+0 𝑘m
	 𝐴3 𝑖−6 𝑗+0 𝑘m
	+𝐵+−3 𝑖+2 𝑗+0 𝑘m
	 𝐶0 𝑖−4 𝑗+0 𝑘m
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	𝐶𝑦=𝐴𝑦+𝐵𝑦=−4m
	𝐶𝑦=𝐴𝑦+𝐵𝑦=−4m

	Note that this gives the same resultant vector as the previous methods.
	Note that this gives the same resultant vector as the previous methods.
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	 𝐶=0 𝑖−4 𝑗+0 𝑘m
	 𝐶=0 𝑖−4 𝑗+0 𝑘m

	 𝐴=3 𝑖−6 𝑗+0 𝑘m
	 𝐴=3 𝑖−6 𝑗+0 𝑘m
	𝐵=−3 𝑖+2 𝑗+0 𝑘m

	Figure
	Figure
	Figure
	Figure
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	Practice #4

	Q1. Use graphicalvector addition to draw the vector  𝐶= 𝐴+𝐵
	Q1. Use graphicalvector addition to draw the vector  𝐶= 𝐴+𝐵
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	See end of packet for solutions
	See end of packet for solutions
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	Q1. Write vectors  𝐴and𝐵in unit-vector notation
	Q1. Write vectors  𝐴and𝐵in unit-vector notation
	Q2. Use vector additionby components to find the vector  𝐶= 𝐴+𝐵
	Q3. Does your answer match the graphical addition of these vectors in Practice #4?

	Chart
	Span
	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10

	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10


	Figure
	Figure
	Figure
	y (m)
	y (m)

	x (m)
	x (m)

	 𝐴
	 𝐴

	Figure
	𝐵
	𝐵

	See end of packet for solutions
	See end of packet for solutions
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	Multiplying Vectors by Scalars

	So far, we have only considered vector addition. Let’s consider multiplication: 
	So far, we have only considered vector addition. Let’s consider multiplication: 
	•You can multiply a vector by a scalar. This changes its magnitude.
	•You can multiply a vector by a scalar. This changes its magnitude.
	•You can multiply a vector by a scalar. This changes its magnitude.


	 𝐴= 3,−6, 0m
	12 𝐴=12 3,−6, 0m
	12 𝐴= 32,−3, 0m
	•Multiplying by a negativenumber reverses the direction of the vector. 
	•Multiplying by a negativenumber reverses the direction of the vector. 
	•Multiplying by a negativenumber reverses the direction of the vector. 


	 𝐴= 3,−6, 0m
	− 𝐴=− 3,−6, 0m
	− 𝐴= −3,6, 0m
	You can also multiply vectors by vectors! See the Vectors III module for details.
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	Subtracting Vectors
	Subtracting Vectors

	Now that we can multiply by a negative number, we can do subtraction:
	Now that we can multiply by a negative number, we can do subtraction:
	 𝐴−𝐵is just  𝐴+(−𝐵)
	So to graphically calculate  𝐴−𝐵, we just reverse the direction of 𝐵to get −𝐵, then add   𝐴and(−𝐵)as usual, “tail to tip” or “tip to tail”.
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	Figure
	 𝐶= 𝐴−𝐵 𝐶= 𝐴+(−𝐵)
	 𝐶= 𝐴−𝐵 𝐶= 𝐴+(−𝐵)

	Span
	This graphical subtraction matches what we get using components:
	This graphical subtraction matches what we get using components:
	 𝐴= 3,−6, 0m
	𝐵= −3, 2,0m
	 𝐴 3,−6, 0m
	−𝐵− −3, 2,0m
	 𝐶 6, −8,0m

	Figure
	Figure
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	Alternate Method of Subtraction
	Alternate Method of Subtraction

	You can also use a triangle to subtract two vectors graphically.
	You can also use a triangle to subtract two vectors graphically.
	Step 1: The vectors  𝐴and 𝐵are arranged tail to tail in order to sketch a triangle.
	Step 2: The final vector is drawn from the tip of the second vector (𝐵) to the tip of the first one ( 𝐴).
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	 𝐴
	 𝐴
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	 𝐴
	 𝐴

	𝐵
	𝐵
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	𝐵
	𝐵

	 𝐶= 𝐴−𝐵
	 𝐶= 𝐴−𝐵

	 𝐶
	 𝐶

	Note that this gives the same result as the previous method.
	Note that this gives the same result as the previous method.
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	Applied Vector Subtraction
	Applied Vector Subtraction
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	−𝒗𝒊
	−𝒗𝒊
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	∆𝒗
	∆𝒗

	𝒗𝒇
	𝒗𝒇

	Figure
	We define ∆𝑣as the change in the velocity. Mathematically, ∆𝑣=𝑣𝑓−𝑣𝑖
	We define ∆𝑣as the change in the velocity. Mathematically, ∆𝑣=𝑣𝑓−𝑣𝑖
	The initial and final velocity vectors are given in the figures:

	Graphically:
	Graphically:
	∆𝑣=𝑣𝑓+(−𝑣𝑖)

	 𝑣𝑖=2,1,0 ms
	 𝑣𝑖=2,1,0 ms

	 𝑣𝑓=−2,−1,0 ms
	 𝑣𝑓=−2,−1,0 ms

	Initial
	Initial

	Final
	Final

	We can find ∆𝑣graphicallyand by components:
	We can find ∆𝑣graphicallyand by components:

	𝒗𝒇
	𝒗𝒇

	𝒗𝒊
	𝒗𝒊

	By components:
	By components:
	∆𝑣=𝑣𝑓−𝑣𝑖

	𝑣𝑓 −2,−1, 0 ms
	𝑣𝑓 −2,−1, 0 ms
	−𝑣𝑖− 2, 1,0 ms
	∆𝑣 −4, −2,0 ms

	Figure
	Figure
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	Practice #6
	Practice #6

	Q1.The initial and final velocity vectors are given in the figure. We define ∆𝑣=𝑣𝑓−𝑣𝑖. For this scenario, find ∆𝑣:
	Q1.The initial and final velocity vectors are given in the figure. We define ∆𝑣=𝑣𝑓−𝑣𝑖. For this scenario, find ∆𝑣:
	i.graphically and 
	i.graphically and 
	i.graphically and 
	i.graphically and 

	ii.by components.  
	ii.by components.  




	See end of packet for solutions
	See end of packet for solutions
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	 𝑣𝑖=2,−1,0 ms
	 𝑣𝑖=2,−1,0 ms

	 𝑣𝑓=2,1,0 ms
	 𝑣𝑓=2,1,0 ms

	Initial
	Initial

	Final
	Final
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	Conclusion
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	Recap
	Recap

	After working through this module, we expect that you can now: 
	After working through this module, we expect that you can now: 
	•Distinguish vector quantities from scalar quantities
	•Distinguish vector quantities from scalar quantities
	•Distinguish vector quantities from scalar quantities

	•Represent vectors graphically and mathematically (including using unit-vector notation)
	•Represent vectors graphically and mathematically (including using unit-vector notation)

	•Use vector components to find the magnitude of a vector. 
	•Use vector components to find the magnitude of a vector. 

	•Add and subtract vectors graphically and by using components
	•Add and subtract vectors graphically and by using components

	•Multiply vectors by scalars
	•Multiply vectors by scalars


	If you still have questions about any of this, please ask an SLC assistant!
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	Figure
	Figure
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	Take the Post Test!
	Take the Post Test!

	•You have completed the tutorial portion of the Vectors 1 Module
	•You have completed the tutorial portion of the Vectors 1 Module
	•You have completed the tutorial portion of the Vectors 1 Module
	•You have completed the tutorial portion of the Vectors 1 Module

	•When you feel that you understand the principles outlined in this tutorial, get a post test from the Science Learning Center personnel.
	•When you feel that you understand the principles outlined in this tutorial, get a post test from the Science Learning Center personnel.

	•Complete the post test and turn it in to be checked.
	•Complete the post test and turn it in to be checked.

	•If correct, you will be able to move on to the Vectors 2 Module.
	•If correct, you will be able to move on to the Vectors 2 Module.

	•If incorrect, you may review the module and retake the posttest as many times as is needed in order to pass.
	•If incorrect, you may review the module and retake the posttest as many times as is needed in order to pass.
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	Practice Problem Solutions
	Practice Problem Solutions
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	Practice #1 Solution
	Practice #1 Solution

	Q1. Find the x-and y-components of the vector  𝐴at right. (You can assume the z-component is zero.) 
	Q1. Find the x-and y-components of the vector  𝐴at right. (You can assume the z-component is zero.) 
	𝐴𝑥=3m
	𝐴𝑦=−6m
	𝐴𝑧=0m
	 𝐴= 3,−6, 0m
	Q2. Sketch the vector:𝐵= −3, 2,0m. 
	Q3. Calculate the magnitude of vector 𝐵= −3, 2,0m 
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	You can draw 𝐵anywhere, as long as it goes: 
	You can draw 𝐵anywhere, as long as it goes: 
	•3m in the –x direction, 
	•3m in the –x direction, 
	•3m in the –x direction, 

	•2m in the +y direction, 
	•2m in the +y direction, 

	•0m in the z direction.  
	•0m in the z direction.  



	𝐵=𝐵𝑥2+𝐵𝑦2+𝐵𝑧2
	𝐵=𝐵𝑥2+𝐵𝑦2+𝐵𝑧2
	 −3, 2,0=−3m2+2m2+(0m)2
	𝐵=13m𝐵≅3.6m

	𝐵
	𝐵

	 𝐴
	 𝐴
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	–6m
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	+3 m
	+3 m

	Zero units in/out of page
	Zero units in/out of page
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	Practice #2 Solution
	Practice #2 Solution

	Q1. Write the vector  𝐴(shown at right), using  𝑖,  𝑗,  𝑘unit vector notation: 
	Q1. Write the vector  𝐴(shown at right), using  𝑖,  𝑗,  𝑘unit vector notation: 
	 𝐴=−3 𝑖+6 𝑗+0 𝑘m
	Q2. Given 𝐵=2 𝑖−3 𝑗+0 𝑘m, sketch 𝐵:
	(Notethat𝐵𝑥=2m,𝐵𝑦=−3m, 𝐵𝑧=0m)

	You can draw 𝐵=2 𝑖−3 𝑗+0 𝑘manywhere, as long as it goes: 
	You can draw 𝐵=2 𝑖−3 𝑗+0 𝑘manywhere, as long as it goes: 
	•2 meters in the +x direction, 
	•2 meters in the +x direction, 
	•2 meters in the +x direction, 

	•3 meters in the –y direction,
	•3 meters in the –y direction,

	•0 meters in the z direction.  
	•0 meters in the z direction.  
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	Remember, the magnitudeof every unit vector is equal to 1
	Remember, the magnitudeof every unit vector is equal to 1

	 𝑐=𝑐𝑥2+𝑐𝑦2+𝑐𝑧2
	 𝑐=𝑐𝑥2+𝑐𝑦2+𝑐𝑧2
	 𝑐=−322+−122+02
	 𝑐=1

	 𝑑=𝑑𝑥2+𝑑𝑦2+𝑑𝑧2
	 𝑑=𝑑𝑥2+𝑑𝑦2+𝑑𝑧2
	 𝑑=12+12+(0)2
	 𝑑=2
	 𝑑≅1.4

	Q1. Is  𝑐=−32,−12,0a unit vector?  YES
	Q1. Is  𝑐=−32,−12,0a unit vector?  YES

	Span
	Practice #3 Solution
	Practice #3 Solution

	The magnitude of vector  𝑐is 1, so it ISa unit vector.
	The magnitude of vector  𝑐is 1, so it ISa unit vector.

	Q2. Is  𝑑=1 𝑖+1 𝑗a unit vector?  NO
	Q2. Is  𝑑=1 𝑖+1 𝑗a unit vector?  NO

	Because vector  𝑑has a magnitude largerthan 1, it is NOTa unit vector.
	Because vector  𝑑has a magnitude largerthan 1, it is NOTa unit vector.

	Graphical Representation
	Graphical Representation

	Figure
	Chart
	Span
	-1.5
	-1.5

	-1
	-1

	-0.5
	-0.5

	0
	0

	0.5
	0.5

	1
	1

	1.5
	1.5

	-1.5
	-1.5

	-1
	-1

	-0.5
	-0.5

	0
	0

	0.5
	0.5

	1
	1

	1.5
	1.5

	𝑐𝑥
	𝑐𝑥

	Figure
	Span

	Figure
	Figure
	𝑐𝑦
	𝑐𝑦

	Figure
	Textbox
	P
	Span
	Span
	Span
	Span
	Span
	Span


	𝑑𝑦
	𝑑𝑦

	Figure
	Figure
	Figure
	Figure
	Figure
	Textbox
	P
	Span
	Span
	Span
	Span
	Span
	Span
	Span
	Span


	Span
	𝑑𝑥
	𝑑𝑥

	Solution continues on next page
	Solution continues on next page
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	Practice #3 Solution Continued
	Practice #3 Solution Continued

	Graphical Representation
	Graphical Representation
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	 𝑎
	 𝑎

	𝑑𝑦
	𝑑𝑦

	 𝑎
	 𝑎

	Q3. Find the unit vector in the direction of  𝑎=32,−1,0m. 
	Q3. Find the unit vector in the direction of  𝑎=32,−1,0m. 

	 𝑎= 𝑎| 𝑎|
	 𝑎= 𝑎| 𝑎|

	 𝑎=𝑎𝑥2+𝑎𝑦2+𝑎𝑧2
	 𝑎=𝑎𝑥2+𝑎𝑦2+𝑎𝑧2
	 𝑎=322+−12+02
	 𝑎=132m 
	 𝑎=32,−1,0m132m
	 𝑎=313,−213,0
	 𝑎≅ 0.832, −0.555,0

	Note that the units cancel out.  𝑎is dimensionless.
	Note that the units cancel out.  𝑎is dimensionless.

	First, find the magnitude of  𝑎:
	First, find the magnitude of  𝑎:
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	Practice #4 Solution
	Practice #4 Solution

	Q1. Use graphicalvector addition to draw the vector  𝐶= 𝐴+𝐵
	Q1. Use graphicalvector addition to draw the vector  𝐶= 𝐴+𝐵
	Step 1: Move Aor Btip to tail
	Step 2: Draw vector C(Start from the first tail in your “tip-to-tail” chain of vectors and end at the last tip). 
	Vector  𝐶should go: 
	1 unit in the +x direction, and 3 units in the +y direction.
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	 𝐶
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	OR
	OR
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	Practice#5 Solution
	Practice#5 Solution

	Q1. Write vectors  𝐴and𝐵in unit-vector notation
	Q1. Write vectors  𝐴and𝐵in unit-vector notation
	 𝐴=−1 𝑖+6 𝑗+0 𝑘m
	Because 𝐴𝑥=−1m,𝐴𝑦=6m,𝐴𝑧=0m
	𝐵=(2 𝑖−3 𝑗+0 𝑘) m
	Because 𝐵𝑥=2m,𝐵𝑦=−3m,𝐵𝑧=0m
	Q2. Use vector addition by components to find the vector:  𝐶= 𝐴+𝐵

	Chart
	Span
	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10

	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10


	Figure
	Figure
	Figure
	y (m)
	y (m)

	x (m)
	x (m)

	 𝐴
	 𝐴

	Figure
	𝐵
	𝐵

	Figure
	𝐵
	𝐵

	Figure
	 𝐴
	 𝐴

	Figure
	 𝐶
	 𝐶

	Figure
	 𝐶
	 𝐶

	OR
	OR

	Q3. Does your answer match the graphical addition of these vectors in Practice #3?
	Q3. Does your answer match the graphical addition of these vectors in Practice #3?
	Yes, it matches! Our vector  𝐶goes: 
	•1 meter in the +x direction, 
	•1 meter in the +x direction, 
	•1 meter in the +x direction, 
	•1 meter in the +x direction, 

	•3 meters in the +y direction, and 
	•3 meters in the +y direction, and 

	•0 meters out of the page.
	•0 meters out of the page.




	 𝐴−1 𝑖+6 𝑗+0 𝑘m
	 𝐴−1 𝑖+6 𝑗+0 𝑘m
	+𝐵+2 𝑖−3 𝑗+0 𝑘m
	 𝐶1 𝑖+3 𝑗+0 𝑘m

	Figure
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	 𝐶=1 𝑖+3 𝑗+0 𝑘m
	 𝐶=1 𝑖+3 𝑗+0 𝑘m


	Slide
	Span
	Practice #6 Solution
	Practice #6 Solution
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	∆𝒗
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	𝒗𝒇
	𝒗𝒇

	Q1. The initial and final velocity vectors are given in the figure. We define ∆𝑣=𝑣𝑓−𝑣𝑖. For this scenario, find ∆𝑣:
	Q1. The initial and final velocity vectors are given in the figure. We define ∆𝑣=𝑣𝑓−𝑣𝑖. For this scenario, find ∆𝑣:
	i.graphically and 
	i.graphically and 
	i.graphically and 
	i.graphically and 

	ii.by components.
	ii.by components.




	Graphically:
	Graphically:
	∆𝑣=𝑣𝑓+(−𝑣𝑖)

	By components:
	By components:
	∆𝑣=𝑣𝑓−𝑣𝑖

	 𝑣𝑖=2,−1,0 ms
	 𝑣𝑖=2,−1,0 ms

	 𝑣𝑓=2,1,0 ms
	 𝑣𝑓=2,1,0 ms

	Initial
	Initial

	Final
	Final

	𝑣𝑓 2,1, 0 ms
	𝑣𝑓 2,1, 0 ms
	−𝑣𝑖− 2, −1,0 ms
	∆𝑣 0, 2,0 ms

	Figure
	Figure



