AP Physics — Vectors 101

Buffy peered into the dark recess of the catacombs. The feeble flame from the sputtering torch barely pierced the
gloom. It had been three long months since she had first received word that the Count had somehow escaped and
established himself elsewhere. She was sure that she had finally found the Count’s new hiding place. Suddenly the
torch went out. There was no light — she was in total blackness. She looked around, her breathing rate increased and
she began to say to herself, “Don’t panic.” Then, slowly, out of the darkness, she saw a pair of small glowing eyes.
Then she heard a loud screech and suddenly there were hundreds, perhaps thousands, of the bright, luminous orbs
staring at her in the blackness of that terrible place. The eyes produced light, not a lot of light, just a little. Just enough
to dimly outline the bones and skulls of the dead, long lying in the depths of this, their final resting place. She
shuddered. What could the creatures who eyes were so terrifying be? Rats? Yes, Buffy decided, they had to be rats,
and rats can be ignored, can’t they?

It was hard being a Vampire Slayer and she wondered yet again why she was chosen. Why couldn’t she be a regular
teenage girl who only had to worry about getting good grades, boyfriends, and hairstyles?

Suddenly, out of the gloom she heard the voice of the Count.
“Buffy, I am so touched that you have come such a great dist

Good heavens! T am is totally confused. What has happened to the fine AP Physics handout that he has been writing?
Where did this ridiculous Buffy thing come from? What is going on?

Okay, what’s done is done. We can go on, we can deal with this, we can handle it, we can get over it.
So let us get onto the subject of vectors.

Good Stuff on Vectors: We’ve briefly mentioned vectors and scalars. The time has now come to undertake a thorough
study of the things.

Of the two, scalars are the easiest to understand and deal with. See, when you deal with scalars, it’s all very simple,
they’re just like everyday numbers -- just use the regular arithmetic stuff that you have laboriously mastered during the
past 10 — 12 years. Like adding apples with apples.

Dealing with vectors is a whole ‘nuther thang’. It’s more like adding apples and pork bellies together or something.
When you add scalars you simply do this: 2 kg + 3 kg = 5 kg.
But with vectors, 2 + 3 might equal 4! Lord, how can this be!

Well, your basic vectors have both magnitude and direction. If you add two velocities, one that is north at 10 m/s and
the other is south at 10 m/s, you end up with zero m/s. Can you see why this is so?

The classic way to add vectors is to represent them with arrows, draw them to

scale, and then measure out things with a ruler and protractor to see what the

answer would be.

A vector is represented as an arrow. The arrowhead points in the vector’s m

direction and the length represents the vector’s magnitude. To represent the
magnitude, you have to use a scale to figure out how long to draw the thing.
Each vector has a head and a tail.

The graphical vector addition method is sometimes called the “head-to-tail”

method. You draw one vector, then draw the second vector with its tail on the head of the first. The next vector would
be drawn with its tail on the head of the second and so on. The final answer, known as the resultant vector, is found by
drawing a vector form the tail of the first vector to the head of the last.



It makes no difference in what order you add the vectors as you can see by the drawing below.

You will not be required to add vectors graphically — it’s a lot of trouble and not very accurate and there are better ways
to do it. Here are some other examples.

B
R=A+B
A
A
R=A+B
B

So how do we go about doing this? Well, fugidaboutit. It’s way too much trouble. You need to measure things super
accurately, draw angles precisely, &tc. This is all very tedious stuff. It’s far easier to add them utilizing other, better
methods. Thus we will not use the head to tail thing.

Here’s what you should be able to do with the head to tail bit: you should be able to make a rough drawing of the
vector addition. This is very useful because it will give you an idea of what the approximate direction and magnitude of
the resultant vector ought to look like.

Trigonometry: So how do we solve vector problems? Well, gosh, thanks for asking. Here’s how we do the thing - we
use trigonometry!

Actually, you’re going to get to use a heck of a lot of trigonometry in this course, you lucky devil.

Here is a right triangle. A right triangle has a ninety-degree angle (called a right angle) in it.

c
a
0
b




In reference to angle @, side a is called the opposite side (it is farthest away from the angle), side b is called the adjacent
side (it is “adjacent” to the angle, i.e., right next to it), and side c is called the hypotenuse.

Any two right triangles that have the same interior angle @ are similar and the ratios of the sides are a constant (you
will, it is to be hoped, recall this from your old geometry class). Observe the drawing below:
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The ratios for the sides of the two triangles is:

b

This is what trigonometry is based upon — the ratio of the sides of similar triangles. We will be using three
trigonometry functions, that is, three ratios; the sine, cosine, and tangent.
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These functions are defined as:

sing = side opposite 0 08O = side adjacent 6 tanf = Sz'de opéoszte (7
hypotenuse hypotenuse side adjacent 6
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For our original triangle: b
sing=2 cosé?zé tan@ =2
c c

e A plane travels east 535 km, then flies north, then flies back to its takeoff point a distance of 718 km. (a) How far
north did it travel? (b) What is the angle 6 ?




(a) A simple way to find the distance the plane traveled north would be to use the Pythagorean theorem.

C2 = a2 + b2 solve for a:

a=NE—b = (118 km)* ~(535km)> = [ 479 km

(b) To find the angle we can use the tangent function (opposite side over adjacent side):

tan@:g —%

b 535kw

0= 41.8°

This is actually a vector problem — it may be your very first vector problem. Wow! Don’t you feel all warm and fuzzy
inside?

Vector Components: Any vector can be drawn as the resultant of two perpendicular vectors, one along the x axis and
the other along the y axis. The two vectors are perpendicular to each other and are called component vectors. Turning
a single vector into two component vectors is called “resolving the vector into its x and y component vectors”. This is
done using trigonometry. Here’s an example:

Vector A is the one we start with. It is made up of two vectors that lie in the x and y plane. We call the one along the x
axis “A,” and the one along the y axis is “A,”. Using trig we see that:

A, = AcosO A, =Asind

The angle O can also be easily found:

6 =tan"! ﬁ
Ay

e A ball is thrown with a velocity of 22.5 m/s at an angle of 23.0° to the horizon. What are its vertical and horizontal
velocity components?

The components look like this:

Using trig to solve the thing we get:

y.=vecos® =225 cos23.0° v.= | 2072
S S




v,=vsing =225 2 sin23.0° v, = | 8792
A S

More Vector Problems:

e A velocity vector has the following components: v, is 12.4 m/s and v, is 15.4 m/s, find the angle 0.

12-4”V
O=tan"!| X O=tan!| — L% | = 38.8°

vy 15.47% B

e A boat is traveling north directly across a river that is 5.0 km across. The current is to the east at 3.0 km/h. The
boat travels at 5.0 km/h. (a) What is the boat’s resultant velocity? (b) How long does it take to cross the river? (c)
How far down the bank does it drift before it reaches the far side?

(a) Here is a vector addition drawing, it gives one a basic idea of what the answer looks like.

First we find resultant velocity: C2 = 612 + b2 c=\ a2 + b2

2 2
vo= 305 fsokm] | sgfm
h h h

(b) Find the time to cross: the velocity component that is in the direction to cross the river determines how quickly the

boat crosses, so use V.

X (== £ =500.0 | — LS B STy
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h

(c) Find distance in horizontal direction:



v

t

x=vt x=3.0@(0.10k) = | 0.30km

K

Ridiculous Trivia:

In Irian, Java there is a tribe of tall, white people who use parrots as a warning alarms
for intruders.

In Washington D.C., no building can be built taller than the Washington Monument.

It costs $7 for parking at Universal Studios in Hollywood.

Levan, which is located in Utah, got its name from ""navel"" which is levan spelt
backwards. It was named this because it is in the center of Utah.

The Liberace Museum in Las Vegas has a mirror-plated Rolls Royce; jewel-encrusted
capes, and the largest rhinestone in the world, weighing 59 pounds and almost a foot in
diameter.

Los Angeles's full name is El Pueblo de Nuestra Senora la Reina de los Angeles de
Porciuncula --and can be abbreviated to 63% of its size: L.A.

Maine is the toothpick capital of the world.

New York's Central Park is nearly twice the size of the entire country of Monaco.
Since the 1930’s the town of Corona, California has lost all 17 of the time capsules they
originally buried.

The CN Tower, in Toronto, is the tallest freestanding structure in the world with a
height of about 553 metres.

The Golden Gate Bridge was first opened in 1937.

The Grand Canyon was not seen by a white man until after the Civil War. It was first
entered on May 29,1869, by the geologist John Wesley Powell.

The highest major highway in England is the M62 that connects Liverpool to Hull. At
its peak it reaches 1221 feet above sea level.

The largest ketchup bottle in the world is a 170 feet tall and is located in Collinsville,
[llinois, USA. It was built in 1949 by the W.E. Caldwell Company as a water tower.
The largest school in the world is City Montessori School in India which has over
25,000 students in grade levels ranging from kindergarten to college.

The Library of Congress, located in Washington D.C., is the largest library in the world.
The Mall of America, located in Bloomington, Minnesota is so big that it can hold
24,336 school buses.

The oldest university in the U.S. is Harvard.

The only flying saucer launch pad in the world is located in St. Paul, Alberta, Canada.
The proposed William Jefferson Clinton Presidential Library will have a section where
you must be 18 or older to read certain documents.

The San Francisco Cable cars are the only mobile National Monuments.

The Sears Tower consists of nine framed tubes, which connects nine skyscrapers as one
building.

There are more than 10 million bricks in the Empire State Building.

The tallest freestanding sculpture in the world is Chief Crazy Horse in South Dakota,
USA.

Three Mile Island is only 2.5 miles long.




Vectors and Kinematics Notes /
4 — Vector Addition and Subtraction

SCALAR VECTOR Vector Addition
Whenever we add vectors we use...
Voo
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To find the total or resultant Vector simply draw...
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When we draw vectors we represent them as

arrows

Ex: A student in a canoe is trying to cross a 45 m wide river that flows due East at 2.0 m/s. The student can

paddle at 3.2 m/3
a. If he points due(i\lorth and paddlesd]ow long will it take him to cross the river?

V= 2y .
o Vv %wls M Vw.

b. What is his total velocity relative to his starting point in part a?
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c. If he needs to end up directly North across Zth_(% river from his starting point, what heading should he take?
. ;Z,Dml/ N 6 - == VoL (Z— _ 0 /\}
\V viver S 72 Sin ﬁ = 3% UOF
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d. How long will 1t take him to Cross the river at t
\}W,'*Z = Vﬂ, ’f‘U\rwo/ \‘i wa}' Vﬂ,a, (2. Z) (2A" = = 750 m[;

________________________________________________________________________________



Physics Vector Worksheet #1

In physics we distinguish between scalars and vectors. Scalars and quantities that are a number and a

unit; vectors are a number and a unit plus a direction. There are a number of different ways to show the

direction of a vector: left-right-up-down, x and y components, and polar coordinates — a length and an

angle. A good example of the difference between scalars and vectors is to compare distance (a scalar)

with displacement (a vector). If a person walks around a track, then the distance she travels is the
number of meters that she walked (400 for a standard track.) On the other hand, if the person started

and finished at the same point, then her displacement would be zero.

Example #1: Andreas walks 5 meters to the east, then 3
meters north, and then 1 meter west. The left graph
shows this progression. Andreas has travelled a total
distance of 9 meters, because5m+8 m+1m=9m. To
find his displacement we need to determine how far his
final position is from his initial position, and in what
direction he would have had to travel to get from the
start to the finish. (For now, we won’t worry about the
direction.) You add up all the east-west components
(remembering that east is positive and west is negative)
and you get a total x-component of 4 m. You only have
one north-south component, so that is 3 m. To find the
resultant vector, which is the displacement, you make a
new triangle with the total x —.component ((4 m) and the
total y-component (3 m) and you find the hypogenous,
5m.

Scale

1= 1 meter

Find the total displacement for the following cases:

1) A bee flies 12 m north, 8 meters west, and then 4 meters south.

2) A person walks 6 blocks south, 4 blocks west and then 2 blocks north. What is their

displacement in blocks?

3) Inasoccer game a ball is kicked




Solving Vectors using x and y - components

Another way to write this type of problem is to use x and y —component notation instead of using the
compass directions. This is when you write things in the form (x,y). To solve this type of problem you
need to add up all the x-components and, separately, add up all the y-components. Sometimes you will
be asked to put the result on a graph, other times you can just write the result in x and y — component
notation.

Example: Add the following three vectors (5,6) m, (-2,0) m, (4, -2) m

Solution: The x-components are 5m+-2m+4m=7m
The y-componentsare 6m+0m +-2m =4m
Thus, the resultant vectoris (7, 4)m

For 1 and 2 below add the vectors to determine the resultant vector:

1)

(-5,4)m, (8,-8)m, (3,-2)

(0,-12)m, (8,7)m, (-4,5)m

Three vectors are added and the resultant is (-8 , 6) m. If two of the vectors are (3, 6) m and
(-5, 4) m find the third vector.

A boat that moves with a constant velocity of 12 m/s is moving on a river with a constant
current of 4 m/s. What is the resultant velocity of the boat if:

a) The boat is traveling to the north and the current is to the south?

b) The boat is traveling to the south and the current is to the south?

c) The boat travels to the east, across the current, while the current is to the south?

An airplane travels with a constant velocity of 210 m/s and in the upper atmosphere where the
plane is traveling there is a wind that is blowing at a constant velocity of 60 m/s to the east.
Determine the resultant velocity for the plane when it is traveling

a) Tothe east.

b) To the west

c) Tothe north



Vector Addition — Trig Method
In the previous example we added perpendicular vectors which gave us a nice simple right triangle.
In reality it’s not always going to be that easy.

Ex. A zeppelin flies at 15 km/h 30° N of E for 2.5 hr and then changes
heading and flies at 20 km/h 70° W of N for 1.5 hr. What was its final

displaceme ) : . . .
\2- 9 ! familiar with the Sine Law and
0@ \Q anL' " 4\ N/: the Cosine Law.
) Vy=20knl

In order to solve non-right angle
triangles, we will need to be

Ag= (203(1-5) =30 im Sine Law:

Si"A' sl simn€

— T, B
a b C

ct=a b= Zﬁbws C

= (328)"+ (30V-0328)30ySy Cosine Law:
Jo= 518
C = 29.5Un Cz'-"- a+ bt lab s

- SM" M}
f- 43

= ol

der 7051 82 IMFE
¢ Lob N

Vector Addition — The Component Method
There is another method that we can use when adding vectors. This method is a very precise, stepwise
approach, however it is the only way we can add 3 or more vectors.

* Draw each vector

* Resolve each vector into x and y components
* Find the total sum of x and y vectors

* Add the x and y vectors

* Solve using trig

REMEMBER: When usmg x and y components...
W,
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* tlown and I'JA' are. ‘="



Ex. An airplane heading at 450 km/h, 30° nerthef east encounters a 75 km/h wind blowing towards a
direction 50° west of north. What is the @ elocity of the airplane relative to the ground? Wq—I_p E

tolal \
'""_"____""""""""“““““‘I Wind vector:
X- componentv : X- component
0’z Vx 50"z Vax
(,0)3 Tco | Vu( Sin %
iz 450 cos 30 gz 7 sin S0
< 541 ?Wm/ =1(5?,4§ kel
| bo A Lot
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oy = 450 sia 20 by - ?—gca)“ 1)

_____________________________

. Adding the two vectors:
1
1 x-components of resultant:

Y/ Vy = Vi x ¥ Vox

= SBL.A 5249 |

= 232.20 knlh

: y-components of resultant:

Dy Ny oy
= 776 + 4421
= 72732 knll,

_____________________________

E 'i\[x: 312.2¢

e m A0 Uil
o= b (B24) = 20 g



Vector Subtraction

'erm‘nl'j v ’ﬂ/u 6)(%0;’ 0”05»’1{ %f‘feoq%v\

With vectors a negative sign indicates that...!

When subtracting vectors we still draw them tip to tail, except..\/ & reyerit ’ﬂ\{ Vl,eg ml/\/{, vec A);/‘

We generally subtract vectors when dealing with a C W in a vector quantity.

D

et Change = pfﬂal - fﬂ;]\‘\lk A= Vg - Vi

Draw the Following

Ex: A cyclist is traveling at 14 m/s west when he turns due north and continues at 10 m/s. If it takes him 4.0 s to
complete the turn what is the magnitude and direction of his acceleration?

Vc = '4"*'[5' IF\ Uz - [D”b
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Trigonometry Review and Vector Addition Worksheet

Solve the followmg triangles using SOH — CAH - TOA and Pythagoras

K=

2.

a)

b)

c)

d)

o« =CO§ ( ):HS’L & - qo°-s2°
_Sin” (-__ RS & kst
© = s/ =" %:Zﬁs‘(_b‘gcgzj
295 X = 1872
2 Y= 295 -5EZB3
N =232
520
LS X

ST + 0% =1¥

Convert the following vectors to x and y components

25[35°Nof E] X =+206.5 3'4’1‘*3

373[12°EofN] % =+ TT.& :)=+3>CS

126 [22°N of W] <. = — I\ F- Y = +4%F1

337[37°Eof S] # =+ 23 j = =-2¢4

-

1.57x 10* [22°W of S] ¥ = = 5.3 Kis o —l.‘—rgmb""

Convert the following x and y components to vectors

a) x:34 vy:2.7

L3I@ 38.S"NLE

b) x:5.6 y:-7.1

A\@ 5.3 S B

c) x:-211y:-44.0

216 @ 1].3°S F W

o=-as -15"=€¢5°
)(: 33 +Q/\QS)

N
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4. Add the following vectors using the add components method

a) 256 [25° N of E] + 313[5° S of W]

S550@ §° NoFE

b) 1.56 x 10* [35° W of N] + 8.82 x 10° [72° W of S]+3.33 x 10* [27° S of W]

4. (@ 14" ST W

5. A sailboat is heading 35° East of North at 7.2 knots. The ocean current is 25° South of East at 1.2 knots. What speed
and direction is the sailboat tracking? (Find the answer using the add components method)

7.5 Kasts @ 46~ N & €

6. A B747 is crossing the Pacific at 420 knots on a heading of 44° S of W. Air Traffic Control radar is tracking the plane
at 470 knots [49° S of W]. What is the wind speed and direction?

130 Knsts @ “4o° N oF W



