
Arvind Borde / PHY11, Week 3: Kinematics in 2d

(1) What’s a scalar, and what’s an example?

Something with just size (magnitude).

Examples: Mass, speed, temperature,. . .

(2) What’s a vector, and what’s an example?

A quantity with direction.

Examples: Velocity, acceleration, force,. . .

1

Representing Scalars

That’s simple. A scalar is simply expressed as a

number (with units):

My mass is 82 kg.

My height is 1.8m.

My craziness is close to ∞.

2

Representing Vectors

We’ll represent vectors with arrows:

← ↗ ↑ ↙ ↓

The length of the arrow will represent magnitude:

~a : → ~b : −→

(3) If ~a and ~b represent forces, which will be the

bigger force? ~b3

Comparing vectors

(4) Are these two vectors equal? Reason?

← ←−

No. Different magnitudes.

(5) Are these two vectors equal? Reason?

↗ ↖

No. Different directions.
4

(6) Are these two vectors equal? Reason?

↖ ↖

Yes. Same size and direction.

Even though they are at different locations: all

that matters is their size and direction.

5

Vectors can be added and subtracted. In order

to do that we’ll move them around, even if the

physical quantities they represent are “located” at

a specific place.

Net force?6
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1-d

7

(7) Add a vector of magnitude 4.5 units pointing

North to one of magnitude 6 units pointing North.

Magnitude 10.5 units pointing North.

(8) Add a vector of magnitude 4.5 units pointing

North to one of magnitude 6 units pointing South.

Magnitude 1.5 units pointing South.

8

2-d: perpendicular vectors (⊥)

Arrange the vectors “tail to nose.”

9 10

The sum of two vectors, perpendicular or not, is

called the resultant.

We need to know its magnitude and the direction.

You will choose which vector points in the y direc-

tion (~Vy), and which in the x (~Vx).

In our example, ~Vy = ~D2, and ~Vx = ~D1.

11

The direction of the resultant here is:

which gives tan θ = 1/2 in this example (or θ =

), and the magnitude by

12
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(9) ~A ⊥ ~B. ~A has magnitude 4.0 units and ~B

has magnitude 7.3 units. What is the magnitude

and direction of their sum?

Choose the x axis in the direction of ~A, and the

y axis in the direction of ~B.

13

The sum points at an angle of 60◦ to the x axis.

The magnitude is

14

2-d: non-perpendicular vectors

Example:

15

More examples:

Pictures are good, but components are better.
16

Getting the components of a vector

17

If the vector in the digram below represents a dis-

placement of 500m in the direction shown, what

are its components Vx and Vy?

18
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Vx = V cos θ = 500 cos 30◦ =

Vy = V sin θ = 500 sin 30◦ =

19

Adding with components

If two vectors ~V1 and ~V2 are added, what are the

components of the resultant?

20

(10) What are the components of the resultant

when a vector of magnitude 10 units making an

angle of 23◦ with the x axis (~V1) is added to a

vector of magnitude 6 units making an angle of

57◦ with the x axis (~V2)?

21

V1x =

V2x =

V1y =

V2y =

Therefore,
VRx =

VRy =

22

(11) What is the magnitude of the previous resul-

tant, and what angle does it make with the x-axis?

VR =

tan θ =

θ =

23

(12) What are the components of the resultant

when a vector of magnitude 3 units making an an-

gle of 43◦ with the x axis (~V1) is added to a vector

of magnitude 16 units making an angle of 75◦ with

the x axis (~V2)?

24
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V1x =

V2x =

V1y =

V2y =

Therefore,
VRx =

VRy =

25

(13) What is the magnitude of the previous resul-

tant, and what angle does it make with the x-axis?

VR =

tan θ =

θ =

26

(14) Which of ~V1 or ~V2 is the

resultant, ~VR, more similar to in

magnitude and angle with the x-

axis? ~V2

(15) Why? ~V1 has a small size

compared to ~V2, so ~V2 dominates

the sum.

27

Multiplying vectors by scalars

28

Multiplying vectors by vectors

It can be done — in two ways:

a) get a scalar answer (“dot product”);

b) get a vector answer (“cross product”).

29

Motion in two dimensions

Time to put these vectors to work for us in 2d

motion.

The basic approach is that you treat the x- and

y-motions separately, by taking components.

30
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31

Ok, let’s get some 2d action:

32

Step 1: Resolve initial velocity into components:

vx0 =

vy0 =

33

Step 2: Get maximum height:

(16) Vertical velocity, vy, at the top? 0m/s

(17) Knowing the initial and final vertical veloc-

ities, which equation gives you the vertical dis-

tance, h = y − y0, traveled? C

(18) Do it.

34

Step 3: Get time to return to ground.

(19) What are heights at the start and the return?

Both 0.

(20) Which eqn. gives you t from y, y0, vy0? B

(21) Do it.

35

Step 4: Get total horizontal distance.

(22) With x0 = 0, vx0 = 16.0m/s, and t = 2.5 s,

which eqn. gives x? A

(23) Do it.

36
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(24)
↖

You’re standing on a building that’s 40m

high. You throw a water balloon at an angle of

27◦ with the horizontal, at a speed of 22.0m/s

(roughly 50mi/hr).

(a) How high does it go?

(c) How long does it take to hit the ground?

(b) How far does it go before it hits the ground?

37

Step 1: Resolve initial velocity into components:

vx0 =

vy0 =

38

Step 2: Get maximum height:

39

Step 3: Get time to get to the ground.

40

(25) Which of these ts is relevant to the balloon

hitting the ground after launch? t = 4.1 s.

(26) What’s with the negative answer?

Projecting the trajectory into the past, it shows

when the object would hypothetically have left

the ground to have the same eventual trajectory.

41

Step 4: Get total horizontal distance.

42
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(27) If you threw your balloon horizontally from

the 40m building at a speed of 27m/s, get a for-

mula for how far it would drop vertically after t s.

The correct equation is B

We have vx0 = 27m/s, and vy0 = 0m/s.

So, y =

43

(28) In the previous situation, would it make a

difference to the formula for y had you thrown the

ballon at a horizontal speed of 2.7m/s? Nope.

2,700,000m/s? Nope. 0m/s? No way.

Two objects drop at the same rate from a given

height, irrespective of what their initial horizontal

velocities were.44
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