Vectors Test Questions

Given some vectors in polar notation: (with the exception of Part b, put all answers in
polar notation)

You)[[ﬁnd, a.) Graph vector “A” on the grid.

b.) Convert vector “A” to u.v.n.

this and other c.) Determine (-1.4)A.

useful “stuff’ in d.) Characterize the vector shown on the grid to the right in polar notation.

the “Problems” Given some vectors in unit vector notation: (with the exception of Part b, put all answers in
unit vector notation)

folder on the class a.) Graph vector “B” on the grid.

Website! b.) Convert vector “B” to polar notation.

c.) Determine (-1.4)B.
d.) Characterize the vector shown on the grid to the right in unit vector notation.

Given two vectors drawn to scale, use graphical vector manipulation to determine
“(112)A - 3B”.

0)




Vectors revisited

» Describe the displacement vector to the right in:

A

— a) unit vector notation ;

2

— b) polar notation 1 A

30°

e Determine B =4A:

e Determine C = -0.2A:



2-d Kinematics

Two-dimensional kinematics is classically modeled as a projectile problem.
Example:




2-d Kinematics

Another example:




2-d Kinematics
And still another example:




Ground rules for Jony’ectifes

Neglect air resistance

Consider motion only after release and before it hits

Analyze the vertical and horizontal components separately (Galileo)
No acceleration 1n the horizontal, so velocity is constant

Acceleration in the vertical is — 9.8 m/s? due to gravity and thus velocity is
not constant.

Object projected horizontally will reach the ground at the same time as
one dropped vertically

* Wait, what?



T ﬁinﬁing about Jorojectife motion...

» Consider the following projectile problem:




T ﬁinﬁing about ]orojecti[e motion...

. LOOEing face-on (back at the

cannon from the far end), what
does the ball appear to do?

maximum height, stop, then o —_v(of(;rgem) n(30.0%
travel back downward s |
toward the ground. What's Y (JE S —
more, its initial velocity will i
equal to the y-component of
the initial velocity of the ball.

It will travel upward to some {
y0 =2 O m I



T ﬁinﬁing about Jorojecti[e motion...

« How about viewed from above?

Voy = VoC0SH
m
= (100.—) c0s(30.0°)
S

Note that as there is no acceleration in the x-direction (at least in this
problem), the velocity in the x-direction will be the same as the
initial velocity in the x-direction!



How to tackle a Jorcjecti[e pmﬁfem

Step 1: Panic and scream: “I CAN’T DO THIS, AHHHH!” (30 seconds.
MAX.)

Step 2: Take a deep breath. Possibly two.
Step 3: Draw a picture of the whole situation and LABEL things — all

known variables, and question marks for unknown ones.
Step 4: Convert any units necessary (e.g. km/h =2 m/s)
Step 5: Write out all horizontal and vertical components SEPARATELY

and clearly.

Step 6: Add up horizontal and vertical components, solve for whatever you

need.



Cannonball ]oroﬁfem set up

* Soif you were asked to present all the information you could

for this problem, you would start with a well labeled sketch
and proceed...

v, =100 m/s

Voy = 50.0m/s
Vox = 86.6 m/s




Cannonball Jmfoﬁfem equam’ons

x-direction: y-direction:
0 1 0 y2 = YI + (Voy)t +(l) ay t2
X, :ﬂ + (VO’X)t-l- (Ej’ﬂxtz ’ ?
— : ~ 2
=((100)cos30° )t =it (Vosind) t+(2j( )t
= 86.6t (-200) =(2)+((100)sin 30°)t—(%j(9.8)t2
0 _ _ 2
Vi = 12+2/ZAX =  0=(202)+50t—4.9t
= Vo T Vik V3 = Vi 2a Ay

0 v;=vi+2(-g)(y,-y,)
Vo, = Vi +/ZAt e C

_ v, =V, +aAt
ﬁ V2,X — Vl,X 2’y 17y y

Vo, =Vt (—g)At

In other words, the only equation for Note: As the y-component of velocity at
the x-direction that is going to be of the top of the flight is zero, the second

help, assuming the acceleration in the x- | ,f these equations is usually used when
direction 1s zero (1.€., no jet pack), will trying to determine the maximum height

be the first one. of the flight. 8)



Cannonball Joroﬁfem .
How ﬁigﬁ? How far?

* If you were asked to find the two distances above, here’s what you might do:

How high?
This requires the y direction only. You know v, is 50.0 m/s and v,,,,, = 0 m/s so:

v22y = vlzy + 2a(y; — y1)
0 =(50.0 m/s)* + 2(-9.8 m/s?)(y, - 0 m)
=y, =131 m

How far?
This requires both directions. “how far” is horizontal, but we need the vertical to find the

time: (yz — yl) - voyt + %atz
(-200.0 m - 2.0 m) = (50.0 m/s)t + %4(-9.8 m/s?)t> = now rearrange into quadratic:
0 =-4.9t> + 50.0t+ 202.0 = quadratic formula >t =-3-10-s, 13.3 s (obviously)

Now use horizontal to find how far:
X =V ,t=(86.6 m/s)(13.3s)=1150 m



What about fina[ ve[ocity?

e Fora Jor(y'ecti[e, when it hits the ground, its final velocity vector has BOTH
an x-component and a y-component.

— We know the x-component of velocity never changes (a, = 0)
— We can find the y-component using kinematics

A

V= (Vo,x ) 1+ (Vy at the point ).]

ALWAYS THE SAME!!!!

— The final velocity can be expressed in unit vector notation (above) or

polar notation (requiring you to find the resultant and angle and state
both).



\/e[ocity at a ]ooint for a ]orojecti[e

* Velocity at the top of the arc:

— Y component is zero. X component is unchanged, so still 86.6 m/s.
therefore:

— Viop = (86.6 m/s)i + 0j (or, Vi, = 86.6 m/s < 0°)

* Velocity on impact:

— Y component calculation: v,, = vy, + at = (50.0 m/s) + (-9.8 m/s?)(13.3
s) =-80.3m/s

— X component STILL 86.6 m/s
— In unit vector: Vg, = (86.6 m/s) 1+ (-80.3 m/s) J

— Inpolar: [Vping| = +/(86.6 m/s)2+(—80.3 m/s)2= 118";

with 6 = tan~? (‘886";) — —42.9°

SO Vg = 118 m/s <« —42.9°




To Catch a Ball Lab

On Thursday, you will be executing the “To Catch a Ball Lab” procedure. This
lab is EASY to do, but NOT SO EASY to prepare for. Basically, do the legwork
BEFORE class!

The set up:

— The ball moving at a determinable velocity rolls off a table of known
height. Using your knowledge of kinematics and common sense, you and
your partner need to calculate BEFOREHAND where a cup needs to be
positioned on the floor to catch the ball.

You must present your prelab BEFORE testing. This is the list of equations and
summary of measurements you will need to complete the task.

You will get a few minutes to take whatever data you need to calculate your
predicted distance.

Then you get ONE shot to test your prediction (yes there is partial credit).

— Your score on this lab will be determined by how close to the cup you come
(hit it and you’ve got 20 points; be a cm or two off and you’ve got 19
points, etc.)



To Catch a Ball lab

floor



a.) The device
1s a glass table
upon which floats
an air-levitated
puck (i.e., air from
a hose is forced
down through a
hole in the puck
creating a cushion
of air between it

Tilted Table Lab

air hose
puck

from the side

from above
table
........... pape
puck’s pat
(dots on revdrse side puch

and the table). The table will be at a small angle (see sketch). Begin by us-
ing a protractor to measure the angle 0 of the table (in fact, if you had done

this with the data I'm giving you, you would have measured 97).

tarts

Later this week we will take the data and look at how to analyze and write this

lab up.



Problem 3.23 (mooﬁfied)

o A student throws a baseball off the top of a 50.0 m tall building

with an 1mitial speed of 18.0 m/s at an angle of 30.0° below the
horizontal.

— a) What are the baseball’s initial coordinates?

— b) Find the x- and y-components of the initial velocity.

— ¢) Write the velocity equations as a function of time for both the x and y
directions.

— d) Write the position equations as a function of time for both the x and y
directions

Problem 3.29 - how is this aﬁjﬁ%rent?

m A stone is thrown upward from the top of a building at 15 m/s at an

angle of 25° above the horizontal. The stone hits the ground below after 3.0 s.
How tall is the cliff? How far from the base of the cliff does the stone land?



‘Mocﬁfieaf 3.23 solution from class



‘Mocﬁﬁecf 3.23 solution fmm class




