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1.  Vector B is at a 30 degree angle from 
vector A. Which vector is “-B”: vector 1, 2, 
or 3?  
 

 
(A)  vector 1 
(B)  vector 2 
(C)  vector 3 
 
A negative vector is the same length as the 
positive version of the vector, but is pointed 
in the opposite direction. 
 
2.  What is vector C? 
 

 
 
 
(A)  A + B 
(B)  A - B 
(C)  -A + B 
(D)  -A - B 
 
 
 

 
Adding vectors is done by placing the head 
of the first vector up against the tail of a 
second vector. The so-called “shortcut” 
vector, drawn from the tail of the first 
vector to the head of the second vector, is 
the sum of the two vectors. 
 
Even if the vector is flipped around and 
made into a negative vector, it can still be 
added to another vector by placing the nose 
of one to the tail of the other. 
 
3.  What is vector C? 
 

 
 
(A)  A - B 
(B)  B + A 
(C)  -B -A 
(D)  -A + B 
 
Placing the tails of two vectors together 
allows you to subtract the two vectors. The 
vector connecting the two heads equals the 
difference between the two vectors: the 
vector being pointed to minus the vector 
being pointed from. 
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Here are some examples. 
 

 
 
You can always check your answer by 
adding the two vectors situated head to tail. 
The third vector will be the sum of these 
two vectors. 
 
4.  A camper needs to walk 4.2 kilometers 
due north but misreads his compass and 
walks 4.2 kilometers 40 degrees south of 
due east.  
 
How far and in what direction will he now 
have to walk to get to his original 
destination? 
 
(A)  7.6km 24.7o NW 
(B)  6.9km 24.7o NW 
(C)  6.1km 27.4o NW 
(D)  6.7km 27.4o NW 
(E)  6.5 km 27.4o NW 
 
In order to calculate the distance to his 
original destination, we need to make that 
distance the hypotenuse of a large right 
triangle, and then calculate the length of 
the triangle’s height and base which will 
allow us to calculate the length of the 
hypotenuse with the Pythagorean Theorem. 

 
40 degrees south of due east forms a small 
right triangle with a hypotenuse of 4.2 
kilometers and an angle of 50 degrees. The 
hypotenuse of 4.2 kilometers times the sine 
of 50 degrees is the base of our small and 
large right triangle. 0.77 times 4.2 
kilometers is 3.2 kilometers. 
 
The cosine of 50 degrees times the 
hypotenuse gives the height of the small 
right triangle. Point 64 times 4.2 kilometers 
equals 2.7 kilometers. 
 
We now have our large right triangle 
depicting where he is and where he needs 
to go. The height of this triangle is 4.2 + 2.7, 
or 6.9 kilometers, and the base is 3.2 
kilometers. Using the Pythagorean 
Theorem, the square of the hypotenuse is 
6.92 + 3.22. 47.6 + 10.2 is 57.8 and the 
square root of 57.8 is 7.6 kilometers. The 
camper has to walk 7.6 kilometers.  
 
From where he is standing, the camper has 
to walk the arc tangent of 3.2 over 6.9, or 
24.7 degrees west of due north. 
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5.  What single vector (magnitude and 
direction) summarizes these four force 
vectors? 
 
Sin 53o = 0.80   Sin 37o = 0.60 
Cos 53o = 0.60   Cos 37o = 0.80 
Tan 53o = 1.33   Tan 37o = 0.75 
Sin 0o = 0   Cos 0o = 1.0 
Sin 90o = 1.0   Cos 90o = 0  
 
(A)  4.0 N 
(B)  square root of 10.0 N 
(C)  square root of 4.0 N 
(D)  6.2 N 
(E)  5.4 N 
 
What we need to do is combine all the X 
components into a single X vector, and the 
all the Y components into a single Y vector. 
We can then combine the single X and Y 
vectors into a one final vector by using the 
Pythagorean theorem. 
  
The X component of the 4 newton vector is 
negative 4 times the cosine of 53 degrees, 
or negative 2.4 newtons. 

 
The X component of the 3 newton vector is 
3 times the cosine of 37 degrees, or 2.4 
newtons. 
 
The X component of the 1 newton vector is 
1 times the cosine of 0 degrees, or 1.0 
newton. 
 
The X component of the 2 newton vector is 
negative 2 times the cosine of 90 degrees, 
or 0 newtons. 

 
The total of all the X components is 1.0 
newton. The Y component of the 4 newton 
vector is 4 times the sine of 53 degrees, or 
3.2 newtons. 
 
The Y component of the 3 newton vector is 
3 times the sine of 37 degrees, or 1.8 
newtons. 
 
The Y component of the 1 newton vector is 
1 times the sine of 0 degrees, or 0 newtons. 
 
The Y component of the 2 newton vector is 
negative 2 times the sine of 90 degrees, or 
negative 2.0 newtons. 
  
The total of all the Y components is 3.0 
newtons. 
 
Combined through the Pythagorean 
Theorem, the X and Y components add up 
to the square root of 10 newtons and an 
angle of the arc tangent of 3 over 1, which 
is 71.6 degrees. 
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6.  A cannonball is aimed 37 degrees into the air and fired at 100 feet per second. How high 
does it go, how far does it go horizontally, and what is its speed and direction at impact with 
the ground? 
 
 Vertical Distance Horizontal Distance    Impact Speed Direction 

(A)   58.75 ft 150 ft  75 
𝑓𝑡

𝑠𝑒𝑐
 45o 

(B)   52.25 ft 200 ft  85 
𝑓𝑡

𝑠𝑒𝑐
 40o 

(C)   66.50 ft 300 ft 120 
𝑓𝑡

𝑠𝑒𝑐
 38o 

(D)   61.75 ft 315 ft 105 
𝑓𝑡

𝑠𝑒𝑐
 41o 

(E)   56.25 ft 300 ft 100 
𝒇𝒕

𝒔𝒆𝒄
 37o 

 
The first step is to separate the vertical and 
horizontal vectors because they act 
independently. The horizontal movement of 
the cannonball will have a constant 
horizontal velocity. The vertical movement 
of the cannonball will be treated like a ball 
being tossed up in the air. So let’s begin. 
 
The cannonball’s horizontal velocity is 100 
feet per second times the cosine of 37 
degrees, which is 0.8. The horizontal 
velocity is 80 feet per second. The vertical 
velocity is 100 feet per second times the 
sine of 37 degrees, which is 0.6. The vertical 
velocity is 60 feet per second. 
 
In a velocity versus time graph, the vertical 
velocity begins at 60 feet per second and 
slows to zero against the acceleration of 
gravity, which is 32 feet per second 
squared. 
 
The acceleration of gravity is the 
cannonball’s change in velocity over time.  
 

 
So the 32 feet per second squared 
acceleration of gravity equals 60 feet per 
second divided by the time it takes for the 
cannonball to reach its peak. T equals 1.875 
seconds. 
 
It takes 1.875 seconds for the cannonball to 
reach its peak. The upward distance of the 
cannonball is the area under the graph line 
in a velocity versus time graph. Since the 
area of a triangle is one-half height times 
the base, the upward distance by the 
cannonball is ½ 60 feet per second times 
1.875 seconds, or 56.25 feet. 
 
The only force acting on the cannonball 
during its upward flight is the force of 
gravity. The force of gravity is also the only 
force acting on the cannonball during its 
descent. Therefore, the descent is a mirror 
image of the ascent.  
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Falling from 56.25 feet at an acceleration of 
32 feet per second squared also takes 1.875 
seconds. The total time in the air, therefore, 
was 3.75 seconds.  In those 3.75 seconds, 

the cannonball traveled 80 
𝑓𝑡

𝑠𝑒𝑐
 horizontally. 

80 
𝑓𝑡

𝑠𝑒𝑐
 x 3.75 seconds is 300 feet. 

 
Since the cannonball’s descent is a mirror 
image of its ascent, then lands at the same 
angle it began its ascent with -- 37 degrees 
– and with the same velocity it started out 

with: 100 
𝑓𝑡

𝑠𝑒𝑐
. 

 
7.  A marble starts out from a stationary 
position and travels a distance of 5.72 
meters over a period of 2.60 seconds. What 
is its peak velocity and what is its average 
velocity? 
 
          Peak Velocity         Average Velocity 
 

(A) 5.72 
𝑚

𝑠𝑒𝑐
  4.4 

𝑚

𝑠𝑒𝑐
 

(B)   5.72 
𝑚

𝑠𝑒𝑐
  4.4 

𝑚

𝑠𝑒𝑐
 

(C) 4.4 
𝒎

𝒔𝒆𝒄
   2.2 

𝒎

𝒔𝒆𝒄
 

(D)   5.2 
𝑚

𝑠𝑒𝑐
   4.4 

𝑚

𝑠𝑒𝑐
 

(E)   5.2 
𝑚

𝑠𝑒𝑐
   2.6 

𝑚

𝑠𝑒𝑐
 

 
The easiest way to approach this problem is 
to draw a velocity versus time graph. The 
marble accelerates for 2.6 seconds to some 
unknown velocity.  
 
We know, though, that ½ times the final 
velocity times 2.6 seconds equals 5.72 
meters, the distance traveled.  We know  

 
this because we know that the area under 
the graph line in a velocity versus time 
graph equals the distance traveled, and the 
area under the graph line is one-half base 
times height. 
 

If the distance, 5.72 meters, equals 
1

2
 of 2.6 

seconds times the final velocity, the final 

velocity must equal 4.4 
𝑚

𝑠𝑒𝑐
. 

 
The average velocity of the marble is 
distance over time. 
 
The distance traveled is 5.72 meters, and 
the time of travel is 2.6 seconds. The 
average velocity is 5.72 divided by 2.6, or 

2.2 
𝑚

𝑠𝑒𝑐
. An average velocity being half the 

peak velocity makes perfect sense because 
with a constant rate of acceleration, no 
matter what that acceleration actually is, 
the average velocity should be halfway to 
the peak velocity. 
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8.  A marble is rolled off the edge of a 1.0 meter high table with a horizontal velocity of 5.0 
meters per second, while another identical marble is dropped from the edge of the table. How 
long before each marble strikes the floor, and how far away from the table does the rolling 
marble land? How fast is each marble moving at impact? 
 
 Time to Reach the Floor  Distance From Table  Velocity at Impact 

(A)    0.38 sec    1.95 meters   6.1 
𝑚

𝑠𝑒𝑐
 

(B)   0.40 sec    2.05 meters   6.3 
𝑚

𝑠𝑒𝑐
 

(C)   0.42 sec    2.15 meters   6.5 
𝑚

𝑠𝑒𝑐
 

(D)    0.44 sec    2.25 meters   6.7 
𝒎

𝒔𝒆𝒄
 

(E)    0.46 sec    2.45 meters   6.9 
𝑚

𝑠𝑒𝑐
 

 
We know that both marbles strike the floor at 
the same time because both marbles are 
experiencing the same vertical acceleration of 
gravity. As we did before, v over t is the 
acceleration of gravity: 9.8 meters per second 
squared.  

 
We know that the dropped marble travels a 
distance of 1 meter. The distance traveled 
for an object starting out from a stop is one-
half velocity times time, which in this 
problem equals 1 meter. So the marble’s 
peak velocity, its velocity at impact, is 2 
meters over t.  
 
Plugging this value of v into the formula for 
acceleration, v over t, we get 2 meters over 
t squared equals 9.8 meters per seconds 
squared. T squared equals 0.20 seconds 
squared, and t equals 0.45 seconds. It takes 
0.45 seconds for the dropped marble to hit 
the floor. Since the final velocity equals 2 
meters over the time traveled, the final 
velocity is 2 meters divided by 0.45 seconds, 
or 4.4 meters per second. 

 

 
 
0.45 seconds is also the time that the rolling 
marble remains in the air. In that 0.45 
seconds, the marble travels a horizontal 
distance of v times t. 5 meters per second 
times 0.45 seconds equals 2.25 meters. The 
area under the graph line is a rectangle, not 
a triangle, because the horizontal speed of 
the rolling marble does not change 
throughout its entire horizontal path 
through the air.  
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The reason it maintains a constant 
horizontal speed is that no horizontal force 
is acting on it once it's airborne. If a 
horizontal force had been acting on it, the 
marble’s speed would have accelerated, not 
remained constant.  
 
The reason a force causes an object to 
accelerate is that, as we will learn in later 
chapters, once a force gets an object 
moving, even though the force is no longer 
acting on the object, the object will 
continue moving in the same direction and 
the same speed forever, until another force 
causes the object to change its direction or 
speed, in other words, cause it to 
accelerate.  
 
The rolling marble strikes the floor at an 
angle, meaning its speed at impact has both 
an X and a Y component. The X component 

is 5.0 
𝑚

𝑠𝑒𝑐
, and the Y component is 4.4 

𝑚

𝑠𝑒𝑐
. By 

the Pythagorean theorem, 5 
𝑚

𝑠𝑒𝑐2  + 4.4 
𝑚

𝑠𝑒𝑐2  

equals the square of the marble's velocity at 
impact.   
 

The velocity at impact is 6.7 
𝑚

𝑠𝑒𝑐2  

 
 
 
 
 
 
 
 
 

 

 
9.  At what angle should an artillery cannon 
be aimed to maximize the trajectory of the 
cannonball sitting at ground level? 
 
(A)  35 degrees 
(B)  45 degrees 
(C)  60 degrees 
(D)  70 degrees 
(E)  75 degrees 
 
In order to maximize the horizontal distance 
that the cannonball travels along the X axis, 
we need to recognize that the cannonball is 
traveling in two directions independently: 
horizontally and vertically.  
 

 
 
In a velocity versus time graph, the vertical 
velocity of the cannonball as it leaves the 
muzzle of the cannon is quite high, and 
slowing to a halt at its peak due the force of 
gravity. It then picks up speed again as the 
cannonball falls back to earth. Notice that 
the final velocity of the cannonball striking 
the earth is the same as the initial velocity 
leaving the muzzle of the cannon, because 
the deceleration going up is the same as the 
acceleration going down. 
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This is the same reason that the time going 
up equals the time going down. 
 

 
 
The cannonball’s horizontal movement is 
much different. Because no force is acting 
horizontally on the cannonball once it 
leaves the cannon’s muzzle, the horizontal 
velocity of the cannonball never changes, 
until, of course, the cannonball strikes the 
ground.  
 
When the cannonball leaves the muzzle at 
angle theta, its horizontal velocity is the 
velocity of the cannonball, V, times the 
cosine of angle theta. Its vertical velocity is 
the velocity of the cannonball, V, times the 
sine of angle theta. 
 
On the next slide, the distance, D, that the 
cannonball travels horizontally is its 
horizontal velocity, V times the cosine of 
theta, times the time that the cannonball 
stays in the air during its ascent and 
descent. Since the time it takes to ascend 
equals the time it takes to descend, the 
total time in the air equals twice the time it 
takes the cannonball to reach its peak.  
 
 

 
The total horizontal distance, then, is V 
times the cosine of theta times twice the 
time it takes to reach the peak height. All 
we have to do now is find out how long it 
takes for the cannonball to reach its peak. 
 

 
 
We know that the slope of a velocity versus 
time graph is acceleration. We also know 
that the cannonball leaves the muzzle and 
strikes the ground with the same velocity, V.  
 
The vertical component of V is V sin 𝜃. 
So the vertical velocity over t equals g. 
Switching t and g around, we get t equaling 
the vertical velocity over g. The time going 
up is V times the sin 𝜃 divided by the 
acceleration of gravity. 
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We can now take this value for t and plug it 
into the formula for the horizontal distance 
traveled by the cannonball. V cosine of 
theta times 2 t becomes V times the cosine 
of theta times two times V times the sine of 
theta divided by g. The horizontal distance 
traveled works out to be 2 V squared over g 
times the cosine of theta times the sine of 
theta. 
 

 
 
The velocity of the cannonball leaving the 
muzzle is constant, so the only thing that 
can change in this formula is theta, the 
upward angle of the cannon. What angle 
should theta be to make the cosine of theta 
times the sine of theta maximal? 
 
To make the cosine of theta times the sine 
of theta maximal, let’s take a right triangle 
with sides A and B and hypotenuse C. The 
sine of theta is A over C, and the cosine is B 
over C. The sine of theta times the cosine of 
theta is therefore A over C times B over C.  
 
To maximize the sin 𝜃  x the cos 𝜃, we have 

to maximize 
𝐴𝐵

𝐶2 . 

 
If we make A times B into a rectangle, what 
lengths should A and B be in order to 
maximize the area of the rectangle? The 
maximal area of a rectangle is when A 
equals B, in other words, a square. If A 
equals B then our triangle is an isosceles 
right triangle, and theta has to be 45 
degrees. 
 
A second way to maximize d, the distance 
traveled, is to first rearrange the formula for 

horizontal distance. Instead of 
2𝑉2

𝑔
 x cos 𝜃 x 

sin 𝜃, let the distance equal 
𝑉2

𝑔
 x 2 x the cos 𝜃  x 

sin 𝜃. From trigonometry, we know that 2 x 

cos 𝜃  x sin 𝜃 = sin 2 x 𝜃. 
The maximal value for the sine of any angle 
is 1, which occurs then the angle is 90 
degrees. So if 2 x 𝜃  = 90 degrees, 2 x 𝜃 has 
to equal 45 degrees. 
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A third way to show that the cosine of theta 
times the sine of theta is maximal when 
theta equals 45 degrees is with a graph. If 
we make one side of the right triangle equal 
to 1, then the sine of theta is 1 over c and 
the cosine of theta, b over c.  
The sine of theta times the cosine of theta 
is b over c squared.  
Since C squared equals 1 squared plus b 
squared, the sine of theta times the cosine 
of theta equals b over 1 plus b squared.  
When graphed out, the maximal value for b 
over 1 plus b squared occurs when b equals 
1.  
If both sides of a right triangle equal 1, then 
the base angles must be 45 degrees.  
 

10.  A pilot flying at 250 meters has no way 
of knowing how far she is from the island. 
She does have a viewfinder, though, which 
tells her the number of degrees the island is 
below the horizontal.  
 
 
If she is flying at 100 km per hour, at what 
angle below the horizontal should she drop 
her supplies? 
 

 

 
 
(A)  52.4o 
(B)  53.5o 
(C)  54.1o 
(D)  55.8o 
(E)  56.9o 

 

A velocity versus time graph shows that the 
supplies begin their drop at zero velocity 
and accelerate toward the ground at 9.8 

𝑚

𝑠𝑒𝑐2, represented by the slope 
𝑉

𝑡
. 

 
The supplies fall a distance of 250 meters, 
which is the area under the graph line: one-
half the impact velocity times the time it 
takes to reach the ground. 
 
We now have two equations and two 
unknowns. Solving for V in the acceleration 
equation, we can substitute the value of V 
in the distance equation. 
 

The velocity at impact is 9.8 
𝑚

𝑠𝑒𝑐2 x t, the 

time it takes to reach the ground. 
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Substituting V in the distance formula, 
1

2
 Vt 

equals 250 meters, we get 
1

2
 9.8 

𝑚

𝑠𝑒𝑐2
 x t2.  

t2 = 
500

9.8
, or 51.0, and t = 7.1 seconds. 

 
During the 7.1 seconds that the supplies 
remained in the air, they traveled 
horizontally 7.1 seconds times 100 
𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠

ℎ𝑜𝑢𝑟
. 100 

𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠

ℎ𝑜𝑢𝑟
 is 100,000 meters 

divided by 3600 seconds in one hour, or 

27.8 
𝑚𝑒𝑡𝑒𝑟𝑠

𝑠𝑒𝑐
. 7.1 seconds times 27.8 

𝑚𝑒𝑡𝑒𝑟𝑠

𝑠𝑒𝑐
= 

197.4 meters. 
 
If the supplies travel 197.4 meters 
horizontally and 250 meters vertically, the 
angle below the horizontal is the arc 
tangent of 250 meters divided by 197.4, 
which equals 52.4 degrees. The pilot has to 
wait until the island is 52.4 degrees below 
the horizon before she can drop the 
supplies. 
 

 
 
Here’s my question: Instead of using 
distance, why can’t we use horizontal and 
vertical velocity to calculate the angle?  
 

 
We know the horizontal velocity is 27.8 
meters per second.  
 
The vertical velocity can be calculated from 
the formula for acceleration: V over T 

equals 9.8 
𝑚

𝑠𝑒𝑐2. V = 7.1 x 9.8, or 69.6 
𝑚

𝑠𝑒𝑐
. 

 

The arc tangent of 
69.6 

𝑚

𝑠𝑒𝑐

27.8 
𝑚

𝑠𝑒𝑐

  = 68.2 degrees.  

Will waiting until the island is 68.2 degrees 
below the horizon cause the supplies to 
overshoot the island? 
 
Yes. We cannot use velocity because the 

vertical velocity vector of 69.6 6 
𝑚

𝑠𝑒𝑐
 is not 

constant throughout the descent. 69.6 

6 
𝑚

𝑠𝑒𝑐
 is only the velocity at impact. 68.2 

degrees is the angle at which the supplies 
strike the ground at impact. 
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11.  Here is a 100 lb box suspended from 
the ceiling. When the box comes to rest, 
angle a is 37 degrees, and angle b 60 
degrees. How strong a rope is needed to 
suspend the box from the ceiling? That is, 
how much tension would this rope need to 
withstand to ensure that it was strong 
enough to keep the box suspended? 
 

 
 
(A)  50.3 lbs 
(B)  59.6 lbs 
(C)  67.8 lbs 
(D)  76.3 lbs 
(E)  80.5 lbs 
 
What we're looking for is the force, or 
tension, along the A rope and the force, or 
tension, along the B rope. There are only 
three forces acting on the box: the tension 
in rope A, the tension in rope B, and the 
weight of the box. Since the box is not 
moving, the x and y components of all three 
forces must be balancing each other out. 
 
Let's take the x components first. The x 
component of the force along rope A is FA 
times the cosine of angle a. Angle a near the 
box has to equal angle a near the ceiling 
because the ceiling is horizontal and the  

 
two angle a's are alternate interior angles. 
The same goes for angle b. 
 
The x component for the force along rope B 
is FB cosine angle b. There is no x 
component for the weight of the box 
because that vector is straight down. 
 
So, FA cosine angle a equals FB cosine angle  
b. The force along rope B is the force along 
rope A times the cosine of a over the cosine 
of b. The cosine of 37 degrees over the 
cosine of 60 degrees is 1.6, so FB = 1.6 x FA. 
We're going to use this value of FB when we 
examine the vertical forces.  
 
The y component of FA is FA x the sine of 
angle a, and the y component of FB is FB x 
the sine of angle b. The y component of mg, 
the weight of the box, is mg. Since the box 
is not moving up or down, mg has to equal 
Fa sine of a plus FB sine of b. Mg is 100 lb, so 
100 lb equals FA times the sine of 37 
degrees, plus 1.6 times FA times the sine of 
60 degrees. The sine of 37 degrees is 0.60 
and the sine of 60 degrees is 0.87. FA works 
out to be 50.3 lbs and FB 80.5 lbs. The rope 
has to withstand 80.5 lbs of tension.  
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12.  Suppose a ball is thrown upward at a speed of 14.7 meters per 
second from this 100 meter high roller coaster. How high will the 
ball ascend, how long before it reaches the ground, and what is its 
speed at impact with the ground? 
 
       Time to  
 Peak Height  Hit Ground           Speed at Impact 
(A)        10.5m      6.3sec     42.4m/sec 
(B)        10.5m      5.8sec     46.0m/sec 
(C)        11.0m      5.8sec     41.3m/sec 
(D)        11.0m      6.3sec     46.6m/sec 
(E)        11.0m      4.3sec     42.4m/sec 
 
In a velocity versus time graph, the initial 

velocity is 14.7
 𝑚

𝑠𝑒𝑐
. As the ball ascends, it 

slows to halt and then picks up speed as it 
falls to earth. Velocity over time equals the 

acceleration of gravity, 9.8 
 𝑚

𝑠𝑒𝑐2. 

 

 
14.7 

 𝑚

𝑠𝑒𝑐

9.8 
 𝑚

𝑠𝑒𝑐2

= 1.5 seconds.  

 
It took 1.5 seconds for the ball to reach its 
peak. The distance to the peak is the area 
under the graph line, or ½ the initial upward 

velocity of 14.7 
 𝑚

𝑠𝑒𝑐
 times the 1.5 seconds it 

took for the ball to reach its peak.  ½ times 

14.7 
 𝑚

𝑠𝑒𝑐
 x 1.5 seconds equals a distance of 

11.0 meters above the roller coaster.  
 
From its peak at 111 meters off the ground, 
the ball then fell with an acceleration of 9.8 

 𝑚

𝑠𝑒𝑐2.  

 
 
 

The 111 meters equals the area under the 
graph line, which is one-half the velocity at 
impact with the ground times T2, the time it 
took to reach the ground. T2, then, equals 
222 meters divided by V2. 
 
The acceleration of gravity equals the 
change in velocity divided by the time to 

make that change. 9. 
 𝑚

𝑠𝑒𝑐2 equals V2, the 

velocity at impact with the ground, divided 
by T2, the time it takes to reach the ground. 
Substituting the value of T2, the velocity at 

impact squared, equals 2175.6 
 𝑚

𝑠𝑒𝑐2
, and V2 

equals 46.6 
 𝑚

𝑠𝑒𝑐
 at impact. 

 
Plugging the value for V2 into either one of 
our equations gives a value of 4.8 seconds 
for the ball to fall from its peak to the 
ground.  
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Adding the time it took for the ball to reach 
its peak, we get a total time of 6.3 seconds 
from the time the ball was thrown until it 
strikes the ground. 
 

 
 
13.  A rock is thrown downward off a 100 

meter building with a velocity of 10.0 
𝑚

𝑠𝑒𝑐
. 

What is the rock’s speed at impact and how 
long did it take for the rock to strike the 
ground? 
 
(A)  41.3 m/s, 3.2 sec 
(B)  42.3 m/s, 3.3 sec 
(C)  43.3 m/s, 3.4 sec 
(D)  44.3 m/s, 3.5 sec 
(E)  45.3 m/s, 3.6 sec 
 
In a velocity versus time graph, the initial 
velocity is 10 meters per second. 
 
 The velocity increases as the rock falls with 

the acceleration of gravity -- 9.8 
𝑚

𝑠𝑒𝑐2
. We’ll 

call the velocity at impact V. 
 
 
 
 

 
The slope of the graph line is the 

acceleration of gravity, 9.8 
𝑚

𝑠𝑒𝑐2, and the 

distance traveled is the area under the 
graph line, 100 meters. 
 
The slope of the graph line is V, the velocity 

at impact, minus 10 
𝑚

𝑠𝑒𝑐
, divided by t, the 

time it takes for the rock to reach the 
ground. 
 
V minus 10 

𝑚

𝑠𝑒𝑐

𝑇
 = 9.8 

𝑚

𝑠𝑒𝑐2. Solving for V, we get 

V equals 9.8 
𝑚

𝑠𝑒𝑐
 𝑥 T + 10 

𝑚

𝑠𝑒𝑐
. This value of V 

will be used in the next equation for the 
distance traveled. 
 
The area under the graph line is the 
distance traveled, which we know is 100 
meters. The distance under the graph line is 
a trapezoid, so 100 meters equals the 
average of the two sides, which is V plus 10 
𝑚

𝑠𝑒𝑐
, divided by 2, times T.  

 
Substituting our value for V into this 

equation, we get 100 meters equals 9.8 
𝑚

𝑠𝑒𝑐2 

x T + 20 
𝑚

𝑠𝑒𝑐
, all divided by 2, times t. This 

gives us a quadratic equation of 9.8 
𝑚

𝑠𝑒𝑐2  x 

T2 + 20 
𝑚

𝑠𝑒𝑐
 t - 200 = 0.
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Using a hand held calculator, the two values 
for T turn out to be 3.6 seconds and minus 
5.7 seconds. Since minus seconds is 
meaningless in this situation, it takes 3.6 
seconds for the rock to strike the ground. 
 
We know that the slope of the graph line, g, 
is the velocity at impact minus 10 meters 
per second divided by t. Since T equals 3.6 
seconds, the velocity at impact is 45.3 
meters per second. 
 

 
 
14.  How many g’s of acceleration does a 
pilot traveling at 480 miles per hour 
experience when making a sharp turn with 
a radius of 1900 feet?  
 
(A)  8g 
(B)  9g 
(C)  10g 
(D)  11g 
(E)  12g  
 
Centripetal acceleration is tangential 
velocity squared divided by the radius of 
rotation. 
 
A velocity of 480 miles per hour is the same 
as 704 feet per second. 

 
The centripetal acceleration, then, is 704 
ft/sec squared divided by 1900 feet, or 260 
feet per second squared. 
 
260 feet per second squared divided by 1 g, 

which is 32 
𝑓𝑡

𝑠𝑒𝑐2, equals 8 g’s of acceleration. 

 
Notice that the units for angular 
acceleration are the same as the units for 
linear acceleration: length divided by time 
squared. 
 
If the plane is making this sharp turn 
coming out of a nose dive, the 8 g’s of 
acceleration are directed downward.  
 
The internal organs of the body may feel 
heavier but they do not move, because they 
are anchored to the bones and other rigid 
structures. The blood, though, is freely 
mobile. 8 g’s of downward acceleration 
pulls the blood toward the feet, much like 
blood sinking to the bottom of a test tube 
spinning in a centrifuge. With all the blood 
sinking to the feet instead of going to the 
brain, the pilot can easily pass out. 
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15.  Which of the following statements is 
true? 
 
1. The tangential velocity of a ball being 
spun in a circle is the circumference divided 
by the time it takes to travel the 
circumference 
 
2. Centripetal acceleration is directed 
toward the center of rotation, while 
centrifugal acceleration is directed outward 
along the radial axis away from the center 
of rotation 
 
3. To get an object to move in a circle, the 
acceleration vector has to be perpendicular 
to the tangential velocity vector.  
 
4. An asteroid rotating in a circle around the 
sun would travel along a tangential vector if 
the sun’s gravity suddenly stopped. 
 
5. When the radius of rotation and the 
centripetal acceleration of the ball are 
multiplied together, they equal the 
tangential velocity squared.  
 
(A)  1, 2 
(B)  1, 2, 3 
(C)  1, 3, 5 
(D)  1, 2, 4, 5 
(E)  1, 2, 3, 4, 5 
 
Tangential velocity is simply the object’s 
velocity as it travels in a circle. This is 
distance over time, which in this case is the 
circumference divided by the time it takes 
to make 1 revolution. 

 
Centrifugal acceleration is directed away 
from the center of rotation while 
centripetal acceleration is directed toward 
the center of rotation. 
 
The reason an object moves in a circle is 
that at any one moment, its direction of 
movement is the combination of a 
tangential velocity vector and a 
perpendicular centripetal acceleration 
vector.  
 
If the centripetal acceleration vector is 
suddenly removed, say, by cutting the string 
holding the spinning object, the only vector 
left is the tangential vector, and  the object 
will fly off in the direction of the tangential 
velocity vector.  
 
Centripetal acceleration is tangential 
velocity squared divided by the radius of 
rotation. Centripetal acceleration times the 
radius of rotation thus equals the tangential 
velocity squared.  
 

 
 



 
 
 
Test - Lesson 2 - Vectors - Answer Key       Page 17 

+Copyright ©|Fascinating Education LLC|www.fascinatingeducation.com 

 

 

 
16.  When the tangential velocity vector 
and the acceleration vector are at 90 
degrees, the object moves in a circle. 
 
When the angle between the tangential 
velocity vector and the acceleration vector 
is more than 90 degrees, __________. 
 
(A)  The motion remains circular but with a 
larger radius. 
(B)  The motion remains circular but with a 
smaller radius. 
(C)  The motion becomes tangential. 
(D)  The motion becomes parabolic. 
(E)  The motion becomes inverted. 
 
The path of the object becomes parabolic, 
namely, the path of a cannonball emerging 
from a cannon muzzle. And if the angle 
between the tangential velocity vector and 
the acceleration vector were less than 90 
degrees, the path would look like the 
cannonball falling to earth. 
 

 
 
17.  Which statements about a pendulum 
are true? 
 
 

 
 
 
 
 
 
 

1. The longer the pendulum string, the 
longer the pendulum bob takes to swing 
back and forth. 
 
2. The shorter the pendulum string, the 
longer the pendulum bob takes to swing 
back and forth. 
 
3. The heavier a pendulum bob is, the 
longer the pendulum bob takes to swing 
back and forth. 
4. The lighter a pendulum bob is, the longer 
the pendulum bob takes to swing back and 
forth. 
 
5. The longer the distance that the 
pendulum bob swings through, the longer 
the pendulum bob takes to swing back and 
forth. 
 
(A)  1 
(B)  1, 3 
(C)  2, 3 
(D)  2, 4 
(E)  1, 3, 5 
 
The time it takes for a pendulum bob to 
swing back and forth is called its period, 
symbolized by the letter T. The period for a 
pendulum is 2π times the square root of the 
length of the pendulum divided by the 
acceleration of gravity. 
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This formula says that the period of a 
pendulum increases at the same rate as the 
square root of the length of the pendulum. 
So the longer the pendulum string, the 
longer the period. 
 
The mass of the pendulum bob has no role 
in the period of a pendulum, nor does the 
distance that the pendulum bob swings 
through. 
 

 


