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1. In a graph where the X axis is horizontal
and the Y axis is vertical, what is the slope
of the graph line?

2. Which figure represents an inverse
relationship between X and Y?

𝑋

(A) 𝑌
(B) (X)(Y)
𝒀
(C) 𝑿
(D)
(E)

𝑋𝑌

𝑋
𝑋𝑌
𝑌

The slope of a graph line is determined by
its height along the Y axis over its height
along the X axis. Take any point along the
graph line, and draw a vertical line
downward to any point below the graph
line. It doesn’t have to be the X axis.
From the point that you stop, draw a line
horizontally back to the graph line.
The height of the triangle along the Y axis
divided by the length of the triangle along
the X axis gives you the slope of the graph
line.

(A)
(B)
(C)
(D)

Figure 1
Figure 2
Figure 3
Figure 4

An inverse relationship means that as one
variable increases, the other variable
decreases. Only in figure 2 does Y decrease
as X increases. What happens when Y
increases? X decreases.
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Mathematically, X and Y are inversely
related, because at any point along the
graph line, when X and Y are multiplied
together, they equal some constant
number. Each box represents X times Y. The
area of each box along the graph line is the
same.

3. In a graph where time is measured along
the X axis and distance along the Y axis,
what is velocity?
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Velocity is distance traveled over time, as in
meters per second. In this graph, distance
over time is the Y axis over the X axis.
For every point along the graph line, Y over
X is the slope of the graph line. The slope of
the graph line represents velocity.

4. In a graph where time is measured along
the x axis and velocity along the y axis, what
is distance?

(A) distance along the X axis
(B) distance along the Y axis
(C) area under the graph line
𝑋
(D) 𝑌
(A) distance along the X axis
(B) area under the graph line
(C) (X)(Y)
𝑋
(D) 𝑌
(E)

(E)

𝒀

𝑿

Distance is velocity times time, meaning X
times Y, or the area under the graph line.

𝒀

𝑿
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When the velocity is constant, the area
under the graph line is a rectangle, X times Y.
When the object is accelerating from a
stationary position, distance is still the area
under the graph line, but the area is now a
triangle with an area of one-half the base
times the height.
In a velocity versus time graph, acceleration
is the slope of the graph line.
In a distance versus time graph, the slope of
the graph line is velocity.

5. In a graph where time is measured along
the X axis and velocity along the Y axis,
what is acceleration?
(A) distance along the X axis
(B) distance along the Y axis
(C) (X)(Y)
𝑋
(D) 𝑌
(E)

𝐘

6. In a graph where time is measured along
the X axis and distance along the Y axis, the
area under the graph line indicates:

𝐗

Acceleration is velocity divided by time.
That’s the Y axis divided by the X axis.
Y
is the slope of the graph line.
X
(A)
(B)
(C)
(D)
(E)

total distance
velocity
acceleration
distance per unit time
no real meaning
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The area under the graph line is distance
times time. Distance times time has no real
meaning.

Velocity per unit time is a measure of how
much the velocity changes with each unit of
time.

If the graph line is flat, it means the object
is standing still. Standing still times time is
meaningless.

A change in velocity is acceleration. On a
velocity versus time graph, a velocity of 30
miles per hour divided by one minute is the
slope of the graph line.

If the graph line is sloped, it means the
object is moving at a constant velocity. Still,
distance times time is meaningless.

7. What is 30 miles per hour per minute a
measure of?
(A)
(B)
(C)
(D)
(E)

acceleration
velocity
velocity change per unit time
acceleration change per unit time
A and C

Per means draw a line, and put whatever
comes before it in the numerator, and
whatever comes after it in the
denominator.

Mathematically, 30 miles per hour per
minute is the same as 30 miles per hourminute.

8. Converting units is done by multiplying
by “1.” Which of the following fractions
equals one?
(A)
(B)
(C)
(D)
(E)
(F)

𝟐.𝟓𝟔 𝒊𝒏𝒄𝒉𝒆𝒔
𝒄𝒎
1000 𝑘𝑚
𝑚
1 𝑐𝑚
𝑚𝑙
𝟑𝟔𝟎𝟎 𝒔𝒆𝒄
𝒉𝒓
103 𝑚
𝑚𝑚
1𝑚𝑚3
𝑚𝑙

Miles per hour is distance divided by time,
which is velocity.
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Beginning with a meter in length, a liter in
volume, and a gram, multiplying by 1000
gives kilos; multiplying by a million gives
mega; and multiplying by a billion gives
giga.
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F is wrong because a milliliter is a cubic
centimeter, not a cubic millimeter. Since
one centimeter (10 times 10, or 1000 cubic
millimeters), is a cubic centimeter.

Dividing by 100 gives centimeters; dividing
by 1000 gives milli; dividing by 1 million
gives micro; dividing by a billion gives nano;
and dividing by a trillion gives pico. Moving
in the opposite direction is just as easy.
Length, volume, and weight are related in
the metric system, because 1 cubic
centimeter of water occupies 1 milliliter of
volume and weighs 1 gram.
Likewise, 1 liter of water weighs 1 kilogram.
Because there are sixty seconds in a minute
and 60 minutes in an hour, there are 3600
seconds in an hour.
1 inch equals 2.56 centimeters.
A is wrong because there are 2.56
centimeters in an inch.
B is wrong because there are 1000 meters
in a kilometer.

𝒌𝒎

𝒌𝒎

9. A car traveling 10 𝒉𝒓 speeds up to 20 𝒉𝒓
over 1 hour. How far does the car travel in
that 1 hour?
(A)
(B)
(C)
(D)
(E)

5 km
10 km
15 km
20 km
25 km

The distance traveled is the area under the
graph line between 1 and 2 hours. The area
under the curve is a trapezoid, which is the
average height of the two sides times the
base. That turns out to be 15 kilometers.

C is wrong because centimeters cannot be
compared to milliliters; centimeters is
length and milliliters is volume.
D is correct.
E is wrong because one-thousandth of a
meter is a millimeter, and 103 is 1000, not
one-thousandth.
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10. A car traveling 15
𝒌𝒎

𝒌𝒎
𝒉𝒓

speeds up to 26

over 25 seconds. What is its speed after
16 seconds?
𝒉𝒓
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𝒌𝒎

Its acceleration is 0.44 𝒉𝒓 per second,
meaning every second it speed increased by
𝒌𝒎
0.44 𝒉𝒓 .
𝒌𝒎

(A) 18
(B) 19
(C) 20
(D) 21
(E) 22

𝒉𝒓
𝒌𝒎

If its speed increased by 0.44 𝒉𝒓 every
second, then after 16 seconds, it speed
would have increased by 7 kilometers per
𝒌𝒎
hour. 15
plus 7 kilometers per hour is

𝒉𝒓
𝒌𝒎

22

𝒌𝒎
𝒉𝒓
𝒌𝒎

𝒉𝒓
𝒌𝒎

𝒉𝒓

𝒌𝒎

.
𝒉𝒓

𝒉𝒓
𝒌𝒎

In 25 seconds, the car accelerated 11 𝒉𝒓 .
The triangle formed by the acceleration
over 25 seconds is similar to the triangle
formed by the car’s acceleration over 16
seconds. Because the two triangles are
similar, their sides are proportional.
If the car speeds up by 11
it will speed up by X
7

𝒌𝒎
𝒉𝒓

𝒌𝒎
𝒉𝒓

𝒌𝒎
𝒉𝒓

in 25 seconds,

in 16 seconds. 32X is

.

The car started out at 15 kilometers per
hour, and sped up another 7 kilometers per
hour to reach a speed of 22 kilometers per
hour after 16 seconds.
Another way to solve this problem is to
determine the car’s acceleration. Its
acceleration is the change in velocity, 11
kilometers per hour, divided by the period
of change, 25 seconds.

11. A car starts out from a stop sign and
𝒌𝒎
accelerates at a rate of 10 𝒉𝒓𝟐 . What is its
velocity after 1 minute?
(A) 1

𝑘𝑚
ℎ𝑟

(B) 0.1
(C) 0.6

𝑘𝑚

ℎ𝑟
𝑘𝑚

(D) 1/6

ℎ𝑟
𝒌𝒎

(E) 1/60

𝒉𝒓
𝑘𝑚
ℎ𝑟
𝒌𝒎

The car’s rate of acceleration of 10 𝒉𝒓𝟐 .
means that its velocity increases at a rate of
𝑘𝑚
10 ℎ𝑟 per hour.
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If, after the first 60 minutes, the velocity is
𝒌𝒎
10 𝒉𝒓 , then after the second 60 minutes, its
velocity will be 10

𝒌𝒎
𝒉𝒓

faster, or 20

𝒌𝒎

.
𝒉𝒓

𝑘𝑚

If its velocity is 10 ℎ𝑟 after the first 60
minutes, then its velocity after the first
𝑘𝑚
minute should be 1/60 of 10 .
ℎ𝑟

1/60 or 10

𝑘𝑚
ℎ𝑟

is 1/6

𝑘𝑚
ℎ𝑟

.
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That means Y equals 20 X

𝑘𝑚
ℎ𝑟

𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒

.

We also know from a velocity versus time
graph that the area under the graph line is
the distance traveled.
The area under the graph line is one-half
velocity times time. Since we don’t know
either the velocity or the time that the car
traveled to reach 6 kilometers, the distance
traveled, 6 kilometers, equals one-half X
1
times Y (2 𝑋 𝑥 𝑌).
We now have two unknowns and two
equations. Substituting the value of Y,
which equals 20 X kilometers per hourminute, into the distance equation, we get
1

𝑘𝑚
ℎ𝑟

(2 𝑋 𝑥 20 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒 = 6 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠).

12. A car starts out from a stop sign and
𝑘𝑚
accelerates at 20 ℎ𝑟 per min. How long
does it take for the car to go 6 km?

Once the units cancel out, we have X
squared equaling 36 minutes squared, and
X equaling 6 minutes, it takes 6 minutes for
the car to travel 6 kilometers (x2 – 36
minutes2, X = 6 minutes).
Since Y over X equals 20

(A)
(B)
(C)
(D)
(E)

3 min
6 min
9 min
12 min
16 min

𝑘𝑚
ℎ𝑟

𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒

,Y

equals 120 kilometers per hour at 6
minutes.

In a velocity versus time graph, the car
accelerates to 20 km per hour in 1 minute.
Its acceleration is the change in y over the
change in X, or 20

𝑘𝑚
ℎ𝑟

𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒

.
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13. A car accelerates from a stop and
𝑚
𝑚
reaches 15 𝑠𝑒𝑐 at 3 seconds, and 30 𝑠𝑒𝑐 at 6
seconds. How far does the car travel during
the 3 second to 6 second interval?

14. If the acceleration of gravity is 9.8
meters/sec2, and you toss a ball upward at a
velocity of 19.6 meters/sec, how high will
the ball travel above your hand?

(A)
(B)
(C)
(D)
(E)

(A)
(B)
(C)
(D)
(E)

45.0 meters
50.0 meters
55.0 meters
60.5 meters
67.5 meters

This velocity versus time graph represents
the car’s acceleration from a stop.

4.9 m
9.8 m
19.6 m
29.4 m
39.2 m

In this velocity versus time graph, the
𝑚
velocity of the ball begins at 19.6 𝑠𝑒𝑐, and
decelerates to zero at some time, X.

The distance traveled is the area under the
graph line between 3 seconds and 6
seconds.
This area is a trapezoid. The area of a
trapezoid is the average height of the two
sides times the base.
The average height of the two sides is
1
𝑚
𝑜𝑓 15 plus 30 𝑠𝑒𝑐, and the base is 3
2
seconds.
The area under the graph line is 67.5
meters.

We know two things. Acceleration is the
change in Y over the change in X, and the
distance is the area under the graph line.
𝒎

Since the acceleration of gravity is 9.8 𝒔𝒆𝒄𝟐,
𝒎

we know that Y over X equals 9.8𝒔𝒆𝒄𝟐 .
19.6 meters per second divided by X
𝒎
seconds equals 9.8 𝒔𝒆𝒄𝟐.
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𝑚

𝑘𝑚

𝑚

ℎ𝑟
𝑘𝑚

𝑚

ℎ𝑟
𝑘𝑚

𝑚

ℎ𝑟
𝑘𝑚

𝒎

ℎ𝑟
𝒌𝒎

X equals 2 seconds. Plugging the value of X
into the distance formula, we get distance
traveled upward equals the area under the
1
1
graph line, which is 2 X times Y, or 2 times

(A) 4.3 𝑠𝑒𝑐, 15.5

19.6 𝑠𝑒𝑐 times 2 seconds.

(D) 5.8 𝑠𝑒𝑐, 20.9

𝑚

The distance traveled by the ball was 19.6
meters before it turned around and started
dropping back to earth.
15. How fast does a person have to run to
catch a package dropped off a balcony 50
meters high if the person starts out 20
meters away? Give the answer in
meters/second and kilometers/hour.

(B) 4.8 𝑠𝑒𝑐, 17.8
(C) 5.3 𝑠𝑒𝑐, 19.1
(E) 6.3 𝒔𝒆𝒄, 22.7

𝒉𝒓

A velocity versus time graph shows that the
package starts out at zero meters per
1
second and accelerates to the ground. 2 vt,
which is the area under the graph line, is
the distance traveled: 50 meters. So
velocity equals 100 meters over t.
𝑣

We also know that 𝑡 is the acceleration,
𝒎

which for gravity is 9.8 𝒔𝒆𝒄𝟐. Since the
package falls under the acceleration of
𝑣
𝒎
gravity, 𝑡 = 9.8 𝒔𝒆𝒄𝟐.
Substituting the value of v into this second
𝑚
100
equation, we get 9.8 𝑠𝑒𝑐 2 = 𝑇 2 = 10.2
seconds2.
The square root of 10.2 seconds squared is
3.2 seconds (√10.2 seconds 2 = 3.2 𝑠𝑒𝑐𝑜𝑛𝑑𝑠).
It took 3.2 seconds for the package to fall.
To catch the package, a person standing 20
meters away would have to run 20 meters
𝑚
in 3.2 seconds, or 6.3 𝑠𝑒𝑐.
𝑚

1𝑘𝑚

𝑚

1000 𝑚𝑒𝑡𝑒𝑟𝑠
𝑘𝑚

6.3 𝑠𝑒𝑐 x

6.3 𝑠𝑒𝑐 to 22.7

ℎ𝑟

x 3600

.
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16. A stone is shot straight upward from the
ground at a velocity of 73.5 meters/second.
How long does it take to reach its peak? How
high does the stone reach? In its upward ascent,
how long does it take to reach 136 meters
above the ground?
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One-half times 73.5 meters per second
1
times time, t, equals 136 meters (2 x 73.5
𝑚

𝑥 𝑡 = 136 𝑚𝑒𝑡𝑒𝑟𝑠). t equals 3.7
seconds.
𝑠𝑒𝑐

Time to Peak
Peak Distance
Peak Time to 136 meters
(A)
(B)
(C)
(D)
(E)

7.0 seconds
3.5 seconds
7.4 seconds
3.6 seconds
7.8 seconds
3.5 seconds
7.5 seconds
3.7 seconds
7.3 seconds
3.4 seconds

250.5 meters
265.6 meters
270.6 meters
275.6 meters
266.5 meters

In a velocity versus time graph, we know
that velocity over time equals the
𝒎
acceleration of gravity, 9.8 𝒔𝒆𝒄𝟐.
Time, therefore, equals the change in
𝑚
𝒎
velocity, 73.5 𝑠𝑒𝑐 divided by 9.8 𝒔𝒆𝒄𝟐, or 7.5
seconds.
We also know that the area under the
graph line equals the distance traveled.
Since we know the stone’s velocity and time
traveled in its upward ascent, its upward
1
𝑚
distance is 2 x 73.5 𝑠𝑒𝑐 times 7.5 seconds, or
275.6 meters.
If instead of 275.6 meters, the stone only
went 136 meters, then the distance under
the graph line would only be 136 meters.

17. A car traveling at 60 miles per hour tries
to stop and avoid hitting a wall 85 meters
away. The car is able to decelerate at 10
miles per hour per second. How close was
the car to the wall when it finally came to a
halt? (1 mile = 1.6 kilometers)
(A)
(B)
(C)
(D)
(E)

car crashes into wall
1 meter
5 meters
7.5 meters
10 meters

From a velocity versus time graph, we know
that the car’s velocity, 60 miles per hour
60

𝑚

over t ( 𝑡ℎ𝑟) , the time it takes to come to a
halt, equals the deceleration rate of 10
𝑚
ℎ𝑟

𝑚

ℎ𝑟
miles per hour per second (𝑠𝑒𝑐
). That
𝑠𝑒𝑐
works out to 6 seconds for the car to come
to a halt.
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The distance traveled during the
deceleration is one-half times the velocity
of 60 miles per hour times 6 seconds. To get
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A velocity versus time graph displays that at
time zero, the velocity of the marble was
zero. As the marble fell, it picked up speed.
Velocity over time is acceleration. We know
𝑣
that in this case 𝑡 is the acceleration of
𝑓𝑒𝑒𝑡

gravity, 32 𝑠𝑒𝑐2 .
Plugging this value into the equation for
acceleration, we get
2944
32
𝑠𝑒𝑐2

the hours and seconds to cancel each other
out, we can multiply by 1 hour over 3600
seconds since 3600 seconds is 1 hour.

The distance traveled is 0.05 miles. Since 1
mile is 1.6 kilometers, 0.05 miles is 0.08
kilometers, or 80 meters. The car came
within 5 meters of hitting the wall.

2944 𝑓𝑒𝑒𝑡
𝑡

𝑡

= 32

(A)

Velocity
at Impact

9.2 seconds

255

(B)

9.6 seconds

307

(C)

10.4 seconds

298

(D)

10.8 seconds

322

(E)

11.1 seconds

314

. T2 =s

, which works out to t equaling 9.6

seconds. It takes 9.6 seconds for the marble
to reach the ground.
2944 𝑓𝑒𝑒𝑡
It’s terminal velocity is
, which is
𝑡
now 9.6 seconds. The marble’s velocity
𝑓𝑒𝑒𝑡
equals 307 𝑠𝑒𝑐 at impact.

18. How long does a marble dropped from
a building 1472 feet high take to reach the
ground? What is its velocity at impact with
the ground?
Time to
Reach Ground

𝑓𝑒𝑒𝑡
𝑠𝑒𝑐2

𝑓𝑒𝑒𝑡
𝑠𝑒𝑐

𝒇𝒆𝒆𝒕
𝒔𝒆𝒄
𝑓𝑒𝑒𝑡
𝑠𝑒𝑐
𝑓𝑒𝑒𝑡
𝑠𝑒𝑐
𝑓𝑒𝑒𝑡
𝑠𝑒𝑐
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19. A rock is dropped off a 1960 meter cliff.
4 seconds later another rock is thrown
downward from the cliff. How fast must the
second rock be thrown in order to reach the
ground at the same times as the first rock?
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The distance traveled, 1960 meters, is the
area under the graph line which, for a
trapezoid, is the average of the two sides,
𝑣1 + 𝑣2
𝑥 𝑡ℎ𝑒 𝑏𝑎𝑠𝑒 𝑜𝑓 16 𝑠𝑒𝑐𝑜𝑛𝑑𝑠.s.
2
𝑚

𝑚

v2 + v1 = 245 𝑠𝑒𝑐, and v1 = 245 𝑠𝑒𝑐 - v2.

𝑚

(A) 40.1 𝑠𝑒𝑐
(B) 41.1

Substituting this value of v1 into the
equation above, v2 minus v1 becomes v2
𝑚
𝑚
minus 245 𝑠𝑒𝑐 minus v2 equals 156.8 𝑠𝑒𝑐.

𝑚

𝑠𝑒𝑐
𝑚

(C) 42.1 𝑠𝑒𝑐
𝑚

(D) 43.1 𝑠𝑒𝑐

𝑚

𝒎

𝑚

(E) 44.1 𝒔𝒆𝒄

2 times v2 = 401.8 𝑠𝑒𝑐and v2 = 200.9 𝑠𝑒𝑐.

When rock 1 was dropped, it traveled a
distance of 1960 meters with an
𝒎
acceleration of 9.8 𝒔𝒆𝒄𝟐. Acceleration is

44.1 𝑠𝑒𝑐. The second stone has to be thrown

𝑚

velocity over time so
𝒎

𝑣

𝑡

𝑚

Since v2 - v1 = 156.8 𝑠𝑒𝑐, if v2 = 200.9 𝑠𝑒𝑐, v1 =
𝑚

𝑚

with an initial velocity of 44.1 𝑠𝑒𝑐.

𝒎

equals 9.8 𝒔𝒆𝒄𝟐, and

(v = t x 9.8 𝒔𝒆𝒄𝟐 ).
The distance traveled is the area under the
𝟏
graph line, one half vt (𝟐vt). One-half vt
𝟏

equals 1960 meters (𝟐vt = 1960 m). Since v
equals t times 9.8 meters per second
𝑚
1
1
squared (v = t x 9.8 𝑠𝑒𝑐 2), (2vt = 2 9.8
𝑚

𝑥 𝑡 2 = 1960 𝑚). (𝑇 2 = 400 𝑠𝑒𝑐 2 ), and
t = 20 seconds
𝑠𝑒𝑐 2

When the second rock was thrown, its
initial velocity was v1. Since it was thrown 4
seconds after the first rock, it had only 16
seconds to reach the earth. Once the rock
was released, it accelerated toward the
𝒎
𝑣2 − 𝑣1
Earth at 9.8 𝒔𝒆𝒄𝟐.. Therefore, 16
= the
𝑠𝑒𝑐
𝒎

acceleration of gravity, 9.8 𝒔𝒆𝒄𝟐. . v2 minus
𝑚

v1 equals 156.8 𝑠𝑒𝑐.
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