2 | Motion in One

Dimension

2.1 Describing Motion

1. Sketch position-versus-time graphs for the following motions. Include a numerical scale on
both axes with units that are reasonable for this motion. Some numerical information is given
in the problem, but for other quantities make reasonable estimates.

Note: A sketched graph simply means hand-drawn, rather than carefully measured and laid out
with a ruler. But a sketch should still be neat and as accurate as is feasible by hand. It also should
include labeled axes and, if appropriate, tick-marks and numerical scales along the axes.

a. A student walks to the bus stop, waits for the bus, then rides to campus. Assume that all the
motion is along a stralght street.
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b. A student walks slowly to the bus stop, reahzes he forgot his paper that is due, and quickly

walks home to get it.
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¢. The quarterback drops back 10 yards from the llne of scrimmage, then throws a pass
20 yards to the tight end, who catches it and sprints 20 yards to the goal. Draw your graph
for the football. Think carefull y about what the slopes of the lines should be.
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2. The position-versus-time graph below shows the position of an object moving in a straight line
for 12 seconds.
x (m)
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a. What is the position of the object at 2 s, 6 s, and 10 s after the start of the motion?
At2s: i Om

At6s: &O 144
attoss HOm
b. What is the object’s velocity during the first 4 s of motion?
B2 (- 2o
Ks

c. What is the object’s velocity during the interval from¢ = 4sto 7 = 6 s?

M
O3

d. What is the object’s velocity during the four seconds from ¢ = 6sto ¢ = 10 s?

5 m 40m-2.0m
- TY em——
S /0s— s
e. What is the object’s velocity during the final two seconds from 7 = 10stoz = 12 s?
—jpn ( 2.om~40m>
> T {2 —10s
f. Draw a motion diagram below to represent the entire 12 s of motion.
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3. Interpret the following position-versus-time graphs by writing a very short “story” of what is
happening. Be creative! Have characters and situations! Simply saying that “a car moves
100 meters to the right” doesn’t qualify as a story. Your stories should make specific reference
to information you obtain from the graphs, such as distances moved or time elapsed.

a. Moving car
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. Can you give an interpretation to this position-versus-time * (m)

graph? If so, then do so. If not, why not?
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2.2 Uniform Motion

5. Sketch position-versus
scales along both axes.

a. A parachutist opens
earth at a steady spe

\/ n) j

(590

50T

-time graphs for the following motions.
A small amount of computation may be necessary.

her parachute at an altitude of 1500 m. She then descends slowly to
ed of 5 m/s. Start your graph as her parachute opens.

\ S‘OPQ = —5%
AV o

T

b. Trucker Bob starts the day 120 miles wes‘£ of Denver. He
60 miles/hour before stopping

}
130

ey s
390 300

assume that the x-axis points to the east.
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c(‘f\'aﬁZﬂerback Bill throws the ball to the right at 2 speed of 15 m/s. It is intercepted 45 m

Include appropriate numerical

drives east for 3 hours at a steady
for his coffee break. Let Denver be located at x = 0 mi and

ft at 7.5 m/s. Carlos carries the ball 60 m to score.

away by Carlos, who is running to the le
Let x = 0 m be the point where Bill throws the ball. Draw the graph for the Jootball.
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6. The figure shows a position-versus-time graph for the motion of X
objects A and B that are moving along the same axis. >
B

a. At the instant 7= 1s,

is the speed of A greater than, less than,

or equal to the speed of B? Explain.

o £= 15, Hoe Slope. of +ne line Foc A
Faow Hhod For object B
e, aceode]. (Bt

is o eede ™ o 123

Thevefore y abject A's Speeal
e pos Ve slepes.)

b. Do objects A and B ever have the same speed? If so, at what time or times? Explain.

.
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. The figure shows six frames from the motion diagram 0
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7. Draw both a position-versus-time graph and a velocity-versus-time graph for an object that is

atrestatx=1m.
X "‘

:
Tl I ‘
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C,ons—i»a\rd‘ “Position

709 \/eloci-h/

of two moving cars, A and B.

a. Draw both a position-versus-time graph and a
velocity-versus-time graph. Show the motion of
both cars on each graph. Label them A and B.

- %ﬁﬂ A ; _ .A

0 t 0 t

b. Do the two cars ever have the same position at one instant of time?
If so, in which frame number (or numbers)? ‘\/G_’,S 5 O\’l‘ ‘ 9\
Draw a vertical line through your graphs of part a to indicate this instant of time.

. Below are four position-versus-time graphs. For each, draw the corresponding velocity-versus-

time graph directly below it. A vertical line drawn through both graphs should connect the
velocity v, at time ¢ with the position s at the same time ¢. There are no numbers, but your
graphs should correctly indicate the relative speeds.

a. b. x

X

S
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10. Below are two velocity-versus-time graphs. For each:
« Draw the corresponding position-versus-time graph.
+ Give a written description of the motion.

Assume that the motion takes place along a horizontal line and that xo = 0.

a. b
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11. The figure shows a position-versus-time graph for a ¥ c
moving object. At which lettered point or points: A
’ D
a. Is the object moving the slowest? % B ;
_~_/ ’
’D A
b. Is the object moving the fastest?

c. Is the object at rest? A / Cl E

d. Does the object have a constant
nonzero velocity? E) ,D

e. Is the object moving to the left? D
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2.3 Motion with Changing Velocity

12. Below are two position-versus-time graphs. For each, draw the corresponding velocity-versus-
time graph directly below it. A vertical line drawn through both graphs should connect the
velocity v, at time ¢ with the position x at the same time ¢. There are no numbers, but your
graphs should correctly indicate the relative speeds.

a. x b. x

SN N/
N
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13. The figure shows six frames from the motion ; Yo b f2 '.5 H
diagram of two moving cars, A and B.

a. Draw both a position-versus-time graph and a
velocity-versus-time graph. Show both cars on
each graph. Label them A and B.

b. Do the two cars ever have the same position at one instant of time?

If s0, in which frame number (or numbers)? \/ES 5 o AoncksH

Draw a vertical line through your graphs of part a to indicate this instant of time.
c. Do the two cars ever have the same velocity at one instant of time?

If so, between which two frames? Y@S 5 Svom dto L‘“
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14. For each of the following motions, draw
» A motion diagram,
« A position-versus-time graph, and
« A velocity-versus-time graph.
a. A car starts from rest, steadily speeds up to 40 mph in 15 s, moves at a constant speed for
30 s, then comes to a haltin 5 s.

Vo Vo 0V VY, Ve VLV, Ve Ve
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b. A rock is dropped from a bridge and steadily speeds up as it falls. It is moving at 30 m/s
when it hits the ground 3 s later. Think carefully about the signs.
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c. A pitcher winds up and throws a baseball with a speed of 40 m/s. One-half second later the
batter hits a line drive with a speed of 60 m/s. The ball is caught 1 s after it is hit. From
where you are sitting, the batter is to the right of the pitcher. Draw your motion diagram and
graph for the horizontal motion of the ball.
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15. Below are shown four velocity-versus-time graphs. For each:
+ Draw the corresponding position-versus-time graph.

+ Give a written description of the motion.

Assume that the motion takes place along a horizontal line and that xy = 0.

a. b
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2.4 Acceleration

16. The four motion diagrams below show an initial point 0 and a final point 1. A pictorial
representation would define the five symbols: xg, X1, Voy, V15, and a, for horizontal motion and
equivalent symbols with y for vertical motion. Determine whether each of these quantities is
positive, negative, or zero. Give your answer by writing +, —, or 0 in the table below.

0 1 1 0
A o »o > o—tr-0--9 B ee o< 99
Stops Starts
T I |
0 0
y y
C 1 D ¢ 0 Has initial velocity
®
A
¢
A 4
0 0 Starts 04 @1
A B C D
X Of Yo O O O ~+
X1 0ryy + — -+ O
Vox OF Voy . O O —_
Vix OF Viy O — ..‘. —
a,ora, —_— —_— + —

17. The three symbols x, v,, and a, have eight possible combinations of signs. For example, one
combination is (x, v, a,) = (+, =, +).

a. List all eight combinations of signs for x, v, a,.

vt

1. +
+ Jr‘—
_'.

l
+
l

Eal
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b. For each of the eight combinations of signs you identified in part a:
 Draw a four-dot motion diagram of an object that has these signs for x, v, and a,.
* Draw the diagram above the axis whose number corresponds to part a.

— Black

» Use black and red for your v and & vectors. Be sure to label the vectors. - - -Red
== =l
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) 0
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0 o
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7 ?3 N \‘/( x - - +
: 0
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A O
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V3 Vo V, _
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2.5 Motion with Constant Acceleration

18. For each of the following situations, provide a description and a motion diagram.
a.a,=0butv,#0.

f\f‘to\fw\ﬂ ot comb«d‘ \IQ\OCA‘F\/

0-—-3—"‘? 'T—%f—g——? -—5—> A=

b.v,=0buta, #0.

Tum3n5 AFDWND o—0 n\y these two dots of Hhhe
@< P &a&amm Stsnr(e\‘/ Vg = 0O

c.v,<0anda,>0.

S\oudl'na down

while M(D\)h’\,ﬂ N —H«e_ V\GQ«T(\/@ darection

“-oe\)- c{————-'c €-————""“
Z. --r> 2 \)
19. The quantity y is proportional to the square of x, and y = 36 whenx = 3.
a. Write an equation to represent this quadratlc relationship for all y and x.

b. Find y ifx = 5. lOO o Findxify = 16. &
d. By what factor must x change for the value of y to double? \] 2

e. Compare your equation in part a to the equation from your text relating Ax and A¢,

1 . . .
Ax = EaxAt2 . Which quantity assumes the role of x? Which quantity assumes the role of y?
What is the constant of proportionality relating Ax and A¢?

X—» Bt, yIDK, k2 Fox

20. Below are three velocity-versus-time graphs. For each, draw the corresponding acceleration-
versus-time graph and draw a motion diagram below the graphs.

a. b.

0 0 : ‘ 0% t
|
Q) ' b) + ' )
0* ] o motion 1 2. « - A
. -——-a»-—; e lytucnng | g O & 2
2 \2'0\“"\\1\ H‘—’;”"—’?"“’:"A‘” ‘ﬁ\t‘n‘n«‘
l..).—a..:—;o—:—em {pl—bpiter ! 1?0 T:)
—> - > “ ) N
= o O: =0 G . v ‘,.;.é-—"é_ﬂé*“‘
} S &
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2.6 Solving One-Dimensional Motion Problems

21. Draw a pictorial representation of each situation described below. That is, (i) sketch the
situation, showing appropriate points in the motion, (it) establish a coordinate system on your
sketch, and (iii) define appropriate symbols for the known and unknown quantities. Do not
solve.

a. A bicyclist starts from rest and accelerates at 4.0 m/s? for 3.0 s. The cyclist then travels for
20 s at a constant speed before slowing to a stop in just 2.0 s. How far does the cyclist
travel? ‘

Known

L | tX
Xo=0 - x
Vpzo V= condt Vo7 V( V;’O (Fg C}:% % Q%/
Ko X Xz X3

ao: L{%z Q\: O QZ“O

- = -tz -t:2s Yo vV Vi Y]
Y020 =% otz 20 t.; 2% 45 a, (li\ a, 0) 3
Find B & 4, t3

Ka

b. You are driving your car at 12 m/s when a deer jumps in front of your car. What is the
shortest stopping distance for your car if your reaction time is 0.80 s and your car brakes at
6.0 m/s*?

Known o ""5

0o 20 MT=R0% Xo X,y X,
}(o =0 \Io \/l \/
\\0 Q0 %\3 0-805 &0 &‘ z

4 b
Find

Yo

c. At the snap, Quarterback Bill throws the football to the right at a speed of 15 m/s. It is
intercepted 45 m away by Carlos, who accelerates at 2.5 m/s from rest to a speed of 7.5 m/s
to the left and carries the ball for a total distance of 60 m to score. How much time has
elapsed on the game clock?

Known L + X
%z O Xz HSm Xy ==60m
Vo= s \)\ =0 \o==T158 @ & € @
T R, Xo Yo X
%:O O\\: —lt 52 Q‘L:O \/o VZ \j‘
Find - o o 4,
s
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2.7 FreeFall

22. A ball is thrown straight up into the air. At each of the following instants, is the ball’s
acceleration g, —g, 0, < g, or > g?

a. Just after leaving your hand? - (3
b. At the very top (maximum height)? - Cj
¢. Just before hitting the ground? -

23. A ball is thrown straight up into the air. It reaches height 4, then falls back down to the ground.
On the axes below, graph the ball’s acceleration from an instant after it leaves the thrower’s
hand until an instant before it hits the ground. Indicate on your graph the times during which
the ball is moving upwards, at its peak, and moving downwards.

a
]

At its
DeOk
4
0 | t
—Movi ™"y upworel—I—mowv V‘acj A0WW ool

g
?féga

24. On a single graph, using the axes below, graph
a. the acceleration of a rock dropped from a bridge into the river below, and
b. the acceleration of a rock thrown (not dropped) from a bridge into the river below.
Be sure to label your graphs.

a
¥

Same.
Foxail i
- 8% %Pc\p\ﬂg
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