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| B1-RT13] PosiTION-TIME GRAPHS—DISPLACEMENT
Each graph below shows the position of an object as a function of time.

A B | C D
Position, Position, ‘ Position, Position,
meters meters meters meters

'-.:‘

> | o, > >

4 Time.| Y 2 4 Time.| © 4 Time,| 0O 4 Time.
seconds seconds seconds seconds

L

e ———

Rank the magnitude of the displacement during the time interval from 0 to 4 seconds.

| sl ] ok [ | || [
2 All All Cannot
Least the same zero  determine

Explain yvour reasoning.
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[a-cacticase, a sphere is moving from left to right next to a tape marked in meters. A strobe (flash) photograph 1s
taken every second, and the location of the sphere is recorded. The total time intervals shown are not the same for all

spheres.

Q
4

i 2 3 4

Rank the magnitude of the average mlnuh over the first 3 seconds.

P i - e el
1 3 4 All All Cannot

Greatest Least the same FCTO determine

Explain your reasoning,.
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each case, a sphere is moving from left to right next to a tape marked in meters. A strobe (flash) photograph 1s
taken every second, and the location of the sphere is recorded. The total time intervals shown are not the same for all
spheres.

£ 5 7

Rank the magnitude of the average velocity over the first 2 seconds.

4

I All All :
Greatest 2335 the same zero  determine

Explain your reasoning.
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B1-RT05: BALL STROBE DIAGRAMS—AVERAGE VELOCITY

~Fhefollowing drawings represent strobe (flash) photographs of a ball moving in the direction of the arrow. The
circles represent the positions of the ball at succeeding instants of time. The time interval between successive
positions 1s the same in all cases.

!OO A C D

O 0000 o @© oo o
| — | © |

o

Rank the magnitude of the ball's average velocity in the last time interval.

_Jor [ ]

] 4 All All Cannot
Greatest least the same zero  determine

Explain your reasoning.
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“Velocity versus time graphs for six toy cars that are traveling straight along a hallway are shown. All graphs have
the same time and velocity scales,

A ‘\f elocity B “\-’clncil}' C ‘,"w’clncit}f
/']'imu

D “v’e!ncit}'

“h’ck)cit}'

LT,

Draw below the speed versus time graphs for these graphs,

A -‘.S.pi.zed B A Speed

- -

Time Time

E ‘ Speed

-

Time

Explain your reasoning.




Draw below the speed versus time graphs for these graphs.

A ﬁSpecd B *Spc&d

E ? Speed

Explain your reasoning.




ow show the speed of two objects during the same time interval,

Speed

0 Time. seconds

Object 1

>

Time, seconds

6
Object 2
A student considering these two graphs states:

“Ohject | will be farther from its starting point after this 6-second interval than Object 2 because Object I had a
larger displacement than Object 2.

What, if anything, is wrong with the student’s statement? If something is wrong, explain the error and how to
correct it. If the graph is correct, explain why.
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I, B1-RT14:\POSITION-TIME GRAPHS—AVERAGE SPEED
SRl

Each graph below shows the position of an object as a function of time.

A s c
Position, I ‘P{h.‘iiﬁim. ‘E?’miliuu, : Position.
meters | meters ' meters | melers

8 E

mura

- -
1 4 .l.t“'!':.:, [] E "'1' 'I'j'|'|-"||_1-1 {] ?. "'-1 Ti]T.IL’-'..
seconds seconds seconds seconds |

IS

Rank the aver-a-gu speed of the object during the time interval from 0 to 4 seconds.

| || _— L |
1 : d All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
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\ B1-RT23:\VELOCITY-TIME GRAPHS—DISPLACEMENT
Sfiown below are six velocity-time graphs for toy robots that are traveling along a straight hallway. All graphs have
the same time and velocity scales.

A Avelocity iB Avelocity C Avelocity

o

Time

D bvelocity

_. [ .
Time | Time

Rank the magnitudes of the displacements during these intervals,

T T T 1T e[ L

I & All All Cannot
Greatest Least the same rero  determine

Explain your reasoning.
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\B1-RT29: _J?ELDCIT‘I"HTIME GRAPHS—DISTANCE TRAVELED
Velocity-time graphs for six toy robots that are traveling along a straight hallway are shown. All graphs have the
same time and velocity scales,

A 41’&]&]1:'1[}-' B ‘Vn:lun;ii}- C "\-"ulm‘il}-

D ‘Vclﬂcit}- E “'n.*'uh]citj,-' F *Vu]ucit}'

// -_
.-f""'f Time

Rank the distance traveled during these intervals.

- b T Je [] [] []

1 : : 6 All Cannot
CGreatest Leas the same determine

Explain your reasoning.
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B1-RT064BALL STROBE DIAGRAMS—ACCELERATION
The ToloWwing drawings represent strobe (flash) photographs of a ball moving in the direction of the arrow. The
circles represent the positions of the ball at succeeding instants of time. The time interval between successive

positions is the same in all cases. Assume all accelerations are constant.

= — o -

A B c D
e ¥ lee o o0gg, o

O > | T
| P

Rank the magnitude of the acceleration based on the drawings.

s [ | orR [ |
1 2 ' ' All All Cannot

Greatest [east the same zero  determine

Explain your reasoning.
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In each figure below, a car’s velocity is shown before and after a short time interval.

" A Before After Betore After

&9

+20 m/s , : 0

C  Before After ' D Before After
i - —- —

+10 m/fs -10 mfs +30 m/s

Rank the magnitude of the change in velocity during the time interval.

OR ]

I | B R | R .
1 2 3 4 All All Cannot

Greatest Least the same zero  determine

Explain your reasoning.
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i E'l-WWTT?l! VELOCITY-TIME GRAPH—ACCELERATION-TIME GRAPH
A student obtains a graph of an object’s velocity versus time and then draws the graph of the acceleration versus
time for the same time interval.

A

fizan
me

Ti

What, if anything, is wrong with the graph of the acceleration versus time? If something is wrong, identify it
and explain how to correct it. If the graph is correct, explain why.
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| B1-WWT20; VELOCITY-TIME GRAPH—ACCELERATION-TIME GRAPH
A student obtains a graph of an object’s velocity versus time and then draws the graph of the acceleration versus
time for the same time interval.

AY A

What, if anything, is wrong with the graph of the acceleration versus time? If something is wrong, identify it
and explain how to correct it. If the graph is correct, explain why.




Answer: Since the acceleration-time graph is related to the slope of the velocity-time graph, the magnitude of the
acceleration should be ]u;'rxl.'uu'.f.l..l.l.'.-.-.-’ to the u,,l’,,uj”{- raj,n"-’.l".'r' velocitv-time L.’."rn'ln"J"-f at each point. For the third segment ”.Ill.

the velocity-time graph, the (positive) slope has a greater magnitude than the (negative) slope of the first segment

and so the acceleration should have a greater positive value for this segment than the negative value of the first

sogment. | e {.jll””igil in velocify "ll;” the ”'h":r.{.'r over the entire time interval is zero, so the area under the curve r{,l'.
the acceleration time graph should be zero. We need to adjust the acceleration graph to bring the velocity back to
the original value, and the rectangles above and below the zero axis should have the same area.

‘V ‘a




B1-QRT33:Posimon-TiIME GRAPH—DIRECTION

e . . a
Ahicyclist is moving along a straight street oriented east—west. In
drawing the graph, positions to the east of the origin were marked as
nositive and positions to the west were marked as negative.

‘Pﬂ:‘éiﬂtm

(a) At 1 second, is the cyelist moving?
If s0. in what direction?

Explain your reasoning. _ — el

Time, 5

(b) At 1 second, is the cyclist accelerating?
If so, in what direction?
Explain your reasoning.

{c) At 9 seconds, is the cyclist moving?
If s0, in what direction?

Explain your reasoning.




(a) At 1 second, is the cyclist moving?

If s0. in what direction?

Explain your reasoning.

Answer: At one second the cyclist is moving East since the slope of the
_-j;‘r.ljuj'.' is positive at that instant.

(b) At 1 second, is the cyclist accelerating?

If s0. in what direction?

Explain your reasoning.

Aniswer: The line has a constant _\fr.ll.'q IJ".?.r'r.l.'.';fL'r.l.-.«'f, so the acceleration is zero -".‘llll.'"f-'l'f'_L".Illf-'|'|"-r-

(c) At 9 seconds, is the cyclist moving?

If so. in what direction?

Explain your reasoning.

Answer: At nine seconds the cyclist is still moving East since the slope of the line is still positive.




(d) At 9 seconds, is the cyclist accelerating?

If so0, in what direction? ‘.F’n.ﬂitiun

Explain your reasoning.

(e) At 4 seconds, is the cyclist moving? / S LT 9 pimes

If so0, in what direction?

Explain your reasoning.

(f) At 4 seconds, is the cyclist accelerating?
If s0, in what direction?

Cxplain your reasoning.




(d) At 9 seconds, is the cyclist accelerating?
If so, in what direction?

Explain your reasoning.

Answer: No, the cyclist moves with a constant velocity throughout.

(e) At 4 seconds, is the cyclist moving?
If so, in what direction?

Explain your reasoning.

Answer: At four seconds the cyclist is moving East since the slope is positive.

(f) At 4 seconds, is the cyclist accelerating?

If so, in what direction?

Explain your reasoning.

\nswer: _"-.'.-J, ”rH {'I,'.;'fr,l'_xf HMOVES |-,-,|',r||r,- a constant ve .'rrh Ly J'.I.'."r.'.'r'_;f.'rrr.'.'r'.".




| B1-QRT34:\VELOCITY-TIME GRAPH—DIRECTION
A unicyclist. someone riding a single-wheel cycle, is moving along a
straight street oriented east—west. In drawing the graph, cast was taken as
the positive direction and west the negative direction.
(a) At 1 second, is the cyclist moving?
If so, in what direction?

Explain your reasoning.

{(b) At 1 second, is the cyclist accelerating?
It s0, in what direction?

Explain your reasoning.

(c) At 9 seconds, is the cyclist moving?
If so, in what direction?

Explain vour reasoning.

‘ Velocity

—

9

Time, s




(a) At 1 second, is the cyclist moving?

If so. in what direction?

Explain your reasoning.

Answer: The cyelist is moving West at one second since the velocity is

negative at that time.

(b) At 1 second, is the cyclist accelerating?
If s0, in what direction?
Explain your reasoning.

Answer: The cyclist is accelerating to the East since the t..'ruju{' of the line, which tells us the acceleration, is

positive. The acceleration is constant throughout the interval graphed.

(c) At 9 seconds, is the cyclist moving?

If so, in what direction?

Explain your reasoning.

Answer: At nine seconds the cvelist is moving East since the velocity is postiive af that time.




d) At 9 seconds, is the cyclisi accelerating?
If so, in what direction?
Explain your reasoning.

‘ Velocity

(e) At 4 seconds, is the cyclist moving? >

9

IT s, in what direction? .
[me,

Explain your reasoning.

(f) At 4 seconds, is the cvelist accelerating?
If so, in what direction?
Explain your reasoning.




d) At 9 seconds, is the cyclist accelerating?
If so, in what direction?
Explain your reasoning.

Answer: The cvelist is accelerating to the East throughout.

(e) At 4 seconds, is the cyclist moving?
If so, in what direction?
Explain your reasoning.

Answer: At four seconds the cyclist is stopped instantaneously while changing direction.

(f) At 4 seconds, is the cyclist accelerating?

If so, in what direction?

Explain your reasoning.

Answer: As stated above the cyclist is accelerating to the East throughout.
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\ _ﬂf@ﬂ?@ELOCIW-TIME GRAPHS OF CHILDREN—KINEMATIC QUANTITIES
The velocity-time graph shown represents the motion of two children,
Ariel and Byron, who are moving along a narrow, straight hallway. A Velocity

(a) Do either of the children ever change direction?
If so0, at what time or times does this change in direction occur? Aridl §
Explain your reasoning.

-

Time, s

.

“— Byron

(b) Do the two children ever have the same velocity?
If so, at what time or times does this occur?

Explain your reasoning,

(¢) Do the two children ever have the same acceleration?
If so, at what time or times does happen?

Explain your reasoning,




(a) Do either of the children ever change direction?

If so, at what time or times does this change in direction occur?

Explain your reasoning.

Answer: The velocity of each child is given by the value on the vertical = -

XIS of the :_{J':.'J.'.'j';, so Ariel’'s velocity ¢'f}:.‘”_;‘('~. from negative to J.'.'r,--.'."f.'".'{'

R ; ; : : Time, s
at time 5 seconds, and Byron’s velocity changes from negative to

positive approximately at time 6.5 seconds. So Ariel changes direction

at 5 seconds and Byron changes direction at 6.5 seconds. Between 5

and 6.5 seconds, the children are moving in opposite directions along
the hallway.

(b) Do the two children ever have the same velocity?
If so, at what time or times does this occur?
Explain your reasoning.

Answer: The velocity of each child is given by the value of the y-axis of the graph, so Ariel’s velocity is the same

as Byron’s velocity at times 2 seconds and 9 seconds.

(¢) Do the two children ever have the same acceleration?

If so, at what time or times does happen?

Explain your reasoning.

Answer: The acceleration of each child is given by the slope of the graph, so Ariel’s acceleration is the samme as

Byron’s acceleration when the :‘-'_r“.-.rl.'.r}'.r_\ have the same slope, at around time 6 seconds.




[ B1-RT42: VELOCITY-TIME GRAPHS—INSTANTANEOUS VELOCITY
Th& zraphs below show the velocity versus time for boats traveling along a straight, narrow channel. The scales on
both axes are the same for all of these graphs. In each graph, a point is marked with a dot.

!A Velocity B Velocity Velocity
| & 4¥elocin | B gVelosin )

|

| E *‘b"u]t}:ttv | F ‘w\\

i A

| |

/b e
Time

Rank the magnitude of the velocity of the boat at the point indicated,

R S e e

— 1 | | E— L |
] . 5 All Cannot
Greatest the same determine

Explain your reasoning.
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' B1-RT43: VeLOCITY-TIME GRAPHS—ACCELERATION
The graphs below show the velocity versus time for boats traveling along a straight, narrow channel. The scales on
both axes are the same for all of these graphs. In each graph, a point is marked with a dot.

A A Velocity ‘B 4 Velocity Velocity

-

Time

-

Time

Rank the magnitude of the acceleration of the boat at the point indicated.

R

] 2 D : 6 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.




Answer: L = Jr.’ =>4 = J'rll Jr = JF

- .r - 4
_||r||ll-l_ | -.r|'.|.'II.|I|'.|.T'|II"I'-|.'.|' § dece IIII ! |'|'.".'|.l.||"- re de 1 c iy 3 [ ral j T ] j.I.I.I.l.llll'l"-. TR

Hllr' ._.. G _k,'” ‘@ .III”{II.{ 0 ".'||".'rl"" are stra Ti ] p , I . ’ 3 CHanoe as a fu ‘T1OR

iy .'I fime,




@1 -QRT51\ VELOCITY-TIME GRAPHS—DIRECTION

The graphs below show the velocity versus time for boats traveling along a straight, narrow channel. The scales on
both axes are the same for all of these graphs, and the boats all start at the same origin. In each graph, a point is
marked with a dot.

A A Velocity WB A Velocity
!
|

‘ Cc Veloeily

Time || \

|

|
/‘—’.—/’ l: .’
Time || Time

i A Velocity

Indicate in the chart below if the position, velocity, and acceleration directions of the boat at the points
indicated are in the positive (+), negative (-}, or no direction (0}

Position Velocity  Acceleration

Explain your reasoning.




\cceleration: The accelerations are determined by the slopes of the velocity-time graphs at the points on the
graphs. Since these graphs are straight lines, the slopes (accelerations) do not change as a function of time.
Velocity: These values can be read directly off the vertical axes.

Position: The position is the area under the ;Ir'.-rl.”.lrr up to the point since the boats all start from the same origin.

For A, D, and E it is negative. For A it is about -1 square while for D it is about -0.5 and for E about -2.5

squares. For B the area is about +2.25squares, for C about +1.5 squares, and for F (the largest) it is about +3.5

".{!l'.'lll"ll.r'{"-.




; ersus time praphs for boats waveling along a narrow channel are shown below. The scales on both axes are
i same for all of these praphs. In each geaph, a point is marked with a dod

| A A Position | B A Position | C A Position

! ] e

“Posilion v
I-.

| ‘ | Ay | B2
. Time I / lime || / lime |

(D l‘Il:'l:n..l:i:'ll'l _ E ‘rll'ni]ilill] (| F lr'u'ni|i|,'-||

| \\\ | :I
| - | N ( - | (a) For which of these cases, if any, is the position zero at the indicated point?
| jai} ’,f { [ i | [ xplain your reasoning
| Tiime ime |l Titme Explain your reasoning.
1 I
|
| |
. (b) For which of these cases, if any, is the position negative at the indicated point?
| G Position (H ‘Pmi:itl:'. ([ | Position Explain your reasoning,
ny g "—'-—-_i_ (¢) For which of these cases, if any, is the velocity zero at the indicated point?

Explain your reasoning.

(d) For which of these cases, if any, is the velocity negative at the indicated point?
Explain your reasoning.

(e) For which of these cases, if any, is the acceleration zero at the indicated point?
Explain your reasoning.

(f) For which of these cases, it any, is the acceleration negative at the indicated point?
Explain your reasoning.




(a) For which of these cases, if any, is the position zero at the indicated point?
Explain your reasoning.
Answer: The position is zero for the indicated point in graph C, which can be read directly off of the graph.

(b) For which of these cases, if any, is the position negative at the indicated point?
Explain your reasoning.
A\nswer: The position is negative for A, B, D, F, H.

(¢) For which of these cases, if any, is the velocity zero at the indicated point?
Explain your reasoning.
Answer: The velocity is zero if the slope of the graph is zero at the indicated point, which is the case only for

graph L.

(d) For which of these cases, if any. is the velocity negative at the indicated point?
Explain your reasoning.

Answer: The velocity is given by the ~.".-.-].-J¢' of the position-fime graph, and a negative velocity corresponds fo a

downward-sloping graph at the indicated point. Graphs D, F, G, and I have negative slopes at the indicated point.

(e) For which of these cases, if any, is the acceleration zero at the indicated point?
Explain your reasoning.
A\nswer: A zero acceleration LIJ_.",:'('-\Jr.Ir},I'fr.'I\ to a constant |.f_'.'rn<'.l'.'_-.', which in turn gn;',r(-xjrm.lfu"\ fo a J'.n}'h'rrr'_Iurn.ffr'u,f.l-

time graph. The acceleration is zero for graph A.

(f) For which of these cases, if any, is the acceleration negative at the indicated point?

Explain your reasoning.

| rll,f-;Igr_f,'.I'r' accelerafion L.ru'.l'(',\llr}r.r.lf{r'l\' 1o a |{'.'r._n;'_r'.'_',' _-_{.l.f.'l,r};.' whose \.-ru_r_rm:- IS J.i'e".-:_;l'i'-'f.'.'. e, which in turn L'.-J,n',r'['_\]rjr,'m."\ [ir i
position-time graph that curves downward (i.e., the slope becomes less positive or more negative with time. The
accelerations are negative for graphs C, E, F, and H.




