B1-RT03: STROBE PHOTOGRAPHS OF SPHERES—AVERAGE VELOCITY |

In each case. a sphere is moving from left to nght next to a tape marked in meters. A strobe (flash) photograph is
taken every second. and the location of the sphere is recorded. The total time intervals shown are not the same for all
spheres.
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Rank the magnitude of the average velocity over the first 3 seconds.
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Explain your reasoning.

B1-RT13: PosITION-TIME GRAPHS—DISPLACEMENT
Each graph below shows the position of an object as a function of time.
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Rank the magnitude of the displacement during the time interval from 0 o 4 seconds.
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Explain your recasoning.



B3-CT09: BLocks IN MOVING ELEVATORS—STRETCH OF SPRING

A spring is attached to the ceiling of an clevator, and a block of mass M is
suspended from the spring. The cases are identical except that in Case A the
elevator is moving upward with a constant speed of 7 mvs. while in Case B the
clevator is moving downward with a constant speed of 9 m/s.

Will the spring be stretched (i) more in Case A, (i) more in Case B, or (iii)
the same in both cases?

Explain yvour recasoning.

B3-RT20: NET FORCE-ACCELERATION GRAPHS—MASS
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These graphs are of net force versus acceleration for different objects. All graphs have the same scale for each

respective axis.
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Rank the mass of the objects.

| H L jor [ | ]

] 3 All All
Greatest Least the same  zero

[$]
-

Explain your reasoning.
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B3-QRT19: BaLL StroBe MoTion—NET FORCE

The following drawings indicate the positions, using a strobe flash, of a ball moving from one side of the figure to
the other as indicated by the direction of the arrow. Each circle represents the position of the ball at succeeding
instants of time. Each time interval between successive positions is equal, and each ball has the same mass. Assume
the acceleration, if any, for each situation to be constant.
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) In which of these eases il any, is there a net force acting on the hall?

Explain vour reasoning.

(h) In which of these cases. if any, is there a component of the net foree directed to the right'!

Explain vour reasoning.

(¢) In which of these eases, i any, is there a component of the net foree on the ball divected upward?

Explain your rcasoning,



B3-CT35: BLocks MovING AT CONSTANT SPEED—FORCE ON BLOCK B ==
A block 1s moving to the right across a rough table at a constant speed of -

2 /s, The tables and the blocks are wdentical in the two cases. In Case
A. the block 1s pushed with a stick and in Case B, the block is pulled Case A

with a string. The angle that the applied force makes with the horizontal

is the same in both cases. 2 m/s /,LV
» |6

Will the magnitude of the force on the block by the stick in Case A | —— p—————_T__ 1Y __
be (i) greater than, (i) less than, or Gii) equal to the tension on the
block by the string in Case B?

Cuse B

Explain your reasoning.

B3-CRT37: VELocITY-TIME GRAPH—FORCE-TIME GRAPH
Shown is the veloeity versus time graph for an object that i1s moving in one dimension under the (perhaps

mtermittent) action of a single horizontal force.
-

Velocity, m/s
| Time. s

On the axes below, draw the horizontal force acting on this object as a function of time.

‘ Farce

|
Time

Ixplain your reasoning.



B3-QRT94: THREE OBJECTS EXERTING GRAVITATIONAL FORCES—NET FORCE
Three objects each with a mass of M exert gravitational forces on cach other. Which of the A\ B
arrows helow shows the direction of the net force on mass B? 0 o |

1) '/ (i) / (i) -— (iv) ? (v) None of these _ S

Explain your reasoning.

B3-SCT100: BALL WHIRLED IN VERTICAL CiIRCLE—NET FORCE ON BALL

A ball with a weight of 2 N is attached to the end of a cord of length —
2 m. The ball is whirled in a vertical circle counterclockwise. The e . e N
tension in the cord at the top of the circle is 7 N. and at the bottom it , : y ¥,
is 15 N. (The speed of the ball is not the same at these points.) :

() Three students discuss the net force on the ball at the top. \ ‘ ] )

Angelica:  “The net force on the ball at the top position is 7 N since Sao v T
the net force is the same as the tension.™

Bo: *“The net force on the ball at the top position is 9 N. Both
the wension and the weight are acting downward so you have to add them.”™

Charles:  “No. you are both wrong. You need to figure out the centripetal force (mv/r) and include it in the net
force.”

With which. if any. of these students do you agree?

Angelica Bo Charles None of them

Explain your reasoning.

{b) Now the students discuss the net force on the ball at the bottom.

Angelica:  “The net force on the ball at the hottom position is 15 N since the net force is the same as the
tension.”

Bo: “The net force on the ball at the bottom position is 17 N, since you need to add the weight of 2 N to
the tension of 1SN

Charles:  “The net force on the ball at the bottom position 1s 13 N. L agree that you need to take into account
both the weight and the ension, but they are in different directions so they will subtract.”

With which, if any, of these students do you agree?

Angelica Bo Charles None of them

Explain your reasoning.



B4-RT09: VeELocy-Time GRAPH I—WoORK DONE oN Box
Shown below s a graph of velocity versus ume for an object that moves along a strnght. honizontal line under the
perhaps intermittent action of a single force exerted by an external agent.
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Raunk the work done on the hox by the external agent for the 5-sccond intervals shown on the graph.
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| 2 3 4 All All Cannot
Greatest Least the same  zero  determine

Explain your reasoning.

B4-BCT35: Box ATTACHED TO SPRING—ENERGY BAR CHART

A 40-N box is initially at rest on a smooth (frictionless) horizonfal surface. An

unstretched spring with spring constant 10 N/m connects the box to the wall. A 60N
60 N force is applied horizontally 1o the right. AMAVVAA 9ON —
Complete the encrgy bar chart for the spring-block-carth system as the
black moves a distance of 2 m. Label the column heights. Set the zero point
for the gravitational potential energy at the center of the block.

Initial system energy Dusing Final system encrgy
KE PE., PE_ W, KE PE.  PE_

| Bar chart key
| KE | Kinetic energy

= Gravitational
| PEy, potential energy

' Spring
0 | pEnm potential energy
W Work done by
o external forces

Use g = 10 m/s?
for simplicity

A e . e o, e e e i s T, < e i e e el

Explain your reasoning.



B4-BCT37: SKATEBOARDER LAUNCHED BY A SPRING |—ENERGY BAR CHART
A performer on a skateboard is launched by a spring initially compressed a distance
Ax. His speed on the horizontal portion of the ramp is v. Ignore friction effects.

Anfe <
wi] %

Draw an energy bar chart for the carth-skateboarder-spring system as the
skateboarder goes from the compressed spring position at rest to where he
moves free of the spring on the horizontal surface. Put the zero point for the
gravitational potential energy at the height of the performer before Lrunching.

Initial system energy During Final system energy
S == g Fop S
KE  PE_ PE_~ W, KE  PE,  PE_
|
| ' Bar chart key
. g | [}
I ' ' o s
| ! : KE | Kinétic energy
| o ] = ——
: : pE_ | Gravitational
4 i = potential enerey
1 1
. | | N : Spring
- - ) .
| h 0t E e potential energy
[} 1 .
i i w Work done by
| " ot | external forces
i | .
: ! Use ¢ = 10 miy
i i for siamplicity
; i
i ]

Explain your veasoning.

B4-CT49: CaAr RACE—WORK AND POWER
Amanda and Bertha are in a car race. Their cars have the sume mass. At one point in the race. they both change their
speeds by 10 mfs in 2 seconds. Ignore air friction.

—_ 2slater — 2 s later
—- — —_—

10 mvs 20 m/s
Amanda Bertha

Ga) Is the work that Amanda’s car does while speeding up (it greater than, i) less than, or tiii) the same as the
work that Bertha's car does while speeding up?

30 m/s

Explain your reasoning.

thi Is the power generated by Amanda’s car while speeding up (v greater than, it less than, ov i the same
ay the power generated by Bertha™s car while speeding up?

Explain your reasoning,



B2-QRT09: PROJECTILE MOTION—VELOCITY-TIME AND ACCELERATION-TIME GRAPHS

A basehall is thrown from point S in right ficld to home plate. The dashed line in the diagram shows the path of the
ball. Use a coordinate system with up as the positive vertical direction and to the right as the positive horizontal
direction. with the origin at the point the ball was thrown from (point 5).

A e
o,/ S O\\

_-Home plate
¥ e

On the axes below, sketeh graphs for the indicated quantities:

(a) The horizontal velocity versus time and the vertical velocity versus time.

‘ v (honizontal) ‘ v (vertical)

time time

Explain your reasoning,.

th) The horizontal acceleration versus time and the vertical aceeleration versus time,

a (horizontal) a (vertical)

time time

Explain your reasoning.



A

B1-QRT38: PosiTioN OR VELOCITY GRAPHS—CHANGE DIRECTION
The graph shown is for an object in one-dimensional motion. The
vertical axis is not determined, so it is not labeled.

() If the vertical axis is position, does the ohject ever change
direction?

| Time, s
If so. at what time or times does this change in direction occur?

Explain your reasoning.

B2-RT15: RiFLE SHOTS—TIME TO HIT GROUND

The rifles in the figures are being fired horizontally (straight outward, off platforms). The bullets fired from the
rifles are all identical. but the rifles propel the bullets at different speeds. The speed of each bullet and the height of
cach platform are given. All of the bullets miss the targets and hit the ground.

B Cc D
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° 40 m 40m
' 0m
20m
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Rank the time it takes the bullets to hit the ground.
OR

| 2 3 All All Cannot

Greatest Least the same  zero  determine

Expluin your reasoning.



B1-WWT20: VELOCITY-TIME GRAPH—ACCELERATION-TIME GRAPH
A student obtains a graph of an objects velocity versus ime and then draws the graph of the acceleration versus
ume for the same time interval.

A°

N -

Time Time

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

B1-CRT27: TRAVELING STUDENTS—VELOCITY-TIME GRAPH

Carmela and Desi leave a parking lot separately and drive west. They both start from rest. Dest leaves irst, traveling
with an acceleration of 4 m/s” west for the first 6 seconds, and then driving ata constant velocity. Two seconds alter
Desi started, Carmela starts with an acceleration of 3 m/s” west for 10 seconds, and then she drives at a constant
velocity.

Graph the velocity of both travelers as a function of time up to £ = 16 seconds starting at time £ = 0 when Desi
leaves the classroom. Use a solid line for Dest’s velocity and a dashed line for Carmela’s velocity.
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Explain your reasoning,



B2-QRT11: BasesaLL PRoJECTILE MOTION—VELOCITY-TIME AND ACCELERATION-TIME GRAPHS
A baschall is thrown from point § in right field to home plate. The dashed line shows the path of the ball.

e -O= 2.
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_- Home plate
——

Use a coordinate system with up as the positive vertical direction and to the left as the positive horizontal direction,
and with the ongin at home plate.

Select the graph from the choices below that best represents:

(i) hovizontal velocity versus time graph _ Explain your reasoning,
(ii) horizontal acceleration versus time graph Explain your reasoning.
(i vertical velocity versus time graph. Lxplain your reasoning.
tiv) vertical acceleration versus time graph Explain your reasoning.
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time tme lime unw
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None of these
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You should be able to:

e Plot a velocity-time graph if given data. Then, draw the position-
time graph and acceleration-time graph which correspond to the
velocity-time graph and be able to answer questions about those
graphs.

e Analyze any object using a free body diagram and Newton’s Laws.

e Analyze any object using work and energy.

¢ Analyze the motion of any object in 1D or 2D motion with constant
acceleration.

‘ Position

el
B B1-QRT35: Posimion-TIME GRAPHS OF CHILDREN—KINEMATIC QUANTITIES

> The position-time graph shown represents the motion of two children, Ariel

T T L R .
13737119 Time. s and Byron, who are moving along a narrow. straight hallway.
© Byron ¢ Do either of the children ever change direction?
i

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

Explain your reasoning.

() Are the two children ever at the same position along the hallway ?
If so. at what time or times does this happen?

Ixplain your reasoning.

(¢) Do the two children ever have the same speed?
If so. at what time or times doces this happen?

Fxplain your reasoning.

td) Do the two children ever have the same aceeleration?
If so. at what time or times does this happen?

Explain your reasoning.



