‘n.

a flat

surface. lhb same nmunnudb imu, } 15 Lu-rph‘,d m each hn.x Im lhc {1|w1=mcu d, md]:..dlud in [hL hnuxu,

A

F
—

B | F

-d =5m-» d——n’— 10m ——» _ «d=5m =

F

F

- d=10m —» ad=5m-+» | ad=5m -»

Rank thE “urk done on thL IHH lw f while the box moves th indicated rlhtdnu,.

[ siawefuts o]

il o s bt OR e st e s

1
Greatest

Explain your reasoning.

3 4 3 6 All All Cannot
Least the same ZETO determine






| B4-LMCT18{BLOCK PUSHED ON INCLINE—WORK DONE
Mook s pashed so that it moves up a ramp at constant speed,

Iddentify from choices (i}=(iv) below the appropriate
deseription for the work done by the specified force while the
block moves from point A to peint £,

(1) is ZeFo,

(1) i= less than 2610

(1ii) is greater than wero.

{iv) could be positive or regative depending on the choice of coordinate sysiems,
(v cannal be defermined,

{a) The work done on the block by the hand.

Explain vour reasoning.

(b} The work done on the block by the normal force from the ramp. _
Explain your reasoning,

() The work done on the Mock by friction.
Explain your reasoning.

{d) The work done on the block by the gravitational force.
Explain vour reasoning.

(e} The net work done on the block.
Explain your reasoning.




{a) The work done on the block by the hand.
Explain yvour reasoning.

AnRswer: i, oredarer -'.'rf{-' I Zero.

The force by the hand has a component in the same direction as the displacement, so the work done is positive.

(h) The work done on the block by the normal force from the ramp.
Explain your reasoning.

Answer: i, I€ro.

The normal force is always per pendicular to the |-'I-'*|-'?"r{-'-'.{.'.'n'i'.'n'-'. s e I.'?.-u.-r.'.'l'.' of force and the component of the

T - ; .
aisplacement Jf.'u-'-"-.f."r-'i'-' to the force is Zero.

i¢) The work done on the block by friction.
Explain your reasoning.

Answer: i, less than zero.

:Ill'||'|l{ {.':'-"'.'I.:' _J'.( ween .'_n'l-'n: ."-"|'|,'l'.'.r-'|'|' force |-'|'l'l'-'l f,lr,i{ ||'I|"-.':'|'I{". ement is 180° so I._.l'l.l:. P r-'.:’.'lg'."l,'l' I-’_:'. ,'.h'.-';"u'-':'.':'.".:’.'l{ of ,-||'||{ fr T II._,_|_||i{_||r

force and the component of the displacement parallel to the frictional force is negative




(d) The work done on the block by the gravitational force.
Explain yvour reasoning.

Answer: i, less than zero.

The a -'-'_'.:-'Ii' between the arda) itational force and the u'ln'w-l-'i"r{.'-'.t ment 15 greales than 90°, so th i oduct of th
magnitude of the gravitational force and the component of the n'-“~|.'?"c.'-.c ment parallel to the gravitational force is

e Saive.

i€) The net work done on the block.
Explain your reasoning.

Answer: 1, Iero.

The block is moy g at a constant spe ed, so there is no ¢ .'r-‘{-'-'-':..'< in kinetic enei ZY. From the work-kinetic ¢ Rergy

I Y (- N Y 2 A .
fflearem, '.lr.'{ net wor ."- done :l';:'u-‘-'\ '.'rH Crange n Kinelfic enerey.

o




~ B4-RT01;MOVING BALLS I—KINETIC ENERGY
the figures below, balls are traveling in different directions. The balls have the same size and shape, but they have

different masses and are traveling at different velocities as shown.

[

A 2m B 2m | 4 . D
@ —
-

1

1 ] : All All Cannot
Greatest Least the same 7ETO determine

Explain your reasoning.




Answer: B > (' =

I ] ' I i . i FaPT | . T R e ) e
‘”” sed on the de / o (15 | HCE o (e FRASS the sguare of the veloctry,
' I

| r 4 ¥ 4 ¥ I-.
SClar sitnee I Is the




| B4-RT04:\CARs AND BARRIERS—STOPPING FORCE IN SAME DISTANCE

Cars that are moving along horizontal roads are going to be stopped by plowing into barrel barriers. All of the cars
are the same size and shape, but they are carrying loads with different masses. All of the cars are going to be stopped
in the same distance.

A

fr m/s ,- 8 mfs

)

i m = 1000 kg - m = 1600 kg | m=1200kg m = 1600 kg

Rank the strength (magnitude) of the forces that will be needed to stop the cars in the same distance.

| or [ ] []
| 4 All All Cannot
Greatest Least the same ZEero determine

Explain your reasoning.
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: 3ARS CHANGING VELOCITY—WORK DONE
1e situations below show before and ;ll[u snapshots” of a car's velocity. All cars have the same mass.

A -?E I

Before After Il Before Alter
—- —- —
_ =10 m/fs +20 m/is F10O mfs (
; C D

ﬁl..h:hu.. After H-.:I'm'l._' After

@i%" @

F20 mfy 420 mh

Rank the work rlnm: on the cars ln Ccre: ﬂi: thuu, l.hd]]”L"': in velocity iu: the same dl‘af;t[‘l(‘L traveled.

[ Jor [ ] L[] [

] ; 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning,.




. y . . y . n y , . 7 ,
WIn these sifuali |5 Cl 1TEN | & .y, N [ ] fIEFe I8N ( { ined oy fthe i

I » T |I i FP* i3 & r I'. r
¢ Same mass, Ine car wi the oreatest changoe

workti




B4-RT11:\FORCE PUSHING BOX—CHANGE IN KINETIC ENERGY
All boxes have an initial velocity of 10 m/s to the right.

B | D
| F=75N : N | F=100N
_+

2 m

Rank the change in kinetic energy of the boxes.

e e s =

orR | |

: I SR | S— S
1 ; - All Cannot
Greatest the same zero  determine

Explain your reasoning.







. B4-CT;9} Car RACE—WORK AND POWER
Amanda and Bertha are in a car race. Their cars have the same mass, At one point in the race, they both change their
specds by 10 mds in 2 seconds. [gnore air friction.

% 2 s later . g 2 5 later
— - —

10 mJs 20 mis 20 s 30 mfs
Amanda Bertha

{a} Is the work that Amanda’s car does while speeding up (1) greater tfan, (i) less than, or (iii) the same as the
work that Bertha's car does while speeding up?

Explain vour reasoning.

(b} Is the power generated by Amanda’s car while speeding ap (i) greafer thas, (i) fess than, or (i) the same
as The power generated by Bertha's car while speeding up?

Explain vour reasoning.




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

Explain your reasoning.

Answer: (ii) less than, since the work done is equal to the change in kinetic energy, which will be proportional to

the change in the square of the velocity. For Amanda, it is (20 m/s)’-(10 m/s)” = 400m’/s" = 100 m'/s"= 300 m' /s’

and for Bertha, it is (30 m/s) = (20 m/s) = 900m™/s" = 400 m /5= 500 m' /5.

(b) Is the power generated by Amanda’s car while speeding up (i) greater than, (ii) less than, or (iii) the same
as the power generated by Bertha's car while speeding up?

Explain your reasoning.

Answer: (ii) less than, since the power is the rate work is done, so it is the work done divided by the time it takes.
Since the time is the same, and the work done is less for Amanda’s car, the power generated by Amanda’s car

will be less.




| B4-RT10: YELOCITY-TIME GRAPH I—WoORK DONE ON BOX
Shown below is a eraph of velocity versus time for an object that moves along a straight, horizontal line under the

perhaps intermittent action of a single force exerted by an external agent.

‘ Velocity (m/fs)
8

6
4

A ' Y
5 10 5 /20 Time(s
B
C

Rank the work done on the box by the external agent for the 5-second intervals shown on the graph.

L T T T Jor [] _

1 i 4 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning,.




B>A=C=D

For A and C, there is no change in speed, hence no change in kinetic
energy and no work done. For D, the speed changes, but there is no
change in kinetic energy (final K = inifial K), so no work is done (negative
work from 15 sto 17.5 s is canceled by positive work from 17.5s to 20 s).
For B, the speed increases, as does the kinetic energy, so positive work is
done.




B@LDCHS SLipiING Down FRICTIONLESS RAMPS—WORK BY THE EARTH

Fwo identical blocks are released from rest at the same height.

Block A slides down a steeper ramp than Block B. Both ramps are - -— Start

frictionless. The blocks reach the same final height indicated by the  Block A Block B

lower dashed line. Three students are comparing the work done on

the two blocks by the gravitational force (the weight of the blocks):

Asmita; “Work is related to the product of force and
displacement, and the weight is the same since the
biocks are identical. But Block B travels farther, so more werk is done on Block B by the gravitational
force than on Block A"

Ben: “Both blocks fall the same vertical distance, so the work done is the same.”

Cocheta: “By Newton's third law, the force exerted on the block by Earth is exactly cancelled by the force
exerted on Earth by the block. The waork done is zero.”

Danae; “The work depends on the angle that the force makes with the displacement. If we put the displacement
and force vectors tail-to-tail, the angle is smaller for Block B than for Block A, and so the work done is
greater.”

With which, if any, of these students do you agree?
Asmita __Ben Cocheta __ Danae None of them______

Explain your reasoning.




T <1 oy |
a the ¢ ! " 0 III -".‘l' e

e in bhoth cas ere 15 St wn. The work done by the earth is

]
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\ B4-CT48; RACE UP A HILL I—WORK AND POWER

—hiiE and Bonita decide 1o race up 2 hill that is 30 m high. Abbie takes a path that is 60 m long while Bonita uses o
path that is 100 m long. It takes Abbie 40 seconds because her route is steep, while Bumita runs up her path in 20
seconds. They hoth stan from rest at the same height and stop at the top, Abbie has a weight of TOD N, and Bonita
has a weight of 500 N, .

Bonita

i) Is the work that Abbie does in going up the hill (1) greater than, (i) less deon, or (iii) e same as the work
that Bonita does in going up the hill?

Explain your reasoning.

(b} Is the power generated by Abbie in going up the hill greater tfan, fess than, or the same as the power
penerated by Bonita in going up the hill?
Explain your reasoning.




(a) Is the work that Abbie does in going up the hill (i) greater than, (ii) less than, or (iii) the same as the work
that Bonita does in going up the hill?

Explain your reasoning.

Answer: (i) greater than, since the work done is equal to the gain in gravitational potential energy, which is the
weight times the height, and both went up the same height, but Abbie weighs more than Bonita.

(b) Is the power generated by Abbie in going up the hill greater than, less than, or the same as the power
generated by Bonita in going up the hill?

Explain your reasoning.

\nswer: (i) greater than, since the power is the rate that work is done so it will be the work/time. For Abbie it is
(700 N)(30 M)/40 s while for Bonita, it is (500 N)(30 m )/30 s.




| Ba-QRT22\BLoGK ON RAMP WITH FRICTION—WORK AND ENERGY
- Tlock (5 pushed at constant speed up a ramp from
point A to point B. The direction of the force on the
hlack by the hand is horizoml. Thene is Oi lin between
the block and the ramp. The distance between points A
and His I m
(a) The kinetic energy of the block at point £
(i)is grearer then the kinetic energy of the block at point
4
(i) is fess than the Kinetic en
{iii) is eqoal ro the kinetic e
(iv) ceerned e comprared 1000
babvasn A aad £,

Eaplain your reasoning.

ib) The net work done on the block as it travels from point A to point B

(1) 1% zeve

(11) is negative.

(i) is positive.

(iv) could be positive or negetive depending on the choice of coordinate systems.

Explain your reasoning.

(c) The work done on the block by the hand as the block travels from point A to point &

(i) is egual to 1 m times the magnitude of the force exerted on the block by the hand

(i1 s greater than 1 m times the magnitude of the force exer ted on the block by the hand.

(i1 15 less than 1 m times the magnitude of the foree exerted on the block by the hand but not zero.

(Iv) is zero,

(v} cannot be compeared to the magmiude of the foree exemmed on the Bluck by the hand Based on the informotion
Fiven,

Rl o peasening.




Explain your reasoning.

Answr: (i) l('-:ln'-'u'::'-"r

The kinetic energy of the block is the same at A and B since the speed is constant.

ib) The net work done on the block as it travels from point A to point B

(1) 1= zero.

(11) is negative.

(111) 1s positive.

(1v) could be positive or nepative depending on the choice of coordinate systems.
Explain your reasoning.

Answer: (i) gre
Usino il - inetic enercy th . Y IR A—— kinetic en v af the Mock is zero. f Feni /
I e WOrk tefic energy theorem, since the change in Kinelfic energy of the Dock (s zZero, from poim A fo

Jr_'rJ.'.l.;.r ,“ _r_,'ln'( el WorK ||'I|r|'-'( i _T,IIh .'lJu'Ilr.-. ,|I| FRILET .'l.l.:' Zero.

ic) The work done on the block by the hand as the block travels from point A to point B

(1) 1s equal to 1 m times the magnitude of the force exerted on the block by the hand.

(11) is greater than 1 m times the magnitude of the force exerted on the block by the hand.

(111) 15 less than 1 m times the magnitude of the force exerted on the block by the hand but not zero.

(iv) is zero.

(v) cannot be compared to the magnitude of the force exerted on the block by the hand based on the information
given.

Explain your reasoning.

Answer: (iii) less than

The work done on the block by the hand is less than the product of the magnitude of this force and the magnitude

. g ; ; o ;
of the displacement (one meter) because the force and the -rn'~|-'?-'-f-'-'. emeni are nof paraiiel (o one another, and the

W .'I- {-'IJJ.'R is -':'I-'i'.'e._.'.*l.'c equ [ to -'Jr.‘-:' .-'.l.'u-';'n'-'-"-':'-"-.‘-'l< af .’.'IH force fimes ".ll.‘e. mag :'-"u-'li' of ".ll.‘e.




1;_ E4-SCT24:§SHATEH5 PusHING OFF EACH OTHER—FORCE
sKaters—a small girl and a large boy—are initially standing face-to-face but then push off each other. Afier

they are no longer touching, the girl has more kinetic energy than the boy. Three physics students make the

following contentions about the forces the boy and girl exerted on each other:

Arianna: “I think the boy pushed harder on the girl because he is bigger, so she ended up with more kinetic
energy than he did.”

Boris: “I disagree. Thev pushed equally hard on each other, bur the girl maved farther while they were
pushing on each other, so she ended up with more kinetic energy.”

Carmen: “I think the girl had ro push harder to ger the boy moving since he is bigger, but that caused her to
accelerate more as she recoiled.”

With which, if any, of these students do you agree?
Arianna _ _Boris _ Carmen __

_ None of them

Explain your reasoning,.







!, B4-RT45)SLIDING MASSES ON INCLINE—KINETIC ENERGY
“Shown are blocks that slide down frictionless inclines. All masses start from rest at the top of the incline.

A 'B 1 kg
v

.h_.l
|

10 m '-I T I:. 7.5 Ill49‘|

Rank the kinetic energy of the sliding masses the instant they reach the bottom of the incline.

| . o [ O [
1 2 3 All All Cannot

Greatest the same FETD determine

Explain your reasoning.
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.i B4-RT25: ,Ai RROWS SHOT FROM BUILDINGS—FINAL SPEED
“In each case below, an arrow has been shot from the top of a building either up at a 45" angle, straight ou
horizontally, or down at a 45" angle. All arrows are identical and are shot at the same speed. and the heights of the
buildings and the direction the arrows are shot are given. Ignore air resistance.

B

Rank the speed of the arrows just before they hit the f.,ll.:lll.lll.i below.

— T _____|_ =BT . I |

R | R | 1 : -
| 2 3 5 All All Cannol

Greatest east the same FET0 determine

Explain your reasoning.







KATEBOARDERS ON A HILL—TIME, SPEED, KINETIC ENERGY, AND WORK
m rest, Angel and Briiney .
skateboard down a hill as shown. Angel # Britney
rides down the steep side while Britney )
rides down the shallow side. A:l-\.l.:l has

(a) Is the speed at the bottom of the
hill (i) greater Tor Angel, (1) greaier Tor
Britney, or (iii) the same for hoth
skateboarders? _

Explain vour reasoning.

{b) Is the time it takes to get to the hottom of the hill (i) grearer for Angel, (ii) greater for Britney, or (iii) the
site for hoth skateboarders?

Explain your reasoning,

(c) Is the work done by the gravitational force on the skateboarder (i) greader for Angel, (ii) greater for
Britney, or (iii) the same Tor both skateboarders? _

Explain your reasoning.

{d} Is the work done by the normal foree on the skatebearder (i) greater for Angel, (ii) greater for Britney, or
{iii} thre same for both skateboarders?

I'Z\pl;lin your l'l,';wnﬁng_

(e Is the kinetic energy at the botiom of the hill (i) grearer tor Angel, (1i) greater for Britney, or (ili) ihe same
for both skateboarders?




(a) Is the speed at the bottom of the
hill (i) greater for Angel, (ii) greater for
Britney, or (iii) the same for both
skateboarders?

Explain your reasoning,.

Answer-(iii) Same for both. Both skateboarders lose the same amount J'J.Jr.fl.;{'f.:_'_fl.".r as they travel down the hill, and
their change in potential energy (strictly speaking, the change in potential energy of the skateboarder-earth
systemt) Is r_'.r].'.'f'.'.f:" to their gains in kinetic energy. Both kinefic and potential energy terms are Jl'-'_r'r.-'f'-’-".l'.'."r'_.'.?r.lu'r to the

mass, so it doesn’'t matter that the skateboarders have different masses.

(b) Is the time it takes to get to the bottom of the hill (i) greater for Angel, (ii) greater for Britney, or (iii) the
same for both skateboarders?

Explain your reasoning.

Answer-(ii) Greater for Britney. Both start from rest, and Angel, who will have the greater acceleration, also has

a shorter path.

(c) Is the work done by the gravitational force on the skateboarder (i) greater for Angel, (ii) greater for
Britney, or (iii) the same for both skateboarders?

Explain your reasoning,.

Answer-| i {(r."('rn'.’{',l'_.u';.l_." _'L.'.f_sjr 1. JlfI.".",l'l.'(' Wi l..lr._f.'fa: .'r?ru.';".:-"{',l','. .'rn'.'-'(.lr ”.“ SO e HISS, f.lr,'J H .f.t".'n:' '.L'aJ,-',lr. (.'I-r.'.'.n‘{ _-‘:.";' ."J".'c'
gravitational force would be the same for both. (Werk depends only on displacement in direction of force, and
the vertical displacement is the same for the two skateboarders). But since the gravitational force is
proportional to the mass, this force is greater on Angel, and more work will be done on her by the

gravitational force.




(d) Is the work done by the normal force on the skateboarder (i) greater for Angel, (ii) greater for Britney, or
(iii) the same for both skateboarders?

Explain your reasoning.

Answer-(iii) Same for both. The displacement for each skateboarder at all points on the hill is parallel to the
surface of the hill, and the normal force at all points is perpendicular to the hill, so the angle between the
normal force and the displacement is 90", Since work depends on the dot product of the force and

4."."\,r,'.'r:.'<'{',u_f.'{ it vectors, the work done by the nor .l,fn'.'.l."l_ln';.'.l{'{' Is zero for both skater

(e) Is the kinetic energy at the bottom of the hill (i) greater for Angel, (ii) greafer for Britney, or (iii) the same
for both skateboarders?

Explain your reasoning.

Answer: (i) Greater for Angel. They have the same speed, but Angel has a larger mass.




\ B6-QRT29:\SoLID SPHERE ROLLING ALONG A TRACK—LOCATION AT HIGHEST POINT
e e . = : .
A solid sphere rolls without slipping along a track shaped as shown at right. It
starts from rest at point A and 1S moving vertically when it leaves the track at

point 5.
At its highest point while in the air, will the sphere be (a) above, (b) below,

or (c) at the same height as point A?

Explain your reasoning.




B6-QRT29: SoLip SPHERE RoLLING ALONG A TRACK—LocATION AT HIGHEST POINT

A solid sphere rolls without slipping along a track shaped as shown at right. It
starts from rest at point A and i1s moving vertically when it leaves the track at
point B.

At its highest point while in the air. will the sphere be (a) above. (b) below,
or (c) at the same height as point A?

Explain your reasoning.
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i_xEEB-RTSU: kaumﬁ DOWN A RAMP—MAXIMUM HEIGHT ON THE OTHER SIDE OF A RAMP

—Inmeach case, a 1-kg object is released from rest on a ramp at a height of 2 m from the bottom. All of the spheres roll
without slipping, and the blocks slide without friction.

Solid sphere

‘ ! lor | ]

| L | . '
6 All y Cannot
Greatest Least the same er determine

Explain your reasoning.




B6-RT30: Moving pown A Ramp—Maximum HEIGHT oN THE OTHER SIDE oF A RAMP

In each case, a 1-kg object i1s released from rest on a ramp at a height of 2 m from the bottom. All of the spheres roll
without slipping. and the blocks slide without friction.

Solid sphere

Solid sphere

L

Rank the maximum height of the ohjects on the other side of the ramp.

o [ | []

1
Greatest

All All
the same ZEro

Explain your reasoning,.

Answer: All the same.

]

Cannot
determine

I"\..-_l_l.ln,' af |',IIH ..l.'l._.'{ cis los energy as .'.lln'r V Irave |'I_ 5 .'_.'I-'.'". will all .II.'r.'I £ |'.|I|'{ LI ,'-l|-'.||.'|'-'l'.'r.'.'I energy on .'_.'I-'r |r.'_|'l-'r \'{.ll{, 1'I'r
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WDBJECTS MovING DOWN RAMPS—SPEED AT BOTTOM
achcase, a 1-kg object is released from rest on a ramp at a height of 2 m from the bottom. All of the spheres roll
without slipping, and the blocks slide without friction. The ramps are identical in Cases A and C. The ramps in
Cases B and D are identical and are not as steep as the others.

A B C

Solid sphere Hollow sphere

Rank the speed of the objects when they reach the horizontal surface at the bottom of the ramp.

B e | R — — - - =1 | - | —

' OR . |

| I | | J
2 4 All All C:mnql
Greatest [east the same zero  determine

Explain your reasoning.







