Appendix A: Seleded Bridging Problems

Two cars garting fromrest at the same position are fadng east on a straight road. The
1% car startsmoving at t = 0 seconds and accéerates at 5 Vs’ for 2 seconds then
travels at a onstant spead. The 2™ car starts moving 3 seconds after the 1 car started
and accéerates at 20 Vs’ for 1 second and then travels at constant speed.

a) Inthe spacebelow sketch a position vs. time graph for ead car, labeling eat ca’s
curve. Explain how you determined the shape of the graph.

1s 2s 3s 4s 5s 6s 7s 8s 9s 10s

Time (s)

b) State whether the second car caches up with thefirst car in the first 10 seconds. I
the second car does catch up with the first car, state when and where the 2™ car
caches up, and explain how you know. If the seand car does not cach up explain
how you know.

c) State whether or not the two cars are ever at the same speed at the same time dter
t = 0 seconds. Explain how you could tell from the graph.
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Two cats move toward ead other on atabletop. Initialy (at t=0), cat A hasa
velocity of 2 m/s and an accéeration of 2 m/s” and cart B has a mnstant velocity of —6
m/sas own below. Thetwo cashit at t=2.5s. (Asauumethat the catsarein
contad for only aninstant.) Right after the two carts hit, cat A and cart B are seen to
be going at constant velocities of 3 m/sand 12nVs, respedively.

211/3 3m/s

6 m's = 12mis
A A P A~ [RE,
(80 (B0 oo s

t=0 s (before mllision) (after collision)

a) Draw and cdculate the magnitudes of the velocity and acceeration vedors for
cart A at the timesindicated (be sure to label the velocity and acceeration vedors).

i.t=1s ii.t=2s

vector magnitude vector magnitude

velocity velocity

acceleration acceleration

iii.t=3s iv.t=4s

vector magnitude vector magnitude

velocity velocity

acceleration acceleration

b) Find the average accéeration for cart B betweent=2 sand t=3 s. Show all work.

c) Sketchthefollowing graphsfor cart A fromt=0stot=4s

X V x

20m — 8m/s —
15m — 6m/s —
10m i Zm/s i
5m — 2m /s —

T T T T T T T T

1s 2s 3s 4s 1s 2s 3s 4s

t t
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A cannon hall isfired from a canon at an angle of 45° with resped to the horizontal.
The ball has an initial velocity of 28 m/s. (Ignore ar resistance)

a) What isAv within the following time intervals. Be sure to indicate magnitude and
diredion and explain your answer.
i. t=0sandt=1s

ii. t=1sandt=2s

b) Draw the velocities vedors for
t=1s,t=2s,t=3s, andt=4 son
the grid. The velocity vedor at
t=0 sis gown. Explain how
you determined the vedors.

c) Draw and label the average velocity vedors on the grid above with dotted lines, for
the following time intervals. Explain how you determined your answer.
i. t=Ostot=1s
i. t=0Ostot=2s

d) Sketch a strobe photograph of the ball showing its location at 1 second time
intervals. Note that the position at t=0 s has aready been done. Show your work.
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A poleis used to hold two blocks at rest on a caling as $1own below. The pole exerts
aforceof 260N at an angle of 80° on Hock A. The massof block A is12.0 kg and the
massof block B is 5.0 kg.

m=5.0 kg
m=12.0 kg

a) Sketch the free-body diagrams of block A and block B. For ead force on your
diagrams, state the type of force (e.g., gravitational, frictional, etc.)

b) Arethere any forcesin your freebody diagramsthat are equal in magnitude to ead
other? If so, which ones are they and how do you know they are equal?

c) Calculate the normal force exerted by block B on dock A. Show your work.

d) Rank all the forces on your freebody diagram for block A from largest to smallest.
Explain your reasoning.
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Suppose ahand applies aforceF to the end of arope dtacdhed to a block so that the
entire system has an accéeration of a toward the right. The rope has a massmg, and

the block has a

™ p
Masse. — e
Asaime that Block
the friction
between the

block and the surfaceis negligible.

a) Inthe space
at right sketch
afreebody
diagram for
the rope and
the block. Be
sure the
relative

magnitudes of
the forces are mnsistent with the physicd situation. For ead forcein your free
body diagrams indicate the objed exerting the force and the objed upon which
the forceis exerted.

b) Compare the x-component of the tension at point P to the x-component of the

tension at point Q. Explain your reasoning.

c) Caculate thetensioninthe rope & points P and Qif mg=5kg, mg=0.2kg, and the
system accéerates at 2m/s’. Assume that the rope is nealy parallel with the
surface

d) If theropeisreplacal with amasdess $ring, compare the tension at points P
and Qto ead other. Explain your reasoning.
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A block ispulled

from point A to T

point C by a

tension forcg T, o

as downatright. ool Fd
The block starts Block g;nzltézﬂ
off at rest at point — J e
A and Speedsup A nofriction B M

to point B. The | | |
block then slows v d=Im.o SR d=lm. 3

down finally

stopping at point C (as siown). The magnitude and dredion of the tension are
constant throughout the motion. Note that the block isfirst pulled acossa surface

with no friction and is then pulled an equal distance acossa surfacewith friction.

a) Draw afreebody diagram at right for the
block when it’s between B and C.

b) Isthe magnitude of the net force at¢ing on
the block from A to B greaer than, less
than, or equal to the magnitude of the net
force ating on the block from B to C?
Explain your reasoning.

c) Calculate the wefficient of kinetic friction between the surface ad the block
between B and C if ©=60", myo«=1.5kg, and T=5N.

d) Calculate the work done by friction to move the block from A to C. Show all
work.
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Two cats are moving together, with a

velocity of 5 cnvsi , on africtionless ve=5cmis  Before spring is released
surface & down at right. Cart A hasa -
spring attached to it and the spring isin a B | M A
locked position. At atimet, the locked
spring attadhed to cart A isreleased and

the spring expands until it is no longer in va-10cm/s After springis released
contad with cat B. Consider cat A and —"
the spring as g/stem A, cart B as g/stem B A

B, and al three & yystem C. System A
has amassof 5 g, system B has a massof 3 g, and the final velocity of system A is

10 cnv'si

a) Compare the magnitude and dredion of the forcethat ead system exerts on the
other as the spring expands. Explain how you arrived at your answer.

b) Compare the magnitude and dredion of the impulse exerted on system A by
system B to the impulse exerted on system B by system A. Explain how you
arrived at your answer.

c) Find thefinal velocity of system B. Show all work.

d) Find the AKE of system C. Show all work.
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Threeblocks are mnneded by a masdess $ring, which goes
over amasdesspulley as siown at right. The massof eah /\
block is given in the diagram. g

a. Draw afreebody diagram for ead dock in the space
provided. Label ead force & you were instructed in
tutorial.

Biock A Biock B Biock C

b. For eat bHock draw avedor representing the net force and the accéeration of
ead dock. If any of the quantities are zeo state that explicitly. Make your
vedors for the threeblocks consistent with ead other.

Block A Block B Block C

Accderation  Net Force Accderation  Net Force Accderation  Net Force

c. Rank the magnitudes of all the forcesin your free-body diagrams. Explain your
reasoning.

d. Calculatethe accéeration of the large block. Show al work and explain your
reasoning.

e. Rank the magnitudes of the net work done on the eat Hock after they move a
distanced. Asaume they have not yet hit the pulley.
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Inthefigure & theright is $rown an Atwood's machine

with two unequal masses attached by a masdess $ring Notto scale
which does not dip. The pulley has a massof 0.4kg, a
radius of 0.2m, and a moment of inertia of 8x10° kgm J
about its center of mass The masses are released from
rest at t=0s.
a) Draw afreebody
diagram for
block A and block
B after t = Os. o o
Make sure to A
label al the
forces. m‘ m‘ m=0.4kg
b) Rank the magnitudes of all the forcesin your free B
body diagrams for the blocks. Explain your m=0.2kg
reasoning.

c) Draw afreebody diagram for the pulley in the space
provided.

©

W

d) What force(s) ading on the pulley causeit to rotate aout its center of mass?
Explain.

e) Calculate the accéeration of block B. Show all work.

f) What isthe angular speed of the pulley after 5s. Show all work.
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Consider a pulse traveling to the right with a speed of 600cm/sec. The eguation
describing the displacement of the spring from equili brium at timet = 0 secis

y,(X) = Ale_(ﬁ) , where A; = 20cmand b, = 20 cm.

a) Sketch the shape of the spring at timet = 0 secin the graph below. Usethe
indicaed scde.

b) Write an equation that describes the displacament of any pieceof the spring at
any time for this pulse. Explain how you arrived at this answer.

c) Now suppose asemnd puse moving to the left is also present on the spring. At

Xx=200cm

t = 0.1 secthe eguation describing this 2™ puseis y,(x) = Aze_( 7 where A,

= 10cmand b, = 10 cm. Sketch the shape of the spring at timet = 0.1 secin the
graph below, labeling the pulse going to the right “1” and the pulse going to the
left “2".

d) At what time and position do the maxima of the two pulses med? Show your
work.

€) Write an equation that describes the shape of the spring when the maxima med.
Show your work.
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Five dust particles are placed inarow 5 cm apart beginning 50cm from a loudspedker
(seefigure). The spedker plays a note with a frequency of 1700Hz. The speed of
sound is 340mV/s. The maximum displacament of the first dust particle is $wx =3 mm
Asaume that the intensity of the sound wave isthe same for all dust particles. Inthe
indicated coordinate system, the origin is at the ceanter of the loudspedker. A clock is

started at an arbitrary time.
Speaker

g

50 cm ¥ 5cm ¥ 5cm¥ 5cm ¥ 5cm X

a) Attimet =0 seg thefirst dust particleis at equili brium and moving away from the
loudspedker. Find to, the anount of time that elapses until the second dust particle
is at its equili brium position. Explain.

b) What isthe displacement from equili brium of the first dust particle & time to?
Explain how you arrived at your answer.

c) Inthegraph below, sketch agraph of svs. x at timet,. Define eab axis clealy.

A

d) Find s(x,t) for x=65cmandt=2.941176x 10* sec Show all work.
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Anided gasin a ontainer

with a piston starts at a Pa . . . .
presareof SAtmanda 3 Atm - P e it L“‘
volumeof 1L. Thegas I

first goes through an
isothermal processending S
up with apresaure of 1 R L e e e A
Atmand avolumeof 3 L. 1 agm-foi i
The gas then undergoes a Ideal Gas
processat constant B
volume ending upwith a ——
final presaure of 3 Atm. : 15L : 25L : 35L iV
(R=0.0821

Le Atm/moles K)

2Amm |

a) Sketch the isothermal processon the PV diagram and label the resulting state “B.”

b) Sketch the constant volume processon the PV diagram and label the final state
13 C.”

c) What isthe diredion of the force exerted on the piston by the gasin the container
in the processALl B? Isthe work done by the gas positive, negative, or zero?
Explain.

d) What isthe diredion of the force exerted on the piston by the gasin the container
in the processB C? Isthe work done by the gas positive, negative, or zero?
Explain.

€) Calculate the work done by the gasin the processAll B[ C. Show all work.
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The metal ball s placad 10cm apart eat have massof 1 g

and a charge of 2.0 x 102 C (seediagram). Show all work ~ Ball #1 Ball #2
for al questions.
a) Asaume that the ball s can be treaed as point charges. | i

b)

d)

What isthe dedricd force erted bythe first ball on
the second?

What isthe dedricd force erted bythe second kall on the first?

Compare the gravitational force eerted by eat sphere on the other to the
eledricd force eerted by ead sphere onthe other. (G = 6.7 x 10" m¥/s’kg)

How do the following changes affed the force eerted by ead ball on the other?
The distance between the ball sis deaeased by afador of 2, to 5.0 cm.

The dharge onthe second all i s deaeased by afador of 2, to 1.0 x 10° C.

Suppcee the ball s cannat be treded as point charges. In this case, would yousay
that the forceyou cdculated in part A iscorred? If so, explain why it is corred.

If nat, explain why na and tell whether the force between the two ballswould be
greder than or smaller than you cdculated value. (As part of your explanation,

include asketch that showsthe distribution o charge on the two hells.)

Under what circumstances will the cdculation you @rformed in part @) for the
force between the two bell s be nearly corred? Explain.
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Consider two Each block is
very large 0.1cm X 0.1cm
conducting plates
adistanceD
apart. Both
plates have a
charge of +Q on
them. Seefigure
at right.

Point 1 Point 2

Point 3

+Q +Q

Point 4 Point 5
- @

a) Which diagram below shows the wrred charge distribution on the plates? Explain

your reasoning.

+0/2 +0/2 +0
y 3

Q
Q
+
Ko
Q
Q

(@)

(b) (©) (d)

b) Draw vedors on the diagram above representing the dedric field at points 1, 2, 3,
4, and 5. If thefield iszero at any point indicate that explicitly.

c) A small charge q, initially at rest at point 1, is moved by a hand so that it comesto
rest at point 3. Write an equation for the work done on the charge.

d) If the dharge density, o, is2 X 10° C/nv, determine the potential difference
between points 1 and 5. Show all work.
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Consider a waxial cable, as siown in aheal-on
view in the figure to theright. A coaxial cable
consists of two very thin-walled concentric
cylindricd wires with currentstraveling in
opposite diredions. In this problem, the inner -
cylindricd wire with radiusr, hasa arrent, I,
traveling into of the page, and the outer
cylindricd wire with radiusr, hasa arrent, I,
traveling out of the page. Labelsa, b, and ¢
indicate threeregions in space

a) Draw apathinregion b such that the value

lout

of ifﬁ- di equals!. Which diredion is your path? Explain how you arrived at
Ho

your answe.

Isthis the only such path you could have drawn? Explain.

b) Find the magnetic field as afunction of r and | in ead of the threeregions of space
Show all work.

c) Consider that the aurrent on the inside wire equals zero, while the magnitude of the
current on the outside is gill I. How, if at all, does the magnetic field in ead of the
threeregions differ from the values you found in question b? Explain how you
arrived at your answer.

d) Consider that the aurrent on the inside wire has a magnitude, 1, while the arrent on
the outside wire equals zero. How, if at al, does the magnetic field in ead of the
threeregions differ from the values you found in question b? Explain how you
arrived at your answer.

€) Consder that a aurrent | flows through both coaxial wires (as indicated on the
figure éove). Thevaueof r; is1 cmand thevalue of r,is4 cm. Thevalueof | is

4 amps. Find the value of |B| adistance 3 cm from the ais of the wires.
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Consider the drcuit shown at right. Assume that
the resistance acossthe solenoid and the wiresis
zero and that the battery isided.

A. Jus after the switch has been closed,
cdculate the following. Inead case
explain how you determined your answer.

i. the aurrent I, through the resistanceR;.

ii. the aurrent I, through the resistance R,.

jii . the total current | through the battery.

iv. the potential difference acossR,.

v. the potentia difference acossL.

vi. dl,/dt

(continued on next page)
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B. After the switch has been closed for a
long time, cdculate the following. In  S—
ead case eplain how you determined '&1
your answer. The figure from page 1
has been reproduced at right.

i. the aurrent I, through the

. R.
resistanceR;. '

ii. the aurrent I, through the resistance R,.

jii . the total current | through the battery.

iv. the potential difference acossR,.

v. the potentia difference acossL.

vi. dl,/dt
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