PHYSICS 2
Section I
40 Questions
Time—90 minutes

Note: To simplify calculations, you may use g = 10 m/ s? inall problems.

Directions: Each of the questions or incomplete statements below is followed by four suggested answers or
completions. Select the one that is best in each case and then fill in the corresponding circle on the answer sheet.
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1. Three objects—X, Y, and Z—are each given 2. Each of the figures below shows the path of a

an excess electric charge. The objects are then C '\; charged particle moving in the plane of the page
brought near each other in pairs but do not touch. j, /"™ Q0 ina magnetic field that is perpendicular to the
It is found that X and Y attract each other, Y and Z™ page. If the mass, speed, and charge of the
repel and X and Z attract. Which of the followmg particles are the same, in which case does
is a correct conclusion about the signs of the the field have the greatest magnitude?
charges that can be drawn from these 5 N
: (A) X X X X X X
observations?
(A) X and Y have charges of the same sign, and Z X X X X X
has a charge of the opposite sign. ___/
(B) X and Z have charges of the same sign, and ¥ XX X X X X E
has a charge of the opposite sign. G v/ "'), Ty’
(C) Y and Z have charges of the same sign, and X X X X X X x

has a charge of the opposite sign.
(D) X, Y, and Z all have charges of the same sign.
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D) X X X X X
X XX X X X
X X
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3. The figure above shows pipe 1 of cross-sectional
area A; and pipe 2 of cross-sectional area A, ,

which merge into pipe 3 of cross-sectional
area A;. The water in pipes 1 and 2 flows with
speeds v; and v, , respectively. What is the speed
of the water in pipe 3 ?

4
Ay = Ayvy

A3
(A + 4) (v +v,)

A3

A)
®)

©

® (%)

K
s ol

1 A
Lon LT

| W A

P v - A Ve
/:) y E;’(?"’z’ 4‘“}: v, < “},“ ﬁ

Unauthorized copying or reuse of
any part of this page is illegal.

—

X Y z

4. A hollow rectangular box is filled with a liquid
and can be placed in any of the three orientations
shown above. In which orientation will the fluid
pressure at the bottom of the box be greatest, 5 ]
égd why? [ = o0a2h

( (A))Orientation X, because pressure at the bottom |
h of a fluid is greater when the vertical height — /',
of the fluid is greater
(B) Orientation Y, because pressure at the bottom
of a fluid is greater when the width times
the height of the fluid is greater
(C) Orientation Z, because pressure at the bottom
of a fluid is greater when the area of the "
bottom surface is greater
(D) All three orientations have the same pressure,
because the weight of the fluid is the same «_, ;
in each case. W
= [
5. An engineer has four wires made of the same } q ., (1 TTC 4y
material and wants to determine the material’s " /
resistivity. The engineer measures the length L
and cross-sectional area A of each wire. The
engineer then applies a potential difference V
across each wire and measures the resulting
current /. To estimate the resistivity of the
material using only the slope of a graph of the
data, which of the following should be graphed

as a function of L/A?
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6. An ideal gas is taken from initial state i at pressure Fy and volume V;, to final state f at pressure 2P, and

volume 2V},. The figures below 1'9pr@sentff5ﬁ?b ssible processes by which the gas can be taken from state i

to state f. For which process is tﬁ\e work done by the gas greatest?

A P N B
(A) A \,7/\,\ (B)
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Questions 7-8 refer to the following material.

The figure above shows a convex mirror, its focal
point F, and its center of curvature C.

AL p

7. Which of the rays shown above is correct for this

mirror? y o

A), 1
((B) 2
©) 3
D) 4

8. An object is located 2 m to the left of the mirror.
If point C is 30 cm from the mirror, what is the
approximate location of the object’s image?

(A) 26 cm to the right of the mirror
(B) 14 cm to the right of the mirror
(C) 16 cm to the left of the mirror
(D) 35 cm to the left of the mirror

Unauthorized copying or reuse of
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9. In the figure above, an object is moved from

position A to position B. How does the image
formed by the lens change during the move?

(A) From real, reduced, and inverted to virtual,
\ rgaif ed, and upright

o~

((B), From real, reduced, and inverted to virtual,

enlarged, and upright

(C) From vfrtq’al, enlarged, and upright to real,
reduced, and inverted

(D) From vittual, enlarged, and inverted to real,
enlarged, and inverted

GO ON TO THE NEXT PAGE.
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10. The figure above shows energy levels for a
' mercury atom. A photon with energy 2.03 eV
is incident on a mercury atom that is in its first
excited state. The atom absorbs the photon and
subsequently makes a transition to its ground
state. Which of the following correctly describes
the process the atom goes through?

(A) It starts at —10.38 eV, transitions to
—3.71eV, and ends at —=5.74 eV .
(B) It starts at —5.74 eV , transitions to
—3.71eV, and ends at —5.74 eV .
(C) It starts at —5.74 eV , transitions to
—3.71eV, and ends at —10.38 eV .
(D) It starts at —10.38 eV, transitions to
—8.35 eV, and returns to —10.38 eV .
11. The following equation represents positron-
electron annihilation, in which a positron and
an electron become two photons.

e++e_%71+y2

Which of the following correctly explains a
reason why the interaction is possible?

(A) The photons have no charge, so total charge
is conserved.

(B) Two particles become two particles, so the"

number of particles is conserved.

0,004~

(C) Each side of the equation has only one type .

of particle.
(D) Each particle has the same kinetic energy.
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12. In a laboratory experiment, students recorded

13.

the pressure and volume of a sample of ideal

gas as its temperature was varied. Their results are
represented in the figure above. Which of the
following ranks the internal energy U of the gas
at the labeled points from greatest to least?

A) (Ug=Uc)>Up >Uy
®) (Uc=Up)>Up>Us
©) (Uc=Up)>Uy>Up [~ l/ -
D) Up > (Uc =U,)>Up f N

A 20 kQ resistor is connected in seri€s with
an initially uncharged 100 uF capacitor and a

5 V battery. What is the charge on the capacitor
when the circuit has reached steady state?
(A) 5x10* C -

(B) 25x107' C '

©) 25x107*C

D))5x107™ C ® Sx/00
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\ 14. Student 1 and student 2 pull on opposite ends of a

horizontal string that passes through a long, thin
slit in a piece of cardboard, as shown in the top
figure above. The plane of the cardboard is kept
vertical, and the slit can be rotated so its angle 6
relative to the dashed vertical line changes.
Student 1 shakes the string, creating a transverse
periodic wave of constant amplitude. At his end
of the string, student 2 measures the amplitude
of the wave that comes through the slit as a
function of the angle of the slit relative to vertical.
Student 2’s data is shown in the graph. In what
d1rect10n is student 1 shaking the string?

(A)' Horizontally

(B) Vertically

(C) At 45° to vertical

(D) Toward and away from the slit

/‘\\

/ W
Y A ( (
// (/// /7// (//)/,1 nA p
" P / G
7 = =) &Yy
[ /z'v"!:'/:)'///-’; 24 ‘) |
/ / / 7
H - 5 p ’ / 2 (( 77
,//(' ) (Cf/ }/}/ /l// /(// 5 2 {')
, //\ i,7 . \ /‘1
i 4 / 5 ‘ 27 47 'l /“ & :‘:
M ool 300 9!V
: // 4 J (/

/
\ /S / ’ /71 1 W
/- /) 7/ ‘/ 2 /AL N
; " —1 / / A/ AA
/7. Ul Ve j L
4 17/ v

A AT L7
S o~

Unauthorized copying or reuse of
any part of this page is illegal.

ner s £

A "G l) N () v, , g (‘
AVitimil "z Qi .

' ’ 7//"7/,(

15. A particle with charge Q and mass M has Z

instantaneous speed »; when it is at a position
where the electric potential is V;. At a later time,
the particle has moved a distance R away to a
position where the electric potential is V, . Which
of the following equations can be used to find the
speed u, of the particle at the new position?

C i s O-4),
4?’ 4

(A) )2 M (5 - uf ) = Q(V; - V) {

7\ ,.\ 2 ’l“/. ‘ —~— ) ,

<3@) EM(HQ —u) =0Vi-V2) pNm ™. |

;n\\l,/‘/ / f/// 2
1

©) FMu; =0V 1\

2 U (W (/'//5 Ml i 2\

I Gty

D) Mo = e’

R /

Questions 16-18 refer to the following material.

The figure above shows a 10 V battery connected
in a circuit with two resistors, a parallel-plate
capacitor of capacitance C, and three ammeters. The R
circuit has been connected for a long time. C = tulli f

16. Let I; be the current in ammeter A, . Which of o
the following correctly ranks the currents in the // ' / -1/
three ammeters? '/f\ Rl
A (I, =5L)>1, /
®) I >(I; = L) }
© L>5L>1,

D) I3 > (I, = L)
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17. Which of the following is correct about the
voltage V. across the capacitor?

(A) Ve =0 / L

B) 0< V<10V ¢ \ ‘ ‘/ A \,/
©) V=10V g/ /
D) V. >10V

{(l {,(,.)1/_,,;,::

18. Assume the capacitance C of the capacitor is J
known. The gap between the capacitor’s plates is
now filled with an unknown insulating material,
and the circuit is again left connected for a long
time. Measuring which of the following provides
enough information to determine the unknown
material’s dielectric constant k ?

20. The figure above represents two charged,
concentric conducting shells with radii R,

(A) The potential difference across the capacitor and R, . The space between the shells is
and the current in each branch of the circuit _ filled with air. The dashed lines represent

(B) The potential difference across the capacitor( . /; /] equipotentials. The electric field just outside the
and the charge on one of its plates -~ _5%— inner shell has magnitude E;;and the electric

(C) The potential difference across the capacitor 0 field just ins inside the outer shell has magnitu
and the charge on the dielectric material

|
|
|

e v y \///;5 < instant shown?

7, // /(/ ¢ /w J, icq! /j . Ead . (A) The force is directed toward the\fop ofthc
A X) 030 ]\ peee. ‘
s | @Q

—/;;/'4\;:/:.//’ 1 ;' )Y ; Y\ The force is directed toward the bottom of the

AL 10 VY =

¢ 0 / - ,,// C)(\‘(;U‘-'.. 2: 1€ ) page. =

i/l /

a\ aria AY (Saf B (C) The force is directed toward the nght
W % F = —F (D) There is no force on the object due to the
A f/ ) _ mb V< ATl - current.
“n i iy = e 4 )
o Ak o m ""‘&)’ -V ) - / = /Z mVv
Aot (A o == i SRR
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~ / [ Comit hich of the following statementsis t
(D) The separation between the capacitor plates K ( U hagnitude E of the electric fiel .
and the area of the plates pos < \ 7 S
A, YA E=0X £l
— (o) @ E>mg 0BE)s E7EQ
e Y Y/ N\, (O E=E —e
19-An ideal gas with molecules of mass m is 2
/” \ / D) El <E< Ez
p containéd in a cube with sides of area A. The So
« Cctanso
average vertical component of the velocity of the .
gas molecules is v, and N molecules hit the side of j I IA/ R
the cube in a time At. What is the pressure 060 o o
9 =
exerted by the gas on the bottom of the cube? 3 3 ¢ M .
(A) mv[AAt -9 @ —>
\ B) 2mv/AAt 21. An object with charge —g is in motion near a
\(C) Nmv/AAt wire that has a current / to the right. At the instant
(D) 2Nmv[AAt shown in the figure above, the object is traveling
\ to the right with speed v. Both the wire and the
motion of the object are in the plane of the page.
/ /0 Which of the following statements is true about
"f./ A U/ /’,.(/ )l (/ cA7 the force on the object due to the current / at the
8%



Metal

22. A metal sphere with a small negative charge hangs vertically from a light thread, as shown in the figure above.
The metal sphere is then brought near but does not touch an uncharged plastic sphere of the same size that is also
hanging vertically on a light thread. Which of the following best shows the two spheres after they have reached

equilibrium?
) |
(A) o, B) : :
IWDUC 25 i i
1 1
1 1
= ) 1 1
a 7L i i
C
/ J \
Metal Plastic / /ldor, Metal Plastic
g s il ot ,
P ULl alq
[ © ) “4D) 5
\ !
7 1
1
1
5 1
7\ /:/ 1
y
7] k / '/1
Metal Plastic Metal Plastic
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23. A sample of gas is in a container of fixed volume. =~ ,,

The pressure of the gas is measured as its absolute [
temperature is increased. A graph of pressure 0 2 (
measurements as a function of temperature is Vo -
shown above. According to the ideal gas law,

which of the following will be true if the

container volume is reduced to half the original

" value and the experiment is repeated?

'{_;’

(ons}

I , o) 1i

(A) The graph will still show a linear relationship %y
thag extrapolates to the origin, but with

<. asmaller slope. 'H\M\

v/\\

that extrapolates to the origin, but with
a larger slope.

(C) The graph will still show a linear
relationship, but it will not extrapolate to the
origin.

(D) The graph will not show a linear relationship,
but it will still extrapolate to the origin.

24. Two containers, each holding a different gas, are
brought into thermal contact. The gas atoms in
container X havetwice the massjand h__the
average speed of the gas atoms 1n container Y.
Which of the following best describes the energy
transfer by thermal conduction, if any, between
the two containers?

(A) There is a net energy transfer from container \
X to container Y. \
here is a net energy transfer from container
Y to container X.

(C) There is no net energy transfer between the
containers, because no atoms move between
them.

(D) There is no net energy transfer between the
containers, because energy is transferred at
approximately equal rates in each direction.

Unauthorized copying or reuse of
any part of this page is illegal.
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\V,/(C) Find the best-fit straight line for a graph

B), IThe graph will still show a linear relationship ] £

‘l‘
ﬂo,dz

A group of students wants to determine the
internal resistance of a battery. They connect
the battery to a variable resistor. The students
measure the potential difference across the battery
as a function of the current through the battery as
they vary the resistance. Which of the following
analyses of the data could be used to determine
the internal resistance of the battery?

Mo , vl

(A) Divide the potential difference across the / Wxte i /
battery by the current through it for each
data point. The average of these calculations
ives the internal resistance of the battery.
raph the potential difference across the
~ battery as a function of the current through
it. Extrapolate to find the y-intercept and
divide this by the average of f the_current
measurements to find the internal resistance
of the battery.

'<B>

)
£
of potential difference across the battery V
as a function of the current through it. ; I
The absolute value of the slope represents A
the internal resistance of the battery. ) % [
(D) This data eannot be analyzed to give the L i 4|
internal %fance of the battery, because ' ‘ \

the potepfialdifference across the battery
does not depend on the current. C /
20p

'
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Electric Field (N/C)

26.

|
3

The figure above represents the electric field E as a function
of position x due to a particular radio wave at time ¢ = 0 s.
Which of the following equations correctly describes the
electric field?

= LZd / L
(A) E = (100 N/C) cos( i m) Ly L.(;/,i,{,/:_
@E = (100 N/C) cos(%)

/

\

(D) E = (100 N/C) sm{f‘ﬁ) /00 (‘{7;;/ AT]

(c#7 274
[

N /X"/m

" \\

)

Questions 27-28 refer to the following material. - | V),

[ A K
U 01D
i //” / /" / ]
\\ { (, / ()(v\,’/ ,// /
\“ sl

A very hot gas composed of equal numbers of positive and

®
E . © 06
[ s\ ® 2
SV © o

A ® ©

negative ions is in a closed, thermally insulated container and is
in thermal equilibrium at temperature T;,. The figure above
represents the initial distribution of the jons. A strong uniform
electric field directed toward the bottom of the page is now
created in and around the container, and the gas is allowed to
reach a new thermal equilibrium at temperature T.

Unauthorized copying or reuse of
any part of this page is illegal.
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27. Which of the following best represents a possible distribution
of the ions at temperature 7; ?

(A) B)
® 60 ® 0 06
®®@ ORS;
® O ® ®
OJONC O 00
P N N
( o6 o o ® o
3 7/@ @ @
o ®
® ©
©
Op @ % ©

28. The electric field is now turned off, and the gas is allowed T, =¥
to reach a final equilibrium temperature T, . How does T, e :
compare to T} , and why?

(A) T, is less, because the electric potential energy added by - ) i &
the field to separate the ions is gone once the field is wove etV
" turned off. I ¢
(B) T, is less, because pairs of positive and negative ions d =5
bond to become molecules once the field is turned off,

and energy is required to create the bonds.
(C) T, is greater, because work is done on the ions in the

—_ process of turning off the field.

L @D is greater, bacause the electric potential energy of the

~separated ions is converted to kinetic energy as they
mix and collide.

| Unauthorized copying or reuse of

any part of this page is illegal. GO ON TO THE NEXT PAGE.
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(9

Volume of Air
Volume of Air

29. Students in a lab are given the plunger-syringe system
represented above, which contains air at room temperature.
The students take their physics textbooks and place them on
top of the plunger one at a time. Each time a book is added,
they allow the system to come to room temperature and then
record the volume of the air in the syringe. Assume that air
may be treated as an ideal gas. Which of the following best
represents the expected graph of the volume of the air as a

function of the number of books?
\

(A) B) |
Number of Bo;k; Number of Books

»

Number of BooT;s Number of Books

>
—

Volume of Air
Volume of Air

\ O

/= (7 4 7ﬁ>"m [/ ,gl’,

%@:@mf
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30. A hydrogen atom is 1solated in a vacuum
chamber. The electron is now separated from the
proton and moved to a distance 1 cm away. Let
F;; be the magnitude of the gravitational force

between the proton and electron, and let Fj be
the magnitude of the electric force between the
proton and electron. How does the ratio Fg; /Fy
change as the particles are separated?

( (A) /FG /Fg does not change; it is the same

nonzero value for all separations.
(B) F;/Fy becomes larger as the particles are

moved apart.
(C) F;/Fg becomes smaller as the particles are

moved apart.
(D) Fg/Fp cannot be evaluated; it is undefined

for all separations.

31. When the average speed of the molecules
in a certain sample of gas is v, the absolute
temperature of the gas is T. If the average speed
of the molecules is doubled to 2v, what is the new
absolute temperature?

@47"
) 2T
©orT
(D) V2T : 9

| i .

\\\\.,
\
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32. The gray rectangle in the figure above represents
a region of uniform magnetic field directed out
of the page. A square loop of wire of side s is
in the plane of the page and is pulled at constant
speed v through the field. Which of the following
could show the current I in the loop as a function
of the position of the right edge of the loop?

A 1
A
O } ={—p> X
s 25 3s
B I
A
0 4 : > X
s 28 3s
© 1
A
0 > X
s 2s 3s
I_/\
Yy 7 |
&
(D) J
1 -
[0} :
s
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33. The mass of a proton is 1.673 x 107" kg, and the
mass of a neutron is 1.675 x 1072’ kg. A proton

and neutron combine to form a deuteron, releasing

3.520 x 107!3 J. What is the mass of the
deuteron?

.344 x 107 kg

(B) 3.348 x 1077 kg
(C) 3352x107 kg
(D) 3.911x107 kg

Unauthorized copying or reuse of
any part of this page is illegal.
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34. The figure above shows the locations and charges
of three objects. The magnitude of the electric

force exerted on the object located at the origin is
most nearly

GO ON TO THE NEXT PAGE.



2Bi > X+ B*

35. In the-decay represented above, what is the
fiucleon number of particle X?

A) 82
(B) 83
(C) 213
(D) 214

Radius 0.020 m

025m

Radius 0.040m /
3.0m/s — -——~F———-———m-=- R

36. Water of density 1000 kg/ m> flows at a

speed of 3.0 m/s through a section of pipe of

radius 0.040 m . The pipe bends upward to
0.25 m above its original height and tapers to a
radius of 0.020 m , as shown in the figure above.

If the water pressure is 1.50 X 10° Pa in the
lower part of the pipe, the water pressure in the
upper part of the pipe is most nearly

(A) 0.80x10° Pa

(B) 1.48x10° Pa

(C) 1.53%10° Pa

(D) 229 x 10° Pa

5T
Cortauity !

7
/, v, - 4 Ve

) ><,Z I 0// s 5 - - 7
/ & ) 4 4 - 20\ = I ; 0 ) /‘7f / C)Z
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Directions: For each of the questions or incomplete statements below, two of the suggested answers will be correct.
For each of these questions, you must select both correct choices to earn credit. No partial credit will be earned if
only one correct choice is selected. Select the two that are best in each case and then fill in the corresponding circles
that begin with number 131 on page 3 of the answer sheet.

Unauthorized copying or reuse of
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133. Two point charges, g; and g, , of equal J/

magnitude are at the vertices of an equilateral
triangle, as shown above. The sign of each of the
charges is unknown. A positive point charge is >
placed at vertex P and released from rest. Which
of the following shows a possible direction of the
initial acceleration of the positive point charge
: &~
due to the net force exerted on it by g, and q,?

Select two answers.

(&) /
/
/
/
/
/
/
/ \
/ \
/ \
D T T ——— A
(B) A
/N
/ \
/ \
7 \,
/ \
/ \
/ \
/ \
/ \
D T p—— A
(@) \
s \
\
\
\
\
\
/ \
/ \
/ \
U, 3

<—
D) 72N
/N
/N
/ \
/ \
/ 5
/ \
/ \
/ \

/ \
B P Y
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131. For which of the following phenomena is an P +0

explanation that treats light as a wave most ° ot

appropriate? Select two answers. d

(A) Visible light shining on a metal must have a 132. An isolated point charge +Q is located a distance
minimum frequency to cause electrons to be d to the right of point P, as shown above. The
E}I{HttCQ- o o ) point charge is then moved a distance less than d.

(B) ) Visible light shining on a multislit grating Movement in which of the following directions
causes an interference pattern. ) will result in a change in the direction of the

(C) X-rays impart some of their momentunt to an , electric field at point P ? Select two answers.

electron, causing the x-rays to be scattered.
(D)) X-rays incident on a crystalline solid create a
diffraction pattern.

(A) Toward the left

(B) Toward the right
— ¥C) Toward the top of the page
~(D) Toward the bottom of the page

Unauthorized copying or reuse
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PHYSICS 2
Section IT
4 Questions
Time—90 minutes

Directions: Questions 1 and 4 are short free-response questions that require about 20 minutes each to answer and are
worth 10 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

1. (10 points - suggested time 20 minutes)

The figure above shows a cross section of a drinking glass (mdex of refraction 1.52) filled with a thin layer of
liquid (index of refraction 1.33). The bottom corners of the glass are circular arcs, with the bottom right arc
centered at point O. A monochromatic light source placed to the right of point P shines a beam aimed at point
O at an angle of incidence 6 . The flat bottom surface of the glass containing point P is frosted so that bright
spots appear where light from the beam strikes the bottom surface and does not reflect. When 6 = 6, , two bright

spots appear on the bottom surface of the glass. The spot closer to point P will be referred to as X; the spot
farther from P will be referred to as Y. The location of spot X and that of spot Y both change as 6 is

increased.

(a) In a coherent paragraph-length answer, describe the processes involved in the formation of spots X and Y
when @ = 6, . Include an explanation of why spot Y is located farther from point P than spot X is and what

factors affect the brightness of the spots. / V/ Y /L
1] &7 %{( C /

/ﬁé //'7//[{//ﬂ/14 [(//ﬁz 46//364 // 7[{/0 //»(/4 T ¢
ﬂ;/ [/M( /ﬂ Q) 6(/75 [ s 74’ (L 7/5 /‘WZ 4= [ (/j’o 7/ {"{ : //7/’/.«("»
7[ /y Lialit /7/”/4 0,75 (‘//(/’“/ fee 4 //ﬂ/) Wff?/ﬂ” /Mf”’?/éf(/
/) sl utn
/J o ey / f/O {7% au! V”l/%/é[ /Lg%/ 4p//(/ f’/j

7& ((///L/{C 1 /{//’/g
& @rrte / /7/(5- &74// SomL2 /(/L("/ 74/”7’/”4/%{
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(b) When 6 is increased to 6,, one of the spots becomes brighter than it was before, due to total internal
reflection.

1. On the figure below, draw a ray diagram that clearly and accurately shows the formation of
spots X and Y when 6 = 6, .

S ‘ 2o 8

Glass

|
ii. Which spot, X or Y, becomes brighter "\Zaj it was before due to total internal reflection? Explain your

reasoning. p / // | )/ / Ay
// Totel tarmd 47 betion wnll occin ot -4/'////'//‘/2/'((,/17 wTlf0c
o

/]

due 4y @/ > QL (-,m;/ J(',/ié’m‘// L%/ %K’/ﬁfﬂ w M vallwo . \ /’

//,’f//v) 0‘/'4;»\ b Zf‘ 14 {%/i 730
(c) When 0 is further increased to 6, one of the spots disappears entirely.

i. On the figure below, draw a ray diagram that clearly and accurately shows the formation of the
remaining spot, X or Y, when 0 = 6;.

Air !

!

~ Liquid » ; R i
i - , 0

|

& i

’ P

ii. Indicate which spot, X or Y, disappears. Explain your reasoning in terms of total internal reflection.

I/ LA | ' ﬂ
/ // 9ol S e Q;& ALelty, & fic / cord b Yo

My, L, , '
- Y I // gt gt / 70/ uih Vg4
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2. (12 points, suggested time 25 minutes)

A battery of emf € and negligible internal resistance, three identical incandescent lightbulbs, and a switch S
that is initially open are connected in the circuit shown above. The bulbs each have resistance R. Students make
predictions about what happens to the brightness of the bulbs after the switch is closed.

(a) A student makes the following prediction about bulb 1: “Bulb 1 will decrease in brightness when the switch
is closed.”

i. Do you agree or disagree with the student’s prediction about bulb 1 ? Qualitatively explain your

reasoning. 3
/vz/l/z,/// / ﬂ/ﬂz/ LL(JZ//

/Bgom’@(ﬁ/ C/ﬁ/\/ Su) %0/ V/JV
a’ﬂ it
Tl smedld 404 %7’0741 b o reuidt w/L’// wmertagts [y oral 1

Constot { ) 4; 7147/4 / ’C[(. ///4/77/ - 7//14% j o j/ 7€’ éﬁ/ﬁ/ 74/1/ 7

ii. Before the switch is closed, the power expended by bulb 1 is P, . Derive an expression for the power

Y |
/(( y

P, expended by bulb 1 after the switch is closed in terms of P,.

new

V) t ) e G

XY

l S A ) 13 ; <,
7( y ’ % < 6 )O/ 'K‘(;// — .“:7,;, [“" ’“{‘ ! A /\

e LA S NG
“iii. How does the result of your derivation in part (a)ii relate to your explanation in part (a)l?\

TP ol Lheppi g/ )

ngw @z e ﬁ’
/ A cwéﬁzf/ w/m,@f o bl T constanit o //?/ 7
[
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(b) A student makes the following prediction about bulb 2: “Bulb 2 will decrease in brightness after the switch
is closed.”

i. Do you agree or disagree with the student’s prediction about bulb 2 ? Explain your reasoning in words.

N ‘ / ,
/}(/ 120 ﬂ') ( uNrAQ / s {D( A / m (//7((/"(\/,{”// 1%, //f/‘//(, 14 //( (7 7y eds N/
| Pt — G A CES L :

] d

( 1/ / / ;

? A I e {
A it oSl ol SOACD P T < .
“AtTh Cevston oL ///// de.crlciaes . S-hee //4,/5 v
8 i YOO A L o g '/

2
y / , \ 7.
;. Nl <

ii. Justify your explanation with a calculation.

. N » / /« . ( w7 o
N /(:7/2{ PR {/, = Lo / (7-4‘/&\/ ! /I, Loy /<
s . "-‘( . < o -~
g sl T Q. £
4R 2 2R "2

: | | S | / - . ‘-
//[:/6 :///; - (_/{ 5 /,/ /41/3‘ - < (/ - /((

V 4 & 2 ( e

(c) While the switch is open, bulb 3 is replaced with an uncharged capacitor. The switch is then closed.

i. How does the brightness of bulb 1 compare to the brightness of bulb 2 immediately after the switch
is closed? Justify your answer.

ii. How does the brightness of bulb 1 compare to the brightness of bulb 2 a long time after the switch
is closed? Justify your answer.
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3. (12 points, suggested time 25 minutes)

Students are watching a science program about the North Pole. The narrator says that cold air sinking near the
North Pole causes high air pressure. Based on the narrator’s statement, a student makes the following claim:
“Since cold air near the North Pole is at high pressure, temperature and pressure must be inversely related.”

(a) Do you agree or disagree with the student’s claim about the relationship between pressure and temperature?
Justify your answer.

090 Presgunt = # 0; collsiims faer e /eyt anty

(>/’S (f‘ﬂ'
/L’}/m"/ﬂ (\< ﬂdl/é /‘)(7_,0( A 7//~’07// /”4/7//((///(\ w/y // /(’{/‘Z may (7//5

102 sec . A /L ,

After hearing the student’s hypothesis, you want to design an experiment to investigate the relationship between
temperature and pressure for a fixed amount of gas. The following equipment is available.

Jo
” Cylinder with Movable Piston Cylinder with Fixed Lid
/
W\A cylinder with a movable piston, shown above on the left
_/ A cylinder with a fixed lid, shown above on the right <

Note: The two cylinders have gaskets through which measurement instruments can be 1nserted without
gas escaping.

I/~ A pressure sensor

L~ A basin that is large enough to hold
either cylinder with a lot of extra room

~~ A source of hot water

" A source of mixed ice and water
_ A meterstick

_ ¥~ A thermometer

____ A stopwatch

(b) Put a check in the blank next to each of the items above that you would need for your investigation. Outline
the experimental procedure you would use to gather the necessary data. Make sure the outline contains
sufficient detail so that another student could follow your procedure.

LA s o ol et ot

<ot 7/{&7,710///1(;74// yi /{M(’/_?(j V23%
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— 2 5/07,,,(/ /ﬂ 7 1/'/. ('(/ // /1/(/
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between temperature and-pressure for a fixed amount of gas? Explain why the trials you selected are most

useful.
Draw a curve or line that best represents the relationship between the variables.

Volume (cm3)
Pressure (kPa)
Temperature (°C)

Trial Number
(c) What subset of the experimental trials would be most useful in creating a graph to determine the relationshi

(d) Plot the subset of data chosen in part (c) on the axes below. Be sure to label the axes ap

The table below shows data from a different experiment in which the volume

of a sample of gas are varied.

(e) What can be concluded from your curve or line about the relationship between temperature and pressure?

GO ON TO THE NEXT PAGE.
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* Electron Source [JJj

[ ]
d Yo
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P

Note: Figure not drawn to scale.

4. (10 points - suggested time 20 minutes)

The apparatus shown in the figure above consists of two oppositely charged parallel conducting plates, each with

area A =0.25m?, separated by a distance d = 0.010 m. Each plate has a hole at its center through which
electrons can pass. High velocity electrons produced by an electron source enter the top plate with speed

vy = 5.40 X 108 m/s , take 1.49 ns to travel between the plates, and leave the bottom plate with speed
vy =8.02%10° mfs. < | '

{4 S P 7 4

(a) Which of the plates, top or bottom, is negatively charged? Support your answer with a reference to the
direction of the electric field between the plates.

(|

J e NLU
o0 [ § f

(b) Calculate the magnitude of the electric field between the plates.

-

_ e
-;/?/) ¥ (:w,(\ - v//c/"’[ KZ ]%?JP

/ Y
/?%F)l’ 7 (/:A

b G o >f‘/x/0) Az [/, WAL (f””/ﬂ)

~ ,, ~/¥
J o) e~V 4 2.9 300 160"V < 7 G pp
(c) Calculate the magnitude of the charge on each plate. [

D-cy
Q() \(,a/ V- Mﬁw ,,45
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(d) The electrons leave the bottom plate and enter the region inside the dashed box shown below, which
contains a uniform magnetic field of magnitude B that is perpendicular to the page. The electrons then leave
the magnetic field at point X.

Electron Source .

[ ]
d f

g

Note: Figure not drawn to scale.

i. On the figure above, sketch the path of the electrons from the bottom plate to point X. Explain why the
path has the shape that you sketched.

ii. Indicate whether the magnetic field is directed into the page or out of the page. Briefly explain your
choice.
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