D1-WWTO04:\CHARGED INSULATOR AND A GROUNDED CONDUCTOR—INDUCED CHARGE
A charged insulating sphere and a grounded conducting sphere are initially

far apart. The charged insulator is then moved near the grounded conductor

as shown. A student makes the following statement:

“When the charged insulator is brought close to the grounded conductor, it
will cause the negative charges in the conductor to move to the side closest
to the insulator. If the charged insulator is taken away, the conductor will
be left with a negative charge evenly distributed over its surface.”

What, if anything, is wrong with this statement? If something is wrong, explain the error and how to correct
it. If the statement is valid, explain why.
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D1 -SCT07:\CHARGED RoD AND ELECTROSCOPE—DEFLECTION

sitively charged rod is brought near an electroscope. Even though the rod
dctn:a not touch the electroscope, the leaf of the electroscope deflects. Below, three
students discuss this demonstration.

Amadeo:  “There are positive charges that jump from the rod to the plate of the
electroscope. Since the electroscope is now charged, the leaf moves
out.”

Barun: “Charges don't have to move from the rod to the plate to deflect.
When the rod comes close, electrons in the electroscope move toward
the plate. This leaves the bottom of the electroscope positively

charged, and the leaf lifis.”

Carmen:  “Positive charges are fixed in place. When the rod is brought close to
the electroscope plate, the electrons in the plate are attracted and
Jump to the rod. This leaves the electroscope positively charged, and
the leaf lifts.

With which of these students do you agree?
Amadeo __ Barun Carmen None of them __

Explain your reasoning.
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\ D1-RTO2:\TRANSFER OF CHARGE IN CONDUCTORS—CHARGE ON LEFT CONDUCTOR
wo 1dentical conducting spheres are shown with an initial given number of units of charge. The two spheres are
brought into contact with each other. After several moments the spheres are separated.

A

B

XX

D

29

XX

Rank the charge on the left sphere from the highest positive charge to the lowest negative charge after they

have been separated. (Note that —6 is lower than

2).

]

CJor [ [

Greatest
Explain your reasoning.
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determine
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WD CHARGED PARTICLES—FORCE

Shown below is a student’s drawing of the electric forces acting on Particle A (with charge +Q and mass m) and
Particle B (with charge +4Q and mass m).

i

Frln A b B +Q, ”I +4Q, -”F Frin'l v A

-0 O
Particle A Particle B

-

There is something wrong with this diagram. Explain what is wrong and how to correct it.
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| D1-RT12:\Two ELECTRIC CHARGES—ELECTRIC FORCE
" In each figure, two charges are fixed in place on a grid, and a point near those particles is labeled P. All of the
charges are the same size, @, but they can be either positive or negative.

- =

+Q @ P
o —0 —X

(
0 X

|

=
+g +0 [P

i o

|

|

Rank the strength (magnitude) of the electric force on a charge +¢ that is placed at point P.

L _Jor [} L] ]

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

Explain your reasoning.




. | y
ri _ I|' 1€l { fhat b ot

e IS ORi --:]:'.'|'4'|' EF ) .r.'l'l' |.'.I.J|'!_'.'. lIlr.ruI CNe _||rJ- e wWor cHi

. F - i ¥ n - - 2y 5 sy 3 FVET r
| CHISe ||_ _|,J.'r wao JI § I _||r I,'l.l.l.',r.'|' I |.|J|'.Ij| Ié oo b | |'I|'|'h'.'|' In




_ D1 RT13;\PAIRS OF POINT CHARGES—ATTRACTIVE AND REPULSIVE FORCE
¢ following d]..l"l:l.ﬂh show three separate pairs of point charges.

1
D
-2 © @ +3q

|

Rank the force on Ldl.h pmnt charge from most attr.utne to most repulsive,

[ T T T Je [] [

I . : ! 0 All All
Greatest Least the same ZEero

Explain your reasoning.
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D1-RT17:\CHARGED PARTICLES IN A PLANE—FORCE

-fireach case. small charged particles are fixed on grids having the same spacing. Each charge g is identical, and all
other charges have a magnitude that is an integer multiple of Q.

A D

B S it F
q | 40

| |

+20

{ ' vy { |
q , TJ;EQ +80 J
! _ 1 -
Rank the magnitude of the net electric force on the charge labeled g due to the other charges.

| | B | OR J
1 ; 4 5 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.




inswer: A=C=E>D>

From Coulomb’s law, the force between two charges is proportional to the product of the charges and inversely

proportional to the square of the distance between them. If we let F be the magnitude of the force between a 20

charge and a g charge that are two squares apart, then in case A there is a net force on q of 2F. In case B, the
two forces on g act in opposite directions and have the same magnitude, so there is no net force. In case C, they
act in the same direction, and each has a magnitude F, so the net force on q is 2F. In case D, the distance
between the charges is greater than it is in case A, so the net force will be smaller (but it is not zero). In case E,
the distance between the two charees is the square root of 2 times as larce as it is in case A, and since the force
varies as the inverse square of the distance, the force would be half as big if the charges were the same as the)
are in case A, However the size of one of the charges has doubled as well; these two effects cancel and the net

force in case E is 2F as well.




D1-QRT1 él Two UNEQUAL CHARGES—FORCE

Shown Below are two charged particles that are fixed in place. The magnitude of the charge @ 15 greater than the
magnitude of the charpe 4. A third charge is now placed ot one of the points A—-E. The net force on this charge due o
g and (2 is zero.

{a) Both g and (2 are positive.
At which point A-FE is it possible that the third charge was placed?
Explain your reasoning.

(b} Charge ¢ is positive and charge ¢ is negative.
At which print A=F is it possihle that the thivd charge was placed?
Explain your reasoning,

(e} Charge ¢ is negative and charge  is positive.
At which point A=FE is it possible that the third charge was placed?
Explain your reasoning.

{d) Bath ] and (_]‘ are nepiative
At which point A-FE is it possible that the third charge was placed?
Explain your reasoning,




D1-QRT09:\Two CHARGES—FORCE ON EACH
i5e shown below, two charges are fixed in place and are exerting forces on each other.

For each case, draw a vector of appropriate length and direction representing the electric force acting on each
charge due to the other charge. Draw the vector representing the force with the length proportional to the magnitude
on the left charge above that charge; and draw the vector representing the force with the length proportional to the
magnitude on the right charge below that charge (see the example). For each diagram, use the same scale as the
example.

e ———
Example: Q +() +() O

0 +20
©-20

6-0

Explain your reasoning.




Example:

(a)

© -0 +200

0 o2 o3

Explain your reasoning,.

Using the example as our template when the charge magnitudes doubled with no change in distance the force
doubled. Changing from two positive charges to a positive and a negative makes the forces attractive rather than
repulsive. In (d) both charges are doubled so the force is four times as large as the example. In (e) the distance is
doubled reducing the force by four and for (f) that force is doubled when the second charge magnitude was

chr}HJ'IJ.Ir{'{.'r.




(a) Both g and Q are positive.

At which point A-FE is it possible that the third charge was placed?

Explain your reasoning.

Answer: Point B.

To get zero net force, the force due to +q on a third charge must be the same size
as the force due to +Q on that charge, but these two forces must point in opposite directions. If the charge is
placed at points A or E, the force from +q and +Q will be in the same direction. (For example, if we place a
positive charge at A, both other charges will push it to the left, and if we place a negative charge there, both other

g'.l'l.'r.‘j'_;fg-x W :'I|"|"].'.'.r|'.lr.'r if to the .l'.":{jl.?.f._.' So if 1s nol pos \.r'ﬂrh'rl'__,f.rj,r' the .ln'r'J'_llru,l'g'r' to be zero at these f}rs.".ln'."\. Between +q and

+(), the two forces on a third charge will point in opposite directions, so we need to find a position where these
opposing forces are the same size. Point C is the same O is a larger charge and it is closer. At point B, the +q
charge is closer, so if +q and +Q were the same size, the force due to +q would be greatest. But we know that +q is

smaller that -—t‘_)" — 5o it is at least pos sible that r‘.lrr{-_,fn.-x es are u'!'u'.f-'f' at these l,-_r.ru','.l.’x.

Explain your reasoning.

Answer: Point A.

\f I,r,-..r.",u."\ B, C, and D, .',".H-__ﬁ;.r‘r ¢ on the third charge due to +q l."uh".r'.'.fk in the same
direction as the force due to —() — one force l.'J.'r'\f.'L'\ and the other on I.'r.'f'.'rl'rn At I.ffr.'."-’h’ E, the forces will be in

opposite directions, but the force due to =0 will be larger, since this is a larger charge and it is closer. At point A,
f ||I 2 o o e I

(b) Charge g is positive and charge ( is negative. - -
At which point A-FE is it possible that the third charge was placed? )L "':E )L L L —f L
A T B C D T 2

the proximity of +q might compensate for the smaller charge in just the right way so that the forces due to —Q and

+() are equal in magnitude.




(c) Charge g is negative and charge () is positive.
At which point A-FE is it possible that the third charge was placed? )L

-4 +Q
Explain your reasoning. o o
Answer: J'””-'."-'-'.'l.- A T B C‘ D T E

s with question b, between —q and +Q the forces on the third charge will point
in the same direction, so it is not In'-'-';l.x-'.."IJ.lr.f_'_lf;lj' the ."'-L'r.'_l.’;'_-"{'{'s to add to zero. Al J-'Jr-'.'..ln'." E, the |'I.f:'."_=,f('_-" ('_-'I.ir.l.l':_{a, is also
closer, so ,r'j'.-‘.r_'_.."r,-.'u ¢ due to the larger .-_'.'rrr:'.u"_,L;'r' must be larger. At point A, the smaller charge is also closer, and so it

is possible for the two forces to be equal and opposite.

(d) Both ¢ and Q are negative. : :
At which point A-FE is it possible that the third charge was placed? )L —E )L J( L —E L
A T B £ D T E

Explain your reasoning.
Answer: Point B.

\s with question a, the forces act in the same direction for charges placed at A

or E. At points C and D, the two forces cannot be the same magnitude. At point B, the forces point in opposite

directions, and the smaller ('_-"Ir.f.":_ﬁ is also closer, so it is ,-'J-'H'-n'.JrJ."-J_' that the H{'l'_f;'.-'f{'{' is zero on a third .lrr.':'.l'l;'_;'( I.'J':".fr.'_'r'f:’.

at this point.




E D2-RTO1)\CARBON RESISTORS—RESISTANCE
i different resistors are created from the same piece of carbon. The length and the diameter of each resistor are

shown.

———

|A L=8cm | B £ I _ L=4cm

D=2cm | J D=2ecm

il ]

Rank the resistance of the four resistors.

] T Jee [] ] |

] : All All Cannot
Greatest Ieast the same zero  determine

Explain your reasoning.
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_D.'?-HTM: IMPLE RESISTOR CIRCUITS |—RESISTANCE

All of the resistors and batteries are identical in the circuits shown.
| R | |
‘A B lc D
| I
|

=] | [ Jox R

1 £ All All Cannot
Greatest the same zero  determine

Explain your reasoning.
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IMPLE LIGHT BuLE CircuITS |—BuLBE BRIGHTNESS
All of the bulbs in the circuits below are identical, as are all of the batteries.

For the three items below, rank the brightness of the bulb labeled X.
(a)

|

_ Cannot
Greatest the same zero  determine

Explain your reasoning.

B-C
H Ol Cod

: =
| OR .f

All All Cannot
Greatest the same zero  determine

Explain vour reasoning,




Explain your reasoning,.

Answer: All the same.

The voltave drop across the bulb must be the same as the voltage of the battery, and the position of the bulb is
5 f L€ 4 I

irrelevant.

_1' _]'

(D (D~ (D~

OR

1 3 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning,.

Answer: A > B > C.

The bulbs are in series for each circuit, and the resistance of the circuit increases for each bulb added in series. A
large circuit resistance corre \I,’.-'l.'n'."{l'l\. to a small current. Since all of the bulbs in each circuit will have the same

current, the brightness will be determined by the potential differences across the bulbs.




3 Aldl All Cannot
Greatest Least the same zero  determine

Explain your reasoning.




OR

1 3 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
Answer: All the same.

\ll of the bulbs have the same current and jHr,a.'r'.wfm.'.'r difference, so they have the same brighiness.




D2-RT06:(SIMPLE LIGHT BuLB CIRcUITS Il—BuLB BRIGHTNESS
2 ofthe bulbs in the circuits below are identical, as are all of the batteries,

In each of the items below rank the brightness of the bulb labeled X.
(a)

A ' C

2 E Cannot
Greatest Least the same zero  determine

Explain your reasoning.

Al All  Cannot
Greatest the same Zero  determing

Explain your reasoning.




Explain your reasoning,.

Answer: A >B =C.

Putting two batteries in series—case A—doubles the potential difference across the bulb compared to a single
battery. In cases B and C, the voltage across the bulb is equal to one battery voltage. Putting batteries in

parallel—case B—does not change the potential difference.

(b)

C
©

| 3 All All Cannot
Greatest Least the same  zero  determine
Explain your reasoning,.
Answer: A > C > B.
In case A the voltage across bulb X is the battery voltage. In case B, the branch containing bulb X has no voltag
difference from one end to the other, because the diagonal wire connects the ends, and so bulb X will not light. In
case C, the wire l,n'.l'u.ll.l.'.'rr't i I|"-|’|'.I',Ir|' with no resistance across the middle bulb, and the '.'|.'|'Ifff_er' across each of the

other bulbs is j':.-nf',".ff.'r' battery I'JJ|'I.'.'.lf_;"4, .




@x “C

+ ‘

@X
L]

';me.

'_! | — i
3 All All Cemm}l
Greatest Leasl the same zero  determine

Explain your reasoning.




1 3 All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.

Answer: All zero.

!;.'fl‘l.'ll-' .I'L H |'..'|I.l|l ol ||rI'|'I'| e a current in any -'-!lll..l'.lrf{"{ |',|'I.".l'{'r' CasEs .‘r:'r'l, aduse |'.'r|'4, WIFe I|'|_I"I'.I"-'|'.4||I{ § (I Zero resisiance ,r.-'h'.l',l'l." |'..F|'

I,’.-'.'.'.'n'l'l'l.'f{'u'r '-I'.'I.I'J'I." ."I-'."|'|'r|'r' _.\_..




m ATTERIES AND LIGHT BULBS—BULB BRIGHTNESS
dentical 1deal batteries are connected in different arrangements to identical light bulbs as shown.

— A — — L
Rank the brightness of the light bulbs.

L !| |
I E All All Cannot
Greatest Leasi the same zero  determine

Explain your reasoning.
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D2-RT11ASimPLE LIGHT BuLe CircuiTs —POTENTIAL DIFFERENCE BETWEEN TwoO PoINTS
All of the bulbs in the circuits below are identical, as are all of the batteries.

In each item below, rank the magnitude of the potential difference between points M and N.

Cannot
Greatest Least the sume  zero  determine

Explain your reasoning,

i [

All All Cannot

Greatest Least the same zero  determine
Explain your reasoning.




Explain your reasoning.
Answer: All the same.
In all four cases N is connected by a wire to the ne oaive terminal af the battery and M is connected to the

positive terminal. Since the batteries are all identical the potential differences are all the same.

(b)

| 2 3 All All Cannot
Greatest Least the same  zero  determine
Explain your reasoning.
Answer: All the same.
In all four cases N is connected by a wire to the negative terminal of the battery and M is connected to the

positive terminal. Since the batteries are all identical the potential differences are all the same.




BN

E

All : Cannot
Greatest the same zero  determine

Explain your reasoning.




1 2 3 All Cannot
Greatest Least the same zero  determine

Explain your reasoning.
Answer: All the same.

Here the potential difference for all three is the potential difference across one bulb when all the bulbs are

.'.'.'rl"n'.".l'.l.'_'a’n'l'l :.'.'.f.'.'r are |'..||' |'.|r|'4, Same |'r'_|"|'.|.F|'|, _|'I.". s |'.|r|'4, Vv J'l."u'.ll'4, |'J'I.l'{' Same current.




\D2-RT17: #lMPLE LiGHT BuLe CIRcuITS Il—CURRENT IN BATTERY
All of the bulbs in the circuits below are identical, as are all of the batteries.

For the two items below, rank the current in the battery.

(a)

A ) B
@

IOR | |

I - g All All
Greatest

Explain your reasoning.

L1
: Cannot
_east the same zero  determine

&

1 e (] [ [

g All All Cannot
[east the same Fero determine

Greatest
Explain your reasoning.




Answer: B> A =

In cases A and C there are two bulbs in series, creating a resistance that is greater than the resistance of a single
bulb. Circuit B has two bulbs in parallel, and the f.'x.r.'.lr.'."juf{' paths act to reduce the resistance, so the resistance in
circuit B is smaller than the resistance of a single bulb. The battery current is largest where the circuit resistance

s \,I.I'||l'|'l|ll|l{'\.ll_

(b)

L

1 All Cannot
Greatest zero  determine

Explain your reasoning,.
Answer: A =C > B.

There is no resistance in the wire, and when the wire is I."-"-'JL ed in parallel with the bulbs, all of the current is in
the wire and there is no current in those bulbs — the bulbs are “shorted.” In cases A and C two bulbs are shorted,
leaving an equivalent resistance of only one bulb, while in case B only one bulb is shorted, leaving an equivalent

resistance of two bulbs in series.




D2-LMCT21:\Two RESISTORS IN PARALLEL—BATTERY CURRENT

EE

For the circuit shown, identify, from choices (i)-(iv), how each change described below will affect the current in
the battery.

This change will:

(i) increase the current in the batery,

(i) decrease the current in the battery.

(iii) have no effect on the current in the battery.

{1v) have an effect on the current in the battery that cannof be determined.

All of these modifications are changes to the initial situation that is shown.

(a) The resistance in R, is reduced.
Explain your reasoning.

{(b) The resistance in R, is reduced.
Explain your reasoning.

(c) The resistance in R, and R, are increased by the same amount, _
Explain your reasoning,

{d) The resistance in R, is reduced, and in R, it is increased.
Explain.




(a) The resistance in R is reduced.
Explain your reasoning.

(i) The current in the battery will increase since the equivalent resistance of the circuit decreases.

(b) The resistance in R, is reduced.
Explain your reasoning.

(i) The current in the battery will increase since the equivalent resistance of the circuit decreases.

(¢) The resistance in R, and R, are increased by the same amount.
Explain your reasoning.

(ii) The current in the battery will decrease since the equivalent resistance of the circuit increases.

(d) The resistance in R, is reduced, and in R, it is increased.
Explain.

(iv) The effect cannot be determined, because the equivalent resistance might increase or decrease depending on

specifics of what each resistor was initially and how much each resistance changes.




D2-RT23: SIMPLE RESISTOR CIRCUITS I—CURRENT

7 the resistors m the circuits shown are identical, as are all of the batteries.

A B|

Rank the current at the upper right-hand corner of each circuit.

': |! loR |
| I | OR
l o S ' All All Cannot

Greatest the same ZOTD determine

Explain your reasoning.




Answer: F :

In cases B, D, and F, each resistor has one end connected by a wire to the top of the batterv and the other end
connected by a wire to the bottom of the battery. The voltage across each resistor in these circuits is therefore the
battery voltage V, and the current in each resistor is V/R. In cases B and D the current in the upper right hand

corner is the same, since in these cases if is {'rl,r.'.'fr.u" to the current in the resistor below that point, or VIR. The

current in case I is twice as big, since the current in the upper right hand corner is equal to the current in two

resistors. In cases A, E, and C, the resistors are connected in series, and the current in the battery is equal to the
battery voltage divided by the sum of the resistances, which is 2R in cases A and E, and 3R in case C. In these
cases, the current in the upper right hand corner is the same as the battery current, since there are no junctions

int the circuits. This current is V2R in cases A and E, and V/3R in case C.




E D2-RT24;{SIMPLE RESISTOR CIRCUITS WITH A GROUND—VOLTAGE
—AIT ol The resistors in the circuits below are identical, as are all of the batteries.

A B c| D

:

| |
I |
I l i €$r T |

Rank the voltage at the upper right-hand corner of the circuits relative to ground.

LT T T [ T Jor []

3 4 f All All Cannot
Greatest Least the same zero  determine

Explain your reasoning.




Answer: }r}' = jr)‘ = f = - .Ir

For cases B, D and F the upper right corner is connected by a wire to the positive terminal of the battery, which

is higher in voltage than the negative terminal (connected to ground, or zero volts) by the voltage of the battery.

In cases B, D, and F, then, the upper right hand corner has a voltage equal to the battery voltage V and is the

SO In .I'.I|I|'{"-J, § CONEs, _Jr.ll' cases A, { 3 4’:'.||'|:'l'I .Ir |'.|r|'{ FESINIOrS dare LJJ.fn'.Fn'r'{'.r{'u'l In ".I"_I"I'-{"-. rl'.fn'eu'l ”I'H curreni |'..f|' J,:'.'l,_l'l." ane IS .I'.Ir|'{'

same, so the voltage drop across each resistor in the circuit is the same. In cases A and E each resistor must have

a voltage across it of one-half the battery voltage, and in case C each resistor has one-third of the battery voltage

, the voltage at the upper right hand corner must therefore be two-thirds of the battery voltage,

and in cases A and E it must be one-half of the battery voltage.

across it. In case (




D2-RT28: PARALLEL CIRCUITS Il—VOLTMETER READINGS ACROSS OPEN SWITCHES
All of the resistors in the circuits below are identical, as are all of the batteries. The switch in each case 1s open.

B ii |D

=

Rank the voltmeter readings.

[ | I LI el

l ! All All Cannot
Greatest Least the same zero  determine

Explain your reasoning,
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D2-CT40: Four LIGHT BuLBS CIRCUIT WITH SWITCH—EFFECT OF CLOSING SWITCH

ATy 15 connccted to four identical bulbs and a switch as shown,
{a) When the switch is closed, does the brightness of bulb C (i)
increase, (i) decrease, or (iii) remain the same?

Explain your reasoning.

(b) When the switch is closed, does the current in the battery (i)
increase, (1) decrease, or (iii) remain the same?

Explain your reasoning.

(e} When the switeh is elosed, does the brighiness of bulb A (i) inerease, (i} decrease, or (i) remain
the same?

Explain your reasoning.

(d) When the swilch is closed, is bulb £ (i) brighier than bulb A, (i) dimemeer than bulb A, or (iii) the
same hrightness as bulb A?

Explain your reasoning.

(2) When the switch is closed, does the brightness of bulb I3 (i) increase, (ii) decrease, or (iil) remain
the same?

Explain your reasoning.

(fy When the switch is closed, does the brightness of bulb B (i) frerease, (§i) decrease, or (i) remain
the same’? _

Explain your reasoning.




(2) When the switch is closed, does the brightness of bulb C (i)
increase, (i) decrease, or (iii) remain the same?

Explain your reasoning.

Answer: (i) The brightness of bulb C increases.
With the switch open, bulb C has no current and is not lit, because there
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the current in bulb A will split at the junction below bulb A, with half of
the current going to bulb B and half to bulb C. Bulb C will light up.

(b) When the switch is closed, does the current in the battery (i)
increase, (i) decrease, or (iii) remain the same?

Explain your reasoning.
Answer: (i) The current in the battery increases.
The resistance af wo bulbs connected in If.=.r_r.-'e.'."?'{ [ ias B and C are when the switch closes) is smaller than the

resistance of a single bulb, so the resistance of the portion of the circuit containing bulbs B and C and the switch

decreases when the switch closes. Since this portion of the circuit is connected in series with bulbs A and D, the

overall resistance of the circuit goes down, and as a result the current in the battery increases.

(c) When the switch is closed, does the brightness of bulb A (i) increase, (ii) decrease, or (iii) remain
the same?

Explain your reasoning.

Answer: (i) The brightness of bulb A increases.

Since the current in the battery increases, the current in bulb A increases as well, since these elements

are in Ir.'rl'l. sdme l’r'J"-'-'J'n'l. J’I-? r'!'.l'n'h'l -r.'rl'l.'!'.." CHFFeRIs must be .'.'r:'r' Same.




(d) When the switch is closed, is bulb D (i) brighter than bulb A, (ii) dimmer than bulb A, or (iii) the
same brightness as bulb A?
Explain your reasoning.

Answer: (iii) The brightness of bulb D is the same as the brightness of bulb A whether the switch is Open
or closed.
Bulb A, bulb D, and the battery are connected in series, and the charge that goes through one of the
elements per unit time (the current) must be the same as what goes through the other two as well. With
the switch closed, the current in bulb A splits at the junction below A, but then recombines at the
junction above D.
(e) When the switch is closed, does the brightness of bulb D (i) increase, (ii) decrease, or (iii) remain
the same?
Explain your reasoning.

Answer: (i) The brightness of bulb D increases.
Since the current in the battery increases, the current in bulb D) increases as well, since these currents
must be equal.

(f) When the switch is closed, does the brightness of bulb B (i) increase, (ii) decrease, or (iii) remain
the same?

Explain your reasoning.

Answer: (ii) The brightness of bulb B decreases.

With the switch open, bulbs A, B, and D are connected in series, with each having the same current. Since these
bulbs have the same current and are identical, they also have the same voltage across them, and the sum of these
voltages must be equal to the battery voltage, or 24 Volts. Each of these bulbs therefore has 8 volts across it when
the switch is open. When the switch closes, the current in the battery goes up (because the resistance of the circuit

goes down), and so the current in bulbs A and D goes up as well. Since the current in these bulbs increases, the

voltage across these bulbs also increases, and is therefore greater than 8 Volts. Whether the switch is open or
closed, however, it remains true that the sum of the voltages across bulbs A, B, and D must add to the battery
voltage, 24 Volts. With the switch closed, bulbs A and D) have voltages across them greater than 8 Volts each, and
vo the voltage across bulb B must be smaller than 8 Volts. So the voltage across bulb B goes from 8 Volts when

7 less than 8 Volts, and bulb B must get dimmer.

the switch is open to somethin




