AP® PHYSICS B
2007 SCORING GUIDELINES

General Notes About 2007 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be awarded.
One exception to this may be cases when the numerical answer to a later part should be easily
recognized as wrong, e.g., a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if use of the equation expressing a
particular concept is worth one point, and a student’s solution contains the application of that equation to
the problem but the student does not write the basic equation, the point is still awarded. However, when
students are asked to derive and expression it is normally expected that they will begin by writing one or
more fundamental equations, such as those given on the AP Physics exam equation sheet. For a
description of the use of such terms as “derive” and “calculate” on the exams, and what is expected for
each, see “The Free-Response Sections—Student Presentation” in the AP Physics Course Description .

The scoring guidelines typically show numerical results using the value g = 9.8 m/ s>, but use of

10 rn/ s? is of course also acceptable. Solutions usually show numerical answers using both values
when they are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some
cases answers containing too many digits may be penalized. In general, two to four significant digits are
acceptable. Numerical answers that differ from the published answer due to differences in rounding
throughout the question typically receive full credit. Exceptions to these guidelines usually occur when
rounding makes a difference in obtaining a reasonable answer. For example, suppose a solution requires
subtracting two numbers that should have five significant figures and that differ starting with the fourth
digit (e.g., 20.295 and 20.278). Rounding to three digits will lose the accuracy required to determine the
difference in the numbers, and some credit may be lost.
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Question 3
15 points total Distribution
of points
@ _
(i) 2 points
For ranking 1, as the greatest 1 point
For ranking I as the second greatest and 7, as the third greatest 1 point
(i) 2 points
For a correct statement justifying that 7, is greatest. (For example: The total current 1 point
flows through R, and gets divided between the other two resistors.)
For a correct statement justifying that /. is second and I is third. 1 point
(For example: R, and R share the current in the parallel segment, and that current
divides between R, and R, so that the smaller resistor R carries the most current.)
(b) _
(i) 1 point
For the correct ranking V,, Vp, Vo =1, 2, 2 1 point
(i) 2 points
For a correct justification that V, is the greatest. (For example, because no resistor is 1 point
greater than R, , and R, has the full current through it. Or, because R, is greater
than the equivalent parallel resistance of R; and R .)
For a correct justification that V; = V.. (For example, since the voltage across the 1 point
parallel resistors R, and R is the same.)
(© 3 points

Let Ry~ be the resistance of the parallel combination of R, and R .

For one correct form for determining Ry~ 1 point
ot vttt 13
Rge Ry R- 2R R 400Q 200Q 400 Q
2R 400 Q

Rpyr ==—=—75—=133Q

BC 3 3 33
For one correct form for determining the total resistance 1 point
Ry = Ry + Rye = 2R+ 25 =400 @ +133Q
For the correct numerical value 1 point
R, =533Q
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Question 3 (continued)

3 points

For one correct form for the current 7, , using Ry, from part (c)

E 12V
R .~ 533Q

For the correct value of V¢
Vo.=E-V,=E-1,R, =12V —(0.0225A)(400 Q) = 3.0 V

I, = = 0.0225 A

tot

[=Ye_ 3V

€ R. 200Q
For the correct numerical value of 1.
I =0.015 A

Alternate solution

Using Ry = 2R- and V, =V, sothat IzR; = IR,
R 2R

Io=L1,==C]
R- % R %

For the correct numerical value for 7,

I, = €/R,, = 0.0225 A

For correctly relating 1

=21,

to I

1 31
Lo :IB+IC:7C+IC:TC

For the correct numerical value of 7,
21, 2

— tot

le = 3 3

tot

(0.0225 A) = 0.015 A

2 points

In the new circuit, 7, = 0 at equilibrium, so the total current goes through each of

the two resistors

€ __ & _€_1V _
I"”_RA+RC_2R+R_3R_6OOQ_O'02A

For the correct value of the voltage across the capacitor
Ve =1I,,R. = (0.02 A)(200 Q) = 40 V

0 =CV,

0 =(20x107° F)(40 V)

For the correct numerical value of Q
0=80x10"°C
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1 point

1 point

1 point

Alternate points

1 point

1 point

1 point
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Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).


ccappa
Text Box
    


B3A;

MA-
84.—.51‘ Ry=2RZ Rc=R
hY

3. (15 points)

The circuit above contains a battery with negligible internal resistance, a closed switch S, and three resistors,
each with a resistance of R or 2R.

(a)

i. Runk the currents in the three resistors from greatest (o least, with number 1 being greatest. If two

< resistors have the same current, give them the same runking.

. Y
V' > -2 Ig 2 I

ii. Justify your answers.

s He tond corent Mhrowh He pornllel perks of Ry ovd Re sk odd, bo
H corrant Po)h'? W\n@h Rk/ i Hvy,'ly’%}, b,, AdbiHow, -

Mo oyt will run Frrsw b R, coh-‘mml b Rg o R yrovidy He parh oF
181 TS, Tw volh’,, dry rve Ry ~ Re &5 He fae, and o I‘L,

B tnetley fg3by CRy) hey nent Gurenk.

(b)

i. Rank the voltages across the three resistors from greatest to least, with number 1 being greatest, If two
> ‘k resistors have the same voltage across them, give them the same ranking.

w‘% L v 2+ vg 3 Ve

"’(,, ii. Justify your answers.
WO vy

Bepir K K,\ hy He megh Convent rm.\) rhemp by F b Ho Lot volbge
A"f,, af No sthw reyrstor 13 l"ytvf Yhn By,
kg Ry ok Ro o on prall] puthy, re valbgc drop acwris engh of
Pom mogi- e itk

GO ON TO THE NEXT PAGE.
-8-
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B3A,
For parts (c) through (e), use E=12 Vand R =200 Q.

(c) Calculate the equiva]ent resistance of the circuit.

0 )., MHRs BB SN2 433
3 N
1‘ o ’\TL& Cquivilent rmxhwﬂ of oy 6"“«:”»3)
R S e -

(d) Calculate the current in resistor R.

I’ - DY L s A
r £33

Vi~ IAK*:@‘)\’M)Z'(DOJ)): W 3V drp ovr Ry b R

@, 3V = p.005 A
1%\: s

T

—

Ww of Oo'ﬂf acrsy Rc)

(e) The switch S is opened, resistor Ry is removed and replaced by a capacitor of capacitance 2.0 X 100 F

and the switch S is again closed. Calculate the charge on the capacitor after all the currents have reached
their final steady-state values.

= Gos
s b B RS
v - M—OOM ‘\,y(A
N
. . 9' 4 . - . o~
= L p\k" (Otb*k)(quﬂ ),b \\\i) /M '_.‘l/,v."""’// - C‘
sz (4 L\' ,(\U F)L ’/’_/’ /S 80“0 o
M/ “/,4" ‘Fhv L B ~
% ,,.‘-"”/-/\:\’ on e wrw,/--\// )
e I G L -
R L
\L/”""

GO ON TO THE NEXT PAGE.
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B3B;

3. (15 points)
The circuit above contains a battery with negligible internal resistance, a closed switch S, and three resistors,
each with a resistance of R or 2R.

(a)
i. Rank the currents in the three resistors from greatest to least, with number 1 being greatest. If two
resistors have the same current, give them the same ranking.
—L Iy i Ig _2‘ Ic
ii. Justify your answers.
Ry gefr ol o e corort d Heogh 7
A :
P ik He cvrru‘& Lt ’h!""{
RB 0 1} (4 S,D ¥4 J 4 ol (44 ft
Re  geb Mo e eter
!cs‘/!,‘a«f( ‘/‘04 /?B
(b)

i. Rank the voltages across the three resistors from greatest to least, with number 1 being greatest. If two
resistors have the same voltage across them, give them the same ranking.

__L_VA -—’—VB _—Vc v
ii. Justify your answers. l ‘/‘ fa f[c res’ s ar!
H'a ¢ Fvpp ¢ 7( ‘
) & $I SNy Hrawy ot fe e
! e '

CJ.TC\«Q

GO ON TO THE NEXT PAGE.
-8-
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B3B.

For parts (c) through (e), use £ =12 Vand R=200 Q.

! | e la 77
A N
TS i pe ‘///.[L S 138331

Rl 3 .
R N S EEA LY 3

(c) Calculate the equivalent resistancg of the circui{ ’

(d) Calculate the current in resistor R-.

Ty

Iz.Q"f A

(e) The switch S is opened, resistor Ry is removed and replaced by a capacitor of capacitance 2.0 x 10 F ,
and the switch § is again closed. Calculate the charge on the capacitor after all the currents have reached

their final steady-state values.
g

’ ) g e ¢
2,0xl¢” " 2 Yy
T £
G- y)(2ov" 9"

G- & “C

/‘i"

GO ON TO THE NEXT PAGE.
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" | B3C;,

e=" RB=2R§ 2R.=R

Py

S

3. (15 points)-

The circuit above contains a battery with negligible internal resistance, a closed switch S, and three resistors,
each with a resistance of R or 2R.

(a)
i. Rank the currents in the three resistors from greatest to least, with number 1 being greatest. I two
resistors have the same current, give them the same ranking.
2, 21 _Li
ii. Justitfy your answers.
V=TR
Because the grccx\t\“ e resistance, thre \f""’e’(‘ Foe covcents.
Clros 4 Vowes) eapocrios resistance, so W\ hove the
‘nis\,-.ex“ cocrenys; awnd A ondh 8 weve vcu\_\:ec,\ the sovne
becauvse '\\«.e\:) wi\\ o €&er e sowmne resisNance,
(b)

i. Rank the voltages across the three resistors from greatest to least, with number 1 being greatest. If two
resistors have the same voltage across them, give them the same ranking.

b vy 2 vg 3 ve

ii. Justify your answers.

¥=TWR

R il hove e most \ro\\-a.gg becauvse v \\&C}\ no v
gone *\\mcs\\ ooy ces\sko(s LS{\J se A\ne vo\\-ﬁ%& S e
\\ig\(\es\- Jince cuxcenwX & Nhe sowne ta,:i“i’) ‘\\ﬂ(‘oma\n -\:\i\%‘{
goxoMel wives) B will hove Ve gresdest wesishoiree
since ¥ hos the Wiaher fesiskance.

GO ON TO THE NEXT PAGE.
-8-
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B3C,

For parts (c) through (e), use € =12 Vand R =200 Q.

(c) Calculate the equivalent resistance of the circuit,

LIS 2_(\3_0 - q‘go—tfoo:-q%g Z133.33V+ HoovV= 5233 . RV
Yoo

(d) Calculate the current in resistor R .

2y = T (40052) Vi,
T=.03RA

(e) The switch § is opened, resistor Ry is removed and replaced by a capacitor of capacitance 2.0 x 107° F,

and the switch S is again closed. Calculate the charge on the capacitor after all the currents have reached
their final steady-state values.

-a
=¥

2.0x10°¢F . Q
\ 2V

Q. =29 %l0™®

GO ON TO THE NEXT PAGE.
-9-
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Question 3

Overview

This question’s purpose was to investigate student knowledge of an electrical circuit containing a set of two
parallel resistors in series with another resistor and a battery. The subquestions required both conceptual and
computational responses: parts (a) and (b), which assessed students’ conceptual understanding of the circuit by
asking for rankings of currents through, and voltages across, the resistors, along with justifications for those
rankings; parts (c) and (d), which asked for calculations of the equivalent resistance for the whole circuit and of
the current through a particular resistor; and part (e), which required a calculation of steady-state capacitor
charge when one of the parallel resistors is replaced by a capacitor.

Sample: 3A
Score: 15

Parts (a) and (b) contain justifications showing good conceptual understanding.

Sample: 3B
Score: 9

Part (a) received full credit, but part (b) is incorrect and received nothing. Part (¢) received full credit. Part (d)

has no correct work and earned nothing. Part (e) received full credit even though it does not show an explicit
calculation for V., since that can be easily determined mentally using ratios.

Sample: 3C
Score: 3

Parts (a) and (b) received no credit. Part (¢) is correct, but parts (d) and (e) are not and received nothing.
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