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ADVANCED PLACEMENT PHYSICS C TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, =1.67 X 10" kg | Electron charge magnitude, e =1.60 x 107" C
Neutron mass, m, = 1.67 x 107 kg 1 electron volt, 1 eV = 1.60 x 107'° J
Electron mass, m, = 9.11 x 107! kg Speed of light, ¢ =3.00x10° m/s
Avogadro’s number, N, = 6.02 x 10% mol™" Universal gravitational = _ ¢ 67 1011 (N-m2 ) / kg?
constant,
. _ Acceleration due to gravity _ 2
Universal gas constant, R = 8.31 J/(mol.K) at Barth’s surface, g=98 m/ s
Boltzmann’s constant, k, =1.38 x 1075 J/K
1 unified atomic mass unit, lu=166x10"" kg = 931 MeV/ ¢?
Planck’s constant, h=663x10"*Js =414 x 1075 eV.s
he =1.99 x 107 J.m = 1.24 x 10’ eV.nm
Vacuum permittivity, gy =885x 1072 ¢? / (N-mz)
Coulomb’s law constant, k = 1/(47g,) = 9.0 x 10° (N.m2 ) / c?
Vacuum permeability, Uy = 4m X 107 (T-m)/A
Magnetic constant, k" = g, /(47) = 1x1077 (T-m)/A
1 atmosphere pressure, latm = 1.0 x 10° N/m2 =1.0x10° Pa
meter, m mole, mol watt, \W% farad, F
kilogram, kg hertz, Hz coulomb, C tesla, T
UNIT . S
SYMBOLS second, S newton, N volt, A\ degree Celsius, C
ampere, A pascal, Pa ohm, Q electron volt, eV
kelvin, K joule, J henry, H
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefix | Symbol 0 0 30° 37° 45° 53° 60° 90°
10° giga G siné 0 1/2 35 | v2j2 | 4/5 | B2 |
10° | mega M cos 6 1 /2 | 45 | V22 | 3/5 1/2 0
103 kilo k tan@ 0 V3/3 | 3/4 1 4/3 V3 oo
1072 centi c
10~ milli m The following assumptions are used in this exam.
1076 micro M I. The ’grame of reference of any problem is inertial unless otherwise
stated.
10~ nano n II. The direction of current is the direction in which positive charges
10_12 pico p would drift.
III.  The electric potential is zero at an infinite distance from an isolated
point charge.
IV. All batteries and meters are ideal unless otherwise stated.
V. Edge effects for the electric field of a parallel plate capacitor are

boligible unless otherwise stated.
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ADVANCED PLACEMENT PHYSICS C EQUATIONS

MECHANICS

v, =V +al = acceleration

1 = energy
X =Xyt Vol + Eaxt = force

= frequenc
2 q y
Vi =V +2a,(x - xp) = height
~ — = rotational inertia

a= E = Frer = impulse

m m
_._dp’
=
J=jﬁdz=A,3
p=my
|Fy| < ulFyl

=%mv2
dE
p=%
dt
P=Fe
AU, = mgAh
2
\%
CZCZTZ(OZV
T=FxF
—~_z%_?net
T T

0 =00, + ot

kinetic energy

spring constant

length

angular momentum
mass

power

momentum

radius or distance
period

time

potential energy
velocity or speed
work done on a system
position

coefficient of friction

angle

torque

angular speed

= angular acceleration
= phase angle

TRENTETFT T TNITVINSTXRSTImR
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F, = —kAx
1 2
U = Ek(Ax)

2 1
T:—:—
o f
TS:271\/%
_ Y4
Tp—2ﬂ'E
- Gmm
F.l = 177%2
|G| rz
G
U, = m;mz

ELECTRICITY AND MAGNETISM

~1_ 1 |99
|FE|  Ame,y | 42
s
q
$E-di= 9
€
dv
b= T
AV = —jE.df
1 q;
dre Z r
1
U, =
E dne,
0
AV ==
C
KenA
C = 0
d
Cp=2G
1
1 1
Cs ;Ci
_4d0
Cdt
1 1
= — A = —
Ue 2Q \% >
pl
R ="—
A
E =pJ
I = Nev, A
AV
[ =—
R

A = area
B = magnetic field
C = capacitance
d = distance
E = electric field
€ = emf
F = force
I = current
J = current density
L = inductance
¢ = length
n = number of loops of wire
per unit length
N = number of charge carriers
per unit volume
P = power
Q = charge
1192 g = point charge
r R = resistance
r = radius or distance
t = time
U = potential or stored energy
V' = electric potential
v = velocity or speed
p = resistivity
O = flux
k = dielectric constant
F Wy = qv X B
$Bedi=pyl
_py Idixr
2 B = —
C(AV) d A 2
F=|1dlxB
Bv - #0”1
©, = [Bedi
~ - do
=QE- =B
£ dr 7
dl
E=-L—
dt
1,2
==Ll
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ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle
A = bh
Triangle
1
A==bh
2
Circle
A= nr?
C =2nr
s=r0
Rectangular Solid
V = I(wh
Cylinder
V=nr’t

S =2nrl +2nr?

Sphere

V = %mﬁ

S = 41’

Right Triangle
a® +b* = ¢?

sin@ =

cosf =

ol o

a

tang = <
an b

A =area

C =circumference
V =volume

S =surface area
b =base

h =height

¢ =length

w =width

r =radius

s = arc length
6 =angle

- -~

~~ -

o 90°

CALCULUS!

daf _dfdu
dx  du dx
d n\ _ n—1
a(x )—nx

d

E(eax) = g™

d 1
| -1
(In ax) .

dx

d.
%[sm(ax)] = acos(ax)

d .
E[cos(ax)] = —asin(ax)

1
n+

Jx"dxz 1)C'Hl,la;ar&—l!

Jcos(ax)dx = %sin(ax)
Jsin(ax)dx = —%cos(ax)
VECTOR PRODUCTS!

A+B = ABcos
|;\ X 1§| = ABsin@
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Begin your response to QUESTION 1 on this page. PHYSICS C:
ELECTRICITY AND MAGNETISM
SECTION Il Time—45 minutes 3 Questions

Directions: Answer all three questions. The suggested time is about 19 minutes for answering
each of the questions, which are worth 15 points each. The parts within a question may not
have equal weight. Show all your work in this booklet in the spaces provided after each part.
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AW —1
R, =100 Q L
1= 10 uF
V= R,=30Q Ry=60Q | ——(C,=20yF

TC2=15uF

>

1. The circuit shown above is composed of an ideal 10 V battery, three resistors and three capacitors with the
values shown, and an open switch S. The capacitors are initially uncharged. Switeh S is now closed.

(a) Calculate the current through R immediately after switch S is closed, vews b
when <wilen £ U< c;(a:cd/au. capacetod wrll actal @ Lhoxt ctéew
I- 12 -po1A
Switch S has been closed for a long time, and the circuit has reached a steady state.
(b) Calculate the potential difference across R, - V‘a - (o e <(00= loxlo0 - @-avaLt
(60 4 22 20
(e) 36160 00 +

i. Calculate the charge stored on the positive plate of capacitor C5 .
Now botenttad duf fevence acrose (apa et <t € ¢ = lo- B2=lTVOUL

8= %J: YD = L‘%-"Qm —EXI"T= {or24c
ii. Is the charge sfore on capacitor Cg greﬁer than, less than, or equal to the charge stored on capacitor C, ?

\__Greater than Less than Equal to

- g g -t g g

Justify your answer. &
chatge (n tadpacliol (3 P D = XV T= 20X (o X 1T = 246



Continue your response to QUESTION 1 on this page.

Switch S is then opened.
(d)

i. Petermine the current through R | immediately after the switch is opened.
1 aexocs &)-=©

ii. Calculate the current through R, immediately after the switch is opened.

Ve, = I'To Vel tnen Te, = VE-'- = f';(:: = '05€E Amp

(e) On the axes below, sketch a graph of the po’ren’rlal difference V across capacitor C, as a function of time t
if switeh S is opened at time t = 0. Label the maximum valve.

06TV
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Capacitor Cy is replaced by two 10 MF capacitors connected in series, switeh S is closed, and the circuit reaches
equilibrivm. Switch S is then opened at time t = 0.

(f) For 1 > 0, would the sketch of a graph of the new voltage across C, as a function of time be above, below, or
the same as the sketch for part (e) ?

_____ Above _____ B?\I?nr —___ The same Justify your answer.
| R=1000 —LC1=10pF
V= R,=30Q Ry=60Q | == C,=20yF
- S C,=15uF
S, BE

)

Ceplaced sa- $wo

louf capacita v
{e¥t'& tnen
Guwidd be 5U €
(n < tead of 2w0u€
Hence Total capacit:
decyrpsest mnmen

ACCYW‘C. \
hen new cuvve wull be below e PTSYL

Physids| TutoriTavarés Flofida, PhysicsgTutor TemplefTetrad]

Ut YAlRAIID R Rl SR JEIGR KR, Phy
HYEBAGLAA5B1I4TD3 244
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Begin your response to QUESTION 2 on this page.

Insulating String
T (l) Conducting Sphere (upper)
I

Tnsulating Rod— . Conducting Sphere (lower)
Elct,trom(,
Balance

2. Students perform an experiment to study the force between two charged objects using the apparatus shown
above, which contains two identical conducting spheres. The upper sphere is attached to an insulating string, which
can be used to move the sphere downward. The lower sphere sits on an insulating rod, which is on an electronic
balance. The electronic balance is zeroed before the lower sphere and insulating rod are in place.

For the first trial, a charge of Q is placed on each sphere and then the upper sphere is slowly moved downward. The

students measure the distance d between the centers of the spheres and the magnitude F of the force that appears
on the electronic balance. The recorded data are shown on the graph of F as a function of / ashown below.

£ (UN)
i. Praw a line that represents the best fit to the points 13.000
A
ShOWW. I T A N . 4
12,000 A
/
,,,,,,,,,,,,,,, S AR

ll’ooo\l\l\l\\\\l\l\
L S N A ) I B N
[ [ (I [ [
T T TTOTTTT T T T
10’000 P I A S 15" o R I I G S
RSP 400 N
oo0o LA L<L2)
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ii. Use the graph to calculate the charge Q.

;1 88
T ATée >
= (2w) & (%) AL (2 060 - 10500
E{RE AN
F 1 9* _ Chope of e A
< '/d") ATT € gm’@bh 035_7‘.;-0: :‘:4;?1‘?;0': :8;*:_:*7;00 %%)

\ 4
(Tz—ﬁo)}“’ 82—:(-'&,'

(1> 660- (0560) % 15 & q

2,
. 72-‘40) = = 49%x|0'x O

Q =/ 1560x(5¢
32 X 9% 107

=Tax15%¢




iii. On the graph on the previous page, draw a circle around the data point that was taken when the
distance between the centers of the spheres was the least.

£ Chown s preVtoud

bage)
iv. Petermine the distance between the centers of the spheres for the data point indicated above.
| =
— -¢2r5M D d= o1l m
dl

v. What physical quantity does the vertical intercept represent?

Justify your answer.
The \edtlcal intedcept gepsecents
ine force when tne top <phere 1<
A yted awag,/ Solne owlt ferce

Actlng on me <cale ¢ tne wegnd
o,]‘_’ ine Qowed cphere Aol I nculatipvod.
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Continue your response to QUESTION 2 on this page.

i. On the circles representing the spheres below, use a single “+” sign on each sphere to represent the
locations of highest concentration of the excess positive charges.

o

OW 4 conductef exceds cmarqe i¢ fyee to
moev awa’ wheye dul o gcpulcton
bl he febe lll'ma’ force Aecycaces-

ii. Explain how this rearrangement could be responsible for the discrepancy.
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(d) A third student suggests that the experiment be modified so that the top sphere is given a negative
charge that is equal in magnitude to the positive charge given to the bottom sphere.

i. On the circles representing the spheres below, use a single “+” sign on the bottom sphere to represent the
location of highest concentration of the excess positive charges. Use a single ‘=" sign on the fop sphere to
represent the location of the highest concentration of the excess negative charges.
(iii), would the magnitude of the force reading with spheres of opposite charges be
greater than, less than, or equal to the magnitude of the force reading with
spheres of the same charges?
_____ Greater than __ _\V/L)e'ss than _____ Equal to Justify your answer.
obpo stie chaxee (AttActlion wull take place)
decgeate I'n Not mal foyce exerted ba' ine <cale

on Lowey cbhete , L ine z{cadlv\g o e ccale

WUl be legs Hhan wohen tne Lphere had ne
Lame chay {4 9958461445,01141032244

www.kumarphysicsclasses.com

ii. For a separation distance equal to that of the data point indicated in part (a)

www.kumarneetphysicsclasses.com



Begin your response to QUESTION 3 on this page.

Area of Ring=A
3. A thin, conducting ring of area A and resistance R is aligned in a uniform Resistance of Ring = R

I\

magnetic field directed to the right and perpendicular to the plane of the B(t)

ring, as shown. At time t = 0, the magnitude of the magnetic field is &,

Att=1s,the magnn‘ude of the magnetic field begins to decrease according \V/
to the equation , Bry=8 o where b has units of T. $

(a) Perive an equation for the magnitude of the induced current I in the
ring as a function of t for t > 1 s. Express your answer in terms of b, A, R,

t, and physical constants, as appropriate.
A 4 (e.A) A
e 2l £ L (%0

~ |, L —|AB
_‘AF»< ,})‘—‘T
AP
‘1_:|:AL F=t

~
-t
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Assume A = 0.50 m* R=2.0 0, andf=0.50 T< .
(b) Caleulate the electrical energy dissipated in the ring fromt=1stot=2s,

E_ Je.at = fr*ﬂa&[ ><4Le
eL-

2

b I
= JA"QLK.&-: A_‘E_J{"aa-
|
!

- e (ﬂ]‘: e ]
1

k3 |
28" 2
Ry A _.._ pny Y—L-}- j
3R ), 3&
__AT B f l—@ :l 1 7A1F I (o-s*o)"(osa)"
29Q 24X 2

9958461445,01141033344 = 006917

www.kumarphysicsclasses.com
neetphysicsclasses.com




Continue your response to QUESTION 3 on this page.

Thering is then rotated so that the plane of the ring is aligned at a 30° angle to the magnetic tield, as shown.
The magnitude of the magnetic field is reset to a magnitude of B0 at a new time t = 0 and again begins to
decrease at t = 1 s according to the equation , where b has units of T.<

(¢) Will the amount of energy dissipated in the ring fromt =1 s to t = 2 s be greater than, less than, or equal to

the energy dissipated in part (b) ?

Greater than _y/_ Lless than Equal to Justify your answer.

——— et o g

Ac tne wug dotates , fcwel ngmhc. fleld Lner wudl
bass tnfowgn e m‘vZ , & Iclecc lpan befare , % [<lec

et g g

€ VS Less bnen (- %’ (¢ Lecs.
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A =0.50 m?
Resistance = 2.00 Q +-———- o= oo
N P —— I P — | IN—— |
M _wior
T, 77\ 777777 I77 N
,,,,,,,,,,,,, 1
Axl - T\jl:/\ ‘)
Xle - T——""" TN~ [
] ) S S R
) — H—
| | !
\Vj e
0 1 2 3
|
T )

The ring is now mounted on an axle that is perpendicular to the magnetic field. The magnitude of the
magnetic field is now held at a constant By = 0.50 T, as shown. The ring rotates about the axle, and the

emf e induced in the ring as a function of time t is shown on the graph. T= 2 Ce¢ prm
(d) Caleulate the angular speed w of the rotating ring in rad/s. ne sapn)
w= 2T _ 2T 6

T~ =z = ”"M/('ec.

— 3|4 gadla
= A %ec.
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(e) Calculate the magnitude of the maximum emf emax ihduced in the ring.

ol At

-_ d &AWt
2

= —@Ae;mwb)

—— A (-Wemwt) ~ BAW Lmw &

combpate wlin €= €5 Sin wE
Cp= Cpu= BA W
= (o-so) (8:s0) (314 tad

£ee

= O-T9 Vyout
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The ring now begins to rotate at an anqular speed 2w.

(f) On the graph below, draw a cur ve to indicate the new induced emf e in the ring. The dashed curve shows
the emf induced under the original conditions.

0 - €
&8¢ nal EWV) NCVQ €o= ‘.\e_d)"‘““ =l¢ec
ZondLt\ ov
New conaL +lon
2 Wo ?:'r:r; = -r'._ ﬂ | <

t(s)

=X

Hew kme peyloadl wuld be

half ipne ou'ami. tuime peclod Rut  CorHRAW
‘ pecomd :..Ndeéboloe
(o]

Justify your sketeh, specifically identifying and addressing any similarities or differences
between the sketch and the original graph.
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AP® Physics C: Electricity and Magnetism 2021 Free-Response Questions

STOP

END GF EXAM
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Physics Tutor ,Physics Classes In Delhi,Physics Tutor In South Delhi,physics tutor in496
Delhl

Florida is a state in America with lots of golf courses and very beautiful schools. Florida people
love their country very much and are very old residents. Many Indian-origin residents live in
Florida and give good education to their children. But the problem comes when the child reaches
class 10 to class 12, the child does not understand physics, nowadays, so with the help of
technology, you can contact Kumar sir, India's famous physics tutor and can get physics tuition
online In Florida, kumar sir started taking online physics classes in Florida.

If a student is preparing for IB Physics or preparing for AP Physics then he can contact Kumar
sir . He is The Best Online Physics Tutor in Miami and Best Online Physics Tutor in Florida
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