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Free-Response
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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

negligible unless otherwise stated.
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ADVANCED PLACEMENT PHYSICS C EQUATIONS

MECHANICS

Vx = 0 + axt

1
x=x0 +Vx0t+_at

m m
_._dl_j
=
J:jﬁdt:Ap
p=my
|Fy| < ulFyl

=%mv2
dE
P=——
dt
P=Fe
AU, = mgAh
2
v
CZCZTZCOZV
T=FxF
—»_zf_?net
YT T

0 =00, + ot

= acceleration
energy

force

frequency

height

rotational inertia
= impulse

kinetic energy
spring constant
length

angular momentum
mass

power
momentum
radius or distance
period

time

potential energy
velocity or speed

position
coefficient of friction

angle

torque

angular speed

= angular acceleration
= phase angle

TRENTEFT T TNITVNINSTXRSTTImR
1l

F, = —kAx
1 2
Uy = 5k(Ax)

2 1
T:—:—
o f
TS:271\/%
_ Y4
Tp—zﬂg
- Gmm
F.l = 177%2
|G| rz
G
U, = m;mz

work done on a system

ELECTRICITY AND MAGNETISM

~ 1
|Fy| = prn

91492

2
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
q = point charge
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
di = Mo Idixr
A 2
F=|1dlxB
Bv - #0”1
©, = [Bedi
S - do
=QE- =B
E d/ 7
dl
E=-L—
dt
1,2
==Ll
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ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle A =area
A= bh C =circumference
Triangle V =volume
S =surface area
A="Lpn b =base
2 h =height
Circle ¢ =length
A = o2 w =width
r =radius
C =2nr s = arc length
s=r0 6 =angle
Rectangular Solid
V = twh S, X
Cylinder \\\
r
V=nrt
I
S =271l + 271 \\
Sphere . S
V = %mﬁ —————
S = dnr?
Right Triangle
a +b =
sing =<
c
_b £
cosf = - 5 90°
4 b
tan@ = —
an b

CALCULUS!

daf _dfdu
dx  du dx
d (n
(")

d
dx

nxn—l

(eax) = g™

4 (1) = |
a(ln ax) = .

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

d [cos(ax)] = —asin(ax)

dx

1

Jx"dx =

1x”“, n#-11

Jcos(ax)dx = %sin(ax)

Jsin(ax)dx = —%cos(ax)
VECTOR PRODUCTS!
AsB = ABcos6

|;\ X 1§| = ABsin@
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Begin your response to QUESTION 1 on this page.
PHYSICS C: MECHANICS SECTION Il Time—4% minutes
3 Questions

Directions: Answer all three questions. The suggested time is about 15 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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Fan Cart

Note: Figure not drawn to scale.

Motion
Detector 2

1. A 0.50 kg fan cart is placed on a level, horizontal track of negligible friction, as shown. The fan is turned on,
and the fan cart is released from rest and moves to the right. The cart travels along the horizontal track and
then down an incline. Motion detector 1 measures the acceleration a of the cart fromtimet = 0 tot = 3.
At = 3, the cart makes a smooth transition to the incline, and motion detector 2 measures the acceleration
of the cart after t = 3 s. The fan exerts the same magnitude of force on the cart during the entire motion. The
graphs below show a as functions of 1. For each motion detector, the positive direction is away from the

detector.

MOTION DETECTOR 1

MOTION DETECTOR 2
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Continue your response to QUESTION 1 on this page.

(a) On the dots below that represent the cart at two different locations, draw and label the forces (not
components) that act on the cart at each location. Each force must be represented by a distinet arrow
starting on, and pointing away from, the dot.

Cart on Horizontal Track Cart on Incline FN

F“ F«[—aw
Fftm.

(b) Caleulate the magnitude of the net force exerted on the fan cart when it is on the horizontal track.

F{«u = (W\cm{-> (a,)
= (0°s2) (09) = 040N
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(¢) Caleulate the angle® of the incline.

F{av\ + W\g Swmb= M4, Cart on Incline FN

W\g ‘lv\Q - M‘(,_ -~ F—f«w !
Ewmo- M ~ F’f""" W\EMAO/ 0 \Ff““
"‘“8 W\g nga
cue = (SHa)- (059 (08)
<o~s*o) (2.8)
© = Q40
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(d) Suppose careful measurement determines the angle of the incline to be 3° larger than that calculated in
part (¢). Consider the following explanation.

“The scale used o measure the mass of the fan cart was not calibrated properly before the measurement, and
this could account for the observed difference in the angle.”

Poes the explanation sufficiently account for the observed discrepancy? Yes \/(o
Justify your answer.

From e ancwel (€D
ma, - Frfan__ M A, - ma,

Ma 91 L. Heuce macc of
ne cavt cancgels sul tne
2 waton wed to find
the agQle f tne nclune

Lnd =
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Continue your response to QUESTION 1 on this page.

The experiment is repeated for several trials, each with a different angle for the incline. The acceleration of
the cart down the incline is measured for each angle. The graph below shows the plot of the acceleration a of
the cart as a function of the sine of the angle sin ©.

(e)

i. Praw a best-fit line for the data.

ii. Using the straight line, calculate an experimental
value for the acceleration due to gravity g.

(f) If the cart were replaced with a second cart of mass
1.0 kg that has a fan that exerts the same magnitude of
force as the original fan, explain how the graph given in
part (e) would change.

Slope = Ad_ 2=l = looSams™
ALu® (642--04)

WA = F—fan A Mﬂ cm®
A = g smor 270

m
(‘5’_. mx. +b = (Slepe ) £mB +F nterceht
Lope = 4 = losS2mc™

sing
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Begin your response to QUESTION 2 on this page.

T :
L (A

Note: Figure not drawn to scale.

2. A block of mass m starts from rest at point A and travels with negligible friction through the loop onto a
horizontal surface, where the block makes contact with a spring of spring constant k= M_g . All motion of
2

the spring is in the horizontal direction. Point C is the highest point on the loop, and point B is the rightmost
point on the loop. Express all algebraic answers in terms of m, h, R, and physical constants, as appropriate.

(a) On the dot below, which represents the block, draw an arrow that represents the direction of the
acceleration of the block at point B in the figure above. The arrow must start on and point away from the dot.

Justify your answer ac - Cen byt petal dom IPOVL'CW‘-'
towai As tne clenhre

adawnww{d = g

QNE,'( _':\/@L-_'_ QC,'—
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(b)
i. Perive an expression for the speed v of the block at point B.

AbbLf concet Vakton of emevey alt-
palnt A & botnt €

(TE)p= (TE)g @ -
MEA + dmeed = mg kg R A

WX (R-€&) = ;!-y('Qs" > '9’3:J > ¢ (h-)

C

= —
/MP

ii. Derive an expression for the magnitude of the net force F on the block at point B. fe Y

tNet= [ (¢ ng ) 25 |
J¢* (%) 3\@;—@“3
nDe* { S

Q Note: Figure not drawn to scale.

= m 6 + .__6_.& (h-€) 9958461445,01141032244

I
=
(@&}
v
,.l._
N
ﬂ%‘
£
N
P
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Continue your response to QUESTION 2 on this page.
(¢) In terms of R, derive an expression for the minimum height h ;. necessary for the block to
maintain contact with the track through point C.

CTE) 4 = Cra)c %\
W\Z‘KM- /V(SA MZ @L)+im\94 l @ ]

W(g ‘A = MX (;L) -\-_1. )(\9'6 Note: Figure not drawn to scale.

g4 = §(>0 + Pt Fov potwt €  WunLimum
> Velsclly fo com plete e
Pe = \] 2% O\_zﬁ) crf cuhay motot, Loy wMCA
N=0 N=
N — M\94L -Pw =0
| FC :J:/g’(h_;c) "R ERE S s e
& = lCh—)_ K)
K:lh—"t&
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(d) I is determined thath = 0.30 mand R = 0.10 m. If the block is released from a height greater
than that found in part (c), what would be the maximum compression 2X2pmawof the spring?

me ks Lk X
:.W\g'-&: kxwl\'az, > Amax = 2"‘3%’
K
= ZMX% - 4‘ﬁﬂ

Mg e
(4) (020) ¢&'10)

= 063 m
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(e) A graph of the maximum compression of the spring as a function of height is shown below. The height
hmin is the height caleulated in part (e).

i. Explain why section | appears as a horizontal I

line segment on the horizontal axis.

Block dott net make CE incougiy
ne Loop at trux hergnt <o

Tt ¢an not teach huax o I S S S -l
‘ k" \l n i min
ii. Explain the reason for the shape of section Il on

the graph.
W\?V\ = -é— kb
4 o2t
dtence bafa bolt'c

————————— e
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Begin your response to QUESTION 3 on this page.

A=yx?
P ¢ ]
|
I

L 1
x=0 x=L

pY
3. A triangular rod of length L and mass M has a nonuniform linear mass density given by the equation A=¥ %

where ¢ = 3™ and x is the distance from point P at the left end of the rod.

L3 g
(a) Using integral calculus, show that the rotational inertial of the rod about an axis perpendicular to the page

and through point Pis 3 ¢ (2
s

aAT= dW\X} A=y
= )\d.z.z.l— L- P‘—z—] L :
o of et = [ X dx T =
1= xaxx =) am _
o ~3
I:“&)’L_{J"-S‘—[Lf o‘] Ame= Ndx
S )b z
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(b) Petermine the horizontal location of the center of mass of the rod relative to point P Express your
answer in terms of L.

A= yx?
am % P § |
L = j‘ | L |
x=0 x=L
dex AM _ N> dm= Xdx
L L dz. r L
J;uz.dz. Y % At ¥ 2t de,
— - ) 4 Jo
J)sdt. o P ET2P
() > Jo

§ (22) L L3 o} '
= | » z SSRGS T TT T334
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(¢) For an axis perpendicular to the page, is the value of the rotational inertia of the rod around point P
greater than, less than, or equal fo the value of the rotational inertia of the rod around the rod’s center of
mass?

\2.__Greater than Less than Equal to Justify your answer.

gt g g —— gt g g

A= yx2

lav)
I - ey

|
L I
x=0 x=L

If = I+ H (zcm)k—- AL peY
pet penat’iculal
I( Z IC- QL L nCofCur
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Continue your response to QUESTION 3 on this page.

Therod is released from rest in the position shown, and the rod begins to rotate about a horizontal axis
perpendicular to the page and through point P,

(d) On the axes below, sketch graphs of the magnitude of the net torque t on the rod and the anqular speed w of
the rod as functions of time t from the time the rod is released until the time its center of mass reaches its
lowest point.

‘C:"_C’)Q:(

—Wotett
= foyce x L Adirstance W=He
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(e) As the rod rotates from the horizontal position down through vertical, is the magnitude of the angular
acceleration on the rod increasing, decreasing, or not changing?
Increasing _ _\7/V§creasing _____ Not changing Justify your answer.

——— et g g

ey T‘FX—?‘ =T (A)
“8{ Sme = T(K)
As ® abprfoache fo T6€D heuce Tovgue I« alLo
obpidaching to z6€D , hewee argulat aceeleyatton:

lends o
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¥

S
~3

(f) The mass of the rod is 3.0 kg, and the length of the rod is 1.0 m. Calculate the linear speed v of point S
as the rod swings through the vertical position shown.

Hg‘f\.:: -—?‘_-— ILO}'
fg(30- 2 (FE)
S5

\,z\’ CgL [ 8xFBXI_ s
2 2
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