NJSL Physics C Exam Orchid
January 11, 2018

DIRECTIONS: Please PRINT your name, school, area, and which test you are taking on the Scantron.
For each statement or question, completely fill in the appropriate space on the answer sheet. Use the letter
preceding the word or phrase or sketch which best completes the statement or answers the question.
Unless stated otherwise, assume ideal conditions including no friction with the air. Sketches are not to
scale. Corrections

Assume g = 10. m/s’

1. Two people are in a boat that is capable of a maximum speed of 8.0 m/s in still water, and wish to cross a
river 1600 meters wide to a point directly across from the starting point. If the speed of the water in the river
is 3.0 m/s, how much time is required for the crossing?

A.200s B.145s C.216s D.320s E.533s

2. A rubber stopper is attached to a string and is swung in a horizontal circle overhead. As the stopper passes
immediately in front of you, moving from right to left, the string breaks. What will be the direction of motion
of the stopper immediately after the string breaks?

A. The stopper will fall straight down to the floor.

B. The stopper will move radially away from you and fall toward the floor.

C. The stopper will initially curve toward your left finally falling diagonally to the floor.

D. The stopper will move tangent to the circle and will follow a parabolic path toward the floor.

E. The stopper will initially curve slightly toward your left, straighten out, and then fall to the floor.

3. A particle moves along the x axis with a non-constant acceleration described by a = 12 t + 6, where a is
measured in meters/second squared and t is in seconds. If the particle has a velocity of 8.0 m/s and is located
at 25 mwhen t =5 s, where will the object be located when t = 12.0 seconds?
A.1440m B.1850m C.2380m D.-320m E.-1440m

Use the drawing to the right for questions #4 and 5. Two masses are attached to the
opposite ends of a string which is hung over a pulley as shown at the right. The masses
of the string and pulley are insignificant. The mass 3m is released and accelerates to the
floor causing mass 2m to accelerate upward.

4. How long will it take for the 3m mass to reach the floor? A
A. ’m B. ’@ C. \/@ D. \/ﬁ E. \/@ h

g g g g g

5. What will be the tension T in the string as the system accelerates? 2m v

A.5mg B.2mg C.%smg D.%mg E.%;mg

6. When an object is moved from rest at point A to rest at point B in a gravitational field, the net work done by
the field depends on the mass of the object and
A. the nature of the external force moving the object from A to B
B. the velocity of the object as it moves between A and B
C. both the positions of A and B and the path taken between them
D. the path taken between A and B only 2.

b el
-

E. the positions of A and B only

7. A wire of uniform density is bent into the shape shown to the right. '
Which of the following coordinate pairs (x,y) best locates the center L [ : ; i
of mass of this wire? ; ; ; ;
A.(1.62,1.32) B.(1.32,1.55) C.(2.01,1.44) o0t I Jommmmmn Jommmmmn }
D.(1.88,1.71) E.(1.43,1.36) 0 1 2 3 4
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8. A block of mass m is initially sliding with speed v, on a horizontal frictionless Vo

surface, as shown. It makes an elastic, head-on collision with another block of
mass 4m that is initially at rest. Which of the following correctly shows the .
motion of the blocks after the collision?
A. B. C.
‘/ Vv, 3/ Vv, % ¥s x Y5 v,
T B I B T @
D. E.
Vav, Ya v, Ya v, Yav,
50 I B
An express elevator in a new skyscraper leaves 200

the first floor and rises to the top floor of the
building where it comes to rest. There is a
bathroom scale in the elevator on which a 160
student, who has a weight of 120 Ib, is standing.
The graph to the right plots the readings on the
scale as the elevator goes from the first floor to
the top floor.

12{‘

9. What is the magnitude of the maximum
acceleration of the elevator?
A.08m/s® B.12m/s® C.1.8m/s
D.25m/s*> E.2.8m/s? 40

10. What will be the distance between the 1% floor
and the top floor? 0 ; i
A.180m B.200m  C.290m 0 4 8 12 16 _20 24 28 32 36 40
D.320m E.360m Time (s)

=

Scale Reading (Ib)

A very light ping-pong ball, which has a mass of 4.0 grams and a diameter of 3.8 cm, is dropped from rest from the
top of a building 310 meters high. The ball moves smoothly through the air feeling a drag force that is directly
proportional to the ball’s speed F4 = - bv where the drag coefficient is b = 0.0032 kg/s.

11. What will be the terminal velocity of the falling ping-pong ball?
A.24m/s B.46m/s C.65m/s D.71m/s E.125m/s

12. What will be the velocity of the ball 2.1 seconds after it has been dropped?
A.368m/s B.102m/s C.122m/s D.155m/s E.18.8m/s

13. Approximately how long will it take for the ball to strike the ground?
A.9s B.13s C.18s D.26s E.42s

14. Which of the following graphs best describes the acceleration of this falling ping-pong ball?
A. B. C. D. E.
a / a I/ a |\ a K a '—/
' t t t t t
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A small marble is fired upward at an angle 6 = 30°

with a speed of v, from a point x = 1.5 m from the V.
edge of a 45° downward slope. The marble lands at o:}]
a point L = 1.41 m down the slope. X

15. What was the initial velocity v, of the marble?
A.32m/s B.41m/s C.49mls
D.5.2m/s E.57m/s

16. A 1520 W [2 HP] electric motor lifts a 150 kg safe at constant velocity. The
vertical distance through which the motor can raise the safe in 20 s is most
nearly . All full credit. Constant velocity cannot be seen.
A5m B.10m C.20m D.25m E.30m

17. Two objects are dropped from rest from the same height. Object A falls through a distance da
during a time t, and object B falls through a distance dg during a time 3t. If air resistance is
negligible, what is the relationship between dg and da?

A.dg=9dA B.dg=3dA C.dg=8dA D.dg=dA/9 E.dg=dA/3

The potential energy function in an area of space under the influence of an unknown conservative force is
given by

U(x) = 2x3 — 22x* + 48x + 20 100 7
80
: : . 60— | | |
and is desc-:rlbed by the grfalph to -tr-1e rlgh-t. | AN /
18. At which of the following positions will an object = AN
subject to this potential energy function be at an = 20 N | ' /
unstable equilibrium? g 0
A.3.02m B.1.33m C.3.81m S 20 \ / '
D.6.00 m E.7.52m —40] SN ‘
19. What will be the acceleration of a 5.0 kg 00
mass placed at the position x = 8.0 m? - 80
A.314 m/52 B.23.8 m/S2 100 0 1 7 3 4 5 6 7 8 9 10
C.-125m/s* D.-16.0m/s®  E.-23.8 m/s® Position (m)

20. Suppose that when this 5.0 kg mass is located at x = 6.0 m, it is moving with a velocity of 5.4 m/s.
Which of the following ranges of positions is possible for this particle?
A (4.0m«< 7.5m) B.(5.0m«< 7.0m) C.(3.0m«80m) D.(3.7m«< 7.7m) E.(2.0m <> 7.5m)
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The coefficient of static friction between the block and the wall is p; while the coefficient
of static friction between the block and the thin plank is p,. What value of F is necessary
to keep the block from slipping down the wall?

A-mg/(p+ ) Bomg(uaitpe)  Comg(/pe)

D.mg(1- m/pz)  E. mg(1+ pu/po)
th(' /
plank

Two balls are approaching one another as shown in the
diagram at the right. The first ball has a mass of m; = 3.0
kg and is moving with a velocity of v; = 6.1 m/sec at an
angle of o = 33° while a second ball has a mass m, = 5.0
kg and is moving with a velocity of v, = 2.2 m/sec at an
angle B. After the collision, the two balls stick together Before
and move off toward the right at a new speed vs. Use the
diagram for #s 22 and 23.

21. A horizontal force F pushes a thin plank against a block of mass m against a vertical wall. 7
2

22. What is the angle 3 between velocity v, and the x axis?
A.42° B.51° C.58° D.65° E.71°

23. What will be the final velocity v; after the collision?
A.62m/s B.58m/s C.53m/s D.25m/s E.19m/s

A lawn mower, which has a mass of m; = 28.0 kg, is being pushed
with a force of F = 122 N being applied to the handle which meets
the horizontal at an angle of a = 33.0°. As a result, the mower
moves toward the left at a constant speed of v = 2.20 m/sec.

24. How much work will be done by the applied force as the mower
is pushed forward for 8.0 seconds?
A.880J B.1200J C.1300J D.1500J E.18001J

A mass m = 100 gm is attached to the end of a string. The mass is given a
push so that it moves in a conical path with a speed v = 1.45 m/s in a circle
with a radius R = 31.0 cm as shown to the right.

25. What will be the angle 6 between the string and the vertical?
A. 15° B. 22° C.34° D. 39° E. 42°
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Physics C Answer Key: Orchid Test
Date Jan 11, 2018 Corrections

Solutions
C

1 C 6 E 11 E 16 l 21 A

full

credit
2 D 7 E 12 B 17 A 22 D
3 C 8 C 13 D 18 B 23 D
4 A 9 D 14 D 19 D 24 E
5 C 10 C 15 B 20 C 25 C

JANUARY:: kinematics in one and two dimensions; Newton's laws including resistance forces and
dynamics of circular motion; vector algebra (mostly assumed as needed); energy and its conservation
including potential energy and conservative forces, momentum and its conservation including two-
dimensional situations

FEBRUARY : angular mechanics including rotational equilibrium, rotational dynamics, rotational energy,
and angular momentum; oscillatory motion including kinematics, dynamics, energy, and damping;
gravitation including kinematics and dynamics of planetary motion, angular momentum, and energy as
applied to gravitation. Plus Jan topics

MARCH: electrostatics including electrostatic forces, electrostatic field, electrostatic field flux and
Gauss's Law; electrostatic potential and potential energy; dc electrical circuits including multi-loop
circuits and power; capacitors, dielectrics, and circuits with capacitors. Plus Jan and Feb Topics.

APRIL: Magnetic Fields and Forces including the applications of the Lorenz force, the Law of Biot-
Savart, Ampere's Law, magnetic field flux and Faraday's Law, Lenz's Law for electromagnetic induction;
magnetic materials, applications of electromagnetic induction, and circuits with inductors. Plus Jan, Feb,
and March topics.

Dates for 2018 Season
Thursday January 11, 2018 Thursday February 8, 2018
Thursday March 8, 2018  Thursday April 12, 2018
All areas and schools must complete the April exam and mail in the results
by April 28th, 2018
New Jersey Science League
PO Box 65  Stewartsville, NJ 08886-0065
phone # 908-213-8923 fax # 908-213-9391 email: newjsl@ptd.net
Web address: http://entnet.com/~personal/njscil/html/
What is to be mailed back to our office?
PLEASE RETURN THE AREA RECORD AND ALL TEAM MEMBER SCANTRONS
(ALL STUDENTS PLACING 1ST, 2ND, 3RD, AND 4TH).
If you return Scantrons of alternates, then label them as ALTERNATES.

Dates for 2019 Season
Thursday January 10, 2019 Thursday February 7, 2019
Thursday March 7, 2019  Thursday April 11, 2019




ADVANCED PLACEMENT PHYSICS C EQUATIONS updated 12-20-2017

MECHANICS

Ve = Vg T agt

1
X =Xy + Vot +§axt2

vi= v 7+ 2a, (x - xp)

= —my

dE
P=—

dt
P=F
AU, = mgAh

2

V
ac:7:(02]"
T=FxF
—-_Zf_%net
CETT T

w:w0+az

= 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
work done on a system
position
coefficient of friction

NS

angle

torque

angular speed
angular acceleration
= phase angle

QQ%ﬁ%tx§< ST NS w3 h&»a&Nw\ﬁ
|

F, = —kAx
1 2
Uy = Sk(A)

|~G| _ Gmlmz
1’2
Gmym,
U; = p

ELECTRICITY AND MAGNETISM

= 1 919,
Fp| = ——1192
| E| 47[80 ]/'2
o
q
gSE-dA: 19
€9
dv
Ev =~
AV = —jE-df
_ 1 La
V= 4re, Z‘ r;
_ 1 99
Ug a drey r
0
AV =2
C
C = KZOA
Cp=2G
1
1 1
Cs ;Ci
_4a0
T odt
1 1 2
Ue = 7QAV = 5C(AV)
pl
R=£
A
E=pJ
I = Nev, 4
S _ AV

P=1IAV

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

\ velocity or speed

p = resistivity

® = flux

kx = dielectric constant

_p Idixr
dB = £0 25
4z
F=|IdixB
B, = pynl
®, = [ Bedi
- - dd
E=QEdl =— B
dt
dl
E=-L—
dt
1,2
==Ll
U, >




ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle A =area
A= bh C =circumference
. V =volume
Triangle
S =surface area
A= lbh b =Dbase
2 h =height
Circle ! =length
A= w =width
r =radius
€ =2zr s = arc length
s =r0 0 = angle
Rectangular Solid
V = {wh

- ~

Cylinder
r
V = nr’t Q

S =271l + 2nr” \

Sphere N ,

Right Triangle
a* + b =c?

sin@ =

ol ol

cosb = 5 90°

a
ti = —
an @ b

CALCULUS

af _dfdu
dx  du dx
%(x”) = nx" !
d ax ax
%(e ) = qe

d 1

1 -1
dx(nax) .

dp.
a[sm(ax)] = acos(ax)

d .
a[cos(ax)] = —asin(ax)

Ix"dx = I RN R |

Jeax dx = leax
a

dx
x+a

= In|x + a
J‘ 1 .
cos(ax)dx = —sin (ax)
J‘ . 1
sin (ax)dx = —Ecos(ax)
VECTOR PRODUCTS

AeB = ABcos@
|A x B| = ABsin®
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No Corrections

DIRECTIONS: Please PRINT your name, school, area, and which test you are taking on the Scantron
supplied. For each statement or question, completely fill in the appropriate space on the answer sheet.
Use the letter preceding the word or phrase or sketch which best completes the statement or answers the
question. Unless stated otherwise, assume ideal conditions including no friction and that

£

thin hoop or ring of solid cylinder or disc | solid sphere of radius{ thin-walled hollow sphere | slender rod of length L
radius R & mass M: | of radius R and R and mass M: of radius R & mass M. | and mdassdhd, spinning
mass b 7 2 around end:
MR L < MR
: M7 - MR : Ly

3
counterclockwise is positive. Sketches are not to scale. Assume g = 10m/s? and the following moments of
inertia:

A thin walled hollow sphere, which has a mass of 4.5 kg and a radius of
38 cm, is initially rotating counter-clockwise at 3.5 revolutions per
second about a vertical rotational axis. Beginning att =0 s, a constant
external force of F = 24 N is applied tangentially to the edge of the
sphere’s equator for 12 seconds as shown in the diagram to the right.

1. What is the direction of the spherical shell’s initial angular velocity
vector?

(A) (B) (€) (D) (E)

irotational axis
L]

® . +— _—

spherical shell

2. What is the angular acceleration of the spherical shell during the time that the external force is applied?
(A)-21rad/s2  (B)-15rad/s? (C)-26rad/s2 (D) 14 rad/s?2 (E) 15 rad/s?

3. What will be the angular momentum of the spherical shell after the external force has been applied for t = 12
seconds?
(A) -100 kgm*s  (B) -200 kg'm?*/s (C) 330 kg'm?/s
(D) 475 kg'm?/s (E) -475 kg-m?/s
4. What will be the final angular displacement of the spherical shell after 20 seconds?
(A)2600rad  (B)-3500rad  (C)-1850rad (D)-3100rad (E) 1850 rad

An external braking torque is then applied to the spherical shell bringing it to rest in 10 seconds.

5. What is the average power supplied by this external torque in bringing the spherical shell to rest?
(A) 1250 W (B)1790 W  (C) 1150 W (D) 1620 W  (E) 3150 W
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A ladder, which has a length L = 5.4 m and a mass of M = 38 kg, is leaning against
a frictionless wall at an angle 8 = 62° relative to the ground as shown to the right. A 6" \
house painter whose mass is m = 52 kg is to safely climb to the top of the ladder friction
without the ladder slipping.

6. What is the minimum coefficient of static friction ps between the ladder and the
ground so that the ladder will not slip?
(A)0.33 (B)0.37 (C)0.42 (D)0.55 (E)O0.62

7. Which of the following can be used to distinguish a solid sphere from a hollow sphere
of the same radius and mass?
(A) Measurements of how long it takes for each object to roll without slipping to the

bottom of an inclined plane.

(B) Measurements of the orbital velocity of each object as each orbits the same
central mass.

(C) Measurements of the tidal forces applied by the object to a liquid body.

(D) Measurements of the behavior of each object as it floats in a liquid whose density is greater
than the average density of each object.

(E) Measurements of how high each object can be projected from a compressed vertical spring of known
spring constant.

A crude appro>'<|mat'|on Is that . PLANET Radius Mass Orbital Radius
Saturn travels in a circular orbit sun 6.96x 108 m  1.99 x 10% kg N/A

about the Sun at constant speed, at | Saturn 6.00x10'm 5.68x10°kg 1.43x10%m

an average distance of 1.43x 10 m || Universal gravitational constant G =6.67 x 10" Nm?/kg®
from the Sun. [See the data table] 1yr = 3.156 x 107 sec

8. Which of the following is the closest
to the centripetal acceleration of Saturn in its orbit about the Sun?
(A) 1.0043 m/s>  (B) 0.000187 m/s* (C) 0.0033 m/s*> (D) 0.000065 m/s®> (E) 0.00292 m/s*

9. What is the orbital period of Saturn about the Sun?
(A)116yrs (B)29.6yrs (C)23.7yrs (D)19.2yrs (E)12.9yrs

A low friction cart, which has a mass of 4.0 kg, is located X =0
in the center of a horizontal track. It is connected to each
end of the track by two identical springs, each with a POX
spring constant k = 44 N/m. The car is displaced x = 30 cm Pn—— : >
to the right of its equilibrium position and is then released. ml‘lmmm

(=

10. What will be the frequency of the resulting oscillations?

(A)0.24Hz (B)0.53Hz (C)1.15Hz (D)0.75Hz (E)1.65Hz

11. What would happen to the frequency of the oscillations, if the maximum displacement of the cart is

doubled to 60 cm?

(A) The frequency would double.
(B) The frequency would quadruple.
(C) The frequency would be halved.

(D) The frequency would be unchanged
(E) The frequency would decrease by the square root of 2.
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A star, which has a mass of 6.0 x 10*°kg and a radius of 4.8 x 10°m, rotates on its axis once every 6.0
days. This star then undergoes a gravitational collapse until its radius has been reduced to 2.4 x 10'm.

12. What will be the resulting rotational period of the star after its collapse?
(A)4.2days (B)1.20days (C)8.2hrs (D)13.0s (E)0.0025s

Suppose that this star continues to collapse until it becomes a black hole.

13. What will be the radius of this star when it collapses into a black hole?
(A)8.25x10°m  (B)3.22x10°m  (C) 1.05x 10°m
(D)8.89x 10°m  (E) 6.23 x 10°m

A
A uniform rectangular plate, which has a length L =54 cm, a y '_
width W = 38 cm and mass of m = 2.5 kg, is pivoted about an ‘C H
axis perpendicular to the plate and through point C as shown. W
DR A s

14. What is the moment of inertia of this plate about the y axis? i
(A)0.78 kgm®  (B)0.45kgm® (C)0.36 kg'm? o
(D) 0.23 kg'm®  (E) 0.12 kg'm®

15. What is the moment of inertia of the plate about an axis perpendicular to !
and through the top left corner of the plate? “ y
(A)0.78 kgm®  (B)0.45kgm® (C)0.36 kg'm?
(D) 0.23 kgrm?  (E) 0.12 kg'm®

A flywheel which has a moment
of inertia I = 5.0 kgm? and is
rotating clockwise with an
angular velocity of @ = -7.0 rad/s. 6
An external torque is applied for
a period of 50 seconds as shown
in the graph to the right.

16. What will be the angular
velocity of the flywheel at the
end of the 50 second period? -4
(A)41rad/s (B) 34rad/s -6
(C)48rad/s (D) 10 rad/s
(E) 24 rad/s

17. What is the angular acceleration 0 5 10 15 20 Ti 25 30 35 40 45 50
of this flywheel when t = 40s? ime [s]
(A)25rad/ls®  (B)-2.5rad/s® (C)-0.8rad/s” (D)-Ll.2rad/s*> (E)-1/8 rad/s’

A particle moves in a circle in such a way that the x and y coordinates of its motion, given in meters
as functions of time t in seconds, are: X = 6 cos(4zn-t) and y = 6 sin(4n-t).

18. How long does it take this particle to complete one circle?
(A)2rs (B)05s (C)20s (D)ns (E)4.0s

19. What will be the centripetal acceleration [in m/s?] of this particle?
(A) 36 (B)96n® (C)240-n°  (D)480'm*  (E) 247

=
L

L]

=

LA

Torque [Nm|]
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A solid disk, which has a radius of R = 30 cm, has a mass density o that varies with distance from the
center of the disk according to:
6 = a + b-r’ where a = 12-kg/m” and b = 220 kg/m*
20. What is the total mass of the disk?
(A)14kg (B)28kg (C)45kg (D)6.2kg (E)7.1kg

21. What will be the moment of inertia of the disk about an axis through the center of mass and perpendicular
to the plane of the disk?

(A) 0.45 kgm*  (B) 1.13kgm?  (C) 0.32kgm® (D) 2.93 kgm®  (E) 4.40 kgm?

A simple pendulum is pulled 1 7~ ™~ ™~

back to an angle 6 and is then 0.8 ‘;’ \ {" \ f’ \

released from rest. The graph ~ _ gi 7\ i\ Ty

to the right shows the velocity = / \ / \ / \

of this simple pendulum as a S 0 f-" \ f" ll" |

function of time. é -02 l"\ ] \ / ; / \

22. What is the length of this simple -0.6 \\ /"r "‘\ ;" \\ }! "‘\

pendulum? —E? \/ \W W, "/
(A)228m  (B)153m 5
(C)1.88m (D)3.15m 0 1 2 3 4 5 6 7 8 9 10
(E) 2.40 m Time [5]

23. What is the angle 6 to which this simple pendulum has been pulled back before its release?
(A)12° (B)4° (©)9° (D)15° (E)7.5°

24. Which of the following graphs best shows the tangential acceleration of this simple pendulum
as a function of time?

(A) (B) (C)
_. 8 _ 4 3
2SI\ 7\ g 3 WA Y 2 n A A
E AN 71X, E ER VA A
g 2 1Y 1\ ER I W T ERs i (i
E 3\ 3\ =R VY A8 I N A W B E [\ IR Y
5 \\ / \\ s A 1; | = -y \/ U/ \/
g i LV A L\ R

_8 —4 -3

] 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
o Time [s] ) Time [s] Time [s]
. & 86
ERN I AN EREN\ N FAY I\ W FA
Elm i \ [/ oA AL IV A
oA RS E LA AR
g I NS [N g i\ VAR
- =

-5 -6 +

1] 2 4 6 8 10 0 2 4 6 8 10

Time [s] Time [s]

25. A newly discovered planet has a mass M distributed uniformly throughout a spherical volume which has a
radius R. The acceleration at the surface of this planet is measured to be g. What would be the gravitational
acceleration at a distance of R/3 from the center of the planet?

(A)3g (B)ald (C)9g (D)ald (E)o/8

NJSL Physics C Feb 2018 Exam Page 4



ADVANCED PLACEMENT PHYSICS C EQUATIONS updated 12-20-2017

MECHANICS

Ve = Vg T agt

1
X =Xy + Vot +§axt2

vi= v 7+ 2a, (x - xp)

= —my

dE
P=—

dt
P=F
AU, = mgAh

2

V
ac:7:(02]"
T=FxF
—-_Zf_%net
CETT T

w:w0+az

= 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
work done on a system
position
coefficient of friction

NS

angle

torque

angular speed
angular acceleration
= phase angle

QQ%ﬁ%tx§< ST NS w3 h&»a&Nw\ﬁ
|

F, = —kAx
1 2
Uy = Sk(A)

|~G| _ Gmlmz
1’2
Gmym,
U; = p

ELECTRICITY AND MAGNETISM

= 1 919,
Fp| = ——1192
| E| 47[80 ]/'2
o
q
gSE-dA: 19
€9
dv
Ev =~
AV = —jE-df
_ 1 La
V= 4re, Z‘ r;
_ 1 99
Ug a drey r
0
AV =2
C
C = KZOA
Cp=2G
1
1 1
Cs ;Ci
_4a0
T odt
1 1 2
Ue = 7QAV = 5C(AV)
pl
R=£
A
E=pJ
I = Nev, 4
S _ AV

P=1IAV

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

\ velocity or speed

p = resistivity

® = flux

kx = dielectric constant
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F=|IdixB
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ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle A =area
A= bh C =circumference
. V =volume
Triangle
S =surface area
A= lbh b =Dbase
2 h =height
Circle ! =length
A= w =width
r =radius
€ =2zr s = arc length
s =r0 0 = angle
Rectangular Solid
V = {wh

- ~

Cylinder
r
V = nr’t Q

S =271l + 2nr” \

Sphere N ,

Right Triangle
a* + b =c?

sin@ =

ol ol

cosb = 5 90°

a
ti = —
an @ b

CALCULUS

af _dfdu
dx  du dx
%(x”) = nx" !
d ax ax
%(e ) = qe

d 1

1 -1
dx(nax) .

dp.
a[sm(ax)] = acos(ax)

d .
a[cos(ax)] = —asin(ax)

Ix"dx = I RN R |

Jeax dx = leax
a

dx
x+a

= In|x + a
J‘ 1 .
cos(ax)dx = —sin (ax)
J‘ . 1
sin (ax)dx = —Ecos(ax)
VECTOR PRODUCTS

AeB = ABcos@
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Physics C Answer Key: Orchid Test no corrections
Date Feb 8, 2018

Solutions

11 D 16 21

13 D 18 23

@ | O | > 0O

D
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B
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A lw | N PR
O > | > | »
O | 0| N | o

14 E 19 24

o O > | >0

5 C 10 D 15 C 20 D 25

JANUARY:: kinematics in one and two dimensions; Newton's laws including resistance forces and
dynamics of circular motion; vector algebra (mostly assumed as needed); energy and its conservation
including potential energy and conservative forces, momentum and its conservation including two-
dimensional situations

FEBRUARY : angular mechanics including rotational equilibrium, rotational dynamics, rotational energy,
and angular momentum; oscillatory motion including kinematics, dynamics, energy, and damping;
gravitation including kinematics and dynamics of planetary motion, angular momentum, and energy as
applied to gravitation. Plus Jan topics

MARCH: electrostatics including electrostatic forces, electrostatic field, electrostatic field flux and
Gauss's Law; electrostatic potential and potential energy; dc electrical circuits including multi-loop
circuits and power; capacitors, dielectrics, and circuits with capacitors. Plus Jan and Feb Topics.

APRIL: Magnetic Fields and Forces including the applications of the Lorenz force, the Law of Biot-
Savart, Ampere's Law, magnetic field flux and Faraday's Law, Lenz's Law for electromagnetic induction;
magnetic materials, applications of electromagnetic induction, and circuits with inductors. Plus Jan, Feb
and March topics.

Dates for 2018 Season
Thursday February 8, 2018
Thursday March 8, 2018  Thursday April 12, 2018
All areas and schools must complete the April exam and mail in the results
by April 28th, 2018

New Jersey Science League
PO Box 65  Stewartsville, NJ 08886-0065
phone # 908-213-8923 fax # 908-213-9391 email: newjsl@ptd.net
Web address: http://entnet.com/~personal/njscil/html/

What is to be mailed back to our office?
PLEASE RETURN THE AREA RECORD AND ALL TEAM MEMBER SCANTRONS
(ALL STUDENTS PLACING 1ST, 2ND, 3RD, AND 4TH).
If you return Scantrons of alternates, then label them as ALTERNATES.

Dates for 2019 Season
Thursday January 10, 2019 Thursday February 7, 2019
Thursday March 7, 2019  Thursday April 11, 2019




Physics C Science League Test Orchid Test
March 8, 2018

No Corrections

DIRECTIONS: Please PRINT your name, school, area, and which test you are taking on the Scantron. For
each statement or question, completely fill in the appropriate space on the answer sheet. Use the letter
preceding the word or phrase or sketch which best completes the statement or answers the question. Unless
otherwise stated, assume ideal conditions including no friction with the air. Sketches are not to scale.

[Useful constants: k = 1/(4me,) = 9.0 x 10° Nm?/C?, &, = 8.85 x 10™? C%/(Nm?)]

Two small conducting spheres are located a
distance d apart. The left sphere (L) has a
radius R and contains a charge 14q while the
right sphere (R) has a radius 3R and contains « 3 >
a charge -2q. The force exerted on each sphere >

by the other has magnitude F. These two

spheres are brought together until they touch

and are then moved apart to a new separation
distance of 3d. P d N

| 14q -2q

1. What will be the final charge on each sphere (L,R) after being moved to their new positions?
A.6q,6g B.129,4qg C.4q,12q D.16q9,149 E. 39,99

2. What will be the magnitude of the ratio of the forces between these two spheres before and after contact?
A.12/28 B.16/12 C.27/28 D.16/9 E.3/28

\|
________________________________________________________ i\

100uF
3. What will be the total capacitance of the network to the right? . _
A.50uF B.100uF C.150puF D.200puF E. 400 pF ﬁ| 2‘"‘%}_] 200uF

)|
100uF
200uF \|

________________________________________________________ ”
Two parallel plates are separated by a distance d = 15 cm and
are attached to a battery that has an EMF of £ =300 Volts. A
small conducting sphere which has a mass of m = 0.10 grams

and a charge of g = 100 uC is initially located at point A. The v w— —
sphere is then moved a distance x = 12 cm to point B and is 1+ T(.; E
then moved a distance y = 10.0 cm to point C. ET-

200K

4. How much work is done by moving this sphere from point A to ,‘ 1l lx
point C? B
A.022)  B.0.085) C.0.044) —

D.0.050J E.0.020J

The sphere, located at rest at point C, is then released and accelerates back to point B.

K’

5. What will be the speed of the sphere when it reaches point B?
A.20m/s B.24m/s C.19m/s D.15m/s E.11m/s

6. Which of the following is a possible equivalent unit for electric field?
N N .
B c—L pl& gl

"Am-s "A'm “Cms "A'm "Ames
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7. The point charge +Q shown to the right is at the center of a metal box that is
isolated, ungrounded, and contains a net charge +3Q. Which of the
following is true?

A. The net charge on the outside surface of the box is +4Q.
B. The electric field outside the box is the same as if only the point charge

(and not the box) were there. ’ ©
C. The electric field inside the box is radially outward from the charge +Q

at all points.
D. The electric field outside the box is zero everywhere.
E. The potential inside the box is zero everywhere.

In the circuit to the right, the circuit elements have the following values: +| |_ AAAAA
EMF=24V R;=60Q R;=20Q 1,=0.90A EMF r
8. What is the internal resistance r of the battery? R:

A60Q B.25Q C.30Q D.50Q2 E. 10Q

9. What will be the reading on a voltmeter connected across the battery?
A.24V B.18V C.16V D.12V  E.90V R:

10. How much heat will be dissipated within the battery during a 5-minute period? B
A.1250) B.1830J C.2160J D.3130J E.5410J

Each of the following questions refers to the diagram to the right which
consists of two concentric, conducting cylinders each with a length of L
= 3.0 meters. The inner cylinder has a radius of R; =4.0 cm and
contains 30 uC of charge for each meter of length while the outer
cylinder has an inner radius of R, = 8.0 cm, an outer radius of R3 = 12
cm and contains -30 uC per meter of length.

11. What is the electric field strength 6.0 cm from the center of the
inner cylinder?
A.3.0x10°N/C B.3.0x10'N/C C.9.0x10°N/C
D.45x 10’ N/C E.75x10°N/C

12. What is the charge density per unit area o3 on the outer surface of the
outer cylindrical shell?
A. 10 uC/m?>  B.20uC/m?> C.60 uC/m*> D.O0uC/m*> E.-60 pC/m?

13. What will be the potential difference between the inner cylinder and the outer cylindrical shell?
A.22x10°V  B.37x10°V C.22x10°V D.41x10°V E.50x10°V

14. What is the capacitance of this cylindrical capacitor?
A.24x10*uF B.40x10*pF C.6.0x10°uF D.62x10°uF E.9.2x10*uF

15. Which of the following best illustrates the electric field in the area surrounding these two cylinders?

A B. C. D. E.

- | ! 1
NN NN H/,@\
@) @&

1
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The following question refers to the circuit at the right consisting ¥

of 4 different light bulbs connected to a battery with negligible | I'I I'l I'l
internal resistance. Initially, all four lightbulbs are emitting light
normally. Suppose that suddenly lightbulb L; is unscrewed, and

\%

)
of course, goes out. L1®

O

16. What will happen to the other 3 lightbulbs?
L, — brighter Ls —no change L4—no change La
L, — brighter Ls — brighter L4 — dimmer —
Li—nochange Lsz—nochange L, - brighter Ls

L, — dimmer Ls — brighter L4 — brighter @
L1 —nochange Ls-— brighter L, — dimmer

moowp

A 60 uF capacitor consists of two parallel plates filled with an insulator that has a dielectric
constant of K = 6. This capacitor is attached to a battery which has an EMF of 12.0 Volts.

While remaining attached to the battery, the insulator is suddenly pulled out from between the two
plates of the capacitor.

17. What is the magnitude of the additional charge that will flow on/off the positive plate of the capacitor while
removing the insulator?
A. 150 uC B. 600 uC C. 250 uC D. 240 uC E. 40 uC

Instead, the capacitor is first disconnected from the battery and then the insulator is suddenly pulled
out from between the two plates of the capacitor.

18. How much work will be required to remove the insulator from between the plates?
A.0.022] B. 0.0029 J C.0.0551J D. 0.017J E.0.315J

Two charges, +q and -4q, are located along the x-axis as shown in the diagram below:

q -4q
I } } + y t @ } t } t Q } } +
o 1 2 3 4 S o6 7 8 9 10 11 12 13 14 1
19. Where along the x-axis will the electric field be zero?

"s [meters]

A. 13 B. 10 C. 7 D. 4 E.1
20. Where along the x axis will the electric potential be zero?
A. 13 B. 10 C.7 D.4 E.1
I S < s o
v, v Ve A ‘II
L . A Ag e T A 12a
e '2A 02 =~ Ed vacuum ’d [ plastic K=3 Iﬂ}dﬁ [
/ .l

vacuum e mica K=8.0 ‘ q —_l_— glass K=6
¥ ms T

21. Rank the above capacitors from the greatest to least capacitance!
A. 4—5—-1-3-2 B.1-53-55-52—4 C.4-52—>1=5-3

D.4—-2—>1-55->3 E.4—>1-55-53->2
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A capacitor C is initially attached to a 1o
battery which has an EMF of V, = 12.0 200
Volts. The capacitor is then removed 800 \
from the battery and is attached to an 700
external resistor R and a micro = 600 \\
ammeter. The initial current through = 500 .
the resistor R is 810 pA which then |- N
decreases as a function of time as N h

. 300
plotted on the graph to the right. o0

22. How much charge was initially stored 100 T —
on the capacitor? )
0 10 20 30 40 50 60 70 80 @0 100
Tune (5)

A. 40,500 uC  B. 18,600 puC
C.38,200 uC  D. 62,000 uC
E. 212,000 pC

23. What will be the voltage drop across
the resistor 200 seconds after being
connected to the capacitor?
A.105Vv B.82Vv C.7.1V D.022V E.0.024V

A charge of Q =50 uC is distributed evenly along the length of a
curved section of wire which has a radius of R = 10 cm and which

symmetrically subtends an angle of 8 = 2.00 radians as shown to
the right.

24. Which of the following expressions correctly gives
the electric field at point P?

kQ, ke ke
A. R cos(0) B. 2 sin(6) C. =2 sin(6/2)

2kQ kQ
D. ?'005(26) E. F'sm(e/z)

An alpha particle [mass = 6.64 x 10?’ kg,

charge = 3.20 x 10™°C] is placed at rest at point P and is
then released.

25. What will be the velocity of the alpha particle when it is 100 meters to the right of the charged wire?
A.21x10'm/s B.88x10°m/s C.7.1x10°m/s

D.55x10°m/s E.55x10°m/s
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ADVANCED PLACEMENT PHYSICS C EQUATIONS updated 12-20-2017

MECHANICS

Ve = Vg T agt

1
X =Xy + Vot +§axt2

vi= v 7+ 2a, (x - xp)

= —my

dE
P=—

dt
P=F
AU, = mgAh

2

V
ac:7:(02]"
T=FxF
—-_Zf_%net
CETT T

w:w0+az

= 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
work done on a system
position
coefficient of friction

NS

angle

torque

angular speed
angular acceleration
= phase angle

QQ%ﬁ%tx§< ST NS w3 h&»a&Nw\ﬁ
|

F, = —kAx
1 2
Uy = Sk(A)

|~G| _ Gmlmz
1’2
Gmym,
U; = p

ELECTRICITY AND MAGNETISM

= 1 919,
Fp| = ——1192
| E| 47[80 ]/'2
o
q
gSE-dA: 19
€9
dv
Ev =~
AV = —jE-df
_ 1 La
V= 4re, Z‘ r;
_ 1 99
Ug a drey r
0
AV =2
C
C = KZOA
Cp=2G
1
1 1
Cs ;Ci
_4a0
T odt
1 1 2
Ue = 7QAV = 5C(AV)
pl
R=£
A
E=pJ
I = Nev, 4
S _ AV

P=1IAV

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

\ velocity or speed

p = resistivity

® = flux

kx = dielectric constant

_p Idixr
dB = £0 25
4z
F=|IdixB
B, = pynl
®, = [ Bedi
- - dd
E=QEdl =— B
dt
dl
E=-L—
dt
1,2
==Ll
U, >




ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle A =area
A= bh C =circumference
. V =volume
Triangle
S =surface area
A= lbh b =Dbase
2 h =height
Circle ! =length
A= w =width
r =radius
€ =2zr s = arc length
s =r0 0 = angle
Rectangular Solid
V = {wh

- ~

Cylinder
r
V = nr’t Q

S =271l + 2nr” \

Sphere N ,

Right Triangle
a* + b =c?

sin@ =

ol ol

cosb = 5 90°

a
ti = —
an @ b

CALCULUS

af _dfdu
dx  du dx
%(x”) = nx" !
d ax ax
%(e ) = qe

d 1

1 -1
dx(nax) .

dp.
a[sm(ax)] = acos(ax)

d .
a[cos(ax)] = —asin(ax)

Ix"dx = I RN R |

Jeax dx = leax
a

dx
x+a

= In|x + a
J‘ 1 .
cos(ax)dx = —sin (ax)
J‘ . 1
sin (ax)dx = —Ecos(ax)
VECTOR PRODUCTS

AeB = ABcos@
|A x B| = ABsin®




Physics C Answer Key: Orchid Test No
Corrections
Date March 8, 2018

Deadline: All March exam results must be post marked by March 16" or scan the record
sheet and email to newjsl@ptd.net or the scores will not count.

1 E 6 E 11 C 16 E 21 D
2 E 7 A 12 D 17 B 22 A
3 B 8 D 13 B 18 A 23 D
4 E 9 B 14 A 19 E 24 C
5 A 10 C 15 A 20 C 25 A

JANUARY:: kinematics in one and two dimensions; Newton's laws including resistance forces and
dynamics of circular motion; vector algebra (mostly assumed as needed); energy and its conservation
including potential energy and conservative forces, momentum and its conservation including two-
dimensional situations

FEBRUARY : angular mechanics including rotational equilibrium, rotational dynamics, rotational energy,
and angular momentum; oscillatory motion including kinematics, dynamics, energy, and damping;
gravitation including kinematics and dynamics of planetary motion, angular momentum, and energy as
applied to gravitation. Plus Jan topics

MARCH: electrostatics including electrostatic forces, electrostatic field, electrostatic field flux and
Gauss's Law; electrostatic potential and potential energy; dc electrical circuits including multi-loop
circuits and power; capacitors, dielectrics, and circuits with capacitors. Plus Jan and Feb Topics.

APRIL: Magnetic Fields and Forces including the applications of the Lorenz force, the Law of Biot-
Savart, Ampere's Law, magnetic field flux and Faraday's Law, Lenz's Law for electromagnetic induction;
magnetic materials, applications of electromagnetic induction, and circuits with inductors. Plus Jan, Feb,
and March topics.

Dates for 2018 Season
Thursday March 8, 2018  Thursday April 12, 2018
All areas and schools must complete the April exam and mail in the results
by April 28th, 2018
New Jersey Science League
PO Box 65 Stewartsville, NJ 08886-0065
phone # 908-213-8923 fax # 908-213-9391 email: newjsl@ptd.net
Web address: http://entnet.com/~personal/njscil/html/
What is to be mailed back to our office?
PLEASE RETURN THE AREA RECORD AND ALL TEAM MEMBER SCANTRONS
(ALL STUDENTS PLACING 1ST, 2ND, 3RD, AND 4TH).
If you return Scantrons of alternates, then label them as ALTERNATES.
Dates for 2019 Season
Thursday January 10, 2019 Thursday February 7, 2019
Thursday March 7, 2019  Thursday April 11, 2019
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NJSL Phy C Orchid April 12, 2018

DIRECTIONS: Please PRINT your name, school, area, and which test you are taking on the Scantron.
For each statement or question, completely fill in the appropriate space on the answer sheet. Use the
letter preceding the word or phrase or sketch which best completes the statement or answers the
guestion. Unless otherwise stated, assume ideal conditions and that X indicates a vector directed into the
page and e indicates a vector out of the page. Sketches are not to scale. Corrections

[Useful constants; po=4-nx107 T-m/A
Km = po/(4-m) =107 A/(T-m)  10*Gauss=1Tesla e=1.6x10"C]

Each of the following questions refers to the circuit to the right
where the switch S is open and circuit elements have values: _ R S
£=30V R;=100Q R,=900Q L =200mH =T
At t = 0s, switch S is closed. E—= R, L
=

1. What will be the voltage across R, immediately after the switch T

S is closed?

A0V B.12V C.18V D.24V E.27V

Assume now that the switch has been closed for a long time.

2. What will be the voltage across R, a long time after the switch has been closed?
A0V B.12V C.24Vv D.27V E. 30V

After a long time, the switch is again re-opened.
3. What will be the voltage across R, immediately after the switch has been reopened?

A.24V B.27V C.30v D.60V E.270V
A long straight wire is carrying a conventional current | 3 > | > z
as shown. Adjacent to this straight wire is a conducting ai :
rectangular loop with dimensions and position as shown. v ;
The current in the long, straight wire is increasing with b

time according to the relationship I = I, + a-t where a is a
positive constant and where |, is the current at t = 0 sec.

4. Which of the following expressions describes the magnetic flux ,
through the loop as a function of time? @ e >
UI + a-t)-c o I +G,'t H I
A. M-In(b—a) B. M c. 222
2.1 2 (b - a) 2 b

(14t . t)-
D. Mm(ij E. Ho (IO Q t) c-ln E

2'TE b 27T a

5. What will be the resulting effect on the loop of wire?
A. There will be a gradually increasing clockwise current flow.
B. There will be a constant clockwise current flowing in the loop.
C. There will be no effect on the loop.
D. The loop of wire will be repelled by the current-carrying wire.
E. There will be a gradually decreasing counter-clockwise current flow.
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6. A current-carrying wire is sitting between the poles of a magnet as shown
to the right. Conventional current I is flowing towards the right. In what m

direction could an electric field be added so that the wire feels no net

conventional current  ——_p

force?
A. out of the page B. towards the left C. into the page

D. towards the right  E. no such electric field exists

7. There is a counterclockwise current | in a circular loop of wire situated in an external
magnetic field directed out of the page as shown. The effect of the forces that
act on this current is to make the loop . A and E are correct.
Diagram is clockwise while question say counterclockwise. o
A. expand in size
B. accelerate into the page
C. rotate about an axis perpendicular to the page and through the .

center of the loop
D. rotate about an axis in the plane of the page and parallel to
the Yy axis * ® o e . ®
E. contract in size

The figure to the right shows a rectangular loop of wire of
width a, length b, and resistance R. One end of the loop is

in a uniform magnetic field of strength B at right angles to
the plane of the loop. The loop is pulled to the right at a x x| x x x x
constant speed v by a constant force F.

8. What are the magnitude of the required force F and the \Y
direction of the induced current in the loop? x x| x x x x
Magnitude Force  Direction Current b

A. B-a-v/R Counterclockwise "B" x x x X
B. B-a-'vZR Counterclockwise x e x x  x
C. BZa%v/R Clockwise

D. B2a%v/R Counterclockwise

E. B-a®v/R? Clockwise

9. Two circular coils are situated perpendicular to the z-axis as
shown. There is a current in the primary coil. All of the

following procedures will induce a current in the secondary coil
EXCEPT? Primary
A. moving the secondary coil closer to the primary coil

B. rotating the secondary coil about its diameter

C. rotating the secondary coil about the z-axis

D. varying the current in the primary coil

E. decreasing the cross-sectional area of the secondary coil

Secondary
Coil

Coil

A magnetic field of 0.030 T forces a proton beam of 1.5 mA to move in a circle of radius 0.035 m. The
plane of the circle is perpendicular to the magnetic field. [ Mproton = 1.67 X 10" Kg, Gproton = 1.6 X 10™°C]
10. Of the following, which is the best estimate of the work done by the magnetic field on the protons during
one complete orbit of the circle?
A.0)J B.10%J C.10°)J D.10*J E.10°J

11. Of the following, which is the best estimate of the speed of a proton in the beam as it moves in the circle?
A.10°m/s B.10°m/s C.10°m/s D.10°m/s E.10%m/s
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A very long wire oriented perpendicularly to the paper has a diameter d and
has a current I flowing uniformly out of the page.

12. What will be the magnitude of the magnetic field within the wire as a function of
the distance r from the center of the wire?

6UolT 3ulr? 4plr 2Uolr apylr?
T T T — E
5md3 2md? d? d? md?
13. Which of the following graphs best shows the magnetic field as a function of

distance from the center of the wire?
A. B. C. D. E.

dn d 32d 2d dn2 d 3zd 2d d/2 d 3d 2d

A circular loop of wire in a uniform magnetic

field Bj, rotates at a constant rotational speed

about the axis shown. At time t = 0 the plane

of the loop is perpendicular to the field with

point P at the left as shown. At time t = t; the P
loop has been rotated 180° so that point P is at

the right as shown. [Assume out of the page is
positive.]

rotational rotational
axis axis
C. D. E.
1l ol
’I if \\ rd
6i] rd AY P
¢y | ¢ > L Ve y 4 N N7
" " e rd
t t t t t

15. Two particles with the same speed v, enter a region of
uniform magnetic field B directed into the page and are X X X X X X X
initially traveling perpendicular to B, as shown above.

) - X B (into page
Particle Y has charge positive Q and mass 2M; particle (nto page)

Z has charge negative 2Q and mass 2M. Which of the X X
following pairs of paths shown is possible for the

subsequent motion of the particles? X X

Particle Y Particle Z

A. 1 4

B. 1 3

C. 3 1

D. 4 1

E. 4 2
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A negatively charged particle g = -10 uC enters an area of space
where there is an electric field E;, = 20,000 N/C directed into the
paper as shown with a speed of v = 5.0 x 10° m/s.

16. Which of the following vectors shows the direction of a magnetic field B that could be added so that this
negative particle would follow a straight path through the field?

A. B. C. D. E.
X_ X X X|x x x
- Ein
I into — X X X xX|x x x
page

17. What is the magnitude of the magnetic field B required in order for this charged particle to pass through
the electric field undeflected?
A 020T B.0.020 T C.080T D.1.20T E.0040T

18. A square coil of wire of side 0.50 meters, 32 turns, and a t e e s
resistance 6.0 Q is located in a uniform magnetic field of oo o o o o) s
intensity B, = 2.0 Tesla initially directed out of the page as
shown. The magnetic field then changes at a constant rate to a e ® & ® o
new magnetic field of Bf = 4.0 Tesla directed into the page at ele o o o ol @
the end of 0.40 seconds. As the field changes, what are the Bout of
magnitude and direction of the current in the coil? el e o o o of o paper

A.5 A, clockwise
B. 10 A, clockwise
C. 20 A, counterclockwise * o ® o ® o »
D. 20 A, clockwise

E. 10 A, counterclockwise

19. Which of the following mathematical expressions implies that all magnetic field lines close on
themselves?
A. B. C. D. E.

gg EdA = L J Bdl=p, 1 ﬂg BdA =0 J Edl=V (JS EdA =B
€
O

20. The electric field E can be measured in VVolts/m while the magnetic field B can be measured in
Weber/m?. What will be the units of the ratio E/B?
A. Tesla/Ampere  B. Newton/Ampere  C. meter/second  D. Joule/Coulomb  E. Ampere/Joule
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21. A flat coil of wire having a radius of R = 12.0 cm and consisting of N = 100 turns, has a current of 5.0
Amperes flowing clockwise as shown to the right. What will be the magnetic field strength B at point P

in the center of the coil?
A. 0.051T B.0510T C.0.00013T D.060T E.0.0026T

22. In the circuit to the right, the switch S is closed at time t=0s. Which of the following graphs correctly

shows the current through the resistor as a function of time?
—1HHF
<

=

1[A]

T[A]

t [sec]

0

23. The principle difference between ferromagnetic and diamagnetic substances is that

A. in ferromagnetic substances, magnetic domains are pointing in alternating opposite directions wh|Ie in diamagnetic
substances, the magnetic domains tend to be aligned in the same direction

B. ferromagnetic substances tend to strengthen an applied external magnetic field while diamagnetic substances tend
to weaken an applied external magnetic field

C. ferromagnetic substances weakly attract a magnet while diamagnetic substances strongly repel a magnet

D. ferromagnetic substances tend to weaken an applied external magnetic field while diamagnetic substances tend to
strengthen an applied external magnetic field

E. as long as the temperature is below the Curie temperature, both ferromagnetic and diamagnetic substances react to

an external magnetic field in similar ways

NJSL Physics C April 2018 Exam Page 5



In the diagram to the right, two currents of equal magnitude
I, = 1, are flowing in opposite directions as shown.

24. Which of the following vectors point in the direction of the net magnetic field at point P?

~

Il 12
A. B. C. D. E.
X
—_—> into -
page

25. What would be the magnitude of the magnetic force acting on an alpha particle [+2e] at point P moving
in the positive y direction with a velocity v?

A. B. C. D. E.
1My I{-pgyx TR IS < Ii-pyy
2evi—m—mmmm —  evi—— e v ——————— eV ———————— Zero
ﬂ-(X2+y2] Zﬂ-(x +y2] TT.JX2+Y2 ‘IT'(X +}f2]
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ADVANCED PLACEMENT PHYSICS C EQUATIONS updated 12-20-2017

MECHANICS

Ve = Vg T agt

1
X =Xy + Vot +§axt2

vi= v 7+ 2a, (x - xp)

= —my

dE
P=—

dt
P=F
AU, = mgAh

2

V
ac:7:(02]"
T=FxF
—-_Zf_%net
CETT T

w:w0+az

= 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
work done on a system
position
coefficient of friction

NS

angle

torque

angular speed
angular acceleration
= phase angle

QQ%ﬁ%tx§< ST NS w3 h&»a&Nw\ﬁ
|

F, = —kAx
1 2
Uy = Sk(A)

|~G| _ Gmlmz
1’2
Gmym,
U; = p

ELECTRICITY AND MAGNETISM

= 1 919,
Fp| = ——1192
| E| 47[80 ]/'2
o
q
gSE-dA: 19
€9
dv
Ev =~
AV = —jE-df
_ 1 La
V= 4re, Z‘ r;
_ 1 99
Ug a drey r
0
AV =2
C
C = KZOA
Cp=2G
1
1 1
Cs ;Ci
_4a0
T odt
1 1 2
Ue = 7QAV = 5C(AV)
pl
R=£
A
E=pJ
I = Nev, 4
S _ AV

P=1IAV

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

\ velocity or speed

p = resistivity

® = flux

kx = dielectric constant

_p Idixr
dB = £0 25
4z
F=|IdixB
B, = pynl
®, = [ Bedi
- - dd
E=QEdl =— B
dt
dl
E=-L—
dt
1,2
==Ll
U, >




ADVANCED PLACEMENT PHYSICS C EQUATIONS

GEOMETRY AND TRIGONOMETRY

Rectangle A =area
A= bh C =circumference
. V =volume
Triangle
S =surface area
A= lbh b =Dbase
2 h =height
Circle ! =length
A= w =width
r =radius
€ =2zr s = arc length
s =r0 0 = angle
Rectangular Solid
V = {wh

- ~

Cylinder
r
V = nr’t Q

S =271l + 2nr” \

Sphere N ,

Right Triangle
a* + b =c?

sin@ =

ol ol

cosb = 5 90°

a
ti = —
an @ b

CALCULUS

af _dfdu
dx  du dx
%(x”) = nx" !
d ax ax
%(e ) = qe

d 1

1 -1
dx(nax) .

dp.
a[sm(ax)] = acos(ax)

d .
a[cos(ax)] = —asin(ax)

Ix"dx = I RN R |

Jeax dx = leax
a

dx
x+a

= In|x + a
J‘ 1 .
cos(ax)dx = —sin (ax)
J‘ . 1
sin (ax)dx = —Ecos(ax)
VECTOR PRODUCTS

AeB = ABcos@
|A x B| = ABsin®




Physics C Answer Key: Orchid Test
Date April 12, 2018 Corrections:

All schools and areas must finish the April exam and post mark or scan all results by April 30™..

1 E 6 E 11 B 16 C 21 E
E
2 A 7 & A 12 D 17 E 22 B

3 E 8 D 13 B 18 C 23 B

4 E 9 C 14 B 19 C 24 D

5 D 10 A 15 B 20 C 25 E

JANUARY: : kinematics in one and two dimensions; Newton's laws including resistance forces and
dynamics of circular motion; vector algebra (mostly assumed as needed); energy and its conservation
including potential energy and conservative forces, momentum and its conservation including two-
dimensional situations

FEBRUARY : angular mechanics including rotational equilibrium, rotational dynamics, rotational energy,
and angular momentum; oscillatory motion including kinematics, dynamics, energy, and damping;
gravitation including kinematics and dynamics of planetary motion, angular momentum, and energy as
applied to gravitation. Plus Jan topics

MARCH: electrostatics including electrostatic forces, electrostatic field, electrostatic field flux and
Gauss's Law; electrostatic potential and potential energy; dc electrical circuits including multi-loop
circuits and power; capacitors, dielectrics, and circuits with capacitors. Plus Jan and Feb Topics.
APRIL: Magnetic Fields and Forces including the applications of the Lorenz force, the Law of Biot-
Savart, Ampere's Law, magnetic field flux and Faraday's Law, Lenz's Law for electromagnetic induction;
magnetic materials, applications of electromagnetic induction, and circuits with inductors. Plus Jan, Feb,
and March topics.

Dates for 2018 Season
Thursday April 12, 2018
All schools and areas must finish the April exam and post mark or scan all results by April 30™.
New Jersey Science League
PO Box 65  Stewartsville, NJ 08886-0065
phone # 908-213-8923 fax # 908-213-9391 email: newjsl@ptd.net
Web address: http://entnet.com/~personal/njscil/html/
What is to be mailed back to our office?
PLEASE RETURN THE AREA RECORD AND ALL TEAM MEMBER SCANTRONS
(ALL STUDENTS PLACING 1ST, 2ND, 3RD, AND 4TH).
If you return Scantrons of alternates, then label them as ALTERNATES.

Dates for 2019 Season
Thursday January 10, 2019 Thursday February 14, 2019
Thursday March 14, 2019  Thursday April 11, 2019




	Phy C Jan Exam ans key and formulae sheet Corrected 5-29-2018
	Phy C Jan Exam Corrected 5-29-2018
	DIRECTIONS: Please PRINT your name, school, area, and which test you are taking on the Scantron. For each statement or question, completely fill in the appropriate space on the answer sheet. Use the letter preceding the word or phrase or sketch which ...
	Assume g = 10. m/s2
	Use the drawing to the right for questions #4 and 5. Two masses are attached to the opposite ends of a string which is hung over a pulley as shown at the right. The masses of the string and pulley are insignificant. The mass 3m is released and acceler...
	/An express elevator in a new skyscraper leaves the first floor and rises to the top floor of the building where it comes to rest. There is a bathroom scale in the elevator on which a student, who has a weight of 120 lb, is standing. The graph to the ...
	A very light ping-pong ball, which has a mass of 4.0 grams and a diameter of 3.8 cm, is dropped from rest from the top of a building 310 meters high. The ball moves smoothly through the air feeling a drag force that is directly proportional to the ba...
	/A small marble is fired upward at an angle  = 30o with a speed of vo from a point x = 1.5 m from the edge of a 45o downward slope. The marble lands at a point L = 1.41 m down the slope.
	The potential energy function in an area of space under the influence of an unknown conservative force is given by
	/
	𝑼,𝒙.=𝟐,𝒙-𝟑.−𝟐𝟐,𝒙-𝟐.+𝟒𝟖𝒙+𝟐𝟎
	and is described by the graph to the right.
	/Two balls are approaching one another as shown in the diagram at the right. The first ball has a mass of m1 = 3.0 kg and is moving with a velocity of v1 = 6.1 m/sec at an angle of  = 33o while a second ball has a mass m2 = 5.0 kg and is moving with ...
	/A lawn mower, which has a mass of m1 = 28.0 kg, is being pushed with a force of F = 122 N being applied to the handle which meets the horizontal at an angle of  = 33.0o. As a result, the mower moves toward the left at a constant speed of v = 2.20 m/...
	/A mass m = 100 gm is attached to the end of a string. The mass is given a push so that it moves in a conical path with a speed v = 1.45 m/s in a circle with a radius R = 31.0 cm as shown to the right.

	Phy C Jan ans Key Corrected 5-29-2018
	Physics C Formulae Season 2016-2017 Modified 2-20-2017

	Phy C Feb Exam Key and formulae sheet Corrected 5-30-2018
	Phy C Feb Exam 2018 Corrected 5-30-2018
	/No Corrections
	DIRECTIONS: Please PRINT your name, school, area, and which test you are taking on the Scantron supplied. For each statement or question, completely fill in the appropriate space on the answer sheet. Use the letter preceding the word or phrase or sket...
	/A thin walled hollow sphere, which has a mass of 4.5 kg and a radius of 38 cm, is initially rotating counter-clockwise at 3.5 revolutions per second about a vertical rotational axis. Beginning at t = 0 s, a constant external force of F = 24 N is appl...
	An external braking torque is then applied to the spherical shell bringing it to rest in 10 seconds.
	/A ladder, which has a length L = 5.4 m and a mass of M = 38 kg, is leaning against a frictionless wall at an angle  = 62o relative to the ground as shown to the right. A house painter whose mass is m = 52 kg is to safely climb to the top of the lad...
	A crude approximation is that Saturn travels in a circular orbit about the Sun at constant speed, at an average distance of 1.43 x 1012 m from the Sun. [See the data table]
	/A low friction cart, which has a mass of 4.0 kg, is located in the center of a horizontal track. It is connected to each end of the track by two identical springs, each with a spring constant k = 44 N/m. The car is displaced x = 30 cm to the right of...
	A star, which has a mass of 6.0 x 1030kg and a radius of 4.8 x 109m, rotates on its axis once every 6.0 days. This star then undergoes a gravitational collapse until its radius has been reduced to 2.4 x 107m.
	Suppose that this star continues to collapse until it becomes a black hole.
	/
	A uniform rectangular plate, which has a length L = 54 cm, a width W = 38 cm and mass of m = 2.5 kg, is pivoted about an axis perpendicular to the plate and through point C as shown.
	/A flywheel which has a moment of inertia I = 5.0 kgm2 and is rotating clockwise with an angular velocity of  = -7.0 rad/s.  An external torque is applied for a period of 50 seconds as shown in the graph to the right.
	A particle moves in a circle in such a way that the x and y coordinates of its motion, given in meters as functions of time t in seconds, are: x = 6 cos(4∙t) and y = 6 sin(4∙t).
	A solid disk, which has a radius of R = 30 cm, has a mass density  that varies with distance from the center of the disk according to:
	 = a + b∙r2 where a = 12∙kg/m2 and b = 220 kg/m4
	A simple pendulum is pulled back to an angle  and is then released from rest. The graph to the right shows the velocity of this simple pendulum as a function of time.

	Physics C Formulae Season 2016-2017 Modified 2-20-2017
	Phy C Feb Ans Key 2018 Corrected 5-30-2018

	Phy C March Exam 2018 ans key formulae sheet Corrected 5-31-2018
	Phy C March Exam 2018 Corrected 5-31-2018
	No Corrections
	DIRECTIONS: Please PRINT your name, school, area, and which test you are taking on the Scantron. For each statement or question, completely fill in the appropriate space on the answer sheet. Use the letter preceding the word or phrase or sketch which ...
	/Two small conducting spheres are located a distance d apart. The left sphere (L) has a radius R and contains a charge 14q while the right sphere (R) has a radius 3R and contains a charge -2q. The force exerted on each sphere by the other has magnitud...
	/
	/Two parallel plates are separated by a distance d = 15 cm and are attached to a battery that has an EMF of E = 300 Volts. A small conducting sphere which has a mass of m = 0.10 grams and a charge of q = 100 C is initially located at point A. The sph...
	The sphere, located at rest at point C, is then released and accelerates back to point B.
	/
	In the circuit to the right, the circuit elements have the following values:
	EMF = 24 V    R1 = 60       R2 = 20      I2 = 0.90 A
	/Each of the following questions refers to the diagram to the right which consists of two concentric, conducting cylinders each with a length of L = 3.0 meters. The inner cylinder has a radius of R1 = 4.0 cm and contains 30 C of charge for each meter...
	/
	The following question refers to the circuit at the right consisting of 4 different light bulbs connected to a battery with negligible internal resistance. Initially, all four lightbulbs are emitting light normally. Suppose that suddenly lightbulb L2 ...
	A 60 F capacitor consists of two parallel plates filled with an insulator that has a dielectric constant of K = 6. This capacitor is attached to a battery which has an EMF of 12.0 Volts.
	While remaining attached to the battery, the insulator is suddenly pulled out from between the two plates of the capacitor.
	Instead, the capacitor is first disconnected from the battery and then the insulator is suddenly pulled out from between the two plates of the capacitor.
	Two charges, +q and -4q, are located along the x-axis as shown in the diagram below:

	Physics C Formulae Season 2016-2017 Modified 2-20-2017
	Phy C March 2018 Ans Key Corrected 5-31-2018

	Phy C April Exam 2018 ans key, and formulae sheet Corrected 6-1-2018
	Phy C April Exam 2018 Corrected 6-1-2018
	/Each of the following questions refers to the circuit to the right where the switch S is open and circuit elements have values:
	E = 30 V    R1 = 100     R2 = 900     L = 200 mH
	At t = 0s, switch S is closed.
	Assume now that the switch has been closed for a long time.
	After a long time, the switch is again re-opened.
	/A long straight wire is carrying a conventional current I as shown. Adjacent to this straight wire is a conducting rectangular loop with dimensions and position as shown. The current in the long, straight wire is increasing with time according to the...
	/The figure to the right shows a rectangular loop of wire of width a, length b, and resistance R. One end of the loop is in a uniform magnetic field of strength B at right angles to the plane of the loop. The loop is pulled to the right at a constant ...
	Magnitude Force  Direction Current
	A magnetic field of 0.030 T forces a proton beam of 1.5 mA to move in a circle of radius 0.035 m. The plane of the circle is perpendicular to the magnetic field. [ mproton = 1.67 x 10-27 kg, qproton = 1.6 x 10-19C]
	/
	A very long wire oriented perpendicularly to the paper has a diameter d and has a current I flowing uniformly out of the page.
	/
	A circular loop of wire in a uniform magnetic field Bin rotates at a constant rotational speed about the axis shown. At time t = 0 the plane of the loop is perpendicular to the field with point P at the left as shown. At time t = t1 the loop has been ...
	A negatively charged particle q = -10 C enters an area of space where there is an electric field Ein = 20,000 N/C directed into the paper as shown with a speed of v = 5.0 x 105 m/s.
	In the diagram to the right, two currents of equal magnitude I1 = I2 are flowing in opposite directions as shown.
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