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AP® PHYSICS 1 TABLE OF INFORMATION

CONSTANTS AND CONVERSION FACTORS

Proton mass, m, =1.67 X 107 kg

Neutron mass, m, = 1.67 x 10" kg

Electron mass, m, = 9.11 x 107! kg

e=1.60x107" C
k = 1/4ze, = 9.0 x 10° N.m?/C?

Electron charge magnitude,
Coulomb’s law constant,

Universal gravitational

— -11 3 2
constant, 0 = 6:67x107" 'm /kg-s

. _ 8 Acceleration due to gravity _ 2
Speed of light, ¢ = 3.00 x 10° m/s at Earth’s surface, & = 98 m/s
meter, m kelvin, K watt, W degree Celsius, °C
UNIT kilogram, kg hertz, Hz coulomb, C
SYMBOLS second, S newton, N volt, \%
ampere, A joule, J ohm, Q
PREFIXES VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES
Factor | Prefi Symbol o o o o o o o
B = 0 | 307 | 377 | 45 | 537 | 60" | 90
10 tera T
0° oiga sin@ 0 1/2 3/5 | N2/2 | 4/5 | V32 1
10° mega M cosf 1 V3/2 4/5 | J2/2 3/5 1/2 0
10° kilo k tan6 0 V3/3 | 3/4 1 4/3 NE) oo
1072 centi c
1073 milli m The following conventions are used in this exam.
10~° micro n I. The frgme of reference of any problem is assumed to be inertial unless
0 otherwise stated.
10 nano n II. Assume air resistance is negligible unless otherwise stated.
10712 pico P III. In all situations, positive work is defined as work done on a system.
IV. The direction of current is conventional current: the direction in which
positive charge would drift.
V. Assume all batteries and meters are ideal unless otherwise stated.




AP® PHYSICS 1 EQUATIONS

MECHANICS

X = x, +vx0t+%axt2
v = vip +2a,(x = xo)
S _E,
m m
|Fy| < lF,|
p=mv
Ap = F At
K:%mv

AE =W = FHd = Fdcos@

AE
P=—
At

0 =0, +at

x = Acos(27 ft)

-'_zf_fnet
a=-5-=

1

T =rF =rFsin@

L=1w
AL =1/t
K =110
F| = k|3
1,2
USZEIOC
_m
P=y

= acceleration

= amplitude

= distance

= energy

= frequency

= force

= rotational inertia

= Kkinetic energy

= spring constant

= angular momentum
= length

= mass

= power

momentum

= radius or separation
period

time

potential energy
volume

speed

work done on a system
position

height

angular acceleration
coefficient of friction

angle
density

torque
angular speed
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AU, = mgAy
T=27”=%
Tv=2ﬂ'\/%
Tp=27r§
|13z‘>’|_c"m;’2n2
y, = -Smm

ELECTRICITY
=g A = area
|FE|_k 2 ‘ F = force
Aq I = current
=—" ¢ = length
At
’ P = power
R = % q = charge
R = resistance
I = AV r = separation
R t = time
P=1AV V = electric potential
R, = YR p = resistivity
N W
R, TR
WAVES
f = frequency
1=2 vy = speed
f A = wavelength
GEOMETRY AND TRIGONOMETRY
Rectangle A = area
A = bh C = circumference
. V = volume
Triangle S = surface area
A= l bh b= ba§e
2 h = height
¢ =length
Circle w = width
A = nr? r = radius
C =2nr
Rectangular solid Right triangle
V = twh ¢ =a* + b’
Cylinder sing = £
c
V =nrit b
S =27l + 2nr? coso = c
a
Sphere tan6 = A
_4 3
V= gﬁ'}" c B
S = 4nr* 6 905
b




Begin your response to QUESTION 1 on this page.

PHYSICS 1
SECTION II
Time—1 hour and 30 minutes

5 Questions

Directions: Questions 1, 4, and 5 are short free-response questions that require about 13 minutes each to answer and
are worth 7 points each. Questions 2 and 3 are long free-response questions that require about 25 minutes each to
answer and are worth 12 points each. Show your work for each part in the space provided after that part.

Note: Figure not drawn to scale. L"' G-d;‘—cf ~€
WILTH of | coed = _6_'.6—-

A stunt cyclist builds a ramp that will allow the cyclist to coast down the ramp and jump over several parked
cars, as shown above. To test the ramp, the cyclist starts from rest at the top of the ramp, then leaves the ramp,
jumps over six cars, and lands on a second ramp.

H, is the vertical distance between the top of the first ramp and the launch point. zo'_‘ /Y [_l_ ) @@ o) &%

0, is the angle of the ramp at the launch point from the horizontal.
Xy is the horizontal distance traveled while the cyclist and bicycle are in the air.
m is the combined mass of the stunt cyclist and bicycle.

1. (7 points, suggested time 13 minutes)

a) Derive an expression for the distance Xy in terms of H,, 6, m, and physical constants, as appropriate.
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Continue your response to QUESTION 1 on this page.

(b) If the vertical distance between the top of the first ramp and the launch point were 2H, instead of H,y, with
no other changes to the first ramp, what is the maximum number of cars that the stunt cyclist could jump over?
Justify your answer, using the expression you derived in part (a).

Fos 2Ho, A= A (2Ho) 465D £ B
— BH, D ND>

oe become twWlee, hence He wedd

en €z
L otL

(c) On the axes below, sketch a graph of the vertical component of the stunt cyclist’s velocity as a function of
time from immediately after the cyclist leaves the ramp to immediately before the cyclist lands on the second
ramp. On the vertical axis, clearly indicate the initial and final vertical velocity components in terms of H,), 6,

my, and physical constants, as appropriate. Take the positive direction to be upward.

Vertical Component of
Stunt Cyclist’s Velocity

GO ON TO THE NEXT PAGE.




Begin your response to QUESTION 2 on this page.

CH O

2. (12 points, suggested time 25 minutes)

A group of students is investigating how the thickness of a plastic rod affects the maximum force F,, with which
the rod can be pulled without breaking. Two students are discussing models to represent how F,,. depends on rod
thickness.

Student A claims that f;,,, is directly proportional to the radius of the rod.

Student B claims that £, is directly proportional to the cross-sectional area of the rod—the area of the base of the
cylinder, shaded gray in the figure above.

(a) The students have a collection of many rods of the same material. The rods are all the same length but come
in a range of six different thicknesses. Design an experimental procedure to determine which student’s model,
if either, correctly represents how Fy,, depends on rod thickness.

In the table below, list the quantities that would be measured in your experiment. Define a symbol to represent
each quantity, and also list the equipment that would be used to measure each quantity. You do not need to fill
in every row. If you need additional rows, you may add them to the space just below the table.

Quantity to be Measured Symbol for Quantity Equipment for Measurement
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Continue your response to QUESTION 2 on this page.

Pescribe the overall procedure to be used, referring to the table. Provide enough detail so that another student
could replicate the experiment, including any steps necessary to reduce experimental uncertainty. As needed, use
the symbols defined in the table and/or include a simple diagram of the setup.

D <calculate KA, A{iv weh o chould be cal culakcst
A=Te*

@) Recotd HN.tec b& b blgrng frrce A meacure foxe= by
uma force lencor . dnd Cepealt wuin %04 of Came tnictnex

Q) lepeat step @ & <tep D vYods F Arffevent materiad

@ Student ol e ake a grabh.- between FLT
fo find ine bect £t and QV\M’-‘K/\?

' 1 1+ fokce
l(osb LenNsco €




Fﬁ\tz onrod radius. Clearly

corresponding to the appropriate model.

»”

(4

A or “B

4

(b) For arod of radius rp, it is determined that Fmax is ¥ as indicated by the dot on the grid below. On the grid,

draw and label graphs corresponding to the two students’ models of the dependence of

label each graph
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Continue your response to QUESTION 2 on this page.
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The table below shows results of measurements taken by another group of students for rods of different

thicknesses.

(c) On the grid below, plot the data points from the table. Clearly scale and label all axes, including units.

Draw either a straight line or a curve that best represents the data.
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(d) Which student’s model is more closely represented by the evidence shown in the graph you drew in

part (¢c) ?

is directly proportional to the radius of the rod.

ax

Student A’s model: F

Fax 18 directly proportional to the cross-sectional area of the rod.

Student B’s model:

Foax A3 A

Explain your reasoning.

A=Tt"

GO ON TO THE NEXT PAGE.
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Begin your response to on this page. 3. (12 points, suggested time 25 minuvtes)

(a) A student of mass Mg standing on a smooth surface, uses a stick to push a disk of mass Plp. The student exerts a
constant horizontal force of magnitude Ky over the time interval from timet = o ’rof:ﬁ_F “while pushing the
disk. Assume there is negligible friction between the disk and the surface.

i. Assuming the disk begins at rest, determine an expression for the final speed Vp of the disk relative to the surface.
Express your answer in terms of FH/{:_‘, ﬂ;/ Mg and physical constants, as appropriate.

FH: Hbd-' ‘#Q:_&"__

Vn:Oi—d-@{. Mo

Vo> ()4

ii. Assume there is negligible friction between the student’s shoes and the surface. After time tf, the
student slides with speed V¢ . Derive an equation for the ratio Vo ¢ Express your answer in ferms of Mg

Mo and physical constants, as appropriate.
Ho fsretronal fuwree Ct meaans
ZowgeXV akton #,f AUneal mowmentu m.
< Valrd
MoNp = M Ve = va = He
Ve Me




(b) Assume that the student’s mass is greater than that of the disk ( Ms > M), 0n the grid below, sketch graphs
of the speeds of both the student and the disk as functions of time t betweent = 0 andt = ¢

£ . Assume that
neither the disk nor the student collides with anything after t= ty . On the vertical axis, label Vg and |/, Label
the graphs “S” and “P” for the student and the disk, respectively.

For ctudend”
4 - E
‘ M¢
_________________ R R i for dDicc
! ' Ap = o
Mo
Mg > Mo
¢ <Ay
Vo = 64 QD{"{
Ve = s+Q "7:9




Disk Block

(c) The disk is now moving at a constant speed \/;on the surface toward a block of mass Mg which is at rest on
the surface, as shown above. The disk and block collide head-on and stick together, and the center of mass of
the disk-block system moves with speed e .

i. Suppose the mass of the disk is much greater than the mass of the block. Estimate the velocity of the center
of mass of the disk-block system. Explain how you arrived at your prediction without deriving it
mathematically.

Akblx COMLQ{TAJT'OW 4 neat $I =06
WMo men tum {@ S

MoV + Hele) =~ (Mo +He) Vem

- Hp.s + 1.1 co) is oc
Vem - \ 3 - MoH, Mo> Me
(Mot te) (Mo +Me) u
ence
Vem < D

S—U:M,OE lece -l\ga«\,
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ii. Suppose the mass of the disk is much less than the mass of the block. Estimate the velocity of the center of
mass of the disk-block system. Explain how you arrived at your prediction without deriving it mathematically.

Valoaua of (QUsk- block D {gerem I¢ muen lecs

Han V|, ow b0 contedtatronn of Lenw@ momeatum
Latged mase colf steron decfcacet ine ve(oa'J.&/

iii). Now suppose that neither object’s mass is much greater than the other but that they are not necessarily equal.
Perive an equation for 'chExpress your answer in terms of \h/ Hp,ﬂgal‘ld physical constants, as appropriate.

As pex dne cowncedYalton of Arnta{ pomentum:
O+ V.Mm = Cﬁg-f—l‘fp) 'ng.

\, Mo
(Mg +MoD

VGW\:




iv. Consider the scenario from part (e)(i), where the mass of the disk was much greater than the mass of the
block. Does your equation for Vem from part (elliii) agree with your reasoning from part (e)(i) ?

/" Yes No
Explain your reasoning by addressing why, according to your equation, vem becomes (or approaches) a certain

value when My, is much greater than Mg |

Ui Mo
CMe+ tMo)

Vem -

Mo <|




Begin your response ’rolQUESTION 4|on this page.

Cylinder

T

Hy

i

4. (7 points, suggested time 13 minutes)
A cylinder of mass My is placed at the top of an incline of length Lo and height H, as shown above, and released

from rest. The cylinder rolls without slipping down the incline and then continues rolling along a horizontal surface.
(a) On the grid below, sketch a graph that represents the total kinetic energy of the eylinder as a function of the
distance traveled by the cylinder as it rolls down the incline and continues to roll across the horizontal surface.

L9 = Mg x (=z. Vayres

{som ze¢0O |
L] HW 2= He
A“" &£ = HO Distance Traveled

K& = comerart




! Ly 1

The cylinder is again placed at the top of the incline. A block, also of mass W, is placed at the top of a separate
rough incline of length Lo and height Ho as shown above. When the eylinder and block are released at the same
instant, the cylinder begins to roll without slipping while the block begins to accelerate uniformly. The cylinder
and the block reach the bottoms of their respective inclines with the same translational speed.

(b) In terms of energy, explain why the two objects reach the bottom of their respective inclines with the same

translational speed. Provide your answer in a clear, coherent paragraph-length response that may also contain
figures and/or equations.
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Begin your response fo|QUESTION 5 :on this page.

5.(7 points, suggested time 13 minutes)

Two pulleys with different radii are attached to each other so that they rotate together about a horizontal
axle through their common center. There is negligible friction in the axle. Object 1 hangs from a light string
wrapped around the larger pulley, while object 2 hangs from another light string wrapped around the smaller
pulley, as shown in the figure above.

Mo is the mass of object 1.

I'S WMo is the mass of object 2.

1o is theradivs of the smaller pulley.2¢, is the radius of the larger pulley.
(a) At time t = 0, the pulleys are released from rest and the objects begin to accelerate.
i. Perive an expression for the magnitude of the net torque exerted on the objects-pulleys system about the
axle after the pulleys are released. Express your answer in terms of Mo/'fo and physical constants, as
appropriate. |

Totque abowl cenlse of. wne buue&
T (23)-T, (o) =T
Wlox (2Te) - IS M°6 (%) =
o Moy = T y e

Axle at Center
of Pulleys




ii. Object 1 accelerates downward after the pulleys are released. Briefly explain why.

Axle at Center
of Pulleys

ToTqwe at ne cenkre a,g.me.
Pﬂllt-& due to o-bx’ec.t Mo

e, = MOCT C275)

Object 1 Object 2

Tetquwe L o o-eax’ec.& IS Mo m, 1.5m,
€, = I's Mog (3)
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(b) At a later time t = “c, the string of object 1 is cut while the objects are still moving and the pulley is
still rotating. Immediately after the stringis cut, how do the directions of the angular velocity and
angular acceleration of the pulley compare to each other?

\/__ Same direction Opposite directions Briefly explain your reasoning.

-

Axle at Center
A,G-‘f{ WA 0#' gh‘hg @ ? of Pulleys

att=
I o mak |'s Mo Qaceelecatton e wh j:,.
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pulleys are released at t = 0, and the

(¢) On the axes below, sketeh a graph of the angular velocity w of the system consisting of the two pulleys

as a function of time t. Include the entire time interval shown. The

stringiscutatt= 4o

=0

Celeaced ak-t
cut at >t =te




STOP

END OF EXAM
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New York is the richest country in the whole world, in terms of money and
terms of education, New York is number one in both terms, but one thing is to
be understood if there is any balance in the field of education, then it is Indian.
India is a progressive country but the heritage of India is the education here,
education here gives a huge benefit to the whole world.

But the problem is that because of the population here, there are very few
means for every person to progress.

Students who go to Newyork after taking engineering or medical education
from here help a lot in the progress of that country or city.

Because the education here is very good and especially in the field of science,
India has an integral place, due to the lack of laboratories, the person who is
more educated here does not get his chance to progress as much as in a
country like America. Get

But the Indians who live there must be wondering whether our children are
getting higher education, which we were getting while living in India, they
lack it, so till now with the help of Technology, you can follow India's best
physics tutor. You can contact Kumar sir and give physics education to your
children in the same way as you did while living in India.

You can still take physics lessons in New York from Online Physics Tutor In
Newyork
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