Physics 120
Exam #1

January 31, 2020

Name

Please read and follow these instructions carefully:

e Read all problems carefully before attempting to solve them.

e Your work must be legible, and the organization clear.

e You must show all work, including correct vector notation.

e You will not receive full credit for correct answers without adequate explanations.

e You will not receive full credit if incorrect work or explanations are mixed in with
correct work. So erase or cross out anything you don’t want graded.

e Make explanations complete but brief. Do not write a lot of prose.

e Include diagrams.

e Show what goes into a calculation, not just the final number. For example,
1= = (5ke) x (22) = 10-2

s

e Give standard SI units with your results unless specifically asked for a certain
unit.

e Unless specifically asked to derive a result, you may start with the formulas given
on the formula sheet including equations corresponding to the fundamental
concepts.

¢ Go for partial credit. If you cannot do some portion of a problem, invent a
symbol and/or value for the quantity you can’t calculate (explain that you are
doing this), and use it to do the rest of the problem.

e All multiple-choice questions are worth 3 points and each free-response part is
worth 7 points

Problem #1 /24
Problem #2 /24
Problem #3 /24

Total /72

1 affirm that I have carried out my academic endeavors with full academic honesty.




1.

A city subway train accelerates from rest at station A and heads to station B. Stations
A and B are separated by a fixed distance of x;,¢,; = 860m. The train leaves station
A and accelerates at a constant rate of a; = 1.34%; for a time ¢, (measured in seconds)

at attains a speed v; at which point the train applies the brakes and decelerates to rest
at a constant rate of a, = 0.8%;, for a time t, (measured in seconds) arriving at station
B.

a. Interms of a;, a,, and t;, what is the expression for the trajectory (x;¢q;) Of the
train from startion A to station B?

The trajectory is composed of two parts, one piece to accelerate to speed v, at
a, for t;and then from that position decelerate to rest from speed v;at a,for t,.

_ _1 2 1 2
Xtotal = Axaccel + Axdecel - Ealtl + v1t2 + Eaztz

The train accelerates from rest and acquires a speed v;.
vfx = vix + a1t1 - vl = a1t1

The train decelerates from speed v;to rest.
vfx = O = vl - aztz - vl = aztz

Thus, v; = a,t; = a,t,. This lets us express t,in terms of t;. t, = % ty
2

The trajectory then can be written as

2
_1 2 1 2 _1 2 a,
Xtotal = ;i T Vily + 205t = Sagty + aqgty <a_ t1) — <_ t1)
2

1,9 1 a% 2 1, .2[¢ a
Xtotal = 7 t1 + 3 2 t =-mty |1+ .
2 2

b. What is the total travel time (t;rq; = t; + t,) for the train ride between stations A
and B?

2X860m
m

1.34—
1+ 52]
m

gt

52

= 21.9s

m
1.34-5—2

)

2 1345
and tz = a_tl = 08m X 21.95 = 36.75.
2

Thus, tiptq; = t1 +t, = 21.95 + 36.7s = 58.6s



c. What is the speed v, reached by the train?
v, =at; = 1.34:”—2 X 21.9s = 29.47

vz = aztz = 0.8522 X 36.75 = 29.4?

c. In order for the train to come to rest at station B, the brakes need to applied for
some amount of time. Which of the following graphs gives a qualitative
representation of the force (from the brakes) as a function of time?

1. F", A

5. None of the above give a correct representation of the force as a function of
time.



2. Boeing’s newest model passenger airplane
is the 777X (shown on the right) with an
empty (no passengers/luggage) mass of

181,000kg (~440,000lbs) taxis onto a
runway. Awaiting the control tower’s
clearance for takeoff the plane sits on the
end of the runway, with overall length of
3200m (~2miles), at rest. When the
control tower gives the plane clearance for
takeoff, the pilots increase engine power and

when the desired engine power is reached,
the brakes are released and the plane accelerates from rest down the runway.

a.

If the pilots want the plane to takeoff after it has traveled a distance of

2000m (~1.3miles), what minimum acceleration would the airplane need and
how long would it take the airplane to takeoft and become airborne? Assume that
the plane needs to have a speed of 807 (~180;”—:) before it can take off from the
runway. Ignore air resistance in this problem.

2
vZ, = v + 2a,Ax = 2a,Ax > a = e o (85) = 1.62
fx ix x x X 7 2ax T 2x2000m 2
v 80
Vi = Uiy + Ayt = ayt > t =L = —5 =50s
a 165

2x 2%x2000
Or, x; = x; + v;t + 2a,t? = a,t? > t = fa—; = / 1.6%’” = 50s
S



b. As the plane accelerates, airflow over the wings produces a force called lift
(1:") lire) that is perpendicular to the wings. When the plane reaches a speed of
80% (~1807) the wings have generated enough lift to let the plane fly into the
air. Suppose that the plane climbs into the air at a constant velocity at an angle 6

measured with respect to the horizontal as shown below. At what angle 8 does
the plane make with respect to the horizontal. Hint, the engines provide a force

called thrust (with magnitude |ﬁthmst| = 4.2 X 10°N) in line with the engines

that makes the plane move forward. F lire (in green) and ﬁthmst (in blue) are
shown on the diagram below. Ignore air resistance in this problem.

https://samchui.com/2020/01/25/boeing-
777x-successfully-performs-
maidenflight/

ﬁnet = ﬁlift + ﬁthrust + ﬁweight = ma
<Or Fliftr O) + <Fthrustr 0,0) + <_m.g Sin 9 ’ _mg cos 9 ) O) = <07070>

x-direction
Finrust B 4.2 x 10°N

mg ~ 181000kg x 9.8%

Finruse —mgsin@ =0 - sinf = = 0.2368
0 = sin~1(0.236) = 13.7°
y-direction

Flift —mg cosf =0- Flift =mg cos 6

c. What magnitude of the lift force (1:") lire) would be needed to keep the plane flying
at angle 6?

Fiife = mg cos6 = 181000kg X 9.8:1—2 X c0os13.7 = 1.7 X 106N



d. Suppose instead of the airplane taking off, you have the following situation. A
block of mass m is connected to a block of mass m, by a light rope that passes
over a “massless” pulley, as shown below. Assume that there is friction between
each block and the ramp with coefficient of friction y. If block with mass m
slides up the ramp while the block with mass m, slides down the ramp, which of

the following could be a possible free-body (force) diagram for block m,?

1. Fx

Fr:

5. None of the above would give the correct free-body (force) diagram for the
block of mass m, .



Consider a small ramp located on the edge of a table, 25 Sy

where the top of the table is located y;4p;. = 1.5m r

above the ground. A 0.5kg block is given an initial
speed of |¥;| = 10Z directed along up along the ramp
inclined at an angle of 25° measured with respect to
the top of the table as shown on the right. The block

slides along the ramp, which is 1.0m long, and is —

launched from the top of the ramp. Friction between the block and the ramp exists
with coefficient of friction u = 0.4.

a.

What is the net acceleration of the block on the ramp? You may express your
answer as either a vector specifying the components or as a magnitude and
direction. In either case, be sure to specify your coordinate system clearly.

Assuming a tilted coordinate-system with the positive x-direction up the ramp and
the positive y-direction perpendicular to the ramp, we have
Fnet :FN+Ffr+Fweight :ma

(0,Fy,0) + (—F,0,0) + (—mgsin§,—mg cos 6,0) = (ma, 0,0)

y-direction

Fy —mgcos8 =0 — Fy =mgcos@

x-direction
—Fs —mgsin@ = —uFy —mgsinf = —umg cos —mgsin6 = ma

a=—g(sinf + ucosh) = —9.8:1—2(sin 25+ 0.4 cos25) = —7.69:1—2

= (—7.69,0,0)?2

At the top of the ramp the block is launched into the air. Using the coordinate
system below, what is the block’s launch velocity ¥4y ncn?

2 m
V2, = V2 + 20, AX = Vigynen = \/(10%) ~2X7.69% x Im = 92—

m
V¢ = (Vigunch €0S 0, Vigunch sin 6, 0) = (9.2 cos 25,9.2 sin 25, 0) 5

Viaunch

m
= (8.3,3.9,0)?




C.

With respect to the end of the ramp, where does the block land? That is, what is
Ff = (xf'}’f'zf>?

- - - 1>
Tf = (xf'}’f'zf> =N + 'Uit + Eatz

= (Vjqunch €0S 0, Vigyuncn Sin 6, 0)t + %(O, —g,0)t?

sin 25 = yl‘i“—rzl”h = Vigunen = 1msin 25 =0.42m

x-direction
Xr = (Viquncn COS 0)t = 8.3% X 1.14s = 9.5m

y-direction
Yr = Wiguncn Sin 0)t — ~gt? - —1.92 = 3.9t — 4.9¢2

By the quadratic formula the solutions are:t = {

1.14s
—0.34s

Therefore 7 = (xy, y5, zr) = (9.5,—1.92,0)m

Which of the following would allow the block to travel a greater horizontal
distance as measured from the end of the ramp?

1.
2.
3.

5.

Decreasing the launch angle of the ramp.

Decreasing the coefficient of friction between the block and the ramp.
Increasing the initial speed of the block at the bottom of the ramp.

All of the above would allow the block to travel a greater horizontal distance.
None of the above would allow the block to travel a greater horizontal
distance.



Motion

Ax = xp —
_ Ax
avg — At
_ v
aavg — At

(%

Equations of Motion

X, =X, +v t+iat
displacement: ’

2
=yt itiat

V=V tat
velocity:

Ve =V, +at

w
v —v +2a Ax
time-independent:
v —v +2a Ay
Pe = 7 + Uyt + Ldt?
general: 17/ ¥; + dt
vf = v} +2d- A7
Vectors

magnitude of a vector: v= |\7‘ =, [vxz + vzy

v,
directionof a vector: ¢ =tan™' [’]
v

Linear Momentum/Forces

p=mv
p;= p+FAt
— —
F=ma
F =—kx
F/.:#FN

Simple Harmonic Motion/Waves

2r
w=2nf =—
<l T
m
T, =21, —
27
TP:Zn\P
8

2}
y=t kA[l—xz]
m A

x(r) = Asin(Z®)

v(r)= A\/% cos(22)

Uniform Circular Motion

Physics 120 Formulas

F_ _ vZ. _v2
r_mar_mT’ ar_T Circles
2nr C=2nr
y=—-"
T A=m’
mm
F,=G 12
r

whose solutions are given by : x =

Useful Constants

o=567x10"%W

Work/Energy
K, =imv?
K, =110’
U,=mgh
Us Z%kxz
W, =FdCos0=AE,
W, =10=AE,

W,.,.=W.,+W,=AE, +AE,
AE, +AE, +AU,+AU; =0

AE, +AE, + AU, + AU =—-AE

2
m’K*

Geometry /Algebra

Triangles

A=1Lbh

diss

mund

Spheres
A=4m?

V=ing’

Quadratic equation : ax®>+bx+c=0,

—b*AIb* —4ac

2a

G= 6.67><10’”N"'%gz

N, = 6.02x107 aomy [k, =138x107 /%

= 3437,

Rotational Motion

2
0,=0+ot+;a
0, =0, +a
a)zf =a)2i +2aA0
t=la=rF
L=1Iw
L, =L +7At
As=rAQ: v=rw: a,=ra
2

a, =rw

r



