Physics 110
Exam #2

May 20, 2022

Name

Please read and follow these instructions carefully:

Read all problems carefully before attempting to solve them.

Your work must be legible, and the organization clear.

You must show all work, including correct vector notation.

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

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

Include diagrams.

Show what goes into a calculation, not just the final number. For example,
pl=mlr|= (k) x(22) =102

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

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.

Each free-response part is worth 6 points

Problem #1 124
Problem #2 124
Problem #3 124

Total [72

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




1. According to the National Highway Traffic Safety Association
(https://www.nhtsa.gov/press-releases/2020-traffic-crash-data-fatalities) motor vehicle
accidents accounted for about 40000 deaths in 2020 in the United. After an accident that
involves severe injury or death, the accident will most likely be investigated and the
accident reconstructed to determine what happened. As an accident investigator at the
scene, you make the measurements shown below.

a. The accident occurred in a 30mph (13.5%) zone on Union Street. A
42001lb (1900kg) Chevy Colorado rear-ended a 36001b (1600kg) Subaru Outback
at rest at a red light. From the measurements below, what were the speeds of the
Colorado and Outback after the collision assuming that the accelerations of the
Colorado and Outback were —27 and —37 respectively after the collision?

Colorado Skid Marks Outback Skid Marks

R

Pointof __, @

impact
I_'_l
2m
W = AK = %mv]? — %mviz = —%mviZ z4m
Wy, = Frrd cos § = —umgd = —mad = —%mviz
Vioutback = \/2aoutbackdoutback = [|2X 3522 X 24m = 12%

’ m m
Vi colorado = \/zacoloradodcolorado = [2X 25_2 X 2m = 2-8?

b. What was the speed of the Colorado before the collision?

Pix = Prx = McVic = MV + Mg,

=MVt MoV, (1900kg x 2.8%7) + (1600kg x 127) _ 12.9m
be me 1900kg s




c. What type of collision was this? Justify your answer with a calculation.

1 1 1
AK =K; —K; = (Emcvfc + Emovlgo) — MV
_ (1 m\? 1 m)? 1 m)?
AK = (5 x 1900kg (2.87)" + 1 x 1600kg (122) ) — 21X 1900kg (12.97)
AK = —3.5 x 10%] # 0 therefore, the collision is inelastic

d. Suppose that the collision occurred over a time of 0.5s. What is the magnitude
and direction of the force exerted on the Outback from the Colorado?

oVfo—MyVi,  1600kg(12Z . L
o = AAL: — ¥ Atm Yo — O“Z(S 5) _ 3.8 x 10*N in the direction of the Outback.




2. Ablock of mass m = 0.5kg is released from rest on the left ramp from a height h =
5m above the ground. The block slides down the left ramp and makes a smooth
transition to the horizontal surface. Both the left ramp and the horizontal surface are
frictionless.

a. The block then slides up the
ramp on the right, where friction
exists between the right ramp
and the block. If the coefficient
of friction between the right
ramp and the block is u = 0.2
and if the right ramp is inclined
at angle 8 = 50° with respect to
the horizontal, how far along the ramp does the block slide, d? Use energy ideas.

AE = Wy, = AKr + AKp + AU, + AU
Frrd cos 180 = —umgd cos 6 = mgys — mgy; = mgd sinf —mgh
h 5m

mgh = (mg sin6 + umg cos6)d —» d = Sn@ + Lcosf  sin50+ 0.2cos50

d = 5.59m

b. The block momentarily comes to rest after sliding a distance d along the ramp. It
then slides back down the ramp towards the horizontal surface. Assuming the
system is the block of mass m, what is the net work done on the block by all
external forces for the block sliding up and then back down the right ramp?

Wnet = Wg,up + Wg,down + Wfr,up + Wfr,down

W, = (mg sin8)d cos 180 + (mg sin 8)d cos 0 = —mgd sin + mgd sing = 0
We = (umg cos 6)d cos 180 + (umg cos 8)d cos 180 = —2umgd cos 6

Wp, = =2 % 0.2 X 0.5m X 9.8522 X 5.59m cos 50 = —7.04]

W,pr = —7.04]



c. When the block returns to the horizontal surface from the right ramp, it slides
across the horizontal surface and at the end of the horizontal section there is a
spring of stiffness k = 250% as shown below. How far does the spring compress
from equilibrium in bringing the block to rest?

d
i ;

AE = Wy, = MKy + AKp + AU, + AU
. 1
(umg cos 8)d cos 180 = (0 — mgd sin 6) + (Ekxf — O)

2mgd sin @ — 2umgd cos 0 2mgd
Xp = = (sin@ — pucos )

k k

(sin50 — 0.2 cos 50) = 0.24m

2% 0.2kg x 9.8 X 5.59m
X =
! 2501

d. The mass m momentarily comes to rest when the spring is fully compressed. The
mass is then accelerated from rest and when the spring returns to equilibrium the
m ass is released from the spring and slides to the right across the horizontal
frictionless surface. At the end of the horizontal surface, the right ramp has been
removed and a circular portion of track has been installed as shown below. What
is the minimum radius R of the loop-the-loop portion of track such that the mass
just barely makes it around the top of the loop?

@

AE =0 = AKy + AKg + AU, + AU

o= (i 0) (a0 + (0~ )

1 2 1,2
0= TMViop + 2mgR — Ekxi
2 2

FN+FW=m?—>mg =m?—>v§0p = Ryg
kx?  2502(0.24m)?

1 1, .2
=YmR 2mgR — 2kx? > R = = =14
TG I e R e T X 02kg x 98T




3. A uniform disk (of mass 3m and radius r) is
mounted to an axle and is free to rotate
without friction. Attached to the disk is a thin
rod (of mass m and length 2r) and attached to
the end of the rod a block (of mass 2m). The
system is held at rest initially by a horizontal
light rope with the rod making an angle of 6,
measured with respect to the vertical as = =
shown on the right.

A\

a. Intermsof m, g, r, and 6,, what is the magnitude of the tension in the string?
Hint: Consider the net torque in the system.

Tnet = Trp T Trod T Thiock = la

Tnet = —TaiskFr SIN90 + 1054 Fyy roa SIN 0o + Thiock Fu prock Sin 6y = la
Tnet = —TFr + rmgsin 6y + 2r(2mg) sinf, = la = 0

Fr = 5mgsin 6,

b. What is the total moment of inertia of the disk/rod/block system? Hints: The
moment of inertia of a point mass is mR? and the moments of inertias of various
shapes can be found in the table on the equation sheet.

Liotar = laiske + Iroa + Ipiock = 33m)(1)? +1(m)(2r)* + 2m)(2r)?

_ 65 2
Itotal - ?mr



C.

If the string is cut, the disk/rod/block system are free to rotate on the axle through
the center of the disk. What is the angular acceleration of the system and what is
the translational acceleration of the block?

Tnet = tTroa T Thiock = 1@
Thet — +rrode,rod sing, + rblocka,block sinf, = la

rmg sin 8, + 2r(2mg) sin 6, = S5rmgsin 6, = %Smrza

30g .
az—gsmHO
651
309 . 60 .
a=Ra=2r(—gsm90)=—g51r190
6571 65

When the system passes the horizontal
position shown on the right, what is the linear
speed of the block? Hint: Use conservation
of energy and you may need sin(90 — 6,) =
cos 6,.

AE = 0 = AKy + AKg + AU, + AU
0= (%Iwz - O) + (0 - mrodghrod) + (0 - mblockhhblock)

. h
sin90 — 6, = cos 6y = ¢ —> h,,; = 7 cos 6,

. h
sin90 — 6, = cos §, = % — Rpyocx = 27 COS 6,

0= %(%Smrz) w? — mgr cos 8, — 4mgr cos 6,

65 65 v? 65
5rgcos 6, = Sriw? = Zmr? ( ) = 2p?

(2r)2 48
_|240 0
v = 65 rg cos bt




Physics 110 Formula sheet

Vectors

— [,2 2
v=,/v¢+v)

— tan—1 ”y)
¢ = tan (vx

Motion Definitions
Displacement: Ax = x; — x;

; A
Average velocity: v, = A—’;

. Av
Average acceleration: aavg = A_t

Equations of Motion

‘ Xp = X; + Uyt + %axt2
displacement: 1
Yr =Yi + Uiyt + ant
fo = Vix + a,t

Ufy = 'Uiy + ayt

Ve = Vi + 20, A%

velocity: {

time-independent: { > )
Vfy, = Vi, + 2a,Ay

Rotational Motion Definitions
Angular displacement: As = RAO
Angular velocity: w = % - v =Rw

. Aw ar =ra
Angular acceleration: @ = — - { 5

At a.=rw

Rotational Equations of Motion
0r = 0; + w;t + lat?
(,l)f = Wi + at
wf = wf + 2aA6

Momentum & Force
P = MV = p, = Mv,; p, = mv,
Ap = FAt > B, = p; + FAt

—’_dp_ - _ . _
F =—=ma - F, = may; F, = ma,

dt
Ffr = uFy
F, =mg
F, = —kx
M1 M
FG :G_:_Zz

p2
F.=ma, = m-—

Work & Energy
{WT = [F-d7 = Fdr cos 6 = AK;
We = [T-d6 = 1d6 = AKg

Wnet s WT + WR == AKT + AKR == _AU

Kr = mv?
Ky = lw?
Uy = mgy
Us = 2kx?

AE = AE, + AE

0
AE = AKp + AKy + AU, + AU = {Wf
T

Rotational Momentum & Force
?=#xF;t=r,F=rF,_=rFsin6
AL

T=—=]a
At

L=lw
AL = At > Ly = L; + TAt
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A
Py - Pair + pgy
Fg = pgV
1,3,5, ... closed pipes

p141v; = p,A,v,; compressible
Av, = A,v,; incompressible

+2pvi + pgy, = P, + 3pv3 + pgy,

Simple Harmonic Motion

Geometry/Algebra
Circles: A =nr? C =2nr =nD
Spheres: A = 4nr? V= %nrg'
Triangles: A= %bh

— Vh2—
Quadratics:  ax?+bx+c=0-x = %

Periodic Table of the Elements
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https://www.wuwm.com/post/periodic-table-elements-turns-150#stream/0

Sound
= f1=(331+0.6T)™
N
1
B =10log—
IO
— — v . — ]
fan=nf; = n_-;n= 1,2,3,... open pipes
fo=nfi=n—;n=
n — 1= 4L’ -
Waves
F
v=fi= [+
u
v
fa=nf; = n_-;n= 1,2,3, ...
1 =2n%f2pvA?
Equations of Motion for SHM
. 2
Xmax SN (Tt
x(t) = o
Xmasx COS (— t)
T
2
Vpnax COS (=t
_ T
v(t) = . (21
—Vpnax SIN (7 t)
2
Anax SIN (-t
a(t) = 2
(pax COS (? t)
2
X
V=3V, |1 (
Xmax
x 2
V=twXpmax |1 ( )
Xmax
Location Moment of
Object of axis inertia
. Axis
F -
'E‘ Axis
He (b)  Thin hoop, “!:::::gh
e 25 () e
| "
Ne
-] Axis
| (¢) Solid cylinder, Through =
5 Ar radius R center @ 1;MRl
B )
- Kr
[ § R ek )
Xe outer radius R
.?' (e) Uanonnsphere. Through
Rn radius R center 2uR?
i s
Og .
- (f)  Long uniform rod, Through q:% 1
length L center PO S 12
Axis
(2) II;::lghuLnlfarm rod, Z:‘;uugh — {MLz
Axis
(h) gﬁ:m:tnr mz:gh 7 . % EM@L2s W)
length L, width W e
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