Physics 110
Exam #2

May 22, 2020

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= mi] = (skg) x(22) = 1022

Give standard SI 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.

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.




. A marble of mass m = 200g and radius r = 1.3cm is pressed against a spring of

stiffness k = 100% by an amount d = 20cm measured from the equilibrium position
of the spring.

a. If the marble is released from
rest when the spring returns to
its equilibrium position, what
is the translational speed of the

marble at the top of the ramp?
Let the marble travels a
distance x = 0.5m from the
point of losing contact with the
spring to the top of the ramp?
The marble is constrained to
stay in the tube until the
marble is on the horizontal surface. Assume the ramp/tube are frictionless and the
marble rolls without slipping along the 8 = 30° incline. You may need I =
imr2.

Conservation of energy gives:
AE = AKr + AKg + AU, + AUg = 0
AE = (!mv? — 0) + (Uw? - 0) + (mgy; — mgy;) + (0 — 2kd?) = 0

AE = imv} + %(gmrz) (vr—f)z +mg((d+ x)sin@) — *kd* =0

v= \/E(idz —2g(d + x) sin 0)

14

L 100%(02 )2 — 2% 9.82(0.2m + 0.5m) sin30 | = 3.1%
V= 140.2kg'm .S—z.m 01 ) SIn —.?



b. When the marble exits the tube at the top of the ramp, it rolls along a horizontal
portion of the track until it reaches point A. At point A the marble rolls down the
track and around the loop-the-loop. What is the radius of the loop-the-loop if the
marble just barely makes it around the loop at point B. Assume that the vertical
distance from point A to point C is h = 2.5m?

-
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h
R
_______________________ o

Conservation of energy gives:
AE = AKr + AKg + AU, + AU; = 0

AE = (3mvg = tmv2) + (Glw} - Jw}) + (mgys — mgy,) =0
2 2

1 UB UA

AE = Em(vB —v) += (—mr ) <_r2 __r2> +mg(2R —h) =0

The marble barely makes it around the loop at point B:

2
—FN—FW=—FN—mg=may=—mVTB—>v§=Rg

Returning to conservation of energy:

1 Rg v}
AE = m(Rg — v3) + 3 (%mr?) 5| tmgR—1) =0

AE = 2(Rg —v3) +:(Rg—v}) + g2R—h) = 0
AE = (Rg—v}) + g2R—h) =0

2 m
_7Va 10 (3 ) _
R=——+4+_"h= 27( 98;" ) 27(2 .5m) =1.17m



C.

What is the magnitude of the angular momentum of the marble at point C?

Conservation of energy between points A and C give the rotational speed of the
ball.
AE = AKr + AKg + AU, + AU; = 0

AE = (%mvg - %mvﬁ) + (%Iw% - %Iwﬁ) + (mgyc —mgy,) =0
AE = %m(vg —v3i)+ % (Emrz) (w¢ — wga) —mgh =0

AE = %mrz(wg — w3) +%(§mr2) (wg — w;) —mgh=0

AE = %mrz(wg - w3) + % @mrz) (w¢ — w3) —mgh =0

AE = %mrz(wg —w3)—mgh=0

10 my2 10 m
o = |z 410 gh _ ’v},+7gh _ (3.17) " +5x9.87x2.5m _ gqrad
CT"TA T 72T rz (0.013)2 - s

The angular momentum:
L=Iw= gmrzwc = E x 0.2kg % (0.013)2 x 514% = 0.007%m*

N

Suppose instead that you have the following setup. Two objects (a ball and a
block) are released from rest at the top of identical ramps. The ball rolls down the
ramp without slipping and the block slides down the ramp without friction.
Which object reaches the bottom first?

1. The ball because it gains rotational kinetic energy but the block does not.
. The ball because it gains mechanical energy due to a torque exerted on it, but
the block does not.
3. The block because it does not lose mechanical energy due to friction but the
ball does.
The block because it does not gain rotational kinetic energy but the ball does.
. None of the above answers are correct.



2. A block of mass m, = m is attached to the end L
of a very light rod of length L = 2.0m and held ' '
horizontally at rest. The block of mass m, is mg
then released from rest and allowed to fall.
When the rod is vertical the mass m, collides
with a second block of identical mass m;, =
m, = m initially at rest on a horizontal
frictionless surface.

my

a. What is the translational speed of the block of mass m, just before the collision?
You may need that the moment of inertia of a point mass is I = mr?2.

Conservation of energy gives:
AE = AKr + AKg + AU, + AU; = 0

AE = (Elw]% -1 -2) + (Magyr — magy;) = 0
= _wa + (magyf magy;) = 0

ZmagL 2maglL _ 2 %9, 8"‘
m,L? S 20m

The translational speed:
v=rw=2.0mx31%¢ = 626"

b. Assuming the collision is inelastic and that of the 50% initial kinetic energy is
lost in the collision, what is the speed of each block after the collision? Assume
that the block of mass m, moves to the right after the collision.

Conservation of momentum for the collision gives:
Apy = 0 = Dix = Px 2 MgV = MVsq + MV > UV = Vpg + Vpp

The collision is inelastic and energy is lost during the collision. The fraction of
the energy lost is:
K; Fmav? v2 v? v2

1 1
= AK _ Kf—K; zma"]%a"'zmb"]%b _ V]%a'H’]%b _ v]%a+(v—va)z _ v}a+vz+v]%a—2vva
K; 3

fv? =2vf = 20V + V% = 20 = 2005, + (1 = v =0

_2vh/(—2v)2-4x2x(1-f)v? _ 2vE[4v2-8x(1-0.5)v2 _ 2v+V4vZ—4v2
fa — 2x2 - 4 - 4

=2=3.13™
2 S

v v
Ve =V—V, =V——-=-=3.132
fb a 2 2 S



C.

After the collision, the block of mass

m,, = 3kg slides across the frictionless "
horizontal surface until it reaches point A.

To the right of point A, there is a bar of

mass My, = lkg, length L = 1m and m, b
between the bar and the block there is T

friction with coefficient of friction u =

0.1. When the block of mass m,, slides

onto the bar, does the bar rotate about the pivot? If the bar rotates about the pivot,
what is the initial torque about the pivot? If the bar does not rotate about the
pivot, what is the reaction force on the bar at point A? Assume that ¢ = 20° and
that the pivot is located at a distance of 70% of the way from point A to the end
of the bar.

pivot

Point A

To determine whether the bar will rotate or not, we need to know where the mass

comes to rest. Conservation of energy gives:

AE = W = AKg + AKp + AU, + AU

AE = Wp, = —uFyAx = —umpg cos ¢p x

= (%mbvl%f - %mbvlzn') + (M gYbr — Mg Yi)

—pumyg cos ¢ x = —%mbvlz,l- + mygx sin ¢
vE; (3.13%)Z

X = 2g(sin p+p cos @) - 2x9.85ﬂ2(sin 2040.1 cos 20)

Since this is greater than 0.7m and the end of the bar, the bar does not rotate.

=112m

The reaction force at point A taking the torques about the pivot:

T =0 = Tpgr + Try = +1parFwpar SIN(90 — ) — 1, Fyy sin(90 — ¢)
(0.7m—0.5m)x1kgx9.87> ]

Fy = [parfwbar _ s = 2.8N vertically upwards.

TFN 0.7m

A fielder in baseball or softball may leap into the air to catch a ball and throw it
quickly. As they throw the ball, the upper part of their body rotates. If you look
quickly you will notice that their hips and legs also rotate. What is the direction
of rotation of their hips and legs compared to their upper body and what is the
physics being displayed?

1. Their hips and leges rotate in the same direction as their upper body and this is
due to conservation of energy.

2. Their hips and leges rotate in the opposite direction as their upper body and
this is due to conservation of energy.

3. Their hips and leges rotate in the same direction as their upper body and this is
due to conservation of angular momentum.
Their hips and leges rotate in the opposite direction as their upper body and
this is due to conservation of angular momentum.

5. None of the above are correct answers.



3. A cubic box with sides of length L and mass m, sits near the edge of a cliff at a height
h above the ground below. Static friction exists between the box and the ground with
coefficient of friction . A constant force F is applied to the right side of the cube as
shown below at a height d above the bottom of the cube.

a. Just as the box is about to tip about point A, what are the expressions for the sum
of the forces in the horizontal and vertical directions (in terms of the quantities
given in the problem) and starting from the general definition of torque, what is
the expression for the sum of the torques about point A (in terms of the quantities
given in the problem)? Take counterclockwise rotations to be positive.

L
——

F— m

The sum of the forces in the horizontal direction: A
F—Fp=ma, =0->F =Fp = uFy _ h

The sum of the forces in the vertical direction: =

Fy —Fy =ma, - Fy =F, =mg

The sum of the torques about the pivot at point A:
Try + Try + Trp, T Tr = la =0 7p, +7, =0 L

+7g, Fysin@ —rpFsing = 0 { A

L
d mgl
+7g, mg (#) —1eF (—) = Tg —dF =0

Fu TF F m
P

d — Fyy 5,

— L




b. In terms of the quantities given in the problem, with what minimum force F
would you need to apply to get the box to just start to tip about point A?

From the forces in vertical direction:
FN = FW = mg

From the forces in the horizontal direction:
F = Fp = uFy = umg

c. Interms of the quantities given in the problem, what is the maximum height d
that you can apply this minimum force F so that he box will just start to tip?

From the sum of the torques about the pivot:

L L
TF=TW—>§mg=dF=dumg—>d=ﬂ

d. If the cube tips and falls off of the edge of the cliff, which of the following would
give the correct statement of conservation of energy for the cube just before it
strikes the ground? Assume the cube falls essentially from rest translationally and
rotationally and that air resistance is negligible.

AE =w? —mv* + mgh = 0.

AE =w? +mv* + mgh = 0.

AE =w? +mv* —mgh = 0.

AE = ——Iw mv +mgh = 0.

@ None of the above statements are correct.

Sl e



Equations of Motion

) x,=x+vi+iar
displacement:

— 1,42
y/—y’.+v,yt+2avt
V=V, tat

v, =v. t+at
R

velocity:

vzx = vi +2a Ax
time-independent: ) s
vy =v, +2a,Ay

Vectors

magnitude of a vector: v = ‘17| = v+

4
directionof a vector: ¢=tan™' [‘j
v

x

Linear Momentum/Forces

p=my

p,=p,+F-dt

F’=m5=@
dt

F =i

‘Ffr :”‘FN‘

Rotational Motion

— 1 2
0,=0+wt+a
O, =0 +at

a)zf = a)zi +2aA0

t=Ila=rF

L=I1ow

L, =L +7At

As=rAQ: v=rw: a,=ra
a, =rw

Sound

v=fA=(331+0.6T)2

B= 1010gli; I =1x107" w

0

v v
=N :ni; =nf,=n——
f=nh=ngrs fy=nhi=n

Physics 110 Formulas

Uniform Circular Motion

Geometry /Algebra

v? v?
F, =ma, = meo 4= Circles  Triangles  Spheres
_2mr C=2mr A=ibh  A=4m?’
T A=m? V=im’
F = G% Quadratic equation : ax* +bx +¢ =0,
whose solutions are given by : x = @

Useful Constants

g=9.87,

G = 6.67x107" v/,

N, = 6.02x107 womy . [, =138x107 %

o=567x10°W/ .. v

Work/Energy

K, =1mv
K,=1Ilw®

U, =mgh

Ug =1k

W, =FdCosb=AE,
W,=10=AE,

W =W, +W,=AE,+AE,

net

AE, +AE, + AU, +AU =0

AE, + AE, + AU + AU =—-AE

Fluids
LM

V
pF

A
Fy=F+pgd
F,=pglV
Av, =4y,
PiAY, = py Ay,

B +1pv’i+pgh =P, +1pv’s + pgh,

souna = 343",
Heat
T, =357, -32]
T,=3T.+32

A, =Au (l + ZOAT)

View =V, (1+ BAT): B=3ax

PV =Nk, T

3k, T=1mv?

AQ = mcAT

_A0_kA
At L

P = 80 _ coanr
AT

P, AT

AU=AQ-AW

Simple Harmonic Motion/Waves

a)=27y‘=277z

Tszzn\/i
k
TP:ZE\F

8

m
v=fl= L

u
fo=nfi=ns

[=27fpvA>



