Physics 110
Exam #2

October 30, 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 = mf¥| = (Skg) x (2) =107

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.

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

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

Total [72

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




. A small dart of mass m; = 100g is launched at an angle of 30°, measured with
respect to the horizontal, with initial speed 10Z. When the dart reaches its highest
vertical point, it is moving horizontally, and it collides with and sticks to a wooden
block of mass m;, = 500g that is suspended at the end of a very light rope of length
[ = 1.2m. The block and dart then swing upward through an angle 8, measured with
respect to the vertical, as shown below.

10 mfy’}'“/u
|l‘ d
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a. What is the speed of the dart/block system immediately after the collision?
Vpy = Vi = V;c0s 8 = 107 X cos 30 = 8.66%

Ap=0-pr—p; =0-p; =pr > myvyg = (Mg + mp)V

V= (22 )y = () x 8,667 = 1447

mqg+mp 0.1kg+0.5kg

b. Through what angle 6 did the dart/block system swing?

AE =0 = AK + AU, + AU;

0= (0 - % (mg + mb)Vz) + ((mg + mp)gyy — (my +my)gy;)

2
_v:_ (1.447%)

f ™ 2g 2x98% =0.11m

-Yf _ 12m-0.11m

cosf == =0.9083 - 0 = cos~10.9803 = 27.4°
L 1.2m



c. Derive an expression (and then evaluate it with the numbers you have) for the
fraction of energy that was lost to the collision?

1 1 2

f= AK _ Kp—K; _ Z(ma+mp)Vi—mav?  (mg+mp)v? 1= (0.1kg+0.5kg)(1.44%)

= = = - = —1= —
Ki Ki “mav? mav? 0.1kg(8.66™)°

1

f=—0.834

d. Suppose a second experiment is done with a new dart with mass mye, gare =
2mg,. The dart is launched at the same initial speed and angle and collides with a
identical block. Compared to angle 6 that you calculated in part b, which of the
following gives the correct statement about the new angle 6,,.,,through which the
system now swings?

1. 6,., < 6 because the speed of the dart/block system is lower after the
collision.

2. 0,., < 6 because the speed of the dart/block system is higher after the

collision

6,.w = 0 because the mass has no effect on the angle.

4. 0, > 0 because the speed of the dart/block system is lower after the
collision.
0,0 > 0 because the speed of the dart/block system is higher after the
collision

w



2. A horizontal uniform rod has a length [ = 0.60m and mass m,. = 2kg assumed ot act
at the rod’s center. The left end of the rod is attached to a vertical support by a
frictionless hinge that allows the rod to swing up or down. The right end of the rod is
supported by a cord that makes an angle of 30°with respect to the rod. A spring scale
of negligible mass is used to measure the tension in the cord. At the right end of the
rod a block of mass m;, = 0.50kg is attached as shown below.

Spring scale

[y,
30°

5' > M
Hinge > || 2.0 ke—" B0.50 ke
——0.60 m——

—

a. What would the spring scale read for the tension in the cord and if the spring in
the scale had a stiffness of k = 1000%, how far out would the spring be pulled
from equilibrium?

l
ZT: —Emrgsin90—lmbg sin90 + lFysin@ = la =0

m
O52

9.8
+0.5kg) == = 29.4N

sin 3

2kg
2

FT=m2rg+mbg=(

F 29.4N
Fr=kx->x=-=L= -
k 1000,

= 0.029m = 29mm



b. What is the magnitude and direction of the reaction force of the hinge?

Y. F.: Frcos¢p — Fpcos@ =ma, =0

Y E: Fgsing — Frsinf —m,g —mpg = ma, =0

— Fpcos¢ = Frcos @ = 29.4N X cos 30 = 25.5N

- Fgsin¢ = —Fysinf + m,g + m,g
= —29.4N x sin 30 + (2kg + 0.5kg) x 9.8?2 =9.8N

Frs0d _tangp = 22X = 0.384 > ¢ = tan~1 0.384 = 21°
Frcos¢ 25.5N

v _ 98N _
Frsing = 9.8N - Fp = 3507 = 274N

c. If the cord is cut, what is the initial angular acceleration of the rod? Hint: The
moment of inertia of a rod spun about oneend is I = éMLZ.

! 1
—smyg —lmpg =la = (gmrl2 + mblz)a

a =

l 2kg m
—;Mrg—lmpg =2+0.5kg | 987 )
2 =— ( 2 = = —20.9%% or 20.9°% clockwise

%mrlz+mbl2 - %(2kg)+0.5kg 0.6m



d. The rigid body shown in the diagram above consists of a vertical support post and
two horizontal crossbars with spheres attached. The masses of the spheres and the
lengths of the crossbars are indicated in the diagram. The body rotates about a
vertical axis along the support post with constant angular speed w. If the masses
of the support post and the crossbars are negligible, what is the ratio of the
angular momentum of the two upper spheres to that of the two lower spheres?

L
1. keper — g
Liower
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Liower 8’




3. Auniform solid cylinder of mass M = 0.50kg, radius R = 0.1m, and moment of
inertia I, = %MR2 is released from rest and rolls without slipping down a long ramp

inclined at an angle of 30°measured with respect to the table. At the end of the ramp,
the cylinder is launched from a horizontal table of height Ay = 0.75m and lands on
the floor a distance D away from the edge of the table as shown below. There is a
smooth transition from the ramp to the table and the motion occurs with no frictional
energy losses.

M=050ke A

R=010m T lm

Tuble

' Floaor

a. Using energy ideas, what is the total kinetic energy of the cylinder at it reaches
the horizontal table and what is the rotational speed of the cylinder about an axis
through its center at this point?

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

0 = (K — 0) + (Krr — 0) + (Mgy; — Mgy;)

0 = Kpr + Keg + (MgR — Mg(d sin6 + R))

Ker + Krr = Kiotar = Mgd sin€ = 0.5kg X 9.8% X 1.0m X sin30 = 2.45]

_ 12,1, 2 1 2 1(1,,52) 2 _3 2,2
Keotat = 3 MV} + 310} = SM(Rawy)” +2 (3 MR?) wf = 2 MR?w}

o, = [Keotal _ 4%2.45] _ g5 grad
f 3MR2 3%0.5kgx(0.1m)2 Vs




b. Using energy ideas, what is the impact speed, v¢, of the cylinder with the floor?
Hint: The cylinder continues to rotate when it comes off of the table.

AE = 0 = AKy + AKy + AU, + AU
0= GI“’JZ —%le-z) + GM"/E _%Mviz) +(Mgys — Mgy;)
1/(1 2 101 1 1
0=(3GMr2) (%) -3 (GmR?)w? )+ (GMv} — M (Rw?) +
(Mg(R) — Mg(R + y))

3 3 [4
T Mvi = Mgy + MR*wf > vy = |-gy; + R?w}

v = \/(g x 9.85x0.75) + (0.1m x 25.6%)2 =42

c. Suppose a sphere of the same mass and radius is rolled down the same ramp. If
the sphere has moment of inertia I; = %MRZ, which of the following gives the

correct relationship between the total kinetic energy of the sphere (Kj) to the
cylinder (K.) when they both reach the floor?
1. K < K. since the moment of inertia of the sphere is less.
2. K¢ < K, since the moment of inertia of the sphere is greater.
3. K = K, since they both fall through the same height Ay.
K5 > K, since the moment of inertia of the sphere is less.
. K > K, since the moment of inertia of the sphere is greater.



d. What is the angular acceleration of the cylinder about its center as it rolls without
slipping down the incline? Hints: Write the forces parallel to the ramp and what
force causes a torque about the center of the cylinder in the system?

ZFx: — Fpp + Mgsin@ = Ma = MRa - Fp. = Mg sin — MRa

Y7 RF, = —MR?a + RgMsin 6 = la = ~MR?a
3 2 :
EMR a=RMgsinf

2 2x9.8% d

. 057 . ra

a==9sing =—25in30 = 32.7
3x0.1m

3R S



Physics 110 Formulas

Equations of Motion Uniform Circular Motion Geometry /Algebra
. X =x v t+iar’ V2 V2
displacement: eI %aytz £ =ma, = mo 4= Circles  Triangles  Spheres
V_Zpr C=2pr A=3ibh A=4p?
v =v +at T — 2 — 43
velocity: oo T A=pr V=sm
vy =V, tat F,=G mlrznz Quadratic equation : ax” +bx +¢ =0,
r _ 2 _ )
. Vi = Vi + 2aXDx whose solutions are given by : x = M
time-independent: 2a
v; = vi +2a Dy
Vectors Useful Constants
. . e 2 2
magnitude of a vector: V—M —va +v, g= 9.8 G=667 10_11N"%g2
directionof a vector: ¢ = tan™" [v—‘] N, =6.02710%wny .k, =1.387107%
U S=567710°W .. v,..= 3437
Linear Momentum/Forces Work/Energy Heat
. =1lm?
p=my K, =5mv TC:%[TF_?’Z]
- ~ 2
p/=pi+F~dt K,=%Ilw T,=2T.+32
— _ dp =
F=ma= 7]7 Ug = mgh Lnew Lald(1+ aDT)
= ! 2 Anew = Aold (l+ 2aDT)
F=-i% Uy =4k
N . Vew = Vo {1+ 6DT): b=32
|F,|=ulF,] W, = FdCos6 = AE, PV =Nk, T
W,=10=AFE _ 2
R R %kBT—%mV
W =Wyt W, =AE, +AE, DQ=mceDT
AER+AET+AU8+AUS=O —%—]‘LA
AE,+AE, + AU, +AU, =—AE, < Dt
g iss DQ
P, =—==esADT"
DT
DU=DQ-DW
Rotational Motion Fluids Simple Harmonic Motion/Waves
— 2 2
Qf—gl+a)lt+%at p:M W:2M27p
W = W +at v m
2 2 pP= E T = 2,0\P
0t =05 +2aA0 A k
r=la=rF P, =P +pgd TP=2p\E
L=l Fy = pgV .
k x|
L, =L, +7At AV, = A, vt —A[ ——zj
m A
As=rAf:v=ro: a =ra PRV = oAV, x(£) = 4sin(22)
_ 2 F“1+%p\/21+pghl=Pz+%pV22+pgh2
& =ro v(t) = A\/Ecos(z#)
m
Sound
a(f) = -A—sin(2)
m
v=fI=(331+0.67)~ I3
I y= fl: -
b=10log; I, =1710" 2 ”
. v
0 fo=nf= ”Z
fo=nf,=n—; f, =nf,=n— 220 g2
=nf,=n—, f,=nf,=n— = :
n 1 oL 1 Al 1=2p°f"r4
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