Physics 120
Exam #2

February 28, 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,

[Pl = | = (Ske) x (22) =107

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 spring of unknown stiffness is compressed by an amount x =10cm from its
equilibrium position at which point mass m, = 3kg is placed. The system is released

from rest and when the spring reaches its equilibrium position the mass loses contact
with the spring. Assume that the horizontal surface is frictionless.

a.

10cm

(VAN _mo

Point mass 7, makes a head—on collision with an initially stationary point mass
m, = 4kg . After the collision the two masses move off together with a velocity of

V= (4,0,0)%. What is the stiffness of the spring?

Pi = Pf = MyVjp + MV = MyVpy + MpVpp > MV = (my + my)V
v

_Matma (m) (4,0,0) = (9.3,0,0)%

i1 mq 3kg

AEgystem = 0 = AK + AU, + AUg = (Imyv? — tmyv?) + (Cka? — tkx?)

2 m)2
1 1 _mavp 3kg X (9.3—)
=Y T k= = G my

= 2.6 x 104~
m

Xi

The percent of the initial kinetic energy lost to the collision between the system of
two point masses m, and m, is most likely given by

1. %= ﬁ—ljxloo.

m2
2. %= @—1}100.
ml
3. %= ml+m2—1]><100.
m2

%= ™ 1|x100.
m1+m2

5. None of the above will give the correct expression for the energy lost to the
collision.



c. Suppose that after the collision the system of point masses m, and m, slide up a
Scm hill tall and then around the loop-the-loop with diameter 14cm . What is the
net force on the two point mass system m, and m, at a point halfway up the loop-
the-loop on the right hand side? Assume that all of the surfaces are frictionless.

O
—_— feo

AESYStem =0=AK+ AUQ + AUS
0= %(ml + mz)(v]% — 1712) + (m1 + mz)g(}’f - yl)

) 2
U]%,Side = Uiz,bottom - Zg}’side = (4?) —2x 9'8522 X (0.05m + 0.07m) N 13.71:_2

= =

- 2
Fet = Fy + Fyy = (Fy,—Fy,0) = (—~, —mg, 0)
Fy = —mg = —(3kg + 4kg) x 9.8 = —68.6N
v?ide 13_77"_22
Fy=m R (Bkg + 4kg) — = 1364.8N

K 0.07m
F,.: = (1364.8,—68.6,0)N




Suppose that we return to the situation in part a, in which point mass m, is
launched from the spring and makes a head on collision with mass m, .

Immediately after the collision, point masses m2 and m, stick together and
encounter an area of space in which the masses are subject to a resistive force
F = (—px?2,0,0), where p = 100Nm?2. If the masses encounter this force at a

point 7; = (x;,y;, z;) = (0,0,0), how far do the masses slide before coming to

rest? That is, what is 7 = (xy, Y, Z), and in particular, what is the value of x;?
xn+1

Hint: You may need [ x"dx = .
n+1

— (F .7 = (¥ (—py2 — (¥ 320y — —_P (43 _ 13 = _P~,3
wW=/[F dr—fxi(px)dx— pfxixdx— 3(xf xf) = S X
W = —gx]? =AK = %(m1+m2)v}2c—%(m1+m2)vi2 = —%(ml + mz)viz

2
—£x3:——(m +my)v? > x =’ 3(my +my)vy :3 3 X 7kg x (45)
37/ 2 LT RN TS 2p 2 X 100Nm?



Suppose that you have the system of two masses
connected to a spring as shown below. The spring is
initially at its equilibrium length. The spring-mass
system is released from rest and after release, point
mass m, = 2kg falls and point mass m, = 1kg rises.

The spring has stiffness k =104 and the track is
inclined at 8 = 55°. 0

a. What is the maximum extension of the spring from its equilibrium length?
Assume that there is no friction between the block and the track.

AEsystem = 0 = AK + AU, + AU

0= m1g(}’1f - }’1i) + ng(}’Zf - }’Zi) + (%ky}? - %k}’iz)
0 =m;g(—ysinb) + mygy + 3ky?

= Ymin =0
2(mygsin® —m,g) 2(2kgsin55—1kg) x 9.85
4 = =

=1.25m

b. Suppose that friction existed between block and the ramp. In this case, the
maximum extension of the spring would be
less than the case without friction.
. the same as the case without friction.
3. greater than the case without friction.
4. greater in some cases because m, could be greater than m, .

5. unable to be determined from the information given.



Suppose that the system is reset to the initial conditions in part a, except that now
there is friction between mass m; and the ramp with coefficient of friction y;, =
0.3. The spring is at its equilibrium length and m, is released from rest. When the

spring has been stretched by an amount y = 0.3y,,,,, measured with respect to its
equilibrium length, what is the translational speed of massm, ? Note, Y,y 1S

what you determined in part a.

AEyysiem = Wyy = AK + AU, + AU,
VVfT = fﬁfr ' dF = f(_ﬂkFNr O;O> ' (dxr dyr dZ) = _(ﬂkmlg cos H)y sin 6

Wy = —pem, gy cos 6 sin 6
Wi = —0.3 X 2kg X 9.8 % 0.3 X 1.25m X cos 55 sin 55 = —1.03]

AK = AK; + AK, = 2mvi, +im,vs5, = %(m1 +my)vE = L (2kg + 1kg)vf

T2
— 2
AK = 1.5V}

AUy = AUy; + AUy, = —m;gy sin€ + m,gy
= (~2kg x 9.8% x 0.3 x 1.25m x sin 55) + (1kg x 9.8% x 0.3 x 1.25m)
= —235]

AU = SkyF — “ky? = Jky? = 2x 102(0.3 X 1.25m)? = 0.7]
AEgystem = Wyr = AK + AU, + AU; - —1.03] = 1507 — 2.35] + 0.7/

_ |-1.03j+2.35]-0.7] m
143 —\/ L5kg = 0.64?




L

=

d. Suppose that instead of the masses and spring above,
you had the following system A mass m is to stay at
rest on the sloping side of the wedge, which is
considered to be frictionless. If the wedge is spun at
a certain speed by rotating a vertical rod that is
firmly attached to the wedge at the bottom end, the
mass remains motionless on the wedge. If the mass
is to remain at a distance L along the ramp measured
from the bottom, derive an expression for the
constant speed of the mass? I

2

- - - 4
Fret = Fy + Fyy = (Fysin@,Fy cos8 —mg,0) = (mE,O,O)
y-direction
Fycos8 —mg=0-F -9
N 9= N cos@

x-direction

Fosing = an g — v? _ g sinf L 9<sin9
vsin@ =mgtand =m——>v= |[Rg——2= |gLcos cosB)

- v=,/gLsinf



Yy

3. Suppose that two hockey pucks, each of mass m = 250g, ?
collide at the origin of a cartesian coordinate system. The Vai_ |
first hockey puck my, is traveling with a velocity ¥;; = @
(3,4,0)%, while the second hockey puck m, is traveling with

velocity ¥,; = (—1,2,0)=. A schematic of the initial :vl)/i |

situation is shown on the right.

a. If m; has a velocity v, = (2,4,0) after the collision, what speed |172 f| does m,,
acquire after the collision and at what angle ¢ measured with respect to the
horizontal, does m, scatter?

pi = ﬁf - MUy + myvy, = m1ﬁf1 + mzﬁfz

Up = (34,002 +(~1,2,0)2 — (2,4,0)2 = (0,2,0)

i = (02) + (22)° = 127

¢ = tan <O—é) =90°

b. If the collision time was At = 1 X 1073s, what force was exerted on m; by m,?

s _dp _ mubyy —mydy 0.25kg[(2,4,0)2 — (3,4,0)2]

F . =
L27 dt At 1x 1073s

Fy, = (—250,0,0)N

Or as a magnitude and a direction, |I:")1,2| = 250N @ a = 180° with respect to
the positive x-axis.



c. During the collision, hockey puck m,exerts a force on hockey puck due to their
interaction. Which of the following gives the force on hockey puck m, during the
collision, due to its interaction with hockey puck m,?

1. F1,2:F2,1.
3 FlZ__F21

.F12 = _F21

. None of the above give the correct force relation.

d. What is AK for the collision and based on AK is the collision elastic or inelastic?

Ky = 2025kg) |((22)" + (42)°) + ((02)" + (22)7)| =
K; = imvf; + Im,v3;

K; = 20025kg) [((32)" + (42)°) + ((-12)° + (2)")| = 3.75)

AK = Ky — K; = 3] — 3.75] = —0.75].
Thus, since AK is not zero, the collision is inelastic.



General Definitions of Motion
A7 = (Ax, Ay, Az) = (x;

1_5 Ar _ Ax Ay Az
At At At At
Av Av, Avy Av

a= = (= _y’_z>
At At

inr?h

w

dr = (dx, dy,dz)

U
Il

(vx; vy: vz) = E = (

dv
(ax: ay, az) = (

Qu
Il

— X Yf — YV Zf —

Physics 120 Formula Sheet

Geometry
Z;) C = 2nr Agircle = TT%;

—1 .
- Ebhv Asphere

Arect = LW

— 2
Atriangle = 4mr

— 4.3, — 2.
Vsphere - ETL'T' , chl =Tnr h, Vcone -

dr  dx dy dz
dt’ dt’dt
dvx dvy dv,

)

dt>

Motion with constant acceleration

- - - 15
Ty =1 + Uit + -dt?

1_7} = ﬁi + at - (fo, vfyv”fz) =

Forces/Momentum

p =mv

= ap ->

Fret = d’; ma

3 x 108 ?

ﬁf_ﬁi = fdﬁ= anetdt

fzjﬁnetdt

= (X7, ¥, 2p) =

1 1 1
(x; + vt + Eaxtz,yi + vyt + antz, Z+ vt + Eaztz)
(Vix + axt, vy + ayt, v;; + a,t)

Constants

m —_ mz
g = 9852, G =6.67 x10 1111?
Usound = 343%; Viight = € =

N, = 6.02 x 1023

= = = dp N dﬁ = hd
Free = Fy + F, =P TP =ma tma,

, . v?

|FJ.| =mla,| = m?
FG=G—2r12_>|FG|=G 2

LY LY

F.= mg; §= GLf

G ’ (Rcb + h)

| el = il |
F = —kA?
Vectors
C=A+B-(C,CyC,) = Ay + By, Ay + By, Ay + B,) +(Cy, Gy, C); ICI = /Cg +C2 + C2
A-B = |4||B|cos6 = A,B, + AyB, + A,B,
AxB |A||B| sin@ = (a,b, — bya,, a b, — bya,, a,b, — bya,)



Work and Energy

WT=JdWT=Jﬁ'd?=AKT=2me _vai =%
mg:Jmm:J?@é:mq:?ﬁ—Jd
W, = Wy + Wg = AE ={
net T R sys Wfr
Wier = —ZAU = AK; + AKy
Ug =mgy
Us = %kx2
Rotational Motion
s=1r0 - ds=rdfb
ds dae dae
- = s = . = —
dt dr VT O T
_dv dw _da)_dze
e N T T

=0 + Wit + tat?
Gf—91+a)lt+2at
wr = w; +at
a)}=a)i2+2aA9

Rotational Forces/Momentum

- - F_). dz I—)

= X = — =
T=r It a
T=rFsinf =r F=rF
L=13&

szrzdm

o~

f = Ll +f%)netdt



