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Chapter 1

Introduction

Took this course in fall 2017 to help me remember some dynamics which I forgot. Instructor
Dr. Sonny Nimityongskul was one of the best Dynamics teachers I had and explained things
very clearly. Class was very large, over 250 students. Course was hard (Dynamics is a hard
subject) but was useful also.

Links

1. class canvas site https://canvas.wisc.edu/courses/57180| requires login.



https://canvas.wisc.edu/courses/57180

1.1. syllabus

CHAPTER 1. INTRODUCTION

1.1

Lectures: Tuesday & Thursday 1:20-2:10pm 1800 Engineering Hall

syllabus

Fall 2017

UNIVERSITY OF WISCONSIN-MADISON
DEPARTMENT OF ENGINEERING PHYSICS
EMA 202 — ME 240: DYNAMICS

Textbook: Engineering Mechanics — Dynamics, Gray/Costanzo/Plesha (2" Edition) + Connect Plus

Access Card, McGraw-Hill

Prerequisites: EMA 201 (Statics) and Math 222 (Calculus 2)

Instructor: Dr. Sonny Nimityongskul 509 ERB, apnimityongs@wisc.edu
Office Hours: Thursday 11:00-12:00, 509 ERB

Teaching Assistants:

Instructor Email
Jenna Thorp jlynne@wisc.edu
Shu Wang swang597@wisc.edu
Guannan Guo gguo7@wisc.edu
AJ Gross ajgross2@wisc.edu
Peter Grimmer pgrimmer@wisc.edu
Aaron Wright ahwright3@wisc.edu

Discussion Sections:

EMA 202 Time Room TA

Section 301 8:50 am 3418 EH | Peter Grimmer
Section 302 9:55 am 3418 EH | Peter Grimmer
Section 303 11:00 am | 3418 EH | Peter Grimmer
Section 304 12:05 pm | 2540 EH | Aaron Wright
Section 305 1:20pm | 3418 EH | Aaron Wright
Section 306 2:25 pm 3418 EH | AJ Gross
Section 307 12:05pm | 1209 EH | Shu Wang
ME 240 Time Room TA

Section 301 8:50 am 2108 ME | AJ Gross
Section 302 9:55am | 2108 ME | Shu Wang
Section 303 11:00 am | 2108 ME | Jenna Thorp
Section 304 12:05 pm | 2108 ME | Jenna Thorp
Section 305 1:20pm | 2108 ME | Guannan Guo
Section 306 2:25pm | 2108 ME | Guannan Guo

Office Hours: Location 2355 Engineering Hall

Monday 4-6 pm Aaron, AJ
Tuesday 5-6 pm Shu
Wednesday 5-6 pm Jenna
Thursday 5-6 pm Guannan




1.1. syllabus CHAPTER 1. INTRODUCTION

Walk-In Tutoring (Undergrads): Typically Sunday through Thursday 6:30-9:00pm on the 3™ floor of
Wendt Library. Open to all.

PrEPs labs and tables: Supplemental instruction provided by the College of Engineering. Enrollment
in InterEGR 150 is required to attend. Three sections are available that meet twice per week. MW 9:30-
10:45am, MW 6:30-7:45pm, TR 9:30-10:45am. See https://www.engr.wisc.edu/academics/student-
services/ulc/supplemental-instruction/ for more info.

Course Website: https://canvas.wisc.edu/courses/57180 Note that this is the site for ME 240. Those of
you enrolled in EMA 202 should also have access to the ME 240 webpage. The canvas page for EMA
202 will not be used for this course.

Homework: Through McGraw-Hill Connect at: http://connect.mheducation.com/class/s-nimityongskul-
fall-2017-dynamics-ema-202-me-240 Homework will be assigned each week and is due the following
Monday at 11:55pm. No late homework will be accepted.

Weekly Quizzes will be given on the course Canvas page. Quiz work must be done independently. You
may consult your book and notes during the quiz, but you may not work with anyone else, nor ask for
assistance with the quiz. Your lowest quiz grade will be dropped to accommodate unanticipated events.

The quizzes will have 1-2 questions and must be completed within 30 minutes of beginning the quiz.
Each quiz will be accessible through Canvas from Tuesday at 2:15pm to Wednesday at 11:55pm.

Midterm Exams: Monday Oct. 23" and Tuesday Nov. 21st. You may choose to take the
midterm exams in either of two time slots, 5:30-7:00 PM or 7:30-9 PM, but you must take the

midterm during one of those times, due to the large enrollment in the course.

Final Exam: Monday December 18" at 10:05am No alternate times are available.

Weighting:  Midterm Exams (2) 25% each
Final Exam 25%
Textbook HW (Connect) 10%
Weekly Quizzes 10%

Discussion Section Participation 5%

Grading: Course grading will follow the scale A 92.0 — 100 %, AB 87.0 —91.9 %, B 82.0 — 86.9 %, BC
77.0 - 81.9 %, C 72.0 —76.9 %, D 62.0 — 71.9 %, F < 62.0 % unless otherwise announced (e.g., an exam
may be curved if an adjustment is warranted).

McBurney: If you have McBurney accommodations regarding exams, notify Dr. Nimityongskul during
the first two weeks of the semester, the sooner the better. If you arrange accommodations after that
time, notify instructor as soon as possible.
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CHAPTER 1. INTRODUCTION

EMA 202 / ME 240 Schedule Fall 2017

Date Mtg Text Sec HW Problems, Notes
T 9/5 1 No class
R 9/7 2 2.1 HW1: {2.6,2.19
T 9/12 3 2.2 2.66, 2.77
R 9/14 4 2.3 2.94,2.99}
T 9/19 5 24 &26 HW2: {2.127, 2.128, 2.182, 2.191
R 9/21 6 2.5 2.159, 2.172}
T | 9/26 7 2.7 HW3: {2.227, 2.241, 2.253
R | 9/28 8 3.1 3.25,3.31,3.38}
T 10/3 9 3.2 HW4: {3.58, 3.69, 3.74
R 10/5 10 3.3 3.115, 3.116, 3.133}
T 10/10 11 4.1 HWS5: {4.7,4.20, 4.31
R 10/12 12 4.2 4.39, 4.60, 4.62}
T 10/17 13 4.3 HWS6: {4.73, 4.81, 4.87
R 10/19 14 4.4 & Review 4.104, 4.109, 4.111}
M 10/23 Exam 1 chapter 2-4
T 10/24 15 5.1 HW?7: {5.12,5.26, 5.31
R 10/26 16 5.2 5.66, 5.70, 5.80}
T 10/31 17 5.2-5.3 HW8: {5.94,5.99, 5.117
R 1172 18 5.3 5.125, 5.128, 5.133}
T 117 19 6.1 HWO9: {6.7, 6.22, 6.35
R 11/9 20 6.2 6.40, 6.42, 6.58}
T 11/14 21 6.2 HW10: {6.60, 6.65, 6.74
R 11/16 22 6.3 6.112, 6.124, 6.128}
T 11/21 23 Review Exam 2 in evening, chapter 5-6
R 11/23 24 THANKSGIVING (No discussions Wednesday or Friday)
T 11/28 25 7.1-7.2 HW11: {75,7.7,7.19
R 11/30 26 7.3 7.29,7.42,7.52}
T 12/5 27 7.4 HW12: {7.61,7.77,7.91
R 12/7 28 8.1 8.6, 8.25, 8.40}
T 12/12 29 8.2 HW13: {8.54, 8.88, 8.91, 8.105, 8.107, 8.110}
R 12/14 No class

Final

M 12/18 Exam 10:05am chapters 7 & 8
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2.1 Solving pendulum example, lecture Nov 301 2017

2.1.1 Problem1

Example 2: The pendulum consists of a mg = 10 kg uniform slender rod
and a sphere of mass mg = 15 kg. If the pendulum is subjected to a
moment of M = 50 N-m, and has an angular velocity of @ = 3 rad/s when
6= 45°, determine the reaction force from pin O

100 mm=R

The FBD and inertia diagram is

H
I«

system C.G. Ma,

Mgsin6

fbd.ipe, Nasser M. Abbasi, Dec 1, 2017. ME 240 dynamics

Where M = my;gy + my,, and H is location of system center of mass. Total mass is M =
15 +10 = 25 kg.

L
Msphere (L + R) + Myod (E)
H=

Msphere + Myod
_15(0.6 +0.1) +10(0.3)
- 15+10
=0.54 m
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And

Io = Isphereo + Ibaro

2 oy 1
= (EmsphereRz + Msphere (L+R) ) + gmbarLz

= (%«)1)2 +15(0.6 + 0.1)2) + % (10) (0.6)°
= 8.61 kg—m2
From FBD we obtain 3 equations.
F, = Ma,
F, - Mg = Ma,
-T- (Mg cos 9) H =1«
Or
F, = 25a,
F, - (25)(9.81) = 25a,
50— ((25) (9.81) cos (45 (%))) (0.54) = (8.61)
Or
F, = 25a,
F, - 245.25 = 25a,
-16.684 = «
3 equations with 4 unknowns: F,, F,, a,,a,. But looking at this diagram, which relates a,,a
to a.
fbd_2.ipe, Nasser M. Abbasi, Dec 1, 2017. ME 240 dynamics
We see that
ay, = Ho?sin 0 + Ha cos 0
e e
— (0.54)(3)sin (45 (@)) + (0.54) (~16.684) cos (45 (@))
= -2.934 m/s’
And

a, = Hasin 0 - Hw? cos 0

= 0:50) (16.684)5in (4555 - ©059) (32) cos (45 15

— -9.807 m/s’

(1)
(2)
3)

y
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Using these in (1,2), we find the reaction forces
F, = 25a,
= 25(~9.807)
=-245175 N
And

F, - 245.25 = 254,
F, - 245.25 = 25 (~2.934)
F,=1719N

Total reaction force is |/F2 + F2 = \/(171.9)2 +(-245.175)* = 299.4334 N
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2.2 Solving example 7.8, Textbook, page 554, using
graphical method

4 A_ part ‘S'ru movie stunt, a long, thin 388 ib platform with the length L=39 fi has been rigped across a
FIvIne USIg IWo ropes OA and BD. Rope OA of length d-13.4 is securely tied 1o the tree, but rope BD
has been tied 10 a carabiner at I that has not been adequately fastened to the rock face. After everything is
sel up as shown, the carabiner at D breaks free, and the platform starts to fall. Determine the angular
acceleration of the platform and the tension in the rope OA immediately after the rope BD breaks free
The initial value of 6-39°, (25pts)
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) 1 Sobs Exengla 72 .
-——7' « »
“7“58' "~ q—é#w ' p%‘ N
: o - Adas
o({\ﬂfa ,i\ B TAQW M%__j
|
. L
—Tﬁ“\G = - R - T
mj -+ A—G'D%‘”(
Z
2 —[Sinf= M3ge ©
i Tesg-mg= m % ~
L T D<P4J~ @

B ) /
; L Xpd.
A% e \5/
4Mf}ofﬁn9 : L ’;;W*"?‘”“‘ use These v @& e
hore :/ Cf@ = ’C‘N@PSJMQ = "’0)
Qox = — dX 5

e @ 394%“"’3/5“’1/‘”‘3

— Sl = v ("do( 9’\"9) T, . M(\ao(
TCJse-‘hnh = ™ <_do<5;\ig,__?ozh,.g> @@; T

3 2
Y- T sy = 3‘3382 (- (\B,H)o(ﬁ@ T3~ "‘B;D(wﬁ)__,%,oﬂ e |
St-r slan T= |67 2 Qofrice , Kl

0<ry~€e—:. ———0‘6—7‘7? fdt,/,’/}e.
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2.3. cheat sheets CHAPTER 2. STUDY NOTES

2.3 cheat sheets

2.3.1 First exam

Dynamics Equation Sheet — EMA 202 / ME 240 — Spring 2017 (2017/03/14 version)

Disclaimer: This formula sheet is provided for your convenience, and is not guaranteed to include all formulas or expressions
needed to solve problems on homework, quizzes, or exams. Students are responsible for all relevant material regardless of its
presence or absence on the formula sheet. This sheet will be provided to you with your Midterm Exam and Final Exam. No
additional equations or formulas may be brought in written form by the student for either exam.

Geometry: . 2 )
¥y =1 o \eot8
C a ,"4‘(' )
b = cosech B
a’ =b*+c? —2bccosA ) ané

sing “_
b

b? =a? +c?—2accosB

sind _sinB _sin€C

cos@
c?=a’+b?—2abcosC a b c

5650

Particle Rectilinear Kinematics:

_av _ dvds _ _dv _ds

=== = v= ads =vdv
dt ds dt ds dt

Special case: constant acceleration ac, assuming initial conditions are specified at t = 0:

v(t) =V, +at s(t) =s, +V,t +%act2 v =v2+2a.(s-s,)
Particle Curvilinear Motion:
Cartesian:
V=%i+yj+zk A=K+ 9j+ 2k
Normal/Tangential:
2 213/2
V=50, a=vi, +d, where =7[1+(dzy/dx)2]
P [dy/dx” |
Polar/Cylindrical:
V=r0a, +rd0, + 2k a=(r-r0%) 0, +(ré+2r0)d, + 7k

Time Derivative of a Vector:
Unit Vector: G(t) =a, x{

General vector A: At)=Al, +6, x A,
AM)=Al, +26,x All, + @, x A+, x (B, x A)

General Relative Motion:
Vg =V +Vg o=V, +0OXTy,,

5 LA . = ~ S s L= = 2
8g =ap g =Ap T Uy XTgy + W) X(wAB X rB/A) = ApF 0 XTg n —@pglyp

Work and Energy: 2U152=T2—T1 where Ui 2= I:Pdf and T = %mv2

Conservation of Energy (assumes only conservative forces): T, + V, =T, + V,

Rigid Bodies: use Total Kinetic Energy: T = %mvﬂ2 + %Iawz

11



2.3. cheat sheets CHAPTER 2. STUDY NOTES

Potential Energy:

Terrestrial Gravity: V = mgh (Rigid Body: V = mgyy).
g=98150r3225
Linear Elastic Spring:
Compression/Extension:; V = %k(l —1,)?

Rotational: V = %kt(e —0)?

Power: P=F %
1 hP =550 ft-lb/s = 745.7 W

Efficiency: g = R oupst

power input

Linear Impulse and Momentum: ¥ I,_,, = p, — p;, Where I,_,, = ffﬁ dt and p = mv
Rigid Body: p = mvy

Linear Impulse-Momentum for Systems of Particles: Y mv; + . fttlz F dt =Y mv,
Coefficient of Restitution for Systems of Particles: vg —vi = —e(vg —vy)

Impulse-Momentum for Rigid Bodies:
Linear Angular

ty R ty R
m'l_}Gl + f Z Fdt = mﬁGZ IG(_‘jl + J Z MG dt = IG52
tq ty

t N N
(), + | pde = (Fp),
t1
Ep =IG5+F><m17G
Coefficient of Restitution - Rigid Bodies: Wi)n — W) = —e((vg)n — (Wi)n)

Equations of Motion:  F = mad; Mp = Iag + Top X mdg

Mass Moment of Inertia: [=[r%dm
I =k?*m (k= Radius of Gyration)

Parallel Axis Theorem: I = I; + md?
Centroidal Moments of Inertia:

Thin Uniform Rod: %mL2 Thin Ring: mR?  Circular Disk: %mR2

Sphere: EmR2 Rectangular Plate: ém(az + b?)

(Graphics from www.msdgeometry.com, www.mei.org.uk/month_item_12)

12
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2.3.2 mass moment of inertia

I, =

L=1I=
=| Rectangular Prism

|

I = &mb% + c?), I,= Sm@? + c?),
Iz = ﬁm(a2 +b2) Iz %mr

— 2¢ 1 16
=mriz ~gp

z

e Thin Rectangular Plate |

V =abt z

I, = &mb2 I, = ma?, I, =1, = gm@r? + h?), L= gmb? +c2), I, = gm(a® +c?),
1, = ﬁm(a2 +b2) I, = 1%mr2 I, = %m(a2 +b?)

13
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3.1 week 14, my solution to first problem

Example 8.5: The 2 kg rod ACB supports two 4 kg disks
at its ends. If both disks are given a clockwise angular
velocity of 5 rad/s while the rod is held stationary and
then released, determine the angular velocity of the rod
after both disks have stopped spinning relative to the rod
due to frictional resistance at the pins A and B. Motion is
in the horizontal plane. Neglect friction at pin O.

. 0.75m _ 0.75m 1

7= L@ =2 %0.75;

mBar = 2;
mDisk = 4;
wlDisk = 5;

rDisk = 0.15;

Find initial h1 about O. Since there are two disks, and the rod is not rotating initially, then only contribu-
tion to angular momentum comes from the spinning disks (two of them).

In[82]

1
I1=2 * (— mDisk » r‘Diskz)
2
ousz)= 0.09

3= hl = I1 % wlDisk
ouyss= 0.45

Now we find final angular momentum about O. Assume final angular speed of the whole system (now
as rigid body) is w2. Notice use of parallel axis theorem now

1 ) 1. L2 . 2
mesp= 12 = [ —mBar L@? + 2 % | —mDisk  rDisk? + mDisk » (L@ /2) ]]
12 2
outss)= 4.965

nser= h2 = T2 w2
ousel= 4.965 w2

Now equate h1=h2 and solve for w2

ne7)= equation = hl == h2

ous7)= 0.45 == 4,965 w2

Printed by Wolfram Mathematica Student Edition

16
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3.2 week 10

My solution is below

3.21 Problem1

General Motion: Velocity

Example: The cylinder B rolls on
the fixed cylinder A without
slipping. The connecting bar CD is
rotating with an angular velocity
of o, =5 rad/s.

Determine:

1) the angular velocity of
cylinder B

2) the velocity of point F

3.211 Partl

Notice that the point E is not on the bar CD. It is the point where the disks meet at this
instance shown.
Vp = Ve +dcp X psc
=0+ wepk X (rg + 1)1
=wcp (ra +78)] (1)
But we also see that V can be written as
Vp = Vi + @gisk X FpjE
= 0 + wyigk X rgi
= Wyisk"Bf (2)
Where in the above we used the fact that Vr = V- = 0 at the instance shown. Equating (1)
and (2)

wep (ra + 1) = WaiskB
ra+71p

(3)

Wyisk = Wcp -
B

3.21.2 Part2

Vi = Vp + @gisk X Trip
= wcp (ra + 1) ] + wgiskk X 18]
Hence

V= —wgiskl + wcp (ra + 1) |
rat+irg N
= —wWcp » rgl + wep (ra +7B)]
B

=wcp (ra+71)T+wcp (ra +78)]

17
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3.2.2 Problem 2

General Motion - Velocity

Example: In the piston system shown, the crank AB has a constant
clockwise angular velocity of 2000 RPM.

w5 = 2000 RPM
I, = 3inch
*P I, = 8inch
0 = 40 degrees
Determine the velocity of point P on the piston for the
configuration parameters given above
VD = VB + VD/B
= Vg + &pp XTpsp (1)
But
VB = VA + wpp X ?B/A
= 0— wypk x (Ly cos 07 + Ly sin 6))
= —w gl cos Qf + wplq sin 67 (2)
Where
27 200
wap = 2000 — | = —7 = 209.4395 rad/sec
60 3
The angle g can be found as follows
sinf  sinf
L, Ll
L 3
sinf} = L_; sin @ = 3 sin (40 (%)) = 0.241 radians
=13.808°

Now we know everything to evaluate (1). Therefore
VD = VB + wpp X D/B
= (~wapLy c0s 0] + w apLy sin 04) + wppk x (L, cos i - L, sin fy)
= (~wapLy c0s 0] + w Ly sin 04) + wppLy cos ff + wppL, sin i
= f(a)ABLl sin 6 + a)BDLZ sin ‘B) + j(—a)ABLl cos 6 + a)BDLZ COS ﬁ) (3)
But the y componenent of V = 0 since D can only move in x direction. Therefore from
the above
—w gLy cos 0 + wppLy cosf =0
Lycos@
wpp = @
BD = WABT os B

(4)

18
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Substituting (4) into the x component of (3) gives the answer we want

L sing + Licos@ L«
sin sin
w apLlq [, c0sp wap | Ly sin B

Licos@ L si
sin
Leosp) 2 Blwas

- (40 (L)) . 3 cos (40 (%)) sin (1i.808 (%
cos (13.808 (@))

Il
~5

Vp

Il
~>

Llsin9+(

Il
~5

180

)) ] 209.4395

= 522.1707 inch/sec
= 43.5141 ft/sec

L0 _ 59,4305 2 isn)

@WAB Ly cosf 8 cos(lS.SOS(%))

= 61.955 rad/sec

And WBp —

19
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3.3 week 11 NOV 12 to NOV 18

My solution is below

3.3.1 Problem 6 3 Example 1

Linkage - Acceleration

Example 5.15: A 3-in. radius drum s

rigidly attached to a 5-in. radius drum as '

shown. The 3-in drum rolls without sliding >in

on the surface shown, and a cord is wound ‘

around 5-in. drum. At the instant shown \ c

end D of the cord has a velocity of 8 in/s

and an acceleration of 30 in/s?, both

directed to the left & 3
D B

Determine the accelerations of points A, B, and C of the drum.

Given

Vp = -8f
ip = —307

But also (assuming cord is not extensible)

Vp=-80
g = -307

Since the point B is also on the large disk, its velocity can be used to find the angular
velocity of the disk. The disk is spining in the clockwise direction. Using Vy = ra;s, where

. -8
r =5 inch, then wy = - =-1.6 rad/sec or

adisk = —16?(

.. . . . . a =30
Similarly ag = ray; in the clockwise direction, hence a;y = TB = =-6 rad/sec?

-

Qgisk = —6k

Now

—

_ = — - 2 =
g =ap+ &g XTap — WAt AB

Where 745 = (r, —11)f = (5 - 3)] = 2f and the above becomes

d, = =300 + (~6k x 27) - (-1.6)* (2
= —307 + (12f) - 5.12]
= 187 - 5.12f

~~——

Now

20
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— -

_ — — 2 =
ac = ap + &pc Xrcjo — Woclc/o

Where O is the center of the disk. Since disk is not sliding, then 45 = 0 and 7o = 57. The
above becomes

e = —6k x 51— (-1.6)* 51
= 307 -12.8

3.3.2 Problem 6 3 Example 2 rev2

Linkage - Acceleration

Example 5.16: The disk at A is subjected to the angular motion
(velocity and acceleration) shown.

2 rady/sf \41 ad/s

Determine the angular velocity and
angular acceleration of link CD at the
instant shown.

21
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4.1. First exam CHAPTER 4. EXAMS

4.1 First exam

4.1.1 Kkey solution to first exam

ME 240 / EMA 202, Fall 2017 Name:
Midterm #1, closed book/notes, 60 min.

Question 1 (35 points)

A 70kg snowboarder starts from rest at point A and travels downhill to hit a jump at point B. His
velocity at point B is 12m/s. He leaves the jump at an angle 6 with respect to the ground, then
lands at point C,

Let angles ¢ = 30° and 8 = 40°

tray
ff@c‘r
Ory

- p=30mm" . B E vg=12m/s
Fricﬁonless 10m ’ \é
C

b

A) Calculate the normal force between the snowboarder and the ground at point B just
before he leaves the jump.

B) Calculate the distance d where the snowboarder touches down on the landing ramp.

C) Calculate the distance L to the starting position A, such that the snowboarder reaches
12m/s at point B. Assume the kinetic friction coefficient on the slope is 0.05, and that the
curved portion of the ramp is frictionless.

7‘\) /\}armﬁ‘ foree @ f‘hs
: )

O i oYX

LaAl!

w0
o

Q
b N
. Q")
K?FML - N CoSE = M A W/ a :y*f_- -
* N N 3 c N N e 30 m

¢
Nz 70 b (%) Toes (9L V) CoS HO
0 j( SO ) e J( )

| N= 520 W]

24
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4.1. First exam

CHAPTER 4. EXAMS

ME 240 / EMA 202, Fall 2017
Midterm #1, closed book/notes, 60 min.

ngstian 2 (30 points)

Itis observed that a 50kg block B begins to slide
on the turntable 10 seconds after the turntable
begins to spin,

Knowing that the turntable has a constant
angular acceleration of 0.1 rad/s?, determine the
coefficient of static friction between the block
and the turntable.
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4.1. First exam CHAPTER 4. EXAMS

ME 240 / EMA 202, Fall 2017 Name:
Midterm #1, closed book/notes, 60 min.

Question 3 (35 points)

The two crates A and B of mass ma=100 kg
and mp=70 kg, respectively, are connected by
a system of pulleys. The system is initially at
rest, when a man starts pushing on crate A
with a constant 350N force. The man’s
pushing force is at an angle of 20° with
respect to the horizontal. Neglect the mass of
the cables and friction in the pulleys.

If py = 0.3, determine the distance the man
pushes crate A to achieve a speed of 3m/s at
crate A.
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4.2. Second exam CHAPTER 4.

EXAMS

4.2 Second exam

4.2.1 key solution to Second exam

i
ME 240 / EMA 202, Fall 2017 Name: Vgl Ton
Midterm #2, closed book/notes, 60 min. )

Instructions

*  Show all of your work.

+ To maximize opportunities for partial credit, solve problems symbolically to the extent possible and
substitute numerical values at the end.

*  Include free body diagrams for all equilibrium equations.

¢ The only notes allowed are the equations provided with this exam.

*  The use of cell phones is prohibited.

= The instructors and the University of Wisconsin expect the highest standards of honesty and integrity
in the academic performance of its students. It is important that the work submitted on this
examination is yours and yours alone.

* Receiving or giving aid in an examination or using notes on a closed note exam will be considered
cheating and will result in a grade of F and the case being reported to the Dean of Students Office.

Circle Your Discussion Section:

EMA 202 Time TA
B 301 8:50 Peter Grimmer ]
302 9:55 Peter Grimmer )
303 11:00 Peter Grimmer ]
304 12:05 Aaron Wright
305 1:20 Aaron Wright
306 2:25 Al Gross
307 12:05 Shu Wang
ME 240
301 8:50 AJ Gross
302 9:55 Shu Wang
303 11:00 Jenna Thorp
304 12:05 Jenna Thorp
305 1:20 Guannan Guo
306 2:25 Guannan Guo j
Grading:
Ql /34
Q2 /33
Q3 /33
Total /100
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4.2. Second exam

CHAPTER 4. EXAMS

ME 240 / EMA 202, Fall 2017 Name:

Midterm #2, closed book/notes, 60 min.

Question 1 (34 points)

In the planetary gear system shown, the radius of
gears A, B, C, and D is 30 mm and the radius of the
outer gear E is 90 mm. Knowing that gear E has a
constant angular velocity of 180 rpm clockwise and
that the central gear A has a constant angular
velocity of 240 rpm clockwise, determine

(a) the angular velocity of the planetary gears B, C,
and D

(b) the angular velocity of the spider connecting the
planetary gears.

(c) the acceleration of point Q. Point Q is attached at the top of gear B where it meets gear E.
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4.2. Second exam CHAPTER 4. EXAMS

Name:

EMA 202, g ‘
Mldterm H2, closed book/notce, 90 min.

Question 2 (33 points)

The pendulum consists of two 8.0 Ib concentrated
weights positioned as shown on a light but rigid bar. The
pendulum is swinging through the vertical position with
a clockwise angular velocity @ = 6.0 rad/sec when a 2.0
ounce bullet, traveling with a velocity of v = 1000 ft/sec
in the direction shown, strikes the lower weight and is
embedded in it. Calculate the angular velocity @, that
the pendulum has immediately after impact, and find the
maximum angular deflection 8 of the pendulum.
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Name:

e

Midterm #2, closd bool/notes, 90 min.

(Additional workspace for Question 2)
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4.2. Second exam CHAPTER 4. EXAMS

ME 240 / EMA 202, Fall 2017 Name:
Midterm #2, closed book/notes, 60 min.

Question 3 (33 points)

Ball A is traveling purely in the x-direction
with velocity Va when it impacts ball B.
~ Subsequently, ball B impacts ball C.
Assume that both collisions have a

coefficient restitution €.

Determine the magnitude of the velocity of
ball C after it is impacted by ball B in terms
of ma, mg, mc, €, Va, and the angles
shown.
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4.3 Final exam

4.3.1 Kkey solution to Final exam

Not available
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

5.1 practice first midterm exams

5.1.1 Fall 2016

5111 exam questions

ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Instructions

e Show all of your work.

* To maximize opportunities for partial credit, solve problems symbolically to the extent possible and
substitute numerical values at the end.

¢ Include free body diagrams for all equilibrium equations.

¢ The only notes allowed are the equations provided with this exam.

» The use of cell phones is prohibited.

*  The instructors and the University of Wisconsin expect the highest standards of honesty and integrity
in the academic performance of its students. It is important that the work submitted on this
examination is yours and yours alone.

* Receiving or giving aid in an examination or using notes on a closed note exam will be considered
cheating and will result in a grade of F and the case being reported to the Dean of Students Office.

Circle Your Discussion Section:

EMA 202 Time TA
301 8:50 Peter Grimmer
302 9:55 Aswin Rajendram Muthukumar
303 11:00 Aswin Rajendram Muthukumar
304 12:05 Zz Riford
305 1:20 Peter Grimmer
306 2:25 Peter Grimmer
307 12:05 Aaron Wright
ME 240
301 8:50 Jenna Lynne
302 9:55 Jenna Lynne
303 11:00 Chembian Parthiban
304 12:05 Chembian Parthiban
305 1:20 Aaron Wright
306 2:25 Zz Riford
Grading:
Q1 /10
Q2 /30
Q3 /30
Q4 /30
Total /100
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Question 1 (10 points)
For the following short answer problems, please include any relevant calculations and/or a brief
explanation for your answer.

1A (5 points)

A block is traveling with a speed v, on a smooth surface
when the surface suddenly becomes rough with a e P —
coefficient of friction of u causing the block to stop after a F

distance d. If the block were traveling twice as fast ( 2v, ), __J

how far will it travel on the rough surface before stopping? 4

simoth remngEh

1B (5 points) .

Marble A is placed in a hollow tube that is pinned at point 4 Ny
B. The tube is swung in a horizontal plane causing the
marble to be thrown from the end of the tube. As viewed
from the top, circle the trajectory 1-5 that best describes
the path of the marble after leaving the tube? i |
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ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Question 2 (30 points)

The block has a mass M = 0.8kg and moves within
the smooth vertical slot. It starts from rest when the
attached spring is in the un-stretched position at A.

Determine the constant vertical force F which must
be applied to the cord so that the block attains a
speed Vs = 2.5 m/s when it reaches Sg = 0.15m.

Note that the spring is still attached to the block at /
position B. -4
|' B*
Given: i :
M=08kg 1=04m  Vg=25mis | J,ﬂ"
b=03m Sg=0.15m k=100N/m ~—  |A

WY
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ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Question 3 (30 points)

The train in the figure is supported by magnetic repulsion
forces exerted in the direction perpendicular to the track.
Motion of the train in the transverse direction is prevented
by lateral supports. The 20,000-kg train is traveling at 30 B,
m/s on a curved segment of track described by the equation
y=.0033x> where x and y are in meters. The bank angle of the

track is 40° when x=0. When the train is at this point in the

curve:

a) Draw the forces acting on the train in the outline below.

¢) What force must the magnetic levitation system exert to
support the train and what force is exerted by the lateral
supports?

b) For what speed would the lateral force at this point of
the curve be zero? (This is the optimum speed for the train
to travel on the banked track. If you were a passenger, you
would not need to exert any lateral force to remain in
place in your seat.)
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ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.
Question 4 (30 points)
g
Steve ' ~ “\\
me=100kg yx ’
“\\ Ice Block
m=2000kg
10m
0 =30°

d=?

For an amazing stunt, Steve runs off a 10m tall ramp with a 30° incline at a speed of 10m/s. He
hopes to jump over a pit and impact a block of ice at a height of 2m.

A) At what distance, d, should the ice block be placed from the end of the ramp?

B) Assume that the 2000 kg ice block slides without friction on the ground. Given the coefficient
of restitution between Steve and the ice block is 0.2, at what angle ¢ will Steve bounce off of
the wall?

C) Given that the impact between Steve and the ice block takes 0.25 seconds. What is the average
force felt by Steve during the impact?
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ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Geometry:
A B C

sina sinb sinc
C? = A* +B?*—2ABcosc

cos? @ + sin*@ =1

Particle Rectilinear Motion:
dv ds
a=— y=—
dt dt
For the special case of constant acceleration (ac), and assuming initial conditions are
specified at ¢ = 0:

ads = vdv

1
V() =v, +at s(t)=s, +v0t+5act2 vi=v2+2a,(s—s,)

Particle Curvilinear Motion:
Cartesian Results: v = ii + yj +2K a=x+ yj +7k

Normal/Tangential Results:

V=sa,
L v [1+(dy/dx)*]"
a=vq, +;un where P = '’y dx |
Polar Results:
vV=ru, +r9ﬁ9
a=(F-réa, +(ré+2r0)0,
Spherical Results:

v=ru, +r¢ﬁ¢ +r@singi,
a=(F—rp’ —r6’sin’g) i, + (rg + 279 — r6” sinpcosg) i,
+ (r@sin g + 270sin ¢ + 2rgfcos P)i,,
General Time Derivatives of a Vector:
() = @,
A=A, +®, xA A = A, +20, XAl + 6, XA +®, x(@ ,XA)

2.
Principle of Work and Energy: XU —2=T> - Ti where U2 = J-] F-dr and T = %mv2

Conservation of Energy (assumes only conservative forces): 71+ Vi=T>+ V>

(For rigid bodies, these results are unchanged except for the fact that 7' = 1 mvg + 1 1,.0%)
2 2
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ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

V is potential energy and takes different forms depending on the source. For terrestrial gravity,

V =mgy, (mgyc for arigid body) while for a linear elastic spring, V = %kd >

Power: P=F -v

Efficiency: € = Ppower output
power input

- - 2 -
Linear Impulse and Momentum: z IL,=p,—p, where I_,= .[1 Fdt and p=mv

(For rigid bodies, the linear impulse and momentum expressions are identical but with v=v,)
. o Vg
Coefficient of restitution: e =

Principle of Angular Impulse and Momentum: Z 1,,.,=H 02— H ol where

— 2 . —
Lyie = | Modt and H=Fxmy

(For rigid bodies, this principle holds as long as O is either the center of gravity G or a point of
fixed rotation. If the center of gravity, Hc = I, if a fixed axis, Ho = lo®.)

Relative General Plane Motion:

Translating Axes: V=V, +
+

Rotating Axes: Vg =VA+(VB,A)W+Q><f'B,A

a;=a,+ (ﬁB/A )xy +Qx Ty 4 + QX (Q X fB/A)+ 2Qx (VB/A )xy

Equations of Motion: ZFX =m(ag), ; Z F, =m(a;),
or ZF, =m(ag), ;ZFn =m(ag),

ZMC =l,x or ZMO =I,ax or ..if youmust...
ZMP =-ym(ag), + )?m(aG)'v +1;0
Mass Moment of Inertia: Definition, and in terms of radius of gyration, k: I = j r’dm=km

Parallel axis theorem: I = I, +md’
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51.1.2 key solutions

ME 240 / EMA 202, Fall 2016 Name: _ Sl T rany
Midterm #1, closed book/notes, 90 min.

Instructions

«  Show all of your work.

«  To maximize opportunities for partial credit, solve problems symbolically to the extent possible and
substitute numerical values at the end.

« Include free body diagrams for all equilibrium equations.

«  The only notes allowed are the equations provided with this exam.

» The use of cell phones is prohibited.

«  The instructors and the University of Wisconsin expect the highest standards of honesty and integrity
in the academic performance of its students. It is important that the work submitted on this
examination is yours and yours alone.

«  Receiving or giving aid in an examination or using notes on a closed note exam will be considered
cheating and will result in a grade of F and the case being reported to the Dean of Students Office.

Circle Your Discussion Section:

EMA 202 Time TA
301 8:50 Peter Grimmer
302 9:55 Aswin Rajendram Muthukumar
303 11:00 Aswin Rajendram Muthukumar
304 12:05 Zz Riford
305 1:20 Peter Grimmer
306 2:25 Peter Grimmer
307 12:05 Aaron Wright
ME 240
301 8:50 Jenna Lynne
302 9:55 Jenna Lynne
303 11:00 Chembian Parthiban
304 12:05 Chembian Parthiban
305 1:20 Aaron Wright
306 2:25 Zz Riford
Grading:
Q1 /10
Q2 /30
Q3 /30
Q4 /30
Total /100
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Question 1 (10 points)
For the following short answer problems, please include any relevant calculations and/or a brief
explanation for your answer.

1A (5 points)

A block is traveling with a speed v, on a smooth surface
when the surface suddenly becomes rough with a
coefficient of friction of p causing the block to stop after a
distance d. If the block were traveling twice as fast ( 2v, ),
how far will it travel on the rough surface before stopping?

m skl —
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1B (5 points 1 QM,(j “z‘. N . Py RO S i}

T o Arten g

Marble A is placed in a hollow tube that is pinned at point
B. The tube is swung in a horizontal plane causing the
marble to be thrown from the end of the tube. As viewed
from the top, circle the trajectory 1-5 that best describes
the path of the marble after leaving the tube?
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Question 2 (30 points) b i

The block has a mass M = 0.8kg and moves within 1 )
the smooth vertical slot. It starts from rest when the ] '~
attached spring is in the un-stretched position at A.

Determine the constant vertical force F which must
be applied to the cord so that the block attains a
speed Vg = 2.5 m/s when it reaches Sp = 0.15m.
Note that the spring is still attached to the block at
position B.

Given:
M=08kg 1=04m Ve =2.5m/s
b=03m Sg=0.15m k=100N/m

Work - £nevey
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CHAPTER 5. PRACTICE EXAMS
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

ME 240 / EMA 202, Fall 2016 Name:
Midterm #1, closed book/notes, 90 min.

Question 3 (30 points)

The train in the figure is supported by magnetic repulsion
forces exerted in the direction perpendicular to the track.
Motion of the train in the transverse direction is prevented
by lateral supports. The 20,000-kg train is traveling at 30
m/s on a curved segment of track described by the equation
y=.0033x? where x and y are in meters. The bank angle of the
track is 40° when x=0. When the train is at this point in the
curve:

a) Draw the forces acting on the train in the outline below.

¢) What force must the magnetic levitation system exert to
support the train and what force is exerted by the lateral
supports?

b) For what speed would the lateral force at this point of
the curve be zero? (This is the optimum speed for the train
to travel on the banked track. If you were a passenger, you
would not need to exert any lateral force to remain in
place in your seat.)
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ME 240 / EMA 202, Fall 2016

Name:
Midterm #1, closed book/notes, 90 min.

Question 4 (30 points)

Steve i,x'“ .
ms=100kg ﬁ ’ N

10m

ice Block
m=2000kg

RS
/7

d=?

For an amazing stunt, Steve runs off a 10m tall ramp with a 30° incline at a speed of 10m/s. He
hopes to jump over a pit and impact a block of ice at a height of 2m.

A) At what distance, d, should the ice block be placed from the end of the ramp?
B) Assume that the 2000 kg ice block slides without friction on the ground. Given the coefficient

of restitution between Steve and the ice block is 0.2, at what angle ¢ will Steve bounce off of
the wall?

C) Given that the impact between Steve and the ice block takes 0.25 seconds. What is the average
force felt by Steve during the impact?
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

5.1.2 Spring 2015

51.2.1 exam questions

EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

Instructions

»  Write your name on every sheet.

» Show all of your work.

« To maximize opportunities for partial credit, solve problems symbolically to the extent
possible and substitute numerical values at the end.

* Include free body diagrams for all equilibrium equations.

« This is a closed book examination.

» The only notes allowed are the equations provided with this exam.
» Calculators are allowed.

» The use of cell phones is prohibited.

» The instructors and the University of Wisconsin expect the highest standards of honesty and
integrity in the academic performance of its students. It is important that the work submitted
on this examination is yours and yours alone.

» Receiving or giving aid in an examination or using notes on a closed note exam will be
considered cheating and will result in a grade of F and the case being reported to the Dean of
Students Office.

Circle Your Discussion Section: 301  (Tu 1:20, Harsha)
302  (Tu 2:25, Harsha)
303 (W 3:30, David)
304  (Th 8:50, David)
305 (Th 12:05, David)
306 (Th 1:20, David)

Grading:
Q1 /10
Q2 /30
Q3 /30
Q4 /30
Total /100
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

Question 1 (10 points)

1A (4 points) A child walks across a merry-go-round with constant speed u relative to the platform.
The merry-go-round is rotating about its center at a constant angular velocity, o, in the direction
shown. When the child is at the center of the platform, write an expression for the acceleration
vector and note all of the terms that are equal to zero. Additionally, draw the acceleration vector
(with coordinate system) at the instant shown on the figure below.

1B (6 points)

A 500kg elevator starts from rest and travels upward with a
constant acceleration of 2m/s?. Determine the power output of
motor M at t = 3 seconds.
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CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015
Midterm #1, closed book/notes, 90 min.

Question 2 (30 points)

At the bottom of a loop in the vertical plane, an
airplane has a horizontal velocity of 315mph
and is accelerating at a rate of 10 ft/s>. The
radius of curvature of the loop is 1 mile. The
plane is being tracked by radar at O. What are
the values for 7, #,6, and @ at this instant?

Name:

1 mile = 5280 feet +
L imile
e W ?——h-
[ifes
r .
- ......_. o ,.;:. r’
_E_ 2400ft
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

Question 3 (30 points)

Each of the two blocks has mass m. The
coefficient of kinetic friction on all surfaces
of contact is y. If a horizontal force P B T LR
moves the bottom block, determine the
acceleration of the bottom block in cases P A
(@) and (b).

Additionally, solve for the force P, in (2)
which case (a) and (b) have the same a,
acceleration.

Pa— A |Ew—=

(b)
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

Question 4 (30 points)

g l A 3-lb collar C may slide without friction along the
vertical rod. It is attached to 3 springs, each with spring
constant k =2 Ib/in and an undeformed length of 6 inches.

Given that the collar is released from rest, determine the

speed of the collar after it has traveled 6 inches down.

B in.

6 in.
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EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

Geometry:
A B C

sina - sinb - sinc
C2=A?>+B?-2ABcosc
cos? @ + sin*0 =1

Particle Rectilinear Motion:
dv ds
a=— vV=—
dt dt
For the special case of constant acceleration (ac), and assuming initial conditions are
specified att = 0:

ads=vdv

v(t) =v, +at s(t) =s, +V,t Jr%elct2 V2 =V:+2a.(s-5S,)

Particle Curvilinear Motion:
Cartesian Results: V=xXi+yj+zk  a=xi+yj+7k

Normal/Tangential Results:

V=30,

LV [1+(dy/dx)°]*"
a=vi,+—u, where P =

p |d*y/dx* |

Polar Results:
V=10, +réa,
a=(F-rd?) 0, +(ré +20) 0,

Spherical Results:
V=ra, +réa,+rosin4a,
d=(F—rg® —ro%*in’g) 0, + (ré+2¢d—ro*sin gcos¢)

+(résin ¢ + 2r@sin ¢ + 2rpdcos ¢)Q,,
General Time Derivatives of a Vector:

at)=o, xa
A)= A, + 6, x A A)= A, + 26, x All, + 6, x A+, x (@, x A)
2
Principle of Work and Energy: 2U152=T>—T1 where Uiz = Il F-dr and T = %mv2

Conservation of Energy (assumes only conservative forces): T1 + V1 =Tz + V2

(For rigid bodies, these results are unchanged except for the fact that T = 1 mvZ + 1 l,o)
2 2
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

V is potential energy and takes different forms depending on the source. For terrestrial gravity,
V =mgy, (mgye for a rigid body) while for a linear elastic spring, V = %k&z
Power: P=F -V

Efficiency: ¢ = w
power input

- - 2 -
Linear Impulse and Momentum: Z l,,=p,—p, where I_,= .[1 Fdt and p=mv

(For rigid bodies, the linear impulse and momentum expressions are identical but with v=v)

(VB )2 — (VA )2
(VA )1 - (VB )1

Principle of Angular Impulse and Momentum: > "1, ,, = Ho, —Ho, where

Coefficient of restitution: e =

- 2 _
IMHZ:J‘1 Modt and H=rxmv

(For rigid bodies, this principle holds as long as O is either the center of gravity G or a point of
fixed rotation. If the center of gravity, He = lcw; if a fixed axis, Ho = low.)

Relative General Plane Motion:

Translating Axes: Vg =V,

Rotating Axes: Vg =V, +(Vg ), +QxTy)n

Qi

B = aa +(aB/A)xy +QXT’B/A +QX(erB/A)+ZQX(vB/A)xy

Equations of Motion: Y F, =m(a,), ; > F, =m(ag),
or ) F =m(as), ;) F, =m(a),

D Mg=lga or > Mg=loa or .. ifyoumust..
> M, =-ym(as), + Xm(as), + lsa
Mass Moment of Inertia: Definition, and in terms of radius of gyration, k: | :Ir"'dm =k’m
Parallel axis theorem: | = I +md?
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51.2.2 key solution

EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

Question 1 (10 points)

1A (5 points) A child walks across a merry-go-round with constant speed u relative to the platform.
The merry-go-round is rotating about its center at a constant angular velocity, o, in the direction
shown. When the child is at the center of the platform, write an expression for the acceleration
vector and draw the acceleration vector (with coordinate system) on the figure below.

-~ a -1 e ~ L EN A
Po\m" az= (r-re 3&r r(re "'é‘{“@)s‘"‘"@
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fj’“"en it , 80 &0

N
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fnd @ @ o
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s (O_O.Q})@V +(cr0 +&a&w> “e

\&AZQMW &6.

ST

1B (5 points)
A 500kg elevator starts from rest and travels upward with a
constant acceleration of 2m/s?, Deteanine the power output of s
motor M at t = 2 seconds. P e, Frve "\‘} %xﬁ‘ "
Fi il 17
80 - - g
7T ZFR= 3T me = Mmay x
! - A 11 |
- winlal+ A ! ]
L—j/—-‘ T- m(ayt9) ) (N I
ma :} 1N
J e
m
T- 500l (274 93 f’s*:)
\%

veoehr T= 1963.3N
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accelin

NT

EMA 202, Spring 2015
Midterm #1, closed book/notes, 90 min.

Question 2 (30 points)

Name:

At the bottom of a loop in the vertical plane, an
airplane has a horizontal velocity of 315mph
and is accelerating at a rate of 10 ft/s>. The
radius of curvature of the loop is 1 mile. The
plane is being tracked by radar at O. What are
the values for 7, #,8, and 8 at this instant?
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EMA 202, Spring 2015 Name:

Midterm #1, closed book/notes, 90 min.

(Additional workspace for Question 2)

\N:} = 4 CQ cotd v ©:36.9"

I i Fade 4

=2 269, g e
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CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015 Name: .

Midterm #1, closed book/notes, 90 min.

Question 3 (30 points)

Each of the two blocks has a mass m. The N4
coefficient of kinetic friction on all surfaces R
of contact is p. If a horizontal force P
moves the bottom block, determine the
acceleration of the bottom block in cases

(a) and (b).

B

S S

Additionally, solve for the force P, in
which case (a) and (b) have the same
acceleration.
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EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

(Additional workspace for Question 3)
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EMA 202, Spring 2015 Name:
Midterm #1, closed book/notes, 90 min.

Question 4 (30 points)

e g A 3-lb collar C may slide without friction along the
‘ vertical rod. It is attached to 3 springs, each with spring
constant k =2 Ib/in and an undeformed length of 6 inches.
& Given that the collar is released from rest, determine the

| | speed of the collar after it has traveled 6 inches down.

B g

s

6. --——-—’<—-—- b —
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5.1.3 Fall 2014

51.3.1 exam questions

EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

Instructions

»  Write your name on every sheet.

» Show all of your work.

« To maximize opportunities for partial credit, solve problems symbolically to the extent
possible and substitute numerical values at the end.

* Include free body diagrams for all equilibrium equations.

» This is a closed book examination.

» The only notes allowed are the equations provided with this exam.
» Calculators are allowed.

» The use of cell phones is prohibited.

» The instructors and the University of Wisconsin expect the highest standards of honesty and
integrity in the academic performance of its students. It is important that the work submitted
on this examination is yours and yours alone.

» Receiving or giving aid in an examination or using notes on a closed note exam will be
considered cheating and will result in a grade of F and the case being reported to the Dean of
Students Office.

Circle Your Discussion Section: 301  (Tu 1:20, David)
302  (Tu 2:25, David)
303 (W 3:30, David)
304  (Th8:50, Matt)
305  (Th12:05, Matt)
306 (Th 1:20, Matt)

Grading:
Q1 125
Q2 125
Q3 125
Q4 125
Total /100
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EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

Question 1 (25 points)
Conceptual questions: please include a few sentences or equations to justify your answers

1A (6 points) The trajectory of a particle is shown on the figure below. At point A the speed of
the particle is decreasing. Draw the acceleration and velocity vectors at point A (magnitude is not
important)

1B (5 points) A windmill sits in an inertial coordinate system. It’s blades are rotating at a
constant rate ®. Is the acceleration of point A equal to 0?
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EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

1C (8 points) Determine the equation for the trajectory of a projectile, y(x). Assume x(t=0) =0
and y(t=0) = 0. (hint: your equation should look like Y = C1X+C,X?, Find C1 and C2)

1D (6 points) A toy car is riding a track with a circular loop of radius R.  What is the minimum
speed that the car must be going at point A to maintain contact with the track? Let m=car mass

g A

)
J
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EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

Question 2 (25 points)

A ball is thrown horizontally from the top of a 20m tall building with a velocity of 10m/s. A
short time later, a person on the ground (point B) throws another ball such that the two balls
collide at point C. Given that the person on the ground throws from a height of 1m and an angle
6 = 35°,

a) Find the height at which the balls collide

b) Find the velocity of the ball thrown from point B
¢) Find the time delay between when ball A and B are thrown
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5.1. practice first midterm exams

CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014
Midterm #1, closed book/notes, 90 min.

Question 3 (25 points)

A 10kg mass, m, rotates around a vertical
pole in a horizontal circular path with
radius R=1m. The angles of the ropes
with respect to the vertical direction are
35° and 55°.

Find the range of the velocity of the mass
such that the mass will remain on the
circular path described above?

Name:
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EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

Question 4 (25 points)

Crates A and B of mass 50 kg and A
75 kg, respectively, are released k : |
from rest. The linear elastic : B n |
spring has stiffness k=500Nm. \ . = A

M
Neglect the mass of the pulleys r

and cables and neglect friction in
the pulley bearings.

If Uk=0.25 and the spring is
initially unstretched, determine
the speed of B after A slides 4 m.
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

Geometry:
A B C

sina - sinb - sinc
C2=A?>+B?-2ABcosc
cos? @ + sin*0 =1

Particle Rectilinear Motion:
dv ds
a=— vV=—
dt dt
For the special case of constant acceleration (ac), and assuming initial conditions are
specified att = 0:

ads=vdv

v(t) =v, +at s(t) =s, +V,t Jr%elct2 V2 =V:+2a.(s-5S,)

Particle Curvilinear Motion:
Cartesian Results: V=xXi+yj+zk  a=xi+yj+7k

Normal/Tangential Results:

V=30,

LV [1+(dy/dx)°]*"
a=vi,+—u, where P =

p |d*y/dx* |

Polar Results:
V=10, +réa,
a=(F-rd?) 0, +(ré +20) 0,

Spherical Results:
V=ra, +réa,+rosin4a,
d=(F—rg® —ro%*in’g) 0, + (ré+2¢d—ro*sin gcos¢)

+(résin ¢ + 2r@sin ¢ + 2rpdcos ¢)Q,,
General Time Derivatives of a Vector:

at)=o, xa
A)= A, + 6, x A A)= A, + 26, x All, + 6, x A+, x (@, x A)
2
Principle of Work and Energy: 2U152=T>—T1 where Uiz = Il F-dr and T = %mv2

Conservation of Energy (assumes only conservative forces): T1 + V1 =Tz + V2

(For rigid bodies, these results are unchanged except for the fact that T = 1 mvZ + 1 l,o)
2 2
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EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

V is potential energy and takes different forms depending on the source. For terrestrial gravity,
V =mgy, (mgye for a rigid body) while for a linear elastic spring, V = %k&z
Power: P=F -V

Efficiency: ¢ = w
power input

- - 2 -
Linear Impulse and Momentum: Z l,,=p,—p, where I_,= .[1 Fdt and p=mv

(For rigid bodies, the linear impulse and momentum expressions are identical but with v=v)

(VB )2 — (VA )2
(VA )1 - (VB )1

Principle of Angular Impulse and Momentum: > "1, ,, = Ho, —Ho, where

Coefficient of restitution: e =

- 2 _
IMHZ:J‘1 Modt and H=rxmv

(For rigid bodies, this principle holds as long as O is either the center of gravity G or a point of
fixed rotation. If the center of gravity, He = lcw; if a fixed axis, Ho = low.)

Relative General Plane Motion:

Translating Axes: Vg =V,

Rotating Axes: Vg =V, +(Vg ), +QxTy)n

Qi

B = aa +(aB/A)xy +QXT’B/A +QX(erB/A)+ZQX(vB/A)xy

Equations of Motion: Y F, =m(a,), ; > F, =m(ag),
or ) F =m(as), ;) F, =m(a),

D Mg=lga or > Mg=loa or .. ifyoumust..
> M, =-ym(as), + Xm(as), + lsa
Mass Moment of Inertia: Definition, and in terms of radius of gyration, k: | :Ir"'dm =k’m
Parallel axis theorem: | = I +md?
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51.3.2 key answers

EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

Question 1 (25 points)

Conceptual questions: please include a few sentences or equations to justify your answers

1A (6 points) The trajectory of a particle is shown on the figure below. At point A the speed of
the particle is decreasing. Draw the acceleration and velocity vectors at point A (magnitude is not
important)

-3.\/&(0@&7 rS +mmJeA* ‘o tre

Fa“‘-’k
5 "
2 -a, 4, ta,Q,
\—’ﬂ/\——-/
Sld(_q_:‘lv’\j_';{dWV‘

(v

P+\S for \F/,
P-T:_‘ Y 5:

s

1B (5 points) A windmill sits in an inertial coordinate system. Its blades are rotating at a
constant rate ®. Is the acceleration of point A equal to 0?
= . N

ﬁi(‘f“.—reﬁjﬁr +(re -:»Qr"é)f):\a

'1:'—'(""9:0

—_ A
Q= —-rte UJ¢y X0
CG‘/\'H'"\C& Tal occeley atiom Y Noh 2ero

oy [ N=-T

e RV
R S e Un V=20
A LV A -
) —_ A RO
f
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EMA 202, Fall 2014 Name:

Midterm #1, closed book/notes, 90 min.

1C (8 points) Determine the equation for the trajectory of a projectile, y(x). Assume x(t=0)=0
and y(t=0) = 0. (hint: your equation should look like ¥" = C:X+C2X?, Find C1 and C2)

|

.'.-ﬁ-'--’
I Vg g™
f/
— X
0 ]
. : X 2 0%S |
% ‘o'\‘S KCH = \lyp CoS e € = Solve. o FC T: Vo CoSO £
(oW
255 N = o ame t -%t
+0) onte Yt
= gng [ L— . BF BN
/ \jo r\\f,,:’c;‘:":’/ ’:j: \_\olas @ J" . = tone
k<) | < - , 5 . 1) .
‘_’L\?(\S \17 = tonbd K \ %{jﬁ‘ CC.!-.(_.-Jé‘ X_J"j “ 2\)",1(0516

1D (6 points) A toy car is riding a track with a circular loop of radius R.  What is the minimum
speed that the car must be going at point A to maintain contact with the track? Let m=car mass

g A gt LN

il

Az ywininroe gp‘opc,{ [C‘.{\
Fro vk
A "\Tl: N <20

~

N e
O
— A
518 = vig s w88 B

# 2
= T
R
, oY
g = AN
(58
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5.1. practice first midterm exams

CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:

Midterm #1, closed book/notes, 90 min.

Question 2 (25 points)

A ball is thrown horizontally from the top of a 20m tall building with a velocity of 10m/s. A
short time later, a person on the ground (point B) throws another ball such that the two balls
collide at point C. Given that the person on the ground throws from a height of 1m and an angle

6=135°
T phs a) Find the height at which the balls collide
12 oS b) Find the velocity of the ball thrown from point B
g > ¢) Find the time delay between when ball A and B are thrown
f

v.=10m/s
- i ————— -
o TGN A .
I EE§
20m I
I I
- B
15m e

Ad %O\: ?(ao + \joa;c —t

15,5 SOw O

H?‘\-S ) t =

Rl

\/"\/ao*\fp/éf_t "%_t

ok = hor Zenta ‘ - O

\/d'—low + O

_———-"_"—"'_' ll
p| ~

_ Al

.S See @& I'W\?ﬂc»'i- | ocateon

o A

\
.5 se )

C
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5.1. practice first midterm exams

CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014

Name:
Midterm #1, closed book/notes, 90 min.

(Additional workspace for Question 2)
(3, veloeity ot loall

%,
;Lp"i E ){b = ;:Q/bc + \/bo;x tz
N o
o= NV CaS0 t,
. -': - 7‘\30 g 15 Fh
P v, cs56 Ny €25 35"
3 A5,

\/b: A \Jbr:'y‘tl ‘;_9_ tl
P2

2

BAGwm = dm T Voo Sme t, - 1H 7

g
tl.
[45)Sob vn Pr By L Sele Br U,

K.g‘qéw\ “lM> = "WYL.S

M(‘E) 15 _ ‘?,8( ﬂ(fz |S l‘\-‘L
O Yece) 2 UL, @5{35))
9@.\5 \ \f.bo =23, 43 M/j
SN e - o -}
C. e de(a7
"L'_‘ = tl At
2w ot= T, - F2
= 15 £ o
?pﬁata‘ - e

(asu3™g) (o5 35

"lll"| AT= (.S = A = '73 Sec

CS *{“Jﬂ(aoul’\

e pall A

—
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #1, closed book/notes, 90 min.

Question 3 (25 points)

A 10kg mass, m, rotates around a vertical
pole in a horizontal circular path with
radius R=1m. The angles of the ropes
with respect to the vertical direction are
35° and 55°.

Find the range of the velocity of the mass
such that the mass will remain on the
circular path described above?

T
. TR Ao
- e g
5S¢ 5 % untj

n 4
~J
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5.1. practice first midterm exams

CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014
Midterm #1, closed book/notes, 90 min.

Question 4 (25 points)

Crates A and B of mass 50 kg and
75 kg, respectively, are released
from rest. The linear elastic
spring has stiffness k=500Nm.

Neglect the mass of the pulleys
and cables and neglect friction in
the pulley bearings.

If Uk=0.25 and the spring is
initially unstretched, determine
the speed of B after A slides 4 m.

fr;_:-w?’v'j‘- Mh"d_(

—

‘T'i«'\/,)ru:z;:‘[; \

A

| X L i
T| =AM YA T AMY,

24

Name:

2 o mitﬁ-é"’d 16'-“}’“ (t'Sé“
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5.1. practice first midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:

—

Midterm #1, closed book/notes, 90 min.

' Additional workspace for Question 4
&}('{—aﬂr—( waoy ke Trina pr',é+(;h p Q )

ei‘+

“;‘,P‘\'S) MND - _Q.d w F;.,MKN

Ay = by +I\JLM%O
N = ma

.
us, = TaAmy 5o VAR S

Salve Gr Vi
s

ext

—{V A= >/ + MM(_ = TD_ + \'/j_

{
> d

hemgSe = A () hmnd ¢ f ST g e

'Mkm‘3§l = i/g(ma.}-l’fmb)\/b:— 4_&,L<§11_m53(?m>

e} it

Via = M (&) . m‘jg S

e

7% (m. *"‘W)

i

V. = 7Se(080)8n — .25 (505)(9-”“’5’9“")‘

Yo

?\"S‘OU ?L{-y.s%j)

2
b (Soo )4 )
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

5.2 practice second midterm exams

521 Fall 2014

5211 exam questions

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Instructions

»  Write your name on every sheet.

» Show all of your work.

» To maximize opportunities for partial credit, solve problems symbolically to the extent
possible and substitute numerical values at the end.

* Include free body diagrams for all equilibrium equations.

This is a closed book examination.

The only notes allowed are the equations provided with this exam.
Calculators are allowed.

The use of cell phones is prohibited.

» The instructors and the University of Wisconsin expect the highest standards of honesty and
integrity in the academic performance of its students. It is important that the work submitted
on this examination is yours and yours alone.

* Receiving or giving aid in an examination or using notes on a closed note exam will be
considered cheating and will result in a grade of F and the case being reported to the Dean of
Students Office.

Circle Your Discussion Section: 301  (Tu 1:20, David)
302  (Tu 2:25, David)
303 (W 3:30, David)
304 (Th 8:50, Matt)
305  (Th 12:05, Matt)
306  (Th1:20, Matt)

Grading:
Q1 125
Q2 125
Q3 125
Q4 125
Total /100
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Question 1 (25 points)
Conceptual questions: please include a few sentences or equations to justify your answers

1A (7 points) A 1000kg helicopter starts from rest at t = 0 sec. Given the force components below,
find the velocity vector of the helicopter after 10 seconds.

D> F =720t
> F, =2160-360t

> F,=0

1B (6 points) Draw the instantaneous center of velocity of link AB for the two cases below
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

1C (6 points) For a given instant, a rigid body has velocity at point A parallel to the velocity at
point B. Does this guarantee that the angular velocity of body is zero at this instant?

1D (6 points) At this instant, pulley A has an angular acceleration of 6 rad/s?. What is the
acceleration of block B?
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Question 2 (25 points)

A 1 1Ib ball is dropped from rest and falls a distance of 4ft before striking the smooth plane at A.
If e = 0.8, determine the distance d to where the ball again strikes the plane at B.
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Question 3 (25 points)

Three small spheres are welded to the light rigid
frame which is rotating in a horizontal plane about
point O with an angular velocity of 20 rad/s in the
counter clockwise direction. If a moment Mo = 30
Nm in the clockwise direction is applied to the frame
for 5 seconds,

A) compute the angular impulse vector

B) compute the new angular velocity after 5
seconds
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Question 4 (25 points)

Bar AB rotates with a clockwise
angular velocity of 10 rad/sec.

a) velocity vector for pt B

b) velocity vector for pt C

c) angular velocity of bar
BC

d) velocity vector of rack,
VR
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Geometry:
A B C

sina - sinb - sinc
C?=A?+B%*-2ABcosc
cos’ 0 + sin?0=1

Particle Rectilinear Motion:
dv ds
a=— vV=—
dt dt
For the special case of constant acceleration (ac), and assuming initial conditions are
specified at t = 0:

ads=vdv

v(t)=v, +at s(t)=so+v0t+%act2 V2 =V:+2a.(s-5S,)

Particle Curvilinear Motion:
Cartesian Results: V=xi+yj+zk  a==Xi+yj+2zk

Normal/Tangential Results:

v =30,
v ) [1+ (dy/dx)*]*"?
a=va, +—0 where =
t P n |d2y/dx2 |
Polar Results:
V=ra,+roa,

a=(F-ro%)0, +(ré+2ro)0,
Spherical Results:
V=rQ, +rga,+rosinga,
d=(F—rg’ —ro%*in’g) 0, + (ré +2rd—ro*sin gcos ¢) 0,
+(résin ¢ + 2rsin ¢ + 2rgdcos g)a,,
General Time Derivatives of a Vector:

a(t) =@, x 0
A()=Al, +®, x A A(t)= Al , +26 , x All, + @ p x A+, x (@, x A)
Principle of Work and Energy: ZU152=T>— T where Uiz = Ilz F.dr and T = %mv2

Conservation of Energy (assumes only conservative forces): T1 + Vi =T2 + V>

(For rigid bodies, these results are unchanged except for the fact that T = 1 mvZ + 1 l0?)
2 2
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

V is potential energy and takes different forms depending on the source. For terrestrial gravity,
V =mgy, (mgye for a rigid body) while for a linear elastic spring, V = %k&z

Power; P=F -V

power output

Efficiency: ¢ = -
power input

Linear Impulse and Momentum: »'1, , =p, —p, where I, = _[12 Fdt and p=mv

(For rigid bodies, the linear impulse and momentum expressions are identical but with v =Vv;;)

(VB )2 — (VA )z
(VA )1 - (VB )1

Principle of Angular Impulse and Momentum: >"1,,, ,, = Ho, —Ho, where

Coefficient of restitution: e =

Tuis :jfmodt and H=rxmv

(For rigid bodies, this principle holds as long as O is either the center of gravity G or a point of
fixed rotation. If the center of gravity, He = lcw; if a fixed axis, Ho = low.)

Relative General Plane Motion:

Translating Axes: Vg =V,

Rotating Axes: Vg =V, +(Vgn), +QxTy

ag =4, +(aB,A)Xy +QxTy +QX(erBIA)+2QX(vB/A)xy

Equations of Motion: > F, =m(ag), ; > F, =m(as),
or ZFr = m(ae)t ;an = m(ae)n

dYMg=lga or > My=l,a or ..ifyoumust..
> M, =-ym(a,), + Xm(ay), + lea
Mass Moment of Inertia: Definition, and in terms of radius of gyration, k: | = I r’dm=k’m
Parallel axis theorem: | = I +md?
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5.21.2 key solutions

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Question 1 (25 points)

Conceptual questions: please include a few sentences or equations to justify your answers

1A (7 points) A 1000kg helicopter starts from rest at t = 0 sec. Given the force components below,
find the velocity vector of the helicopter after 10 seconds.

D F, =720t
D F, =2160-360r

=0

P Q = B —
nvy, + NS FAt = m w/ _F =0
il e 1
0
. = s g Tj
3 = T+ ™~ : T 5 | ,"(t - o] “:-_' o)
Cronp+ t 4+ 3 - ) {
_J k fol o \
o @]
~ i , 2 ] T
= . ) e -~ | _ .
360t 1y + (alkot - \80T )F [ = laso N,
- 1

B — - g
Va=36 7T +36 3 MLL
1B (6 points) Draw the instantaneous center of velocity of link AB for the two cases below

s
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

—

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

1C (6 points) For a given instant, a rigid body has velocity at point A parallel to the velocity at
point B. Does this guarantee that the angular velocity of body is zero?
\7g / -2

MO/ ‘Vi";- & \f;( aVe po r;;\i!e [\ w 1 Th ConcrdenT

]

~

- . 3 7 . o
\‘{15 B \_/;fo T w %V,
o e

o~ 2 — =
[/ - \J‘ﬁ —C) K PA/‘}/
§IC -

1D (6 points) At this instant, pulley A has an angular acceleration of 6 rad/s>. What is the
acceleration of block B?

Kinewwdic Co A il +‘(

)y ol 1y = oac,r;,

& 3) O = DQ“D Yecave Yrey @ oar The

Sore  Shaft
ﬂﬂ '1/ b&e{]): O\Ey

5
)
(2 787 ) SO0 mm = O{Qrf\uuu”mJ
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Question 2 (25 points)

A 1 1b ball is dropped from rest and falls a distance of 4ft before striking the smooth plane at A.
If e = 0.8, determine the distance  to where the ball again strikes the plane at B.

1 & \j =0 -
A n — é v A/I
& L [ i _—
B (1) = 4 ()
\/ﬁ‘- < |6.05 "Q'I'*/S
:J,_,w L—z: A e
+ + - f, -2, :Q
e - \/,4.7‘ Me let \/\O = Vel |
j“‘ ’f;?/
v 8 - \\/ﬁ;‘_
+ © = oy
H/A/ =( o0 /L /’1‘/ _o %_) 604 75 )
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—

EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

(Additional workspace for Question 2)

-@'ﬂd AN le
‘{"am 6 = \'f_&i 0,27 a
L o= 4635
Yt | T3 =

olopal  coordmated
2 et ol:@-P = He¥$°-37.87° = 948°
+ LA y
& V"= N“"f M = 100+ 4.6 = 4,08 g'fg

cafily  wghies B
X P{'aJP-{ £ Lig -}

X..p': »{o + I\/o;rt_

Xe = 11.0¥ coS(998 ) £ & Ke= d(b{/e"ﬂ‘;

A= 14963 cos(a99)

(AT

By . e
= 1= Sd

14,08 coS 9. 498

p Yo -_._yo * Vo £ - B22F T

a = t & Ye=d fi”v’)
24 = Me%sm(29) £ - X,
an X 2 Xx g <€ _ﬂ
| £
1 ;‘l_ L3
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5.2. practice second midterm exams

CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:

Midterm #2, closed book/notes, 90 min.

Question 3 (25 points)

Three small spheres are welded to the light rigid
frame which is rotating in a horizontal plane about
point O with an angular velocity of 20 rad/s in the
counter clockwise direction. If a moment My = 30
Nm in the clockwise direction is applied to the frame
for 5 seconds,

A) compute the angular impulse

B) compute the new angular velocity after 5
seconds

Ai) I m@ol()@

- _(- 5 ‘ ;9_
Im= YMAE = \zoNmdt k
i J
= S )
| T =30 | % = -150 Mnsk
‘ o) \
/‘\
BJ I'Né’,t,; P o5 o el (5N [/C
3\ P
| \ | \ L
| Nou ), + Chogly + Lheey, T+ L :
A o / :i( '15‘6; (j 7 A f
ho)\z: V' oxmy s (f‘ & o | =
0 v O /
=
] ho )5 = MY W ke
O Q) n \)
N, + M o, +m W + Ly =
G, an N * moro | 1L, CA,

0.5m

kho;.> . "-,_L"aq J u --"‘-‘-n’_)
23 >Jz3 25
A f‘J‘ ~
CA i '
5 ’ - Civeuler -f:»r:* )
Y o ®,
Ve
0 yn o o “
~ 4 "
< ) L L), L m ;
M, 0, We M, My &y M, N ey
L4 {I,,.’ b'e J
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5.2. practice second midterm exams CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014

Name:
Midterm #2, closed book/notes, 90 min.

(Additional workspace for Question 3)
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EMA 202, Fall 2014 Name:
Midterm #2, closed book/notes, 90 min.

Question 4 (25 points)

Bar AB rotates with a clockwise
angular velocity of 10 rad/sec.

Find
a) velocity vector for pt B
b) velocity vector for pt C
c) angular velocity of bar
BC
d) velocity of rack, v,

s

- r-'-"cr’(r)(é"“fj—-(—ﬁo%;{ [ i )

-

- —
e A g S 1av A
oW ¢ hS \/(J

P \.) \f - C/ 4 [j) "A X
L g 7 Be, ¥ & . \'K_MF"-/."' F»a&dﬁ/\

o b L) P
- e~ () = 1 F)n 1 ‘/’ Pa .y
—‘\0«).(. S (Y 1)-:.
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5.2. practice second midterm exams CHAPTER 5.

PRACTICE EXAMS

EMA 202, Fall 2014
Midterm #2, closed book/notes, 90 min.

Name:

(Additional workspace for Question 4)

Frona V) et side
<3 e -~
- - ;
= '\ + (4 w( Ce = lem T - in
Ve = Vg ae ¥ Vo /6 J
| ‘\) J'?.. H'
SOt -gos (Y +
J §_/ @] ) (..L)g(—-
- o |
Vg ;
G ~a @ f
V., =20t -¢
= Q0% -Cor +
cL J e 16 J — (~2inYwee ) T
-t
.‘\f‘_ = [ =
oL ‘a 2 ( i fr" " 3
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5.2.2 spring 2015 2014

5221 exam questions

EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Instructions

e Write your name on every sheet.

» Show all of your work.

» To maximize opportunities for partial credit, solve problems symbolically to the extent
possible and substitute numerical values at the end.

* Include free body diagrams for all equilibrium equations.

* This is a closed book examination.

¢ The only notes allowed are the equations provided with this exam.
e Calculators are allowed.

* The use of cell phones is prohibited.

* The instructors and the University of Wisconsin expect the highest standards of honesty and
integrity in the academic performance of its students. It is important that the work submitted
on this examination is yours and yours alone.

* Receiving or giving aid in an examination or using notes on a closed note exam will be
considered cheating and will result in a grade of F and the case being reported to the Dean of
Students Office.

Circle Your Discussion Section: 301  (Tu 1:20, Harsha)
302  (Tu 2:25, Harsha)
303 (W 3:30, David)
304  (Th 8:50, David)
305  (Th 12:05, David)
306  (Th 1:20, David)

Grading:
Q1 /10
Q2 /30
Q3 /30
Q4 /30
Total /100
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EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Question 1 (10 points)

1A (5 points)

The expected damage from two types of perfectly plastic collisions are to be compared. In case 1,
two identical cars traveling at the same speed impact each other head on. In case 2, the same car
driving the same speed impacts a massive concrete wall. Would you expect the car to be more
damaged in Case 1, Case 2, or equal damage in both cases? Use the impulse-momentum principle
to justify your answer.

Case 2

1B (5 points)

Points A, B, and C are attached to the circular body shown below. Given the velocity at point A
is 6 m/s in the vertical direction and the angular velocity of the circular body is clockwise at 2
rad/s. Locate the instantaneous center of velocity and draw the velocity vectors for points B and
C in a clear and unambiguous fashion.

How does the magnitude of the velocity at point C compare to the magnitude of the velocity at
point A?

110




5.2. practice second midterm exams

CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Question 2 (30 points)

A boy located at point A throws a ball at the wall
in a direction forming an angle of 45° with the line
OA. Knowing that after hitting the wall the ball
rebounds in a direction parallel to OA, determine
the coefficient of restitution between the ball and
the wall. (hint: the law of sines may be helpful to
figure out the geometry)
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EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Question 3 (30 points)

The 10-1b block is originally at rest on the smooth
surface. It is acted upon by a radial force of 2lbs and
a horizontal force of 7lbs that is always directed at
30° from the line tangent to the path as shown. If the
cord fails at a tension of 30lbs, determine the time
required to break the cord. What is the speed of the
block when this occurs? The block may be treated
as a point mass.
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EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Question 4 (30 points)

At the instant shown, bars AB and CD are vertical. In addition,
point C is moving to the left with an increasing speed of 4m/s.
The magnitude of the acceleration at point C is 55m/s>. If L =
0.5m and H = 0.2m, determine the angular accelerations of bars
AB and BC.
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EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Geometry:
A B C

sina sinb sinc
C? = A* +B?*-2ABcosc

cos? @ + sin*@ =1

Particle Rectilinear Motion:
dv ds
a=— y=—
dt dt
For the special case of constant acceleration (ac), and assuming initial conditions are
specified at = 0:

ads = vdv

1
V() =v, +at s(t)=s, +v0t+5act2 vi=v2+2a.(s—s,)

Particle Curvilinear Motion:
Cartesian Results: v = ii + yj +2K a=x+ yj +7k

Normal/Tangential Results:

V=sa,
L v [1+(dy/dx)*]"
a=vq, +;un where P = '’y dx |
Polar Results:
v=ri, +r9ﬁ9
a=(F-réa, +(ré+2r0)0,
Spherical Results:

v=ru, +r¢ﬁ¢ +r@singi,
a=(F—rp’ —r6’sin’g) i, + (rg + 279 — r6” sinpcosg) i,
+ (r@sin ¢ + 270sin ¢ + 2rgfcos P)i,,
General Time Derivatives of a Vector:
() =@,
A=A, +®, xA A=A, +20, XAl + 6, XA +®, x(@ , XA)

2.
Principle of Work and Energy: XU —2=T> - T} where U2 = J-] F-dr and T = %mv2

Conservation of Energy (assumes only conservative forces): 71+ Vi=T>+ V>

(For rigid bodies, these results are unchanged except for the fact that 7' = 1 mvg + 1 1,0%)
2 2
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EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

V is potential energy and takes different forms depending on the source. For terrestrial gravity,

V =mgy, (mgyc for arigid body) while for a linear elastic spring, V = %kd >

Power: P=F v

Efficiency: € = Ppower output
power input

- - 2 -
Linear Impulse and Momentum: z IL,=p,—p, where I_,= .[1 Fdt and p=mv

(For rigid bodies, the linear impulse and momentum expressions are identical but with v=v,)
. . . . VB
Coefficient of restitution: e = (

Principle of Angular Impulse and Momentum: Z 1,.,=H 02— H ol where

— 2 . —
Lyie = | Modt and H=Fxmy

(For rigid bodies, this principle holds as long as O is either the center of gravity G or a point of
fixed rotation. If the center of gravity, Hc = I, if a fixed axis, Ho = lo®.)

Relative General Plane Motion:

Translating Axes: V=V, +
+

Rotating Axes: Vg =VA+(VB,A)W+Q><f'B,A

a;=a,+ (ﬁB/A )xy +Qx Ty 4 + QX (Q X fB/A)+ 2Qx (VB/A )xy

Equations of Motion: ZFX =m(ag), ; Z F, =m(a;),
or ZF, =m(ag), ;ZFn =m(ag),

ZMC =Il,x or ZMO =I,ax or ..if youmust...
ZMP =-ym(ag), + )?m(aG)'v +1;0
Mass Moment of Inertia: Definition, and in terms of radius of gyration, k: I = j r’dm=km

Parallel axis theorem: I = I, +md’
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5.2.2.2 key solutions

EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Question 1 (10 points)

1A (5 points)

The expected damage from two types of perfectly plastic collisions are to be compared. In case 1,
two identical cars traveling at the same speed impact each other head on. In case 2, the same car
driving the same speed impacts a massive concrete wall. Would you expect the car to be more
damaged in Case 1, Case 2, or equal damage in both cases? Use the impulse-momentum principle

to justify your answer. i " \ A
\ \ ook @ 3 m?«,ﬁg — g @Rl v left cov in ‘CM&(
:”\\( . ¢ Ca$C g\
Ly A CHE @D . | 3 i, g
. = T i A »
Case | CNIA) ™\ \/M + L = m \/;,_ - y il e
,,;‘_,,EL, T A \41.: 0O r& Shaay thel
LI-A :"ff"\_/,nz'v\ v cadel
Vig catel  conl. &t vmane o
ol
=2 o . - L= Y (z\[\{'g:t““
A Fﬂ' MG, Y‘f\\/m \m\/“ 4 m\lﬁ w VM-."VQI P;ﬁ‘d‘
A
Case 2 '.) ML MV, o= 2 m \az,
O famVy V*,l =0

1B (5 points) —> Cole ’ ¢ :)\ »‘\0\,\6 ~tle ;w\m’g Zilmg'*

Points A, B, and C are attached to the circular body shown below. Given the velocity at point A
is 6 m/s in the vertical direction and the angular velocity of the circular body is clockwise at 2
rad/s. Locate the instantaneous center of velocity and draw the velocity vectors for points B and
C in a clear and unambiguous fashion.

How does the magnitude of the velocity at point C compare to the magnitude of the velocity at
point A? " N
L s
( \/ o V{\ , becauie

Po"vx*‘ C¢s  clesev To
+e TC, ((%ﬁm%

., . B
\/A:wx Y‘A&Q
Gpt L7 3§

=L e 4
w g A T Anel they have he
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J
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EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Question 2 (30 points)

A boy located at point A throws a ball at the wall

in a direction forming an angle of 45° with the line ™
OA. Knowing that after hitting the wall the ball .
rebounds in a direction parallel to OA, determine !
the coefficient of restitution between the ball and Bl \
the wall. ( hint: the law of sines may be helpful to /. A
figure out the geometry) ‘ / ‘\, ".|
0 : \"‘-'t \ T I
. LAY
N\ | Y
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s
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EMA 202, Spring 2015 Name:
Midterm #2, closed book/notes, 90 min.

Question 3 (30 points)

The 10-1b block is originally at rest on the smooth
surface. Itis acted upon by a radial force of 21bs and
a horizontal force of 7lbs that is always directed at
30° from the line tangent to the path as shown. If the
cord fails at a tension of 30lbs, determine the time
required to break the cord. What is the speed of the
block when this occurs? The block may be treated
as a point mass.

v ZE e
z, f“’xﬂ E 4 A g\\\
. 2 e 1o b
T-2Qb3~- Tk &nd0" = m V. Taafirgt
V\
Voo Ly
bl L _ = H
A = H(ﬂ . (30 -~ 7 Sm3o0® )C!Lﬂj}
\CJ.?E(Q ;“"\'T'gg A nTﬂs,E‘.,:\ G = 'félfi:'i ! ':ﬁxrr‘
- O
\ \/'ﬂal\ "17'79 4 /5
e s . R—— ]
T o lep ,,\“.53_“lwihg.(_‘ VA LZA A _ A a >
Tmpdsc- monestim 2.0, (Rez Oy
_i._
[ e, % a0
(Ha), + SMdt= (), .
[ . Ms:
TR —.- 0, @ ves¥k for ™
Ha) = T xw3g? =1 ~ (Hy ) 20
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EMA 202, Spring 2015

Name:

Midterm #2, closed book/notes, 90 min.

Question 4 (30 points)

l
I

At the instant shown, bars AB and CD are vertical. In addition, point C
is moving to the left with an increasing speed of 4m/s. The magnitude of
the acceleration at point C is 55m/s’>. If L = 0.5m and H = 0.2m,
determine the angular accelerations of bars AB and BC.

(Additional workspace for Question 4)
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5.2.2.3 my solution to some of the problems of above exams

Problem 3, EMA 202 midterm exam, spring 2015
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5.2.3 Prep exam practice for second midterm

/

Name:

1. At the given instant the wheel is rotating with
the angular velocity and angular acceleration
shown. Determine the velocity and acceleration
of block B at this instant. The following given
variables are provided due to lack of picture
clarity.

w=2 rads/s

a=6 radS/s2

r=03m

L=05m

0 =60°

® =45°

PrEPS Practice Exam 2
Fall 2017

sr=Zradls
gt 6 cadle?
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Name: PrEPS Practice Exam 2
Fall 2017

2. The ball of mass My is thrown at the suspended block
of mass Mp with velocity V4. If the coefficient of
restitution between the ball and the block is €.

a) Determine the velocity of the ball and block after
the impact.

b) Determine the maximum height # to which the
block will swing before it momentarily stops.

c) Ifthe time of impact between the ball and the
block is At, determine the average normal force
exerted on the block.

Knowns:

m m
my = 2kg,mg = 20kg ,v, =4—S— ,g =9.81 7€ 0.8,4t = 0.005s
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Name:

2. The ball of mass My is thrown at the suspended block

of mass Mg with velocity V. If the coefficient of
restitution between the ball and the block is €.

a) Determine the velocity of the ball and block after

the impact.
b)

exerted on the block.

Knowns:

m m
my = 2kg ,mg = 20kg , v, =4?,g=9.81 wk

Consecvattoa o Momenturm

n v,;+% = ppUgt 4 mguat
O

(o SEient of Beshihction
_ ve'f
Vo —Ua~

é’,

2)
Vst - Ve ygeo
s\/A"

@:

eV = UAT Vgt
Vg —e V. = \_/ﬁ_i

Determine the maximum height 4 to which the
block will swing before it momentarily stops.

c) Ifthe time of impact between the ball and the
block is At, determine the average normal force

PrEPS Practice Exam 2
Fall 2017
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Name: PrEPS Practice Exam 2
Fall 2017

3. The Earth follows an elliptical path around the Sun as shown. Given the velocity of the Earth atit’s
current position is SOkTmﬁT, find the maximum and minimum velocity of Earth as it travels around the
Sun. The angular momentum of the Earth about the Sun is conserved. Note: a=160Gm ,b=140Gm,
and the equations for an ellipse have been included for your veiwing pleasure.

2 z 7
X £
_2+y_2=1 -
g° b
2 2
a—-bK=c
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Name:

—_—

PreEPS Practice Exam 2
Fall 2017

3. The Earth follows an elliptical path around the Sun as shown. Given the velocity of the Earth at its

current position is 30 <7 {7, find the maximum and minimum velocity of Earth as it travels around the
S
Sun. The angular momentum of the Earth about the Sun is conserved- Note: a =160 Gm, b =140 Gm ,

and the equations for an ellipse have been included for your veiwing pleasure.
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PrEPS Practice Exam 2

Name: Fall 2017
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5.3 practice exam for finals

5.3.1 final spring 2015

EMA 202, Spring 2015 Name:
Final, closed book/notes, 120 min.

Question 1 (25 points)

The assembly shown consists of a 10-kg rod AB
and a 20-kg circular disc C. If it is subject to a
torque of M = (20£#) Nm, where ¢ is in seconds,
determine its angular velocity when # = 3sec.
When ¢ = 0 the assembly is rotating clockwise at
6 rad/s.

¢
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EMA 202, Spring 2015 Name:
Final, closed book/notes, 120 min.

Question 2 (25 points)

The disc A is pinned at O and weighs 151bs. A

1-ft rod weighing 21bs and a 1-ft diameter sphere
weighing 101bs are welded to the disc, as shown.

If the spring is originally stretched 1ft and the
sphere is released from the position shown, .
determine the angular velocity of the disc when

it has rotated 90°. Assume that the spring wraps
around the disc.

E v (1a) WM 2 10 (3.8 #) P QIS ) = Hib (24)2 ol
e
3 LE-lbz ToA

W 'S R -+ K*d-‘f%'i{aﬂ

Work. - enffj‘ly’ e wn

T; 20O S?S“\'ﬁ’ i released Tronn yeyT

+

Vie ke = SO R) =2 peie

% - L o
A 1o = O no extar ned N.C. wu e
TA e Torsc./l + Tnf‘ﬂd. 2 + ﬂ\ﬂ%?\mf(;_\
i | ) \ \ U\ & ( 1 1s b Yy, ,\1\&)1
’pﬁoa = ’5:_ ID‘E("O W, = -‘i- (Em‘mc,{\ AN :;{C ﬁ('s':z—.lf*/fﬂiﬂjj o)
- e
Jpr‘&.&:— o6 Ay

R
s A i | A i 2
ey = T Tty W ’%‘ Cigmm b * Mot ( A»-{»‘r‘)) ~,

2
\ oY
VLo 2les A D2lbsr Y +.Me“] - :
T\"GU(:L:' ] ('9\( iy \-G—}-) + m4“/ﬁ/( 2 ! C‘J& o IC??%

N —

137



5.3. practice exam for finals

CHAPTER 5. PRACTICE EXAMS

EMA 202, Spring 2015 Name:
Final, closed book/notes, 120 min.

(Additional workspace for Question 2)
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EMA 202, Spring 2015 Name:
Final, closed book/notes, 120 min.

Question 3 (25 points)

[=+— 300 1 =]

A completely filled barrel and its contents have
a combined mass of 90kg. A cylinder C is
connected to the barrel at a height of # =550mm

as shown. Knowing g = 0.35, determine the

maximum mass of C so the barrel will slide and e ‘ .
not tip.
450 mm
5 .Y i N Iy
Not ‘T:\o&;ﬂws O(B:_ O Ll
Inexteng \de cable
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FEO _ Barrel
T ke D
s i oY W a _:
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EMA 202, Spring 2015 Name:
Final, closed book/notes, 120 min.

(Additional workspace for Questiond)
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EMA 202, Spring 2015 Name:

Final, closed book/notes, 120 min.

Question 4 (25 points)

A 1.5 kg slender rod is welded to a 5 kg uniform
disc as shown. The assembly swings freely
about C in a vertical plane. Knowing that in the

position shown the assembly has an angular 50 mm ‘ A B
velocity of 10rad/s clockwise, determine C I[::_T'., R
a) The angular acceleration of the assembly /;'

b) The components of the reaction at C

<— 120 mm —
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o .Or‘c

/\J WA —

141
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EMA 202, Spring 2015 Name:
Final, closed book/notes, 120 min.

(Additional workspace for Question 4)
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5.3.2 final Fall 2014

EMA 202, Fall 2014 Name:
Final, closed book/notes, 120 min.

Question 1 (25 points)

The 4-kg rod AB is attached to a collar of negligible

mass at A and to a flywheel at B. The flywheel has a V.
mass of 16 kg and a radius of gyration of 180 mm. o f A
Knowing that in the position shown the angular _ _ /- -

velocity of the flywheel is 60 rpm clockwise, determine
the angular velocity of the flywheel when Point B is

directly below C.
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5.3. practice exam for finals

CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014 Name:
Final, closed book/notes, 120 min.

Question 2 (25 points)

The crane’s telescopic boom rotates with the
angular velocity and angular acceleration
shown. At the same instant, the boom is
extending with a constant speed of 0.5ft/s,
measured relative to the boom. Determine
the velocity and acceleration vectors of point
B in the XY coordinate system given.
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EMA 202, Fall 2014 Name:
Final, closed book/notes, 120 min.

Question 3 (25 points)

Top view

A merry go round with a rider (m=20kg) is
initially rotating at a rate of 5 rad/s about point
A. Someone pushes the merry go round with
an average force of F=100N for 5 seconds.
During that time the rider moves from the edge
of the merry go round to a position 0.5 meters
from the center. The angular velocity after the
push is 10 rad/s.

Determine the mass of the merry go round
assuming it can be modeled as a circular disk.
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CHAPTER 5. PRACTICE EXAMS

EMA 202, Fall 2014
Final, closed book/notes, 120 min.

Question 4 (25 points)

The 2-kg slender bar AB is
supported by cord BC and then
released from rest at A.

Determine the initial angular
acceleration of the bar and the
tension in the cord.

Hint: point B follows the circular path
shown at the instant of release
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5.3.3 PERP practice exam Fall 2017

PrEPS Practice Exam 2

Fall 2017

3. The pendulum consists of a
disk of weight W, and a slender rod
of weight W,.

Wy =151b

W, =101b

a=0.75ft

b=3ft

= g Taas

w=28 .

Determine:

A)  Knowing the disk and the rod are rigidly attached, find the mass moment of Inertia about point O

B)  Determine the horizontal and vertical components of reaction that the pin O exerts on the rod
just as it passes the horizontal position, at which time its angular velocity is .
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Name: K&y

PrEPS Practice Exam 2
Fall 2017
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Name: KEY PrEPS Practice Exam 2
Fall 2017

2. The pendulum consists of 2-Ib rod BA
and a 6 Ib disk. The spring is o C
stretched 0.3 ft when the rod is — N l

horizontal as shown.  When the
pendulum is released, it rotates about
bearing D. The roller at C allows the
spring to remain vertical as the rod
falls. e
B A £

(a) If released from rest, determine - .

the pendulum’s angular velocity ’

ft k=2 1b/ft

—

at the instant the rod becomes
vertical.
(b) Suppose we now add a | 0.25 i
torsional spring of strength k; to _ _ .y =0.)C 8t
the bearing at D. The torsional Wy = d b L= 0. 744 R -4
spring provides a restoring .. £ /b =) €+
moment in much the same way 9k & Lrg=d
as a linear spring provides a
restoring force. It has an T 4 = T.1 + U,
associated pgtential function of ! '
Vi = % k 6% where 0 is the _ L
angular displacement of the rod 7—: =0 V.= By k EB
from its horizontal position.
What value should k have so =
that the pendulum comes to T Q = U& ;LI 6"0 ; In 0

rest again after displacing 45°?
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Name: KEY PrEPS Practice Exam 2
T. . \)' - T; R \/-;_ Fall 2017
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4

Name: KEY PrEPS Practice Exam 2
Fall 2017

3 The double pulley Dhas a mass of 15kg, center of mass ¢
coinciding with its geometric center, radius of gyration k; = 10cm,
outer radius rp, = 15cm, and inner radius r; = 7.5cm. It is connected to
the pulley Pwith radius Rvia a cord of negligible mass that unwinds
from the inner and outer spools of the double pulley D. The crate ¢
which has a mass of 20kg, is released from rest.

Assuming the pulley Phas a mass of 1.5 kg and a radius of gyration ke
= 3.5cm, determine the speed of the crate C'and the angular velocity
of pulley Dafter the crate has dropped a distance h = 2m

My =15 k\f] s =1Scm m, =20 kj KG’,P:S-SCW‘
kb,b‘--IOCW‘ o=25m mPtl.SkJ }\’AM

T'*Ue:_ra"“ Vz

. S
0 TRl ¢ Al s 3T+ fm?
\}\ = O U‘L :-('mp‘?"m(_) Aj
_ 2
I*D‘mbkeb
b 5
Lo=mp Kep find: Wp Up U
v Vo=V v
! (6 V\:(JOD f°=\13 V, = @Wo P;:V'I
§
‘ V=2 (v o+,
N b3 (Y \)tb
‘ ¢ - - - A ‘ | “
g Y UP,VE *(’ow"rP-/g < \}q+warP/q _(.obré“‘wb'I(“o*rb
- s L
Ug ¥ W, R = Uy + W, (-B) = Glhinh) s

] WpR=Vy~\a
wP = Vq = 'V'S _ (’Qb rb “‘wb r;« w’D (““f:) -

_ - N
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61 HW1

Your response: ]
Do not round intermediate calculations, however for display purposes report intermediate
steps rounded to four significant figures. Give your final answer(s) to three significant figures.

The position of a car traveling between two stop signs along a straight city block is given by
r = [8f — (45/2)sin(27/7)] m, where 7 denotes the time and 0s < 7 < 17.8 s. Compute the
displacement of the car between2.1 and 3.6 s, as well as between 11.1 and 12.6 s. For each of

these time intervals, compute the average velocity of the car.

o e
e EIVEEE
Cah [ Jobs
a0 o

The motion of a stone thrown into a pond is described by
- — —
r (1) = [(1.5 —0.4e 13'5’) P+ ( 0.096¢ 137 — 0,096 —0.75:) _f] m, where 7 is time

expressed in s, and7 =0 s is the time when the stone first hits the water. Determine the stone's
velocity and acceleration. In addition, find the initial angle of impac# of the stone with the

water, i.e., the angle formed between the stone's trajectory and thex axis at 7 =0 s.

y

v s = [ (B_w™) 5 (Fo WEzss o) 5] s
a(t)= V() = [("’13'&) o ("13'&) i] s
0 -[20.775 |X
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A 1.7 kg rock is released from rest at the surface of a calm lake. If the resistance offered by the
water as the rock falls is directly proportional to the rock's velocity, the rock's acceleration is
a =g — C , v/m, where g is the acceleration of gravity, C ; is a constant drag coefficient,

v is the rock's velocity, and m is the rock's mass. Letting C ; = 4.1 kg/s, determine the

rock's velocity after 1.9 s.

Y —
G,

S LR

The acceleration of a particle of mass m suspended by a linear spring with spring constant &
and unstretched length L ; (when the spring length is equal to L, the spring exerts no force

on the particle) is given by ¥ =g — (k/m)(x — L ). Let Kk =101 N/m, m = 0.8 kg, and

L ; =0.78 m. If the particle is released from rest at x =0 m, determine the maximum length

H

achieved by the spring.
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The jaguar 4 leaps from O at speed v = 6.4 m/s and angle # = 38° relative to the incline to

try to intercept the pantherB at C. Determine the distance R that the jaguar jumps from O

to C (i.e. R is the distance between the two points of the trajectory that intersect the incline),
given that the angle of the incline isf = 20°,

Vo

parabolic
trajectory of A

BT

In a movie scene involving a car chase, a car goes over the top of a ramp at 4 and lands at B
below. Determine the speed of the car atd if the car is to cover distance d =170 ft for o = 23°
and f# = 32° Neglect aerodynamic effects,

vo=[51.093 ols
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6.2 HW 2

6.2.1 Problem 1

The radar station at @ is tracking the meteor P as it moves through the atmosphere. At the
instant shown, the station measures the following data for the motion of the meteor: =
21,000 ft,6 = 38°, 7 =—22.490 ft/s, and § =—2.933 rad/s. Determine the magnitude and
direction (relative to thexy coordinate system shown) of the velocity vector at this instant.

The magnitude of the velocity isl:l ft/s.
Direction of the velocity relative to the x axis is\:\c.

o = i1, + rOily

Hence
N2
o] = /2 + (r0)
= \/ (~22490)* + (21000 X (-2.933))?
= 65571 ft/sec
Since

il, =fcosO +fsin0
flg = —1sin @ + fcos O
Then the velocity vector in Cartesian is
D=7 (fcos 0 + jsin 8) +710 (—fsin 0 +fcos 6)
= f(i’cos@ - résin@) +]A(i’sin9 + 70 cos 9)

Plug-in numerical values

0= f(—22490 cos (38 (%)) - (21000) (-2.933) sin (38 (%)))
+ f((—22490) sin (38 (%)) +(21000) (-2.933) cos (38 (%)))

Or
5 = (20198.08) 7 — 7(62382.17)

To check, we find magnitude of 7 in Cartesian

o] = \/(20198.08)2 +(62382.17)% = 65571

—62382
20198

Which is the same as before. Hence the velocity vector makes angle tan™ ( ) = -1.2577

rad or —1.2577(180) = -72.061 degrees with the x-axis.

Tt
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6.2.2 Problem 2

The radar station at O is tracking the meteor P as it moves through the atmosphere. At the
instant shown, the station measures the following data for the motion of the meteor:

% 2
r =21,400 ft, § = 44°, i =—22,490 ft/s, 6 =—2.944 rad/s, ¥ = 187,300 ft's", and

6 =—5.407 rad/s". Determine the magnitude and direction (relative to the xy coordinate
system shown) of the acceleration vector at this instant.

s /..,.
0 Dz

s
L

2
The magnitude of the acceleration isl:l ft/s™.

Direction of the acceleration relative to the x axis is:e CCW from the

horizontal.

a = (- r0?) i, + (rd + 2¢0) itg

Hence

1= (7= 162 + (10 200

- \/ (187300 - (21400) (—2.944)2)2 + ((21400) (=5.407) + 2 (~=22490) (=2.944))>

= 16810.49 ft/sec’
Since
fl, =1cosO +fsin 0
flg = —isin @ +jcos O
Then the acceleration vector in Cartesian is
a= (r - réz) (fcos 0 + jsin 0) + (ré + 2?9) (—fsin 0 + jcos 6)
= f((r -~ réz) cos 6 — (ré + 27'/9) sin 6) + f((r -~ 792) sin 6 + (ré + 2?9) cos 6) (1)
But
(7 - r6?) = (187300 - (21400) (—2.944)2) = 1823.290
(16 + 276) = ((21400) (~5.407) + 2 (~22490) (~2.944)) = 16711.32

Hence (1) becomes

7= A(1823 290 (44 " ) (16711.32) i (44 " ))
=1 . COS 180 . Sin 180
TC

+ j(1823.290 sin (44180) + (16711.32) cos (44%))

= 7(~10297.09) + 7 (13287.68)

To verify things, we check the magnitude of 7 is the same as found above (since the magni-

tude of vector does not depend on coordinates. We see that || = \/ (—10297.09)2 + (13287.68)2
16810.49 which is the same as before.
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13287.68
-10297.09

6.2. HW 2
) =127.7 degrees with the x-axis.

Hence the acceleration vector makes angle tan™! (

6.2.3 Problem 3
A jetis flying at a constant speed vy = 750 mph while performing a constant speed circular
turn. If the magnitude of the acceleration needs to remain constant and equal togd where g

is the acceleration due to gravity, determine the radius of curvature of the turn.

. %4
a= Vﬁt + _ﬁn
p

. 2
But V = 0 since velocity is constant. Hence 3| = Y Therefore
VZ
P
5280
(750(§aﬁ

9322 F
p=41753 ft

i

6.2.4 Problem 4

A race boat is traveling at a constant speed vy = 85 mph when it performs a turn with
constant radiusp to change its course by 90° as shown. The turn is performed while losing

speed uniformly in time so that the boat's speed at the end of the turn 'lsf = 80 mph. If the

maximum allowed normal acceleration is equal to 2, where g is the acceleration due to
gravity, determine the tightest radius of curvature possible and the time needed to complete

the turn.
-‘7——.
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. N . . . P 1.
Maximum normal acceleration is —. Hence it occurs when V is maximum, which is at
p

start of turn. Then we want

Vi
Pmin
2
5280
85 ( 220
Viax ( (3600))
= - — 24133 ft
Pmin = 7o 2(322)

Now since

UJ% =02+ 2a;s

Where g, is tangential acceleration and s is distance travelled which is 7 of circumference

. 1
of circle or I (2npmin), therefore

2 2
5280 5280

szr - 03 (80 (3600)) B (85 (3600)) 2

a = = = -2.341 ft/sec

1 241.33
2 (Enpmin) m( )
Therefore to find time of travel, since acceleration is constant
vf =0g +ast
5280 5280
o _%0(55)-55(55)
v~ Vg 3600 3600
t = = = 3133
a, 2341 see

6.2.5 Problem 5

A radar station is tracking a plane flying at a constant altitude with a speed vg = 560 mph.
If, at a given instanty = 6.9 mi and # = 31°, determine the corresponding values of 7, @, 7.

Vg
—_—

U,

Since velocity is horizontal, then
D=0yl
But 7 = cos 611, — sin 011y, hence
0 = vy cos Ofl, — vy sin Ofig
= i1, + rOilg
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Therefore
7 = vy cos O
10 = —vysin O

We are given that vy = 560 mph and 6 = 31, hence solving gives

T
= 560 (31—)
i coS 180

(6.9) 0 = — (560) sin (31 %)

7 = 480.014 mph
0 = -41.8 rad/h
The acceleration vector is
a = (F-r62)i, + (rd + 210) itg
§ince constant velocity, then acceleration is zero. This gives us two equations to solve for
0,7
i—r6% =0
r0 +2i0 = 0

7 — (6.9) (-41.8)* = 0
(6.9) 6 + 2 (480.014) (-41.8) = 0
Solving gives
7 = 12054.23 mph
0 = 5815.477 rad/h”

6.2.6 Problem 6

During a given time interval, a radar station tracking an airplane records the readings

i (t) = [448.1¢os @(f) + 13.17sin #(¢)] mph,

r(t)0(t)=[13.17cos 8(t) — 448.1sin #(f)] mph,

where f denotes time. Determine the speed of the plane. Furthermore, determine whether the
plane being tracked is ascending or descending and the corresponding climbing rate (i.e., the
rate of change of the plane's altitude) expressed in ft/s.

The airplane is (select) v atarate ofl:l ft/s.

0= Tﬁr + Téﬁ@
= (448.1cos O +13.17sin 0) i1, + (13.17 cos 6 — 448.1 sin O) iy
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Hence
[0 = (448.1 cos 0 + 1317 sin 0)* + (13.17 cos 6 — 448.1 sin 0)?
= (448.1)% cos? 0 + (13.17)* sin” 0 + 2 ((448.1) (13.17) cos O sin 0)
+ (13.17)% cos? 6 + (—448.1)% sin® 6 — 2 ((448.1) (13.17) cos O sin 6)
Which simplifies to
101> = (448.1)? cos? 0 + (13.17) sin? 6 + (13.17)% cos? 6 + (—448.1)* sin” 6
= (448.1) ((2032 0 + sin’ 6) +(13.17) (cos2 6 + sin’ 6)
= (448.1)* + (13.17)°
= 200967.1
Hence
0] = 448.294 mph
Let y be vertical distance. Hence y = rsin 6 and
iy =isin0 +r0cos O
= (448.1cos B8 +13.17sin ) sin 8 + (13.17 cos 6 — 448.1 sin 6) cos O

= 4481 cos O sin O +13.17sin% 0 + 13.17 cos? 0 — 448.1 sin O cos O
=13.17 mph

Hence it is ascending. Convert to ft/sec
5280 hr
" mile 3600
5280

=1317——
3 3600

=19.316 ft/sec
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6.3 HW3

6.3.1 Problem 1

A remote control boat, capable of a maximum speed of § ft/s in still water. is made to cross a
stream with a widthw = 37 ft that is flowing with a speed v - = 7 ft/s. I the boat starts from
pointO and Kkeeps its orientation parallel to the cross—siream direction, find the location of
point4 at which the boat reaches the other bank while moving at its maximum speed.

Furthermore, determine how long the crossing requires.

A

* i

Upy—

The time to reach the top edge of the river is
37

t=— =4.625
3 sec

The distance travelled in horizontal direction is therefore
x = (7) (4.625) = 32.375 ft

6.3.2 Problem 2

The object in the figure is called a gun fackle , and it used to be very common on sailboats to
help in the operation of front—loaded guns. If the end af is pulled down at a speed of 1.5 m/s,
determine the velocity ofB. Neglect the fact that some portions of the rope are not vertically

{ !

aligned.

Length of rope L is

L:2xB+xA
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Where x3 is distance from top to B and x4 is distance from top to A. Taking derivatives
gives

0=2vg+ 0y,
-1.5
U = —0714 = —T =0.75 m/s

6.3.3 Problem 3

The piston head at C is constrained to move along the y axis. Let the crank 4B be rotating

counterclockwise at a constant angular speed? = 1.950 rpm. R = 3.4 in.. and L = 5.7 in.

Determine the velocity ofC when & = 40°.

de 27 minute
2 )

dt rotation 60
27
= (1950) =
= 204.2035 rad/sec
But
[?=R?>+y2-2(R) (yc) cos (0)
y2 — 2Ry, cos (0) + (R2 - LZ) =0
Or

b Vb? —4ac

=— =+
Ye =%, 2a
1

=RcosO + E\/4R2 cos?2 0 —4 (R2 - LZ)

1
= RcosO + E\/41{2 cos2 0 — 4R? + 412

1
=RcosO + E\/ALRZ (C082 0 - 1) +412

1
=RcosO + E\/—4R2 sin® 6 + 412

= Rcos O + VI2 - R2sin? 0

At 0 =0, y. = R+ L, therefore we pick the plus sign

Y. = Rcos @ + VL2 — R2sin 6
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Taking derivative with time

Jo = ~ROsin 6+ - ! (-2R?sin 6 (0 cos 0))

2 \JL? — R?sin? (6)

R%0sin 6 cos 0

\JI2 - R25in? (0)

Plugging in values R = 2 ft,L = = ft and 6 = 40° and 0 = 204.2035 gives

= —ROsin6 —

2
34 10 (%) (204.2035) sin (%n) cos (%n)
Ve=- (E) (204.2035) sin (—n) - = = =~
V) - (32) (o (25

12 12 180

180
= —55.59 ft/sec

6.3.4 Problem 4

A horse is lifting a 550 Ib crate by moving to the right at a constant speed vy = 3.2 ft/s.

Observing thatB is fixed and letting # = 6.4 ft and { = 14.5 ft. determine the tension in the

rope when the horizontal distanced between B and point .4 on the horse is 9.5 ft.

¢ )

- el
=

=

h

Resolving forces in vertical direction

mg — 2T = mjj 1)

L =2y + x4 + (1 - h)?

O:Zy+¢

X+ (- 1)

. —X X7
y = —
& + (= h)?

.2 2 42
—X XaX
A + ATA

y= 3
23+ (-h? 2 (4% + (- hyY)?

But x4 = vy = 3.2 ft/sec. Hence

To find y, since rope length is

Taking derivative gives

Taking another derivative

2 2.2
—0p Xa00

y= + 3
NC () (3 + (- 1?)?
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When [ =14.5,h = 6.4,x4, = 9.5 then

_ ~-(3.2° . (9.5)* (3.2)>

- 3
2\/9.52 +(145-64)  2(9.52 + (145 - 6.4)%)?

= —0.172 64 ft/sec?

i

From (1) we solve for tension
N el
2
_m(g-i)
2
_550(32.2 - (-0.172 64))

2
= 8902.476 1b force

Hence
8902476

32.2
=276.474 b

6.3.5 Problem 5

Car bumpers are designed to limit the extent of damage to the car in the case of low—velocity
collisions. Consider a3,340 1b passenger car impacting a concrete barrier while traveling at a
speed of4.3 mph. Model the car as a particle, and consider two tvpes of bumper: (1) a simple
linear spring withconstant ¥ and (2) a linear spring of constant ¥ in parallel with a shock
absorbing unit generating a nearly constant force o710 Ib over 0.21 ft. If the bumper is of

type 1, find the value of X necessary to stop the car in a distance of 0.21 ft.

Resolving forces in the x direction gives equation of motion
mi +kx =0
. _ kK
¥=-—x
m

#x _ dv _ dodx _ dv

Let il i and the above becomes
do k

V— = ——Xx
dx m

This is now separable

Ustop Xk
f vdo = — f —xdx
(%1 0 m

But v, = 0 and the above becomes
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For v; = 4.3 mph and x; = 0.21 ft, we solve for k from the above

e (B)(ea(3)

2 (0.21)
= 93551.7 Ib/ft

=9.355 x 107 Ib/ft

Question, why had to divide by g in above to get correct answer? Problem said /b in

statement?

6.3.6 Problem 6

A railcar with an overall mass of 74,000 kg traveling with a speed v; is approaching a

barrier equipped with a bumper constisting of a nonlinear spring whose force vs. compression

3
law is given byF g =ﬁ.\'3. where f = 650 x 106 N/m” and x is the compression of the bumper.

Treating the system as a particle, assuming that the contact between railcar and rails is

frictionless, and lettingy; = 3 km/h, determine the bumper compression necessary to bring the

railcar to a stop.

Resolving forces in the x direction gives equation of motion
mi + x> =0

iy

m

X =

d2x _dv _ dvdx do

Let il and the above becomes
do B
V— = ——

dx m

This is now separable

Ustop Xstop
f odv = b x3dx
[ m 0

But v, = 0 and the above becomes

2=1Pa
i T 5y stop

For v; = 3 km/h and B = 650 X 10° and m = 75000 kg, we solve for Xstop from the above

1
2mo?\*
Xstop = [
1

2(75000)(3(1@@)) :

3600
650 x 10°

=0.11776 m
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6.4 HW 4

6.4.1 Problem 1

A 970 kg aerobatics plane initiates the basic loop maneuver at the bottom of a loop with
radius p = 115 m and a speed of 228 km/h. At this instant, determine the magnitude of the
plane's acceleration, expressed in terms of, the acceleration due to gravity, and the
magnitude of the lift provided by the wings.

The velocity in meter per second is

o o [1000) (
- km ) 3600
1000

= (228) 300

= 63.333 m/s

?  (63.333)°

In normal direction, the acceleration is a, = > = 34.879 m/s? or in terms of g, it

115
becomes 34;::? =3.555g.
Now, force balance in vertical direction gives
L -mg=ma,
L=m (g + an)
=970 (9.81 + 34.879)
=43348.33 N

6.4.2 Problem 2

A race car is traveling at a constant speed over a circular banked turn. Oil on the track has
caused the static friction coefficient between the tires and the track to bg . = 0.2. If the

radius of the car's trajectory ip =324 m and the bank angle is # = 31°, determine the range
of speeds within which the car must travel not to slide sideways.

B UP —

For maximum speed, friction acts downwards as car assumed to be just about to slide
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upwards. Resolving forces in normal and tangential gives
2

tsNcosO + Nsin 6 = mvn;ax (1)
-mg+NcosO — usNsin@ =0 (2)
From (2)
mg
N=————
cos 0 — ugsin O
From (1)
V2 ax = ( NCOSQ+NSH18)
_p ms ~
= — O0+|—"—— 0
S m ( (cos 0 — ussin 6) coseT (COSG — UgSin 6) S )
8 s
(/J (COS 0 — pgsin 9) cosO+ (cos 0 — ugsin 6) S 6)
tan @
1- ystant? 1-pustan6
Us +tan @
= pg 1_—
Us tan 6
0.2+ tan (31—
=324 (9.81)[ ( 180) ]
1-0.2tan (31 )
= 2893.165 m/s
Hence

VUmax = 53.788 m/s
= 53.788(0.001) (3600)
=193.637 km/hr
For minimum speed, friction acts upwards as car assumed to be just about to slide down-

wards. Resolving forces in normal and tangential gives
2

—UsNcosO + Nsin6 = mvn—;n (3)
-mg+NcosO + uNsin6 =0 (4)
From (4)
- ms
"~ cos 0 + pgsin 0
From (3)
2 = ( —usN cos 0 + Nsin 8)

P
m
_p mg mg ,

B m( ys(cos@+yssin9)cosg+(cos@+yssin8)smg)

1 1 .
— s\ (COSQ + Us sinQ)COSQ " (COS@ + yssine)sme)

—Us N tan 0
1+ustan® 1+ pstan®

tan 6 — )

1+ ps;tan®
(31ﬁ) 0.2
)

1 +02tan(31m

=P8

=P8

=324 (9.81)[

= 1137.425 m/s
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Hence
Upmin = 33.726 m/s
= 33.726(0.001) (3600)
=121.414 km/hr
Hence

121.414 < v <193.637

6.4.3 Problem 3

The cutaway of the gun barrel shows a projectile moving through the barrel. If the projectile's
exit speed isv; = 1,681 m/s (relative to the barrel), the projectile's mass is 16.9 kg, the length o1
the barrel isL = 4.2 m, the acceleration of the projectile down the gun barrel is constant, and
is increasing at a constant rate of 0.18 rad’s, determine

(a) The acceleration of the projectile.

(b) The pressure force acting on the back of the projectile.

(¢) The normal force on the gun barrel due to the projectile.

as the projectile leaves the gun, but while it is still in the barrel. Assume that the projectile
exits the barrel wheng = 23°, and ignore the friction between the projectile and the barrel.

Part 1 out of 3

Part 1 N/
= 3. ~ 2

@a = |xwhi <05 Jipms

Part2 N

(b) The pressure force is X 1{]6 N in the r direction.

Part 3 vy

(c) The normal force on the gun barrel due to the projectile is X 103 N in the

positive# direction.

6.4.3.1 part (1)

Since acceleration is constant along barrel, then using

% = vg + 2L
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We will solve for #. Assuming vy = 0 then
16812 = 27 (4.2)
. 16812
"T 2@
= 336400.1 m/s”

But
a = (F-LO%)a, + (L0 +2i0) 1
But O = 0, hence the above becomes
@ = (3364001 - (4.2) (0.18)%) i1, + (2 (1681) (0.18)) g
= 336400 @1, + 605.16 1y

6.4.3.2 part (2)
Free body diagram for bullet gives

P =ma, + mgsin0@

but a, = 336400 m/s? and m =16.9 kg and 6 = 23°, hence

P = (16.9) (336400) + (16.9) (9.81) sin ((23) %)

= 5685225 N
=5.685x10° N

6.4.3.3 Part (3)
Free body diagram for bullet gives

N =mag + mgcos 0

= (16.9) (605.16) + (16.9) (9.81) cos ((23) %)

=10379.81 N
=10.379 x 10° N

6.4.4 Problem 4

A force F of 438 1b is applied to block B. Letting the weights of 4 and B be 50 and 71 Ib,

respectively, and letting the staticand Kinetic friction coefficients between blocks 4 and B be
#1=0.26, and the static and Kinetic friction coefficients between block B and the ground be

Hy = 0.46, determine the accelerations of both blocks.

b 2
a,4—(| |:+| |j}fts'
a5 i +] ) s

The free body diagram is
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FBD Py 4> maa,
Na mag, = 0
VVB ]\“vA - T
e IS
Fy
Fp
Ng
For A,
Z Fx = mAan
Fo=mpan, (2)
E Fy = mAaAy
NA - WA =0 (3)
For B
E Fx = mBan
F,—Fa—Fp=mgap_ (4)
Z Fy = mBaBy
NB—WB—NA:O (5)
Hence (3) becomes
Ny =Wy (6A)
And (5) becomes
NB = WB + NA
=Mmpg +Mu8
=(mg+mu)g (6B)

But F4 = Nypq then (2) becomes
Ny =mpan,
But from (6) the above reduces to (since N4 = m,4g)
Ma8H1 =Malp,
Hence
aa, = 8k
= (32.2) (0.26)
= 8.372 fit/s”
Similarly Fz = Npu, hence (4) becomes
Fo = Ny — Npup = mpag,
But N = (m,4 + mg) g, then above becomes
F, —muguy — (my + mp) guo = mpag,
_ Fo—mag — (ma +mp)guis

ﬂBx mB
438 — (50) (0.26) — (50 + 71) (0.46)
By = 71
322
= 167.504 ft/sec’
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6.4.5 Problem 5

Blocks 4 and B are connected by a pulley system. The coefficient of kinetic friction between
the block4 and the incline is p; = 0.3 and static friction is insufficient to prevent slipping. The

mass of4 is m 4 =7 Kg, the mass of B is m g = 20 kg, and the angle between the incline and

the horizontal is 8 = 22°, Determine the acceleration ofi, the acceleration of B, and the
tension in the rope after the system is released.

- m
| a 4 |=|:| — up the incline
s
= m
a5
s

Free body diagram for block B results in

5 8T
- —=q
8 - A

Free body diagram for block A resuts in
—mag SN0 — umyg cos O + 2T = myay

In addision, since rope length is fixed, we find that a, = 2ag. The above are 3 equations in
3 unknowns T, a4, ag. Solving gives

a, = 4.439 m/s>
ag = 2.2197 m/s”
T=3795N

6.4.6 Problem 6

Two blocks .4 and B weighing 116 and 223 Ib, respectively. are released from rest as shown.
At the moment of release the spring is unstretched. In solving these problems, modsel and B

as particles, neglect air resistance, and assume that the cord is inextensibl#int: If B hits the
ground, then its maximum displacement is equal to the distance between the initial position of
B and the ground. Determine the maximum displacement and the maximum speed of block

B if ¢ =19°, the contact between 4 and the incline is frictionless, and the spring constant is

k =28 Ib/ft.
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The maximum displacement of block B is I:l ft and the maximum speed

maximum displacement is 2 ft. Maximum speed is 9.404 ft/sec.
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6.5 HW )5

6.5.1 Problem 1

A 70 kg skydiver is falling at a speed of 241 km'h when the parachute is deployved, allowing
the skydiver to land at a speed o# m/s. Modeling the skydiver as a particle, determine the
total work done on the skydiver from the moment of parachute deployment until landing.

Ujp2=[-156.295 kJ

Landing speed is v, = 4 m/sec.

Up=T-T
1 1
= Emv% - Emv%
2
1000 hr
= |42 (o2
2" ( ki 3600)

2 3600
= -156294.6

2
_1 (4)% - (241 (10&))

Hence work on person is -156.295 k]

6.5.2 Problem 2

The crate 4 of weight /"= 32 1b is being pulled to the right by the winch at B. The crate
starts atx = 0 and is pulled a total distance of 15 ft over the rough surface for which the
coefficient of Kinetic friction is g = 0.4. The force P in the cable due to the winch varies

according to the plot, whereP is in Ib, b is in lbfﬁ, and x is in ft. The coefficient of static
friction is insufficient to prevent slipping. Using the work—energy principle, determine the

speed of the block whend =12 1b/,/ft and x = 15 ft.

ol T e
E /‘r
x 40 s
A ; B ¢ P=20+bJ/x o
% |
i < I 1
1] 3 6 9 12 15

Crate Position, x (ft)
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Force in the x direction is
F= Fp - Ffriction
= (20 +12x) — N
= (20 +12x) — (0.4) (32)

Hence
Up=T-T;
15 ~ 1 1
LF-dr:Emv%—Emv%
15 1 1 32
20 +12 i)— 0.4 32)d =-—103
fo(( 12 )= 0D E2))dx =550

Since v; = 0 then above becomes

fow ((20 + 12x§) - (0.4) (32))dx = %( 332_22 )vg

15 1
12x2 + 7.2dx = 0.49689v2
0
15
12)(2) 3
(( ;( )3+ 7.2x) = 0.4968903
0
12)(2) . .2
(;A (15)2 + 7.2 (15) = 0.49689v3
572.758 = 0.49689v3
, 572758
2= 0.49689
=1152.686

Hence

v, = V1152.686

= 33.951 ft/sec

6.5.3 Problem 3

Car bumpers are designed to limit the extent of damage to the car in the case of low—velocity
collisions. Consider a1,324 kg passenger car impacting a concrete barrier while traveling at a
speed of5.5 kim/h. Model the car as a particle and consider two bumper models: (1) a simple
linear spring with constantk and (2) a linear spring of constant £ in parallel with a shock
absorbing unit generating a nearly constant forcef ¢ = 2.010 N over 10 cm. If the bumper is

4
of type (1) and ik = 9.4 X 10 N/m, find the spring compression (distance) necessary to stop
the car.

——

Fg

= In-m\-;l
k

The spring compression necessary to stop the car is I:l m.
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Since all forces we can use conservation of energy Ty + V; = T, + V, Where V; = 0 since
spring is not compressed yet and T, = 0 since the car would be stopped by then. Hence

1 1
—mv5 = kN
2 2
A2 _ mv%
Tk
2
1000 hr
o ss(52) ()
B 9.4 x 10%
2
1000
(324 (5.5 (%))
B 9.4 x 104
A% =0.033

Hence
A =0.182 meter
We could also have solved this using work-energy. Force on car is —kx, hence Uy, = f? -dr

and therefore

X 1 1
f F-dr = —mv} — —mov?
0

2 2
x 1
f —kxdx = —=mv?
0 2
2
1 1 1000
“k(x2)" = 21324 (55—
2% (<), = 3 ( (3600))
1000\
9.4 x 1042 =1324 (55—
: ( (3600))
2
1000
. 1324 (5.5 (ﬁ))
B 9.4 x10*

x = 0.182 meter

6.5.4 Problem 4

A classic car is driving down an incline at 58 km/h when its braKes are applied. Treating the
car as a particle, neglecting all forces except gravity and friction, and assuming that the tires

slip, determine the coefficient of Kinetic friction if the car comes to a stop ifil m and # = 21°.

P

L I

Distance is L = 51 meter (not clear in problem image).

Taking zero PE at horizontal datum when car comes to a stop at the bottom of hill, then
using
],1 + ‘71 + LIlZ = 112 + ‘/2

Where T; is KE in state 1, when the car just hit the brakes, and V; is its gravitational PE
and Uy, is work by non-conservative forces, which is friction here. T, = 0 since car stops
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in state 2 and V, is PE in state 2 which is zero. Hence we have

1 L
Emv% + mgLsin 0 + f —uNdx =0
0

1 L
—mv? + mgLsin O — f u (mgcos 6) dx=0
2 0

1

Emv% +mgLsin 0 — Lumg cos 0 = 0

15 .
501 +8Lsin6

LgcosO
Hence
2
: (58 (%)) +9.81(51)sin (21 (=)
= (51) (9.81) cos (21 ()
129.7840 +179.2951
B 467.0796

= 0.662

6.5.5 Problem 5

A pendulum with mass m = 1.3 kg and length L = 1.86 m is released from rest at an angle &
;- Once the pendulum has swung to the vertical position (i.e., # = 0), its cord runs into a small
fixed obstacle. In solving this problem, neglect the size of the obstacle, model the pendulum's
bob as a particle, model the pendulum's cord as massless and inextensible, and let gravity and
the tension in the cord be the only relevant forces. What is the maximum height, measured

from its lowest point, reached by the pendulum i#; = 16°?

h max

T1+V1:T2+V2

Where state 1 is initial state, and state 2 is when bob at bottom. Datum is taken when bob
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at bottom. Hence
1
0+mg(L-Lcos0) = Emv% +0

1
Lmg (1 - cos0) = Emv%

Now let state 3 be when bob is up again on the other side. Hence we have
T2 + V2 = T3 + V3
But T3 = 0 and V3 = mgh,,., therefore

1
Emv% = mghmax

Or, since %mv% = Lmg (1 - cos 0), then the above becomes

Bax = L (1 —cos 6;)

=1.86 (1 — cos (16 (%)))

=0.0721 m
6.5.6 Problem 6
r
bungee T |
cord |
400 ft
bungee
jumper

‘While the stiffness of an elastic cord can be nearly constant (i.e.. the force versus displacement
curve is a straight line) over a large range of stretch, as a bungee cord is stretched, it softens:

that is, the cord tends to get less stiff as it gets longer. Assuming a softening
3
force—displacement relation of the formké — o, where k = 2.60 Ib/ft and

£ =0.000014 ]b?ft‘3 and where & (measured in ft) is the displacement of the cord from its

unstretched length, and considering a bungee cord whose unstretched length 850 ft,

Part1 outof 3
(a) the expression of the cord's potential energy as a function of 5

— 2
(select) | v |(select) = (select) v |(select)

L] L]

6.5.6.1 Part (a)

V= f ko — B5do
_kx? o pat
2 4
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6.5.6.2 Part (b)

Let datum be at top. Hence
Tl + Vl,gravity + Vl,rope = T2 + VZ,gravity + VZ,rope
k&? ,864)

1 2
O+0+0:§mvz—mgh+ T—T

2 (ko? PO
”—\/Zgh‘a(T‘T)

B \/664 - 2kv? + 4mgh
- 2m

(0.000014) (150)* — 2 (2.6) (150)* + 4 (170) (150)
170

\ 2 (32_2)

= -749.360 3

(0.000013) (250)* — 2 (2.58) (250)° + 4 (170) (250)
170
\ 2(533)

But 6 = h —150 = 400 — 150 = 250, hence

(0.000014) (250)* - 2 (2.6) (250)% + 4 (170) (400)

170
2(327)

=12.64184 ft/sec

o= k_ 2.6 = 248.8067
~\38 \3(0.000014)

6.5.6.3 Part (c)

Hence

(2.6) (250) — (0.000014) (250)°
= |322]1-
170
— 49.48382 ft/s°
| 49.48382
322
=1537 g
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6.6 HW 6

6.6.1 Problem 1

A 741 1b floating platform is at rest when a 210 Ib crate is thrown onto it with a horizontal
speed vy = 15 ft/s. Once the crate stops sliding relative to the platform. the platform and the
crate move with a speedv = 2.652 ft/s. Neglecting the vertical motion of the system as well as
any resistance due to the relative motion of the platform with respect to the water, determine
the distance that the crate slides relative to the platform if the coefficient of kinetic friction
between the platform and the crates u g = 0.28.

.
“ -]
i—=

o ————— WJ._~_E. e ﬂ

Let state 1 be when the crate is thrown at the platform. Let the crate by body A and the
platform be body B. We will use work-energy to solve this.

T+ Vi + u{gtemul + Uiazcternal =T,+V,
Where U™ is work done due to internal forces between the two bodies, which is the
friction. We will use notation v,, to mean velocity of A in state 1 and v,4, to mean velocity
of A in state 2 and the same for body B. Therefore the above equation becomes

1

1 d 1 1
EmAU%‘h + EmAv%1 —fo Uxmagdx = EmAviz + EmAU%Z

Notice that V; = V, and hence they cancel. Also since in state 2 both body A and B move
with same speed v, and also v, = 0, then the above simplifies to

1 1
EmAvil — wmagd = 5 (m 4 + mg) v?
We now solve for d, the distance that body A (the crate) slides. The above is one equation

with one unknown.

L, 2 _1 2
EmAvAl —E(mA+mB)v

WM aAg
_1(210) (15)* - (210 + 741) (2.652)°
2 (0.28) (210) (32.2)

=10.712 ft

6.6.2 Problem 2

Blocks .4 and B are released from rest when the spring is unstretched. Block 4 has a mass

m 4 =4 kg, and the linear spring has stiffness ¥ = 9 N/m. If all sources of friction are
negligible, determine the mass of block8 such that B has a speed vz = 1.3 m/s after moving

1.5 m downward, assuming that4 never leaves the horizontal surface shown and the cord

connecting.4 and B is inextensible.

k A
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Let state 1 be just before release and state 2 after it moves by 1.5 meter

state 1 T, =0,V =0 state 2

k

A R —

datum datum e

1.5 meter

>

Therefore

Ty + Vy + Ujserna 4 uggternal = T, + v,
T, = 0,V; = 0 and U;, = 0 since there is no friction and no external force. T, =
% (m, + mg)v? since both bodies will have same speed. V, comes from spring and gravity.
The distance i = 1.5 meter. Therefore V, = %khz—mth since spring extend by same amount
mp and m, moves. The above becomes

1 1
0= E (mA + mB)ZJZ + Ekhz —mth

Where v above is 1.3 since both bodies move with same speed. We want to solve for mp
the only unknown in this equation

1 1 1
0= Emsz + Evaz + Ekh2 — mpgh
1 1 1
= mg (Evz —gh) + Emsz + Ekh2
m 0> + kh?
mg = ——————
B™ ogh—?
Plug-in numerical values gives
@3+ sy
B =
2(9.81) (1.5) — (1.3)?
= 0.974 kg

6.6.3 Problem 3

Consider the simple catapult shown in the figure with an 814 Ib counterweight.4 and a

129 Ib projectile B. If the system is released from rest as shown, determine the speed of the
projectile after the arm rotates (counterclockwise) through an angle of 110°. Model and B

as particles, neglect the mass of the catapult's arm, and assume that friction is negligible. The
catapult's frame is fixed with respect to the ground, and the projectile does not separate from
the arm during the motion considered.

Let state 1 be just before release and state 2 after it rotation.
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B=110 —
B

STATE 1 STATE 2
A

T, =0

_ 1 2,1 2
Vi = —mpgL;sina +magLs sin o Ty = gmp(Liw)” + 5ma(Low)

Vo =mpgLisin 8 —magLssin 8
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Ty + Vi + Ui + Uggemd = T, + v,
But U;, = 0 since there is no friction and no external forces. Now T; = 0 since at rest. And
Vi = -mpgLisina + mygl, sina

Where a = 36°. In state 2

T, = %mB (Liw)* + %mA (Low)?
Where w is the angular velocity, which we do not know, but will solve for. And

Vo = mpgLysin —mugL, sinf3
Therefore (1) becomes

1 1
-mpgLisina + mygl, sina = 5B (Lla))2 + 5Ma (Lza))2 + mpgLysinf —mugLl, sinf

2 2
2o magLly (sina + sinﬁ) - mpgly (sinoz + sinﬁ)

1 2.1 2
szLl + EmALZ

_ \/2 (mAng - mBng) (sina + sinﬁ)
- mpl2 + myL3

1 1
—mpgLy sin @ + m gL, sin @ — mpgLy sin B + m gL, sin f = w? (—mBL% + —mAL%)

Now we solve for w and use it to find speed of B from vg = Lyw. Since m, = 814,mp =
129,L, =10,L, = 5,a = 36,8 = 110 — 36 = 74° then

o \/2((814) (32.2) (5) - (129) (32.2) (10)) (sin (36 (15)) + sin (74 (155 )))
(129)102 + (814) 52

= 2.888 rad/sec
Hence
vg = Liw
—10(2.888)
= 28.88 ft/sec

6.6.4 Problem 4

A cyclist is riding with a speed v =21 mph over an inclined road with & = 13° Neglecting
aerodynamic drag, if the cyclist were to keep his output power constant, what speed would he

attain ifé were equal to 20°?

T

Power P is

P=Fv

Where F is force generated by cyclist. From force balance we see that F = mgsin 6. Hence
for constant power, we want

(mg sin 130) v = (mg sin 200) vy
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Solving for v,

(mg sin 130) 2
(mg sin 200)
_sin(13(55))

~ sin (20 (%))
13.812 mph

Uy =

21

6.6.5 Problem 5

The motor B is used to raise and lower the crate C via a pulley system. At the instant shown,
the cable is being retracted by the motor with the constant speed' . = 4.5 ft/s. The weight of

the crate isi# ¢ = 460 Ib. If the power meter .4 shows a power input to the motor of 1.37 hp,

determine the overall efficiency of the system.

Where ¢ is the efficiency and P,,; is power out and P;, is power in. But P,,; = Fv.. So we

just need to find force in the cable that the motor is pulling with. This force is W since
there are 4 cables and hence the weight is distributed over them, and then the tension in

the one cable attached to the motor is VIV . Now we have all the information to find ¢

460
Py = (4.5) (T)

= 517.5 lbft/sec

But hp = 550 lb-ft/sec, therefore in hp the above is % = 0.941, hence

oo
CT 3y T

6.6.6 Problem 6
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Assuming that the motor shown has an efficiency & = 0.78, determine the power to be
supplied to the motor if it is to pull 216 Ib crate up the incline with a constant speed

v = 6.6 It/s. Assume that the kinetic friction coefficient between the slide and the crate is
. =0.24 and that & = 28°.

Mass of crate is == slug. (note, number given 216 is weight) These problem should make
it more clear if /b given is meant to be weight or mass.

We need to find P;,. We are given ¢. We now calculate P,,; and then will be able to find P;,.
But P,,; = Fv, where F is force given by motor to pull the crate. From free body diagram,

we see that this force is F = umg cos 6 + mgsin 0. Hence

P, = (pmg cos O + mgsin 6) v

= mg(ycos@+sin6)v
216} 359) (0 2% (28( T )) +si (28( T ))) 6.6)
=|—= . .24 cos — sin — .
322 180 180
= 971.374 1b-ft/sec
971.374
= =1.766 h
550 P
Hence
P
Pin — Zut
_1.766
078
= 2.264 hp
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6.7 HW 7

6.7.1 Problem 1

A 181 gr (7,000 gr =1 1Ib) bullet goes from rest to 3,347 ft/s in 0.0011 s. Determine the
magnitude of the impulse imparted to the bullet during the given time interval. In addition,

determine the magnitude of the average force acting on the bullet.

The magnitude of the impulse imparted to the bullet is I:l Ib's and the

magnitude of the average force acting on the bullet 1:' Ib.

Using impulse momentum

t
p1+ fo Foo () dt = ps

But p; = mv; = 0 since starting from rest and p, = mv,, therefore

181
7000

t
F,_(Hdt = —= 47
J Fotdt =55 G347)
= 2.688 lb-sec
Therefore
F,, (0.0011) = 2.688
P 2.688
“70.0011
= 2443.636 Ib

6.7.2 Problem 2

The takeoff runway on carriers is much too short for a modern jetplane to take off on its own.
For this reason, the takeoff of carrier planes is assisted biydraulic catapults (Fig. A). The
catapult system is housed below the deck except for a relatively smaBhufile that slides along

a rail in the middle of the runway¥ig. B). The front landing gear of carrier planes is

equipped with arow bar that, at takeoff, is attached to the catapult shuttle (Fig. C). When

the catapult is activated, the shuttle pulls the airplane along the runway and helps the plane
reach its takeoff speed. The takeoff runway is approximatel10 ft long, and most modern
carriers have three or four catapults. If the carrier takeoff of a 45,500 Ib plane subject to the
33,000 Ib thrust of its engines were not assisted by a catapult, estimate how long it would take
for a plane to safely take off, i.e., to reach a speed of 162 mph starting from rest. Also, how lon
a runway would be needed under these conditions?

Photo credit (A): US. Navy photo by Photographer’s Mate 2nd Class H. Dwain Willis
Photo credit (B): PHAN James Famally I, US. Navy

t
p1+LTdt:p2
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Where T is the thrust. But p; = 0, therefore

Tt = mo,
mo,

T

45500 5280
_ (—32.2 )(162(m))
B 33000
=10.174 sec

To find how long a runway is needed

— L
xf—x1+vlt+§at

U—U1

Butx; =0 and a = , and v; = 0 since starting from rest, hence

Xf = Eat2

1 (%)
=[]
5 (7)
1 t
= -0
22

1 5280
-(5)162(5866)(10174)

=1208.671 ft

This is 4 times as long as without the catapults.

6.7.3 Problem 3

1
A SE oz baseball traveling at 89 mph rebounds off a bat with a speed of 160 mph. The ballis i

. =3 . - = . .
contact with the bat for roughly 10" s. The incoming velocity of the ball is horizontal, and the
outgoing trajectory forms an angler = 32° with respect to the incoming trajectory.

Part1 N/
(a) Determine the impulse provided to the baseball by the bat.
Impu]se:qs.za |f+|1.24 |j)]b-s 4 ;
Part2 (v
(b) Determine the average force exerted by the bat on the ball.
- " - j
(F p)avg =([3280 |7 +[1240 i)
Part 3 N/

(c) Determine how much the angle ¢ would change (with respect to 32°) if we were to neglect
the effects of the force of gravity on the ball.

The angle ¢ would change by° with respect to 32°.
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t
;—71 + f Pdt = ;_72
0

t
—-muyl + f (Fxf + Fy]“) dt = mv, cos af + mv, sin af

0
i(-movy + Fut) + j(Fyt) = mv, cos ai + mv, sin af

Hence we obtain two equations

-mvy + F,t = mou, cosa

Fyt = muysina

Or
F.t = mv, cos a + mo,
Fyt = muysina
5.125
Now m = %= = 0.00994 slug, and v; = 89 222 | = 130.533 ft/sec and v, = 160 (222 | = 234.667
322 : & 1 3600 : 2 3600 :

ft/sec. Hence
F.t = (0.00994) (234.667) cos (32 (%)) +(0.00994) (130.5333)

) TC
F,t = (0.00994) (234.667) sin (32 (@))

F.t=1978 +1.298 = 3.276
F,=1.236
Hence impulse is
[ =3.2767 +1.2367

To find average force, we divide by time
_ 3276, 1236,

= —_——— + -
= 9,001 " 0.000
= 32761 + 1236

6.7.4 Problem 4

An 8,110 Ib vehicle 4 traveling with a speed v 4 =57 mph collides head—on with a 2,070 Ib
vehicleB traveling in the opposite direction with a speed vz = 32 mph. Determine the

postimpact velocity of the two cars if the impact is perfectly plastic.

The postimpact velocity of car 4 is (I:I ft/s)1 ’and the postimpact velocity
i

Since there is no external force, then p; = p, or
MpUg + MAV, = MBUE + MAV, (1)

Where + means after impact and — means before impace. Therefore (using positive going
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to the right)

_ 5280
vy = —57 (%) = -83.6 ft/sec
vg =32 (%) = 46.933 ft/sec
8110
Mp= o = = 251.8634 slug
2070
mp=—oo = = 64.2857 slug
Hence (1) becomes
(64.2857) (46.933) — (251.8634) (83.6) = 2070 vg + 8110 vy
322 322
—18038.66 = 64.286v3 + 251.863 407 (2)
And since e = 0, then
e=0= —UE ~
U4~ Up
vp =0y (3)

Using (2,3) we solve for vg, v}. Plug (3) into (2) gives
-18038.66 = 64.286v}, + 251.863 407,
-18038.66 = 316.14940v}
_ ~18038.66

vh = —————
316.1494
—57.057 39 ft/sec

Hence

vg = —57.057 39 ft/sec

6.7.5 Problem 5

The ballistic pendulum used to be a common tool for the determination of the muzzle velocity
of bullets as a measure of the performance of firearms and ammunition (nowadays, the
ballistic pendulum has been replaced by the ballistic chronograph, an electronic device). The
ballistic pendulum is a simple pendulum that allows one to record the maximum swing angle
of the pendulum arm caused by the firing of a bullet into the pendulum bob. Lét = 1.7 m and

m 4 = 5.8 kg. For a certain historical pistol, which fired a roundball of mass mg =90 g. it is
found that the maximum swing angle of the pendulum i# . = 51°. Determine the preimpact
speed of the bulletB.

[

Let v be speed of bullet befor impact. Assume that after imapct bullet and mass A are
stuck togother with speed v*. Hence

mpug = (mp + my) 0" 1)
Now we apply work-energy. Hence
1
5 (g + 1) (@) = (i + m) g (L = Lcos0) (2)

Where datum is taken at the horizontal level. From (2) we solve for v* and use it in (1) to
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find vg. (2) becomes
1 "2 _ Tt
> (0.09+58) (0")” = (0.09+5.8) 9.81) (17) (1 ~ cos (51 (@)))
2.945 (v+)* = 36.410 94

. [36.410 94
B 2.945
= 3.516 m/sec

Then (1) becomes

0.0905 = (0.09 +5.8) (3.516)
- _ (009+58) (3516)
B~ 0.09
= 230.103 m/sec

6.7.6 Problem 6

Car A, with m 4 = 1,524 Kg. is stopped at a red light. Car B, with m g = 1.860 Kg and a speed

of 38 km/h, fails to stop before impacting cad . After impact, cars .4 and B slide over the
pavement with a coefficient of friction ; = 0.67. How far will the cars slide if the cars become

entangled?

Eg

Applying impulse momentum
mgug = (mg + my) v+

Solving or v™*
+_ _MBUp
mpg+my

1000
) (1860) (38 (%))
T 1860 + 1524
= 5.802 m/sec

0

Now applying work-energy
Tl + Ulz = Tz

1
5 (g + ) (@) = f u (mp +mp) gdx = 0

We now solve for d
1
> (1860 + 1524) (5.802)2 —(0.67) (1860 +1524) (9.81)d = 0

% (1860 + 1524) (5.802)

d=
(0.67) (1860 + 1524) (9.81)
= 2.561 meter
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6.8 HWS

6.8.1 Problem 1

Ball B is stationary when it is hit by an identical ball 4 as shown. with § = 45°. The
preimpact speed of balld is vy =9 m/s.

Determine the postimpact velocity of ball B if the COR of the collision ¢ = 1.

The before and after impact diagram is

/l 3 Vg sin 3

Vg cos
BEFORE AFTER

Along the y direction
M AUg COS B = mAv}'xy + vagy
+ + + +
UA]/ —Z)By UAy—'()By
—e = —1 = — — =
Ua, " U8, D0 cos

These are 2 equations with 2 unknowns ngy, vgy. From the second equation

—0g COS B = v;y - vgy (1)

Substituting this in the first equation (and canceling the mass since they are the same),
gives

+ + + +
—vh +vf =0 +0
Ay T VBy T PAy T UBy
+
vy =0
4y
Therefore from (1)
vgy = vy cos B

s (%)

= 6.364 m/s
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Along the x direction, since this is perpendicular to the line of impact then we know that
vk =0 =0psing = 9sin (45 (%)) = 6.364 m/s
vp, =vp, =0
Hence velocity of B is
O = 07 + 6.364]
And velocity of A is
D4 = 63641 + 0f

6.8.2 Problem 2

Two spheres, 4 and B, with masses m 4 = 1.48 kg and m g = 2.75 kg, respectively, collide

withv 4~ =26.7 m/s, and vg = 22.6 m/s. Compute the postimpact velocities of 4 and B ifa
=45°,0 =15° the COR is ¢ = 0.58, and the contact between_4 and B is frictionless.

—v)A+=q |;+| |j)ms
=5
¥V

5 = |7 +] |7y ms

The before and after impact diagram is

BEFORE AFTER

Along the x axis, the conservation of linear momentum gives
M AV, COS @ — MBUR COS B = MUy + MpUE
)) — (2.75) (22.6) cos (15 (%)) = (148)v}_+(2.75) 0},

~32.09 = (148) v} +(75)vf (1)

Tt

(1.48) (26.7) cos (45 ( -
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And
vj;‘x - vgx
= ———
Ua, — VB,
vh —uh
058 = — 2 B
V4 COS @ + Vg COS B
58 O, ~ VB,
~ (26.7)cos (45 (555)) + (22.6) cos (15 ()
oh —of
—0.58 = ZAx  TBx
40.71
~23.612 = v}y -~ vj (2)

Now v} , v is solved for using (1),(2). From (2) vj; = -23.612 + vj; , substituting this in
(1) gives

~32.09 = (1.48) (-23.612 + v}, ) + (2.75) v}
~32.09 = -34.945 + 4.230%,

. —32.09 +34.945
UB =
x 4.23
= 0.675 m/s
From (2)
v;x = -23.612 + 0.675
= —-22.937 m/s
Now we do the same for the y direction. But along this direction we know that
v;y = Uy,
= v, sina
(26.7) si (45( K ))
= (26.7)sin —
i 180
=18.88 m/s
And
Ugy - Uéy
= —vgsinf
(=22.6)si (15( T ))
= (-22.6)sin —
180
= -5.849 m/s

Therefore, after impact

04 = -22.938 1+18.879]
o5 = 0.6751 — 5.849

6.8.3 Problem 3

A rotor consists of four horizontal blades each of length L =4.5 m and mass m =89 kg
cantilevered off of a vertical shaft. Assume that each blade can be modeled as having its mass
concentrated at its midpoint. The rotor is initially at rest when it is subjected to a moment

M =pt, with f =63 N -m/s. Determine the angular speed of the rotor after 10 s.

The angular speed is |:| rad/s.
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Using
T =416
Where 7 is applied torque and I is mass moment of inertia around the spin axis of one
2 2
blade (we have 4). But I = m (%) = %, since blade is modeled as point mass. Therefore
T pt
T ami2 T o2
T4
But 6 = %9, then the above becomes
d . Bt
—p=""_
dt mL2
. Bt
do = —dt
mL2
Or t 10
a0 = LL ([ s
0 mL* Jg
. 8 2 10
= mrz\2
0
B
= 1
2mlL2 00
_ ®
2(89) (4.5)

=1.748 rad/sec

6.8.4 Problem 4

The simple pendulum in the figure is released from rest as shown. Knowing that the bob's
weight ish = 1.8 b, determine its angular momentum computed with respect to O as a
function of the angled.

Ww=181Ib o

The angular momentum with respect to O is

The angular momentum / is the moment of the linear momentum. The linear momentum
is mo. Using radial and tangential coordinates, then

m® = m (LOg + O, )
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Therefore

= kmL26 1)
The above is what we want. But we need to find 6. Taking time derivative of  gives
= km120
But %1_1 is the torque 7, which we can see to be
T =-mgLsin 0
The minus sign, since clockwise. Using the above 2 equations, then we write

—mgL sin 0 = mL?0

0= —% sin 0 )
To integrate this, we need a trick. Since
. d .
0=—06
dt
d doy .
_ (%d_t) 0
- (Ls)e
~\do
b
- do
Then (2) becomes
Ao g .
6% =1 sin O

Now it is separable.

0d6 = —% sin 046

02
5 = —% (—cos 9)530
02

— = % (cos 6 — cos 330)

0= i\/ng (cos 6 - cos 330)
All this work was to find 6. Now we go back to (1) and find the angular momentum
h = kmL20
ﬁ\/z—g (COS 0 — cos 330)mL2
L
IAc\/ZgL3 (cos 0 — cos 330)m

Il
I+

Il
I+

Il
I+

IQ\/Z?L?’ (cos 0 — cos 330)W
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Substituting numerical values
. 12(6.3)° n
i = k1 84| 2 (cos 0 - cos (33 (2 ))
(322) \“PYV TP 150
= +k1.8+/9.247 (cos 6 — 0.839)
= +k1.8v9.247+/(cos 6 — 0.839)

= +5.474+/(cos 0 — 0.839)k

6.8.5 Problem 5

A collar with mass m = 1.5 kg is mounted on a rotating arm of negligible mass that is initially
rotating with an angular velocityo g = 1.6 rad/s. The collar's initial distance from the 7 axis
isrg=0.5m and d = 1.9 m. At some point, the restraint Keeping the collar in place is
removed so that the collar is allowed to slide. Assume that the friction between the arm and
the collar is negligible. If no external forces and moments are applied to the system, with what

speed will the collar impact the end of the arm?

To | d
I fcord
N - | m
—E—— —
-l bX

The collar will impact the end of the arm with a speed orl:l m/'s.

There is no external torque, hence angular momentum is conserved. Let /i; be the angular
momentum initially and let &, be angular momentum be at some instance of time later on.
Therefore

Ijll = 7’1 X m@l

roit, X m (rowoilg)

A

u, fl@ ]’%
0

7o 0
0 mrogwy O
= mr%wofc
And at some later instance
hy = 7y X my
= rit, X m (i, + rwilg)
n, 0y k
r 0 O
0

mi mrw

mrlwk
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Equating the last two results gives

mriwy = mr’w
2
To
w=(2) w M
r

Now the equation of motion in radial direction is F = ma,, but F = 0, since there is no force
on the collar. Therefore

i = rw?
Using (1) in the above
2
2
_ (70) 2
r
4
_ T o
r= —3(4)0
r
. di
But 7 = = hence the above becomes
A

Now we can integrate

7 7 7’4
f idir = f Swddr
0 )
2 1, (1)
7 T %02
L]
1 1 1
_ 1 024
Bl Za)oro(r% 1’2)

Therefore

Numerically the above is

1 1
Feond = (1.6) (0.5)° -
Fena = (1.6)(0.5) ((0.5)2 (0.5+1.9)2)

=0.782 m/s

6.8.6 Problem 6

The body of the satellite shown has a weight that is negligible with respect to the two spherds
andB that are rigidly attached to it, which weigh 172 Ib each. The distance from the spin

axis of the satellite to4 and B is R = 3.7 ft. Inside the satellite there are two spheres C and D
weighing 4.3 Ib mounted on a motor that allows them to spin about the axis of the cylinder at ¢
distancer = 0.753 ft from the spin axis. Suppose that the satellite is released from rest and that

the internal motor is made to spin up the internal masses at a constant angular acceleration of

4.7 rsuifs2 for a total of 12 s. Treating the system as isolated, determine the angular speed of
the satellite at the end of spin—up.
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spin axis

internal rotating element

- = i
Osaeie = Jrads

Using
t
}_11 + f Tdt = ]jlz
0

Where £, is initial angular momentum which is zero, and h, is final angular momentum
which is Iws where I = 2MR? where M is mass of large ball and I is the mass moment of
inertial of the large ball about the spin axis.

But torque 7 = I,6 where I, =2 (mrz) where m is mass of each small ball and I, is the mass
moment of inertial of the small ball about the spin axis. Hence the above becomes

t
f tdt = Ijlz
0

Z(mrz) éj:dt =hy
Since 0 is constant. Hence
2 (mr?) Ot = 2MR2w;
Solving for final angular velocity
2 (mrz) Ot
2MR?

2 (%) (0.75)% (4.7) (12)

a)f:

2 (%) (3.7)2

= 0.05793 rad/sec
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6.9 HWI

6.9.1 Problem 1

Letting R 4 =201 mm, R g =114 mm, R~ = 162 mm, and R = 133 mm, determine the
angular acceleration of gearsB, C, and D when gear 4 has an angular acceleration with

5
magnitude &z 4| =51 rad/s” in the direction shown. Note that gears B and C are mounted on

the same shaft and they rotate as a unit.

R¢ _
h e SEs T
—— @ 2. /2
- * A A
hea s
¢ i A :
' ' AP !
n , 2d ¥ 4
j ' - 2 o x
RB % jf
Ay

7

The tangential acceleration at the point where disk A and disk B meet is R 4. But this

is also must be the same as Rgajp since the gears assumed not to slip against each others.
Therefore

The minus sign, is because gear A moves anti-clockwise, but B moves clockwise, hence in

negative direction. Therefore
201
== (51
= -77 (51)

= -89.921 rad/sec’
Since C moves with B as one body, then ap = ac and then

ac = -89.921 rad/sec’
Similarly

162
=-—(-89.921
133 ( )

=109.528 rad/sec’
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6.9.2 Problem 2

At the instant shown the paper is being unrolled with a speed vp = 9.2 m/s and an

accelerationap =1 my/s’. If at this instant the outer radius of the roll is 7 = 1.31 m.

determine the angular velocityew ; and acceleration « ; of the roll.

CUS
Xy
Yp
ap
Since a, = ra, then
a 1
ag = —7p =13 = ~0.763 rad/sec’
Since v, = rw, then
% 9.2
Wy = _7;7 =13 = -7.023 rad/sec

6.9.3 Problem 3

A bicycle has wheels 720 mm in diameter and a gear set with the dimensions given in the table
below.

Crank
Sprocket C1|C2| C3
No.ofCogs | 26 | 36 | 48
Radius (mm) [ 57.1|79.1|105.5

Cassette (2 speeds)

Sprocket S1 | S2|S3|S4|S5|S6 | S7| S8 | s9
No. of Cogs 11 | 12 | 14 | 16 | 18 | 21 | 24 | 28 | 34
Radius (mm) [ 24.2 | 26.4 | 30.8 | 35.2 | 39.6 [46.2 | 52.7 | 61.5 | 74.7

If a cyclist has a cadence of 1 Hz, determine the angular speed of the rear wheel in rpm when
using the combination of C3 and S2. In addition., knowing that the speed of the cyclist is equal

to the speed of a point on the tire relative to the wheel's center. determine the cyclist's speed in
m/s.
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RC =105.5 mm
RS =26.4 mm
720
RW = T = 360 mm
wc = 271
Hence
RC
Wipheel = R_Sa)C
105.5
= 264 2"
= 25.109 rad/sec
Or
25109
Wwheel = 4104719775
= 239.773 RPM
Hence
V= Wipheel (RV\])
= 25109 (360 (10%))
=9.039 m/s
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6.9.4 Problem 4

=y
A carrier is maneuvering so that, at the instant shown, | v 4| = 30 knots (1 kn is exactly equal

to 1.852 km/h) andp = 34°, Letting the distance between .4 and B be 231 m and & = 20°,
-
determine v p at the given instant if the ship's turning rate at this instant is

@ =295 clockwise.

Y
1'B=11 |F+| J)m’s

Dp =Dg + @ X Fpya
=04 (sin 1 + cos cpf) +@ X Tpiu (1)
And
@ = —2% = -0.03491k
And
g4 = d cos 0f + d sin 0f
Hence (1) becomes
O =04 (sin @1 + cos cpj) + wk x (d cos 07 + d sin Qj)
r ik
=0, (sin i+ cosgf) +| 0 0
dcos@ dsinf 0
=Ty (sin 7 + cos qjj) + (—a)d sin 07 - j (~wd cos 6))

=1 vAsincp—wdsinG)+j(vAcos¢+a)dc089) (2)
But
1000\ ( hr
1000
=30(1.852) | ——
( )(3600)
=15.433 m/s

And d = 231, hence (2) becomes
bg = i((15.433) sin (34 (%)) — (~0.0349) (231) sin (20 (%)))

180
+ j((15.433) cos (34 (%)) +(-0.0349) (231) cos (20 (%)))

op =11.388 i + 5.217}
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6.9.5 Problem 5

At the instant shown the lower rack is moving to the right with a speed of vy =3 ft/s, while
the upper rack is fixed. If the nominal radius of the pinion iR = 2.3 in. determine @ p. the

angular velocity of the pinion, as well as the velocity of poin®, i.e., the center of the pinion.

C()p (ZR) =0
oL
C()p = ﬁ
= L =13.043 rad/sec
NE
%)
And
v, = wyR
=13.04348 23
S 12
=25 m/s

6.9.6 Problem 6

The system shown consists of a wheel of radius R = 12 in. rolling on a horizontal surface. .4
barA4B oflength L = 35 in. is pin—connected to the center of the wheel and to a slider 4
that is constrained to move along a vertical guide. Poin€ is the bar's midpoint. If, when
¢ = 77°, the wheel is moving to the right so that vp = 5 ft/s, determine the angular velocity

of the bar as well as the velocity of the slider A.
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gl

=]

as[ s

Since
wLsin O = vg
Then
w=—28
Lsin @
B 5
(%) sin (77 (35))
=1.759 rad/sec
And
wLcosO =1y
Then

Op =

—(1.759) (%) cos (77%)

-1.154 m/s

The minus sign since A moves down.

This can also be solved using vector method as follows

— — — -
Ugq =0+ Wgyp XrA/B

Where 75 = —L cos 67 + Lsin 67 and g = 57 is given. Hence the above becomes

5)1‘1 =57+

=57+

@ g5k x (=L cos 01 + Lsin 6f)

(~wapL cos 6] — w45L sin 61)

=1(5—wupLsinO) + f(—w4pL cos O)

1)

And now comes the main point. We argue that A can only move in vertical direction, hence
the 7 component above must be zero. Therefore

5-wyglsin® =0

There is only one unknown in the above. SOlving for w 45 gives

Now we go back to (1) and find 74

wap = 1.759 rad/sec

R R 35 T
v =1(0) ](1.759 (12) coS (77180))

= 7(0) - 7(1.154)

Which is the same as method earlier. Notice we did not need to use R, the radius of the

disk.
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6.10 HW 10

6.10.1 Problem 1

The system shown consists of a wheel of radius R = 5 in. rolling on a horizontal surface. A bar
AB of length R = 33 in. is pin—connected to the center of the wheel and to a slider 4 that is
constrained to move along a vertical guide. PoinC is the bar's midpoint. If the wheel rolls
without slip with a constant counterclockwise angular velocity of 15 rad/s, determine the
velocity of the slider4 when & = 48°,

iy
3

Since the wheel rolls without slip with angular velocity w ;s =15 rad/sec and its radius is

r= % ft, then the center of the wheel moves to the left (since disk is rolling with counter
clock wise) with velocity

Vp = rwgisk

5
- ()0
= 6.25 ft/sec
In vector format
Vg = —6.251 + 0]
For the point A
Va=Vg+@ap XTap
= (~6.257 + 0f) + w4gk x (~L cos 07 + Lsin 67)
= —6.251 — w 4L cos 0] — w gL sin OF
=1(-6.25 - wygL sin 0) + j(-w 4L cos O) (1)
Since point A can only move in vertical direction, then its f component above must be
zero. Therefore
—6.25 —wgLlsin@ =0
_ —6.25
Y4B = Tsing

= -3.058 rad/sec.

Numerically wap = ( R

32 sin(48(555))
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Now from (1) we find X_/)A since now we know wp
VA = f(—a)ABL COS 6)
( 6.25

Il
\.)

Lsin

[ 6.25
J tan @
Since 6 = 48° then the above becomes
o 6.25

A s (L))
= 5.627525]

= 5.628; ft/sec

L cos 8)

6.10.2 Problem 2

hat J

For the slider—crank mechanism shown, let R =2.3 in., L =5.3 in., and H = 1.5 in. Also, at
the instant shown, leté@ = 26° and @ yp = 4.890 rpm.

Determine the velocity of the piston at the instant shown.

The first step is to find the vector velocities of point B and C and then resolve them along
the x, y directions as follows
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Lw
C: ,,,,,,,, “ ,B ,,,,,,,, Lwe p sin ¢
A
|
Rcos® = Lsin¢ :
(@]
¢ - - - - —-—-- >
Lwep cos ¢
weB
weB
,,,,, B Rw cos 6
A

Rwsin) €--4£—-—— -1 - —__

w

step 1: Find the vector velocites
p2_draw_l.ipeNasser M. Abbasi Nov 19, 2017 \"

step 2: Resolve along = and y directions

Now we look at point C. We see that its x component of the velocity is
Ve, = Lwcg cos ¢ — Rwsin 0

This is just read from the diagram. In other words, the x component of the velocity of B is
added. Since C can only move in the vertical direction, then Vc, = 0. We use this to solve

for wcp
Rwsin 0

@ =
cB Lcos¢

Everything on the right above is known. We find ¢ using R cos @ = Lsin ¢, hence

Rcos O
Q= arcsin( s )

(1)

(2.3) cos (26%)]

= arcsin
[ 5.3

=22.957°
And w = 4890 (%) = 512.0796 rad/sec. Hence from (1)
. TC
_ (2.3)(512.0796) sin (26E)

Y = T 53) cos (22957 (%))

=105.7955 rad/sec

In vector form
@cp = 105.7955k
From the diagram, we see that the vertical component of the velocity of point C is
Ve, = Lwcpsing + Rw cos 0
T

= o)) +(2.3) (512.0796) cos (26i)

= (5.3) (105.7955) sin (22.957
63)( )Sm( ( 180

=1277.286 in/sec
=106.441 ft/sec
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In vector form
Ve =106.4417

6.10.3 Problem 3

At the instant shown, an overhead garage door is being shut with point B moving to the left
within the horizontal part of the door guide at a speed of 6 ft/s, while point is moving
vertically downward. Determine the angular velocity of the door and the velocity of the

counterweightC at this instantif L =6 ft and 4 = 1.8 ft.

=
]
-

floor

The first step is to find the vector velocities of point A and B and then resolve them along
the x,y directions as follows

vB = 6
B
\%
\Y g
AN
\
Lw
step 1: Draw the velocity vectors
P v step 2: resolve the velocity vectors
Nasser M. Abbasi. Nov 19, 2017 (p3_draw.ipe)
i ? Lwcosf

Point A will have velocity in x direction of

VA,x =Lwsinf - VBx
But sin0 = % =18 0.3, hence 6 = arcsin (0.3) = 17.458°. Since A can only move in vertical
direction, then the above is zero. We use this to find w

Lwsin@ - Vg, =0

W= VBx
Lsin 6
~ 6
 6sin (17.458 ()

= 3.333 rad/sec
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In vector format @ = 3.333k rad/sec. Hence the velocity of A in vertical direction is

Va

y = —Lwcos @

6(3.333) cos 17 458( K )
= — . COS R —_—
180

= -19.076 83 ft/sec
In vector format

V4 = -19.077

This is the same velocity as weight C but C will be going up. Hence
Ve =19.077}

6.10.4 Problem 4

The system shown consists of a wheel of radius R = 1.58 m rolling without slip on a
horizontal surface. A bar.4B, of length L = 3.43 m is pin—connected to the center of the
wheel and to a slider.4, constrained to move along a vertical guide. Point C is the bar's
midpoint.

If the wheel is rolling clockwise with a constant angular speed of 2.1 rad’s, determine the
angular acceleration of the bar when? = 69°.

=== rad

s

-
74

The first step is to find the acceleration vectors of point A and B and then resolve them
along the x,y directions as follows
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\
Laapsinf oA Lw? 5 cosf

Lw? ;sin6

i

Laapcost

. . step 2: Resolve the acceleration vectors
step 1: Find the acceleration vectors

p4-draw.ipeNasser M. Abbasi Nov 19, 2017

step 2: Resolve along x and y directions

To find w,p we need to resolve velocity vectors and set the x component of the velocity of
A to zero to solve for w . If we do that as before, we get

VBx - LC()AB sind =0 (1)
The above is just the x component of V4. We know Vg which is velocity of center of wheel.
It is
VB, = Rwyjsk
=1.58(2.1)
= 3.318 m/s
And to the right. Hence VB = 3.3187. Now we use (1) to solve for w5
Vs 3.318
WAB = ; = . G
Lsin®  (3.43)sin (69@)
=1.0362 rad/sec

Hence @5 = 1.0362k. Now we have all the information to solve for a 45. The x component
of @, is zero, since A does not move in x direction. Hence from the figure, we see that

Law3pcos 0 — Lapsin 6 = 0

There is no acceleration to transfer from point B since B is not accelerating. Solving the
above for a 45 gives

Law?3g cos O

Lsin@

2
_ Wap

~ tan®

_1.03622
=

tan (69@)
= 0.41216 rad/sec?

asp =

In vector format @45 = 0.41216k. Hence the vertical component of the acceleration @, is
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(from the diagram)

Ay = —La)iB sin @ — La 45 cos 6

2\ U T
—(3.43) (1.03622) sin (69@) — (3.43) (0.41216) cos (69@)

~3.945 m/s®

In vector format

a, = 07— 3.9457

6.10.5 Problem 5

A flood gate is controlled via the hydraulic cylinder .4 B. If the length of the cylinder is
increased with a constant time rate o2.4 ft/s, determine the angular acceleration of the gate
wheng =0° Let/{=10.01t, # =2.21t, and d =4.7 ft.

- —_— 2

@ gate = rad/s

dpc = 7.507k rad/sec’

Need to type the solution. This uses constraints method.

6.10.6 Problem 6

For the slider—crank mechanism shown above, let R =2.1in.. L =5.8 in., and H = 1.3 in.
Assuming thate yp = 5,030 rpm and is constant, determine the angular acceleration of the
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connecting rod.B C, and the acceleration of point C at the instant when & =289,

-
a

-

—

—

epc=[ |

fi/s

.
rad/s

We need to first find wpc. This follows similar approach to problem 2. The first step is to
find the vector velocities of point B and C and then resolve them along the x, y directions

as follows

Rcosf = Lsin¢

LwCB

weB

w

step 1: Find the vector velocites

p2_draw_l.ipeNasser M. Abbasi Nov 19, 2017

,,,,,,, Lwe g sin ¢
A
|
[
|
(@]
¢ - -------- >
Lwep cos ¢

weB

Rwcos 6
A

Rwsinf «- -

step 2: Resolve along = and y directions

Now we look at point C. We see that its x component of the velocity is

Ve,

= Lwcp cosp — Rwsin O

This is just read from the diagram. In other words, the x component of the velocity of B is
added. Since C can only move in the vertical direction, then Vc, = 0. We use this to solve

for wcp

Rwsin 0
il 1
VB = T oosd 1)

Everything on the right above is known. We find ¢ using R cos 6 = Lsin ¢, hence

¢

) (R coS 6)
arcsin

(2.1) cos (28%)
5.8

arcsin (

0.3254 radians
18.6441°
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And w = 5030 (i—g) = 526.740 4 rad/sec. Hence from (1)

(2.1) (526.740 4) sin (28-5)
e (5.8) cos (0.3254)

= 94.495 rad/sec

In vector form
Wep = 94.495k

Now we draw the acceleration vectors and resolve them

Loc
,,,ﬁ,,,,C,B ,,,,,,,, Lacpsin ¢

Rcosf = Lsin¢ 6\ Lw? g !

Lagpcos¢ Lw} g sing
weB, ACB

Lwipcoso

Radisk cos

Ragissind  Rw?cosf
> -

W, Qdisk

step 1: Find the acceleration vectors

|

|

|

p6_draw_1.ipeNasser M. Abbasi Nov 19, 2017 \/
2

Rw?*sin 6

step 2: Resolve along x and y directions

The x component of the acceleration of point C is zero. Hence from the diagram
Lacg cos ¢ + Lw?g sin ¢ — Ragg sin 0 — Rw? cos 6 = 0
Solving for acg
Rag sin 0 + Rw? cos 0 — Lw?g sin ¢
Lcos¢

Since a5 = 0 since we are told w is constant, then the above simplifies to

acp =

Raw? cos O — Lwgg sin ¢
Lcos¢

acB =
Using numerical values gives

(2.1) (526.740 4)2 cos (28%) —(5.8) (94. 494 71)2 sin (0.3254)
(5.8) cos (0.3254)

acp =

= 90598.94 rad/sec”
In vector form
dcp = —90598.94k
The acceleration of point C is only in vertical direction. From diagram
acy = Lacpsing - La)%B cos ¢ — Rw?sin 0
— (5.8) (90598.95) sin (0.325 4) — (5.8) (94.495)? cos (0.3254) — (2.1) (526.740 4)? sin (28%)
= —154624.9 in/sec”
= ~12885.41 ft/sec”
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Hence in vector form

i = —12885.37] ft/sec’
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611 HW11

6.11.1 Problem 1

The uniform slender bar AB has a weight " 45 = 128 Ib while the crate's weight is

W =462 Ib. The bar AB is rigidly attached to the cage containing the crate. Neglect the
mass of the cage, and assume that the mass of the crate is uniformly distributed. Furthermore.
letL =8.8ft,d =2.6 ft,h =3.9 ft, and w = 6.3 ft. If the trolley is accelerating witha, =9 ft.-'s2

, determined so that the bar—crate system translates with the trolley.

Let us assume the center of mass of the overall system is at some distance z from point
A somewhere between A and C. It does not matter where it is. Therefore the rotational
equation of motion for the hanging system is

Mcg = IACK

Where M is the moment of external forces around this center of mass and I4 is the mass
moment of inertia around A. But since we want the system to be translating, then a = 0.
Therefore

M=0

F,zsinf —F,zcos@ =0 (1)

y
Notice the weights do not come into play, since we are taking moments about center of
mass of the overall system.

So we just need to find F,, F,. These forces are the reactions on point A where it is connected.
These can be found by resolving forces in the horizontal and vertical direction. In horizontal
direction

Fy = (mup +mc)ag (2)
In vertical direction (where these is no acceleration)
Fy - WAB - WC = 0
Fy=Wup+Wc (3)
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Plugging (2,3) into (1) and canceling z (as we see, we really did not need to find where z
is), gives
(Wyp + We)sin 0 — (myp +mc)agcos 6 =0
(map +mc) ag
tan @ = —————
(Wap + We)

Plugging the numerical values
128 | 462
(52 + 530
(128 + 462)
=0.279

tan @ =

Hence

6 = arctan (0.279)
=0.272
=15.616"

6.11.2 Problem 2

A person is pushing a lawn mower of mass m =37 kg and with # =0.71 m, d =0.22 m,

¢4 =0.29m, and {p = 0.35 m. Assuming that the force exerted on the lawn mower by the
person is completely horizontal, the mass center of the lawn mower is 4%, and neglecting the
rotational inertia of the wheels, determine the minimum value of this force that causes the

rear wheels (labeled4) to lift off the ground. In addition, determine the corresponding
acceleration of the mower.

Taking moments about G (and assuming no friction from the ground as problems says to
neglect rotational inertia of wheels, which seems to imply this).

—Fh+ NgLg —NL = la
Fora=0

—Fh+NgLg —NaL, =0
And when N4 =0
_ NLg

h
223

F



6.11. HW 11 CHAPTER 6. HWS

But N4 + Ng = mg or since Ny = 0 then Ny = mg and the above becomes
mgL
Frin = %
_ (37)(9.81)(0.35)
B (0.71)
=178.929 N

And the acceleration is

F =ma
178.929 = 37a
178929
LY

= 4.836 m/s”

6.11.3 Problem 3

A conveyor belt must accelerate the cans from rest to v = 18.2 ft/s as quickly as possible.

Treating each can as a uniform circular cylinder weighing 1.4 Ib, find the minimum possible

time to reachy so that the cans do not tip or slip on the conveyor. Assume that acceleration is
uniform and usew =4.9in., # =5.1in., and u, = 0.51.

F =ma
uN = ma
_#N
T om
~ (0.51)(mg)
—
=(0.51) (32.2)

= 16.422 ft/s®

a

Hence

Q
Il

Q

=

-
Il
SIS

18.2

T 16422
=1.108 sec
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6.11.4 Problem 4

The spool is pinned at its center at O, about which it can spin freely. The radius of the spool is
R = 0.18 m, its radius of gyration is £ 3 = 0.11 m. and the mass of the spool is m . =4 kg.

The massB is suspended from the periphery of the spool by a chain of negligible mass that
moves over the spool without slip. The mass oB is m g = 6 kg.

If the system is released from rest, determine the angular acceleration of the spool and the
tension in the chain.

Resolve forces in vertical direction for hanging mass
T —mpg = mpa,
But 4, = Ra where « is angular acceleration of spool. Hence
T —mgg = mgRa 1)
For the spool, the equation of motion is M = I« or
-TR = erGa (2)

Where 7 is radius of gyration. We have two equations and two unknowns a, T., solving
gives

—1pgR
YT + maR2
G B
T = mgRa + mpg
Hence
—(6)(9.81)(0.18
= ( )(2 ) (0.18) 5 = —43.636 rad/sec’
(4) (0.11)° + (6) (0.18)
And

T = (6) (0.18) (—43.636) + (6) (9.81)
=11.733 N

6.11.5 Problem 5

The driveway gate is hinged at its right end and can swing freely in the horizontal plane. The
gate is pushed open by the forcé® that always acts perpendicular to the plane of the gate at
point.4, which is a horizontal distance ¢ from the gate hinge. The weight of the gate is

B =213 Ib, and its mass center is at G, which is a distance w/2 from each end of the gate,
wherew = 14 ft. Assume that the gate is initially at rest and model the gate as a uniform thin
bar as shown below in the photo. Given that a force of =21 1b is applied at the center of mass
of the gate (i.e.,d = w/2), determine the reaction at the hinge O after the force P has been
continuously applied for2.2 s.
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I will use L for w so not to confuse it with w. Resolving forces in x direction
-0, = mag,
in the y direction

P+ 0O, = mag,

But ag, = %a)z and ag, = —%a where a is angular acceleration of gate. Hence the above
becomes
L,
-0y =m-w (1)
2
L
P+ Oy = —mza (2)

Now the angular acceleration equation for the gate is, taking moments around center of
mass

L
Oyz = ICgOK
mL?
12 ©)

From (2) O, = —m%a — P, plug this in (3) gives

( L )L mlL?
-m=za-P|=-=—a

2 2 12
PL B mIL2 N 2
2 T ATy
L mL2  mL?
P==af— + —
2 12 4
L
_
a=-7
ngm
3P
~ 2Lm
Plug-in numerical values
3 21
_E ( 2)13 =-0.340
(14)(327)
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From (3)

ﬁ
= % (—0.3408)

=-525N

To find w, from w = at = —0.340 (2.2) = —0.748 rad/sec, hence from (1)

L
—Ox:mia)
213 (14 )
= (=|(-074
(707

2

2
O, = 25929 N

6.11.6 Problem 6

The T bar consists of two thin rods, O4 and BD, each of length L =1.88 m and mass

m =10 kg, that are connected to the frictionless pin at O. The rods are welded together at 4
and lie in the vertical plane. If, at the instant shown, the system is rotating clockwise with
angular velocity @ ( = 6.9 rad/s, determine the force on the pin at O as well as the angular

acceleration of the rods.

B..
A
O..’_ 1 L
|
| L
J
]
DU __
The force on pin O is ( |7 +| AL

2 -
The angular acceleration of the rods is (l:l rad/s") k.

Resolving forces in x direction, where F,, F, are forces in hinge

xXr-y
F,=-m (éL) w? (1)
2
In y direction
3
F,-2mg=m (EL) a (2)

Taking moments about the hinge O

(—mg% - mgL) = ((m%z) + (%mL2 + mLZ)) a (3)

Solving (2,3) for F, a gives
F,=140.394 N
a = -5.52503 rad/sec”
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We are given w = 6.9 rad/sec., hence from (1)
F,=-1342.6 N
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6.12 HW 12

6.12.1 Problem 1

A bowling ball is thrown onto a lane with a backspin @ ; and forward velocity v(. The mass

of the ball in , its radius is r, its radius of gyration is k ;. and the coefficient of Kinetic

friction between the ball and the lane is ;. Assume the mass center G is at the geometric

center. For a151b ball with » =4.25in., K ; =2.4 in.. @y =9 rad/s. and vy =17 mph.

determine the time it takes for the ball to start rolling without slip and its speed when it does

so. In addition, determine the distance it travels before it starts rolling without slip. Use

pg =0.11.

A ball will roll with slip when the linear velocity v of its center of mass is different from rw
where 7 is the radius and w is the spin angular velocity. Therefore, to find when the ball
will roll without slipping, we need to find when v = rw. Let the initial state be such that
v1 = vy (given) and w; = w, (given). So we need to find the time ¢ to get to new state, such

that Uy =Twy

\

U1

/“")2:”

< S

V2

state one (slip)

Nasser M Abbasi, Nov 23, 2017. pl_ball.ipe

Using linear momentum

state two (No slip)

tfinal
muoy + f Ffrictiondt = muv,
0

But Fpiction = —uN = —umg and the above becomes

moy — umgt = mo,

Using the angular momentum gives

tfinul
T, + f an'ctl‘onrdt = lw,
0

mr2w — umert = —mr2 (22
W1 — pmgrt = G\

1)

(2)
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Where in (2), g is radius of gyration, and we replaced w, by v—: Notice the sign in RHS
of (2) is negative, since we assume v, is moving to the right, so in state 2, the ball will
be spinning clock wise, which is negative,. Now we have two equations (1,2) with two
unknowns ¢, which is the time to get to the state such that center of mass moves with same
speed as rw (i.e. no slip) and the second unknown is v, which is the speed at which the
ball will be rolling at that time. We now solve (1,2) for t,v,

(1) becomes

15 5280 15 15
2 2
15 24 15 4.25 15 24 (7
— || — -01D)[—10622)|— |t =-—||— 2A
(32.2)(12) ©)-0 )(32.2) 3 )( 12 )t (32.2)(12) (‘E) (24)
12
Or
11.615 - 1.65t = 0.4660, (1A)
0.168 — 0.584 t = —0.05260, (2A)
Solution is:
t =1.9196 sec

v, =18.134 ft/sec

Now that we know the time and the final velocity, we can find the acceleration of the ball

Uy =0q +at
Uy =1
a=--=-——
t
5280
B 18.134 —-17 (%)
1.9196
= 3542 ft/s>
Hence the distance travelled is
F+ L 12
s=0 —q
)
5280 1 ’
=17 ——1(1.9196) + = (-3.542) (1.9196
(3600)< )+ 5 (-3542) (1.9196)
=41.3361 ft

6.12.2 Problem 2

A spool of mass m =213 Kg, inner and outer radii p = 1.74 m and R = 2.24 m, respectively,

and radius of gyrationk ; =2 m, is being lowered down an incline with & = 27°, If the static
and Kinetic friction coefficients between the incline and the spool arg . = 0.45 and
Mg =031, respectively, determine the acceleration of G, the angular acceleration of the

spool, and the tension in the cable.
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Using the following FBD

Nasser M Abbasi, Nov 23, 2017. p2-ball.ipe

Notice that the Friction force F is pointing downwards since the spool is spinning counter
clockwise. Resolving forces along x gives

F-T +mgsin 0 = mx (1)

Taking moment about CG, using clockwise as positive now, since we changed x positive
direction from normal

FR-Tp =l (2)
Where « is angular acceleration of spool. But ¥ = —pa then (1) becomes
F-T +mgsin0 = —-mpa (3)
But
F=uN
= pxmg cos 0
Therefore (2) and (3) become
prpmg cos OR = Tp = [ea (24A)
pgmg cos 0 =T + mgsin 0 = —mpa (3A)

In (2A) and (3A) there are 2 unknowns, a and T. Plugging numerical values gives
(0.31) (213) (9.81) cos (27 (%)) (2.24) - T(1.74) = (213) 2)*a
Tt

(0.31) (213) (9.81) cos (27 (180

)) _ T+ (213)(9.81)sin (27 (%)) - _(13)(1.74)a
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Or
1292.823 —1.74T = 852.0c (2A)
1525.78 — 1.0T = -370.62a (3A)
Solution is:
T =1188.547 N

a = -0.9099 rad/s>

Now since ¥ = —pa then

=t
Il

—(1.74) (=0.9099)
1.583 m/s>

6.12.3 Problem 3

The uniform ball of radius p and mass m is gently placed in the bowl B with inner radius R
and is released. The angley measures the position of the center of the ball at G with respect

to a vertical line, and the anglé? measures the rotation of the ball with respect to a vertical
line. Assume that the system lies in the vertical plane. Assuming that the ball rolls without slip
that it weighs2.9 Ib, is at the position ¢ = 40°, and is moving clockwise at 9.1 ft/s, determine
the acceleration of the center of the ball aG¢ and the normal and friction force between the
ball and the bowl. UseR = 4.2 ft and p = 1.2 ft. Hinf: In working the following problem, we

recommend using ther@ coordinate system shown.

04
- i _ﬂ_FB z
-

e A 2. A
N = I:l Ib (magnitude)
Fe[ ]mmaguinag

The forces in play are

mg
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Resolving forces along i,

—F—mgsincp:m(R—p)qb (1)
Taking moment around C.G. of ball
—Fp = Icgé (2)
The above are 2 equations in 3 unknowns (F, 0, (p) So we need one more equation. Re-
solving along i, will not give us an equation in any of these unknowns so it will not be
useful for this. Here we must notice that acceleration of point D, where the ball touches
the bottom of the bowl will be zero. This is because the ball rolls without slip. We can use
this to come up with the third equation. The acceleration of this point in the 4 direction
is zero, and given by

apy=(R-p)dp+p0=0 (3)
Now we have three equations with three unknowns. Plug-in numerical values, using I, =
iy’
. ° 29 .
—-F - (2.9)sin (40 (@)) = (m) (42-12)¢ (1A)
2(2 .
~F(1.2) = (g (%) (1.22)) o (2A)
0=(42-12)¢+(1.2)0 (3A)
Or
~F-1.864 = 0.27¢ (1A)
—1.2F = 0.05196 (2A)
0=1.26+3¢ (3A)
Solving gives
F=-0.5326 N

6 = 12.32 rad/s’

$ = —4.928 rad/s”
To find N, we resolve forces along i,
~N +mgcos ¢ = —m (R—p) 02

——, where v = 9 ft/sec in this problem. Hence the above becomes

But 6 =
T )

2
-N +mgcos¢ = _m(R—p)

2
N:mgcosgb+m(R_p)

) 7y 29 ( 91y
= (2.9) cos (40@) + 329 ((4,2 - 1.2)]

=4.708 N

Now to find 7. Since

UZ

ﬁG:(R—p)é%—R_par

Then
(9.1)2

E)G = - (41 - 12) 4. 928ﬁ¢ - mur

= -14.291114 — 27.603 i1,
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6.12.4 Problem 4

A pendulum consists of a uniform disk 4 of diameter ¢ = 0.16 m and mass m 4 = 0.37 kg
attached at the end of a uniform ba of length L = 0.75 m and mass m g = 0.7 kg. At the
instant shown, the pendulum is swinging with an angular velocitys = 0.23 rad/s clockwise.

1 7 1 2
Determine the Kinetic energy of the pendulum at this instant, using” = Em ve + EIG OF .

Let r be radius of disk. Then, about joint O at top,

7’2 2
Ljisk = Maisk— + Misk (L+r7)

~ (0.08)*
= (037) =

= 0.256 077

+0.37(0.75 + 0.08)°

And
L2
Lpay = Mpay—
bar mbar3
0.75)
:(0.7)( 3)

=0.131

Hence overall

I, = Lyisk + Tpgr
=0.256 +0.131
=0.387

Therefore

1 2
KE = 1w

1
= 5(0387) (0.23)
= 0.01024]
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6.12.5 Problem 5

An eccentric wheel with weight " = 260 Ib, mass center G, and radius of gvration
kg = 1.32 ft is initially at rest in the position shown. Letting R =1.76 ft and & = 0.6 ft, and

assuming that the wheel is gently nudged to the right and rolls without slip, determine the

speed ofO when G is closest to the ground.

Since wheel rolls without spin, then friction on the ground against the wheel does no work.
Therefore we can use work-energy to find vy;,, since we do not need to find friction force
and this gives us one equation with one unknown to solve for.

T1+U1:T2+UZ

1 1
0+ mgh = Emvgg + Elcng - mgh 1)

Where in the above, the datum is taken as horizontal line passing through the middle of
the wheel. But
Loy = mr
Where 7 is radius of gyration. And
(R—h)

Ucg = Uo R
And @ = = since rolls with no slip. Now we have all the terms needed to evaluate (1) and
solve for v,. Here

260

= —— =8.075sl
m=—- 8.075 slug
Hence (1)
2
1 (R-h) 1 Vo\?
mgh = ™M (UO R ) + Emré (E) - mgh
2
_1(260\( (1.76-0.6)\* 1 (260 o[ Uy \2
260 (0.6) = 5(32.2)(0" - ) +5(327)(1.32) (1_76) ~260(0.6)
156 = 4.02502 — 156
Therefore

v, = 8.805 ft/s

Where the positive root is used since it is moving to the right.
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6.12.6 Problem 6

The weights of the uniform thin pin—connected bars 4B, BC, and CD are W g =31b,
Wpgpc =6.51b, and W p = 11 Ib, respectively. Letting ¢ =49°, R =4 ft, L = 5.5 ft, and
H = 6.5 ft, and knowing that bar 4B rotates at an angular velocity @ 45 = 3 rad’s,

compute the kinetic energvI of the system at the instant shown.

The velocities at each point are given by

Lch c LwBC

HwCDSiIl¢ C

VB
wa ’
WAB
A
VB = RC‘)AB
- 4(3)
=12 ft/s

Looking at point C, we obtain two equations
Lwpc = ~Hwep cos ¢
—Vp = -Hwcp sin ¢

Tt
(5.5) wpc = - (6.5) wcp cos (49 (@))
. Tt
12 = — (65) wep sin (49 (@))
Solving gives

wpc = —1.897 rad/sec
wcp = 2.446 rad/sec

We now need to find velocity of center of mass of bar BC. We see from diagram that it is
given by

— ~ ~
Ucg = —Vpi— 5 @nc]

55
=121 - > (-1.897)}
=-12i +5.2177
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Hence

[Bcc| = V122 + 5.2172
=13.085 ft/sec

Now we have all the velocities needed. The K.E. of bar AB is

11,
Tag = EIABEC‘)AB

1/1
:2 3mABR a)AB

_1f1 2
_2(3(322)( ) )(3)

= 2.236

For bar BC it has both translation and rotation KE

1 2 1 2
Tpc = EIBCEC‘)BC + 5MBcUCG
1(1

2 1 2
= E EchL Wge + EmBCvCG

1(1 (6.5 1(65
=3 (12 (32 2) (5.5) )(—1. 897)° + = (32 2) (13.085)°
=18.197
And for bar CD it has only rotation KE
Tep = . 5leps . wgp
272
= % (;mCDHZ) a)%D
1(1(11
=5 (5 (32 2) (6.5) ) (2.446)>
=14.392
Therefore the total KE is
KE=Tpg+Tgc+Tcp
=2.236 +18.197 + 14.392
=34.825]
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6.13 HW 13

6.13.1 Problem 1

The disk D, which has weight ¥ , mass center G coinciding with the disk's geometric center,
and radius of gyrationk .. is at rest on an incline when the constant moment M is applied to
it. The disk is attached at its center to a wall by a linear elastic spring of constaiht The spring
is unstretched when the system is at rest. Assuming that the disk rolls without slipping and
that it has not yet come to a stop, determine the angular velocity of the disk after its cent&
has moved a distanced down the incline. After doing so. using k =4 1b/ft, R =1.4 ft, " =10
Ib, and# = 28°, determine the value of the moment M for the disk to stop after rollingd, =4

ft down the incline.

g

wa=0 A ﬁ\ja[mm)ﬁuwsmefm
WR +kg)
g —
® B. ﬁJd[(z.HJR)+ZWsm8—dk]
WR" + k)
g -
® C. ﬁJd[(Z.H,’R)+2Wc058+dk]
WR +kg)
2g
® D. g 3 JdI@2M / R) + 2Wsing — dk]
WR —kg))

Free body diagram is
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Method one, using work-energy

Applying work energy

0 inal

fi
T1+u1+f MdO = T, + U, 1)
0

But T; = 0 and U; = 0 (using initial position as datum).

GO = MOy = M
‘[(; - final — ﬁ
Where d is distance travelled (since no slip, we use d = RO).
1 1

T, = Emvgg + EICga)Z
_1 2,1 2 2
= Em (Ra)) + 5 (WlkG) w
And

1
U2 = Ekdz — Wdsin 0

Hence (1) becomes
VL (mk%) @? + Lkd2 — Wasine
R 2 2 V6 2

d 1 1 1
ME - Ekdz + Wdsin 0 = a)2 (EWZRZ + Emk%‘)

, Mg ~ ki + Wd'sin 0
w* =

1 1
z 2 4 k2
sz + 2mkG

i 1, .
2(M§—§kd +stm6)

VE\] (R2+K2)

___ 8 4
- W(R2 + k%) (ZMR

8 M O
w = W(R2+ké)\/d(2R+2Wsm9 kd) (2)

Hence choice B. Plug-in numerical values gives k = 4,R =14, W =10,0 = 280, and since

— kd? + 2Wd sin 9)
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2 2
Liisk = %mR2 = mk% then k2 = R? = % = 0.98, then (2) becomes for v =0

32.2 M
0 \/m\/<4> (zﬁ +2(10)sin (28 ( 1 80)) — @) (4))

0 = 1.047V5.714 M — 26.442

Solving for moment M gives

M =4.627 ftlb
Method two, using Newton methods

Y. F, gives (where positive x is as shown in diagram, going down the slope).
Wsin 0 — kx — F = mx = mRO (1)

Taking moment about CG of disk. But note that now anti-clock wise is negative and not
positive, due to right-hand rule)

~M ~FR = ~I,0 (2)
From (2) we solve for F and use (1) to find 6. From (2)
I,0-M
R
Plug the above into (1)
' I,0-M "
Wsin 6 — kx — = mR6O
. (I -M
Wsin 6 — kx = mR6O + R
. L0 M
Wsin 0 —kx = mRO + =— - —
sin x = mRO + R R
M
Wsin 6 — kx = —g —
R] R
M 2
R +mgsin 0 — kx = 8(mR+ RG)
Hence
. My Wsin 6 — kx
6=2=2 .
mR + ﬂ
_ M+ WRsm@ kRx
W
2(R2 + K2
P (R2 +K2)

—L(M+WRSH’19 kRx)
W(R2 + k%)

The above shows that 0 is not constant. To find @ we need to integrate both sides. Since
dw dw dx dw

O=—=—== ——Rw then the above can be written as
At dx dt
Rwdw = ——S— (M + WR sin 6 — kRx) dx
W(R? + K2)

Integrating
R , g . x?
—w*= —— | Mx + WRxsin 0 — kR—
2 W(R2 +k2) 2

When x = d, the above becomes
R d?
Sp2=— 8 (Md + WRdsin 6 - kR—) 3)
2 W(R2 + K2 2
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Hence
Md d?
w? =2 8 (— + stin@—k—)
W(R2 + kZG) R 2

- Ld(% +2Wsin6—kd) (4)
W(R2+k%) \ R

Compare (4) to (2) in first method, we see they are the same.

6.13.2 Problem 2

v

The uniform thin pin—connected bars 4B, BC, and CD have masses m 4 g = 2.2 Kg,
mpc =3.4 kg, and m - p = 5.2 kg, respectively. Letting R =0.76 m. L = 1.2 m, and

H =1.54 m, and knowing that bar 4B rotates at a constant angular velocity
® 4 g = 3 rad/s, compute the angular momentum of bar 4B about 4, of bar BC about A4,

and barCD about D at the instant shown.

2 ¥ oo
Goap=(  |xemimil’
= y SRS
Gope=( |rxemii’
- 5 ;
ipep=(__ Jkem'mi

hap = Tawap
_ (1 2
= (gmABR )CUAB
1 2
=2 22)076 )

=2.119 kg m%/s

For bar BC, it has zero wgpc at this instance. Therefore the only angular momentum comes
from translation. WHich is

hpc = mBCvch

But v, for bar BC is Rwp, hence
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hpc = mpcR2?w 43
= (3.4) (0.76)* (5)
=9.819 kg m’/s

Finally, for bar DC, since it point C moves with speed v = Rw 45, then

RCUAB = HC()CD

R
Wcp = EC‘)AB

Therefore

hep = Iepwep

=-m —
3 CcD HCUAB

1
= ngDHRa)AB

_ % (5.2) (1.54) (0.76) (5)

=10.143 kg m%/s

6.13.3 Problem 3

A rotor, B, with center of mass G, weight ¥ = 3,400 Ib, and radius of gyration k=151 ft
is spinning with an angular speed ofo g = 1,150 rpm when a braking system is applied to it,
providing a time—dependent torqueM = M (1 + ct). with My =3.400 ft-Ib and

¢ =0.012 s_l. If G is also the geometric center of the rotor and is a fixed point, determine the
time, 7, that it takes to bring the rotor to a stop.

torque = 10,0
~My (1 + ct) = mk%0
o M,
e T R
dt mkZ (+et)

0 . M £
f d@:——gf (1 + ct) dt
WAB mkG 0

MO C
—WAR = ~——~ (ts + —tg)
m

2572

MO C
= (t+ —t2) 1
W AB mké ( S 2 S ( )
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Hence
2m 3400 0.012
(1150) — = —( —tz)
60 3400 2\ 2
— (15.1)
120.428 = 0.141 (£, + 0.00612)
Solving

t; = 302.763 seconds

Another way to solve this is to use conservation of angular momentum.

Iy + f wdt = h
ts

g + f (=M)dt =0
0

t
(mké)wB—f My (1 + ctydt = 0
0

(mké) g _MO (ts + %t?) =0
MO C
= — [t + —tz)
“B mk2 ( s

Which is the same as (1).

6.13.4 Problem 4

83 BB 88 88 38 §3 B8 38 :ﬁ

i3 A8 99 8% 48 17 HE 84

A crate, 4, with weight # 4 = 325 1b is hanging from a rope wound around a uniform drum,
D, of radius » = 1.2 ft, weight Fp =117 Ib, and center C. The systems is initially at rest

when the restraining system holding the drum stationary fails, thus causing the drum to
rotate, the rope to unwind, and, consequently, the crate to fall. Assuming that the rope does
not stretch or slip relative to the drum and neglecting the inertia of the rope, determine the

speed of the crate2.5 s after the system starts to move.

It is easier to solve this using conservation of angular and linear momentum. There are
two bodies in this problem. One has angular momentum and the second (cart) has linear
momentum. So we need to apply

t
P+ fo fit =p; 1)
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Where p = mv, the linear momentum. The above is applied to the cart. And also apply

t
Iy + f dt = Iy )

0
Where h = lw, the angular momentum, and this is applied to the drum. Using the above
two equations we will find final velocity of cart. We break the system to 2 bodies, using

free body diagram. Let tension in cable be T. And since in state (1), v4 = 0, then equation
(1) becomes

t
f (T— WA)dt =Mp0a
0

f 4
f Tdt = Wyt + —AUA (3)
0 8

In the above, K (T — Wy)dt is the impulse, and v, is the final speed we want to find. We
do not know the tension T.

Equation (2) becomes (h; = 0, since drum is not spining then)

t
f Trdt = Iywp
0

Where T7 is the torque, caused by the tension T in cable. But v4 = —rwp, where the minus
sign since it is moving downwards. Hence the above becomes

t 2
[ra=-(25) %
0 g 2)r

W
= (3¢ “@
Comparing (3,4) we see that
W
- (—D) vg =Wyt + —AUA
28
W
WAt+ —AUA + (—D) Vg = 0
28
W W
UA(—A+—D)+WAt:0
8 28
—ZWAgt
Op =
ZWA + WD
Therefore
2 (325) (32.2) (2.5)

YA T T (325) + (117)
= —68.22 ft/sec
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6.13.5 Problem 5

1A
. 0 gl

A toy helicopter consists of a rotor, .4, with diameter 4 = 11.7 in. and weight
W = 0.090 x llIl_3 o0z, a thin body, B, of length / = 14.3 in. and weight
Wp=0.139 x 1{]_3 oz, and a small ballast, C, placed at the front end of the body with weight

W= 0.0683 x 10_‘3 oz. The ballast's weight is such that the axis of rotation of the rotor goes
through G, which is the center of mass of the body and ballast. While holding the body (and
ballast) fixed, the rotor is spun as shown witlw g = 170 rpm. Neglecting aerodyvnamic effects,
the weights of the rotor's shaft and the body's tail, and assuming there is friction between the
helicopter's body and the rotor's shaft, determine the angular velocity of the body once the toy
is released and the angular velocity of the rotor decreases td45 rpm. Model the body as a
uniform thin rod and the ballast as a particle. Assume that the rotor and the body remain

horizontal after release.
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71 Quizz 1

Score for this attempt: 5 out of 5
Submitted Sep 13 at 7:08pm
This attempt took 12 minutes.

Question 1 2/2pts

A particle is traveling in the x-direction with the acceleration
and initial conditions given below.

a,=20.9"cos(m*t) (m/s?) (use radians, not degrees)
The initial velocity is:

w=2-4m/s

and the initial position is:

sx=6.0m

What is the position in the x-direction in meters after 5
seconds?

Answer to one decimal place.

(hint: be careful with the initial conditions as cos(0) = 1, not 0)

57.2350

Question 2 1/1pts

compute the x-component of the cross product between
vectors A and B

A=-8i+-9]+7k

B=-9i+-8j+ 3k

29.0000
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Question 3 1/1pts
compute the dot product between vectors A and B
A =3i+0j+-10k

B =0i+7j+-6k

60.0000

Question 4 1/1pts

Compute the angle between vectors A and B in degrees

A = 5i + 6]
B = -3i + 4]
76.6800
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7.2 Quizz 2

Question 1 25125 pts

A particle undergoing rectilinear motion has an acceleration of
a=2.1t*2 (m/s"2)

Given

v(t=2sec) = 8.8 (m/s) and s(t=2sec) = 13.5 (m)

Find the position s in meters at t=5 seconds

129.6750

Question 2 2.5/ 2.5 pts

d;

A 2kg rock is being thrown from a catapult to the top of a building. The building is
hf=3.0 meters tall and df=5.7 meters from the catapult. Given that the rock is launched
with an initial velocity of vo=8.2 (m/s) and an angle of @ = % radians.

Determine the height of the rock at the moment it is launched from the catapult.

2.4798
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7.3 Quizz 3

Question 1 3/3pts

The hand on a robotic arm is programmed to travel in a path described by
r=1-0.7cos(2m*t) (m)
@ = 0.5-0.5sin(27*t) (radians)

What is the magnitude of the acceleration at the hand when t = 0.8 sec?

10.2120

Question 2 1/1pts

For a point traveling on a circular path in the counter-clockwise direction, how are
unit vectors for the normal direction and radial direction related?

* they point in the opposite direction

Question 3 1/1pts

For a point traveling on an elliptical path in the counter-clockwise direction. How
are the unit vectors in the theta direction and tangential direction related?

* There is no relationship for an elliptical path

They point in the same direction
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7.4 Quizz 4

> | Question 1 1 pts

60 b

Two packages are placed on a conveyor belt which is at rest as seen in the image above.
The packages are initially in contact. The coefficient of kinetic friction is 0.20 between
the belt and package A, and 0.1 between the belt and package B. The weights of the
packages are shown in the image above.

If the belt suddenly starts moving to the LEFT and slips relative to both packages, what
is the acceleration of A in the positive x-direction (in ft/s2).

Be aware of the sign and units of the answer. Report answers to 2 decimal places.

2| Question 2 1pts

Same situation as the previous question.

If the belt suddenly starts moving to the LEFT and slips relative to both packages, what
is the acceleration of B in the positive x-direction (in ft/s?).

Be aware of the sign and units of the answer. Report answers to 2 decimal places.

| Question 3 1pts

Same situation as the previous question.

If the belt suddenly starts moving to the RIGHT and slips relative to both packages,
what is the acceleration of A in the positive x-direction (in ft/s2).

Be aware of the sign and units of the answer. Report answers to 2 decimal places.
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Question 4 1pts

Same situation as the previous question.

If the belt suddenly starts moving to the RIGHT and slips relative to both packages,
what is the acceleration of B in the positive x-direction (in ft/s2).

Be aware of the sign and units of the answer. Report answers to 2 decimal places.

Question 5 1 pts

In one of the two scenarios previously described (belt moves left or belt moves right), the
packages will stay in contact.

In the scenario where the packages stay in contact, what is the magnitude of the force
exerted from one box to the other (in Ib)?

Be aware of the sign and units of the answer. Report answers to 2 decimal places.
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7.5 Quizz 5

7.5.1 Problems

[0 | Question1 2.5 pts

Estimate the distance between the earth and the sun (don't google the answer. |
changed some numbers). Assume that the Earth is on a circular orbit around the sun,
which takes 364 days to complete one revolution. Additionally, assume that the sun's
position is fixed.

According to Newton's universal gravitational law, the force between the Earth and

G Myyn Mearth

the Sun is F' = -
2
3
where the universal gravitational constant G = 6.674x10e-11 am 5+ Msun =
tq 8
1.989x10e30 kg, mearth = 5.972x10e24 kg, and r is the distance between the earth

and the sun.

Calculate the distance r between the earth and sun, and enter your solution for rin
billions of meters

[ | Question 2 2.5 pts

A 2 kg toy car is driving over rolling hills defined by
y = 8.0sin(mx) meters (use radians for the sine function)

Assuming that the car begins to lose contact with the ground at the top of the hill,
what is the velocity of the car at this point?

Calculate the velocity in meters per second and answer to 2 decimal places.

7.5.2 Problem 1 solution

Angular speed of earth around sun is
0= 2n
"~ (364) (24) (60) (60)

Force on earth is therefore mr6?. Equating this to F = G% and solving for r gives

vl mg
ro = G]"_z
One equation with one unknown r. Solving gives (taking the positive root)
r =149.26 X 10° meter

7.5.3 Problem 2 solution

y (x) = 8sin (1x)

254



7.5. Quizz 5 CHAPTER 7. QUIZZES

We want to solve for v in

o s
3
2

(1+y’ (x)z)

But p = . To find what x to use, since at top of hill, then we want sin(rrx) =1 or

X |y"(x)|
x = 3. Plugging this into p gives
p = 0.0126651
Hence
”  _ga

0.0126651
Or

v = 0.3525 m/s

255



7.6. Quizz 6 CHAPTER 7. QUIZZES

7.6 Quizz 6

7.6.1 Problem 1

Question 1 4 pts

A 30 kg child runs 4.0 m/s and hops onto a sled at the top of a 15.0 meter tall hill. The hill has a 30 degree incline
with respect to the horizontal axis, and the kinetic friction coefficient between the sled and the snow is 0.05.

Determine the velocity (m/s) of the child at the bottom of the hill. Neglect the mass of the sled.

This diagrams shows the setup.

state 1: v1 =4 m/s

h
state 2: vq
sinf = % Q
N
Free body diagram
0 \
F=uN
mg cos 6 \J

mg

Work-energy is used. There are two states. First state is at the top and the second state
is when child reaches the bottom of the hill. Zero datum for gravity potential energy is
taken at the bottom of the hill.

We now apply work-energy
Tl + Vl + ui‘gternal + uiazcternal — T2 + Vz (1)

Where Uil is work due to internal non-conservative forces. In this case, this is the
friction only. And U%"! is work due to external applied forces, which is zero in this case,
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as there are no external applied forces. Hence
L
ui’;éternal — _f Edx
0

Where dx is taken as shown in the diagram. But F which is friction force is F = uN =
umg cos 6. Therefore

, L
internal — f umg cos Odx
0

= —umg cos OL

But L = L therefore
sin O

4 cos 6
uigternal — _[lhmg

sin 0
Now, Ty = %mv% and V; = mgh and V, = 0 since we assume datum at bottom and T, = %mv%
where v, is what we want to solve for. Putting all this in (1) gives

cos6 1 ,
N = —mvz
sin 2

1
Emv% + mgh — uhmg

0
o =

cos 0
sin 6

2 (1
= (Emv% + mgh — phmg

cos O

vy = \/v% +2g¢h — 2uhg 2)

We notice something important here. The velocity at the bottom do not depend on mass
m. This is the answer for problem 2. We now just plug-in the numerical values given to

find (%]

sin 6

cos (30
vy = |42 +2(9.81) (15) — 2(0.05) (15) (9.81) — 20
S

=16.876 m/s

7.6.2 Problem 2

Question 2 1 pts

How would the final velocity of the child change if her mass was doubled?

No change
2 times faster
4 times faster

1/2 as fast

Velocity at the bottom do not change if the mass doubles. We see from (2) in problem 1
that v, do not depend on mass.
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7.7 Quizz 7

7.7.1 Problem 1

Question 1

1 pts

The drone hovers for 41 seconds at a height of 40 meters above the ground while taking a picture of a

crowd.

What is the vertical impulse by the lift force (combined force of the four rotors) during this time (in

Newton-seconds)?

Report your answer to the nearest whole number

I= Fdt
J
t
= f mgdt
0
= mgt
= (1) (9.81) (41)
= 402.21 N-s
7.7.2 Problem 2
Question 2 1 pts

A sudden gust of wind propels the drone against the side of a nearby building at 4.48 m/s. Inertial sensors
onboard the drone determine that it bounces back from the building with a speed of 1.10 m/s. Assume

this event is a direct central impact.

What is the coefficient of restitution between the drone and the building during this collision?

Report your answer to three decimal places.

—€

Vi -V
Vg =Va

Where B is the wall. Hence V§ = V; = 0 since wall do not move. Therefore

—€

-V

_V;‘

- (-1.10)

—(+4.48)
1.10

—4.48

—0.24554
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Hence

e =0.24554

7.7.3 Problem 3

Question 3 1 pts

Another gust of wind blows the drone against the building a second time. This time, the impact speed is
5.13 m/s and the rebound speed is 1.47 m/s. It collision takes 0.29 seconds to complete.

What is the magnitude of the average force applied by the building to the drone during this collision (in
Newtons)?

Report your answer to one decimal place.

0.29
- — +
muvy, + F,,dt = movj,
0

But m =1 then
0.29
f Fodt = v} —vy
0
=-147-513
=-6.6
Hence
F,,(0.29) = -6.6
6.6
F, =—-——
o 0.29
= -22.759

The magnitude is 22.759 N. The negative sign, since force is in negative x direction.

7.7.4 Problem 4

Question 4 1pts

A third gust of wind blows the drone against the building a third time. This time the impact speed is
6.4 m/s and the rebound speed is 0.12 m/s.

What is the magnitude of the energy dissipated in this collision (in Joules)?

Report your answer to one decimal place.

Energy lost is

259



7.7. Quizz 7

CHAPTER 7. QUIZZES

1 1
A= M (03)2 — oM (ng)z
1

=5 (6.4)% - %(0.12)2

=20473]

7.7.5 Problem 5

When blown against the building repeatedly, the drone came dangerously close to a nest of peregrine
falcons. It therefore drew the attention of the mother falcon, with mass 1.023 kg, circling above. The
falcon, diving at 107 m/s straight down, collides with the drone, which is hovering at a stationary position
prior to impact. After they collide the falcon becomes entangled with the drone.

What is the post-impact speed of the drone-plus-falcon system (in m/s)?

Report your answer to one decimal place.

Let A be the fallcon and B be the drone. Hence

mav, + mgvg = (my + mp)v*
(1.023) (107) + 0 = (1.023 + 1) v*
. (1.023) (107)

2.023

= 54.108 m/s
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7.8 Quizz 8

7.8.1 Problem 1

~>
P
~>

Qo

<

The particle A, which has mass 3 kg, is moving in the coordinate system shown above. A is currently
at position X=1.5, ¥=5.8, Z=-1.2 m relative to the origin O, and is moving with velocity
p=4.1i+4.4j+5.3k m/s.

What is the magnitude of the angular momentum of particle A about the origin O (kg*m”2/s)?

Report your answer to the nearest whole number.

Let hp be the angular momentum of A w.r.t to O. Therefore apply the definition

Itlo = 7A/O X m’Z_)A

A~

Po7 k
=315 58 -12
41 44 53

= 3(36.027 - 12.87] - 17.18k)
=108.067 - 38.61f — 51.54k

Hence

|fio| = V1082 + 38.612 + 51.542
= 125.794 kg-m®/sec

261



7.8. Quizz 8 CHAPTER 7. QUIZZES

7.8.2 Problem 2

Question 2 2 pts

Particle A with mass 3.6 kg is attached to the origin O by a string of viscoelastic putty (silly putty)
that slowly stretches. Initially A travels at speed V=9.87 m/s and at radius 7 = rg m.

What is the speed of A (m/s) when the radius is r =2.29*rg

Report your answer to two decimal places.

By conservation of angular momentum
romv 4 = 2.29rymo,
VA

27229
_9.87

~ 229
= 4.31 m/s
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7.8.3 Problem 3

Particles A (mass 9.8 kg) and B (mass 8.3 kg) are on a massless rod with length L=5.0 meters which

spins about the origin O. There is a linear motor at the origin that can move the bar back and forth

relative to the origin, without applying a moment to the system. Initially particle B is at the origin O
and particle A is traveling with a speed of V4=3.70 m/s (shown above).

=

The linear motor at O slowly moves the rod, so that A moves toward O and B moves away from O.
There are no other forces or moments.

Y, A

S

When the rod is centered at O (as seen above), what is the velocity of B (m/s)?

Report your answer to two decimal places.

Angular momentum initially

o7k
=985 0 0
0 -37 0
= -181.3k 1)

In new state, we first note that |z') A2| = |0p| since both are the same radius from origin. This

means |v Ayl = |vBy| since they move only in y direction. Then

hz = ?A/O X mA’fJAZ + T_’B/O X mg0p

r7 k ro7 ok
=9825 0 0[+83|-25 0 ©0
0 -v Ay 0 0 0B, 0
t7 k t7 Kk
=9825 0 0]+83|]-25 0 0
0 -uvg O OB, 0
= —46.5%12 2)
Since (1) and (2) are equal (conservation of angular momentum) then
vg, = %6153 = 3.899 m/s
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7.9 Quizz 9

(N

Y
C
e
P \
\
/ \ X
{ ~
[] \I
\ B jw
\\ ‘7_/" y
N 2
. Lt
*K

Use the above figure for all of the questions below. The radius of the wheel is r. Note that point A
is attached to the bottom of the wheel, point B is at the center, and point C is at the top.

7.9.1 Problem 1

Question 1 1 pts

Assume the wheel is traveling to the right and rolling without slip. What is the velocity at point C?

O 2rw
O re?

Sorw

) not enough information

2rw

7.9.2 Problem 2

Question 2 1pts

Assume the wheel is slipping such that the velocity of point B is zero. Where is the instantaneous
center of velocity of the wheel located?

O point B
O point A
) No instantaneous center exists

0 none of the above
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Point B

7.9.3 Problem 3

Question 3 1pts

For a wheel that is slipping such that the velocity of B is zero. How are the velocities of point A
and C related?

) Equal magnitude opposite direction

) Equal magnitude and same direction

) no relationship

) none of the above

Equal and opposit

7.9.4 Problem 4

Question 4 1 pts

Assume the wheel is traveling to the right and rolling with slip. The angular velocity of the wheel
points in direction shown in the figure.

Where is the instantaneous center of velocity for the wheel located?

() Between points A and B
© Point A
© PointB
© Point C

) Mot enough information

Between A and B
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710 Quizz 10

7.10.1 Problem 1

Question 1 1/1pts

A rectangular body with mass 3 kg, width a=0.3 m and height b=0.7 m as seen above is acted
upon by a force F=30 N in the bottom corner in the x-direction as seen above. The body lies on a
horizontal plane. The center of gravity is at the geometric center of the object.

What is the acceleration of the body's center of mass in the x-direction (in m/s"*2)?

Report your answer to two decimal places

10.0000

7.10.2 Problem 2

Question 2 1/1pts

Same situation as the previous question.
What is the angular acceleration of the object (in radians/s*2)?

Report your answer to two decimal places.

724110
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7.10.3 Problem 3

Question 3 1/1pts

The same rectangular body now has four thrusters attached to it. These thrusters will exert the
forces shown above, and will move and rotate with the body if it begins to move or rotate. The
forces are F1=6 N, and F2=4 N.

If the thrusters are turned on when the object is at rest, what is the displacement in the x-
direction (in m) in 2 seconds?

Report your answer to two decimal place.

0.0000

7.10.4 Problem 4

Question 4 1 pts

Same situation as the previous question.

How many radians does the object rotate 2 seconds after the thrusters are turned on from rest?

Report your answer to one decimal place.

20.69 rad/sec

267



7.10. Quizz 10 CHAPTER 7. QUIZZES

7.10.5 Problem 5

An windmill art project consists of four objects welded together. The art project will be mounted such that it spins
about point O. Object A is a thin rectangular plate with mass 2.3 kg, width 0.02 m and height 0.08 m whose center
of mass is 0.30 m from O. Object B is a thin disk with mass 2.6 kg, radius 0.06 m, and whose center of mass is 0.22
m from O. Object C is a thin ring with mass 2.9 kg, radius 0.05 m, and whose center of mass is 0.49 m from O.
Object D is a sphere with mass 2.7 kg, radius 0.09 m whose center of mass is 0.26 m from O. Objects A-D are
connected by mass-less thin rods.

What is the moment of inertia about point O (in kg*m*2)?

Report your answer to three decimal places.

1.24
Calculation is below

ma=2.3;

b=0.02;

h=0.08;

0A=0.3;

TAo=1/12 ma (b~2+h~2) + ma * oA~2
Out [140]= 0.2083033333333333
mb=2.6;

rb=0.06;

0B=0.22;

IBo=mb * rb~2/2 + mb * 0B~2
Out [144]= 0.13052

mc=2.9

rc=0.05

0C=0.49;

ICo=mc *rc”2 + mc * oC~2
Out[148]= 0.7035399999999999
md=2.7;

rd=0.09;

oD=0.26;

IDo=2/5 md rd~2 + md * oD"2
Out [152]= 0.1912680000000001
total=IAo+IBo+ICo+IDo
Out[153]= 1.233631333333333
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711 Quizz 11

7.11.1 Problem 1

Question 1 2.5 pts

A bicycle wheel is spun up to an angular velocity of 13.3 rad/s, then the tire is pressed against
the ground until the wheel stops rotating. Assume that the bicycle's horizontal and vertical
positions remain fixed.

Knowing that the kinetic friction coefficient is 0.3 and the wheel rotated 3 complete
revolutions before stopping, determine the average vertical force in (N) used to press the tire
onto the ground. (assume the vertical force is a combination of the wheel's weight and the
person's holding force)

The wheel can be modeled as a 1.1 kg ring with radius 0.3 m.

Applying work energy for rigid bodies
0
T1+V1+f2Md8:T2+V2
0

But V; = V,, and let F = yP, where P is the force pushing down and F is the friction force,
then

1, (%
St + [ Mdo =0
2 0

% (er) w? + f

0

6>
-Frd6 =0

% (mrz) w? + Pur0, = 0

But 6, = 67t since 3 revolutions, then

% (mrz) w? — Pugr (6m) =0

Solving for P
% (mrz) w?
pir (67)
> (A1) (03)) 13.3)°

(0.3) (0.3) (67)
=516l N
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7.11.2 Problem 2

Question 2 2.5 pts

L‘o = i i, C"_,J n .S‘f‘rt’_:fc.l'\e(;;{\)

A 14.0 kg thin disc of radius 0.5 m is attached to a spring with initial length 1m. The spring
constant k = 20 N/m

The disc is rolled backwards until the spring is stretched to 2.7 m, then the disc is released from
rest. Assuming roll without slip, determine the velocity in (m/s) at the center of the disc when
the spring length reaches 1m.

When the disk is pulled, it gains potential energy V; = %kx2 where x is amount of spring
extension from equilibrium, which is 1.7 meter in this example. When released, all this
energy will be converted to kinetic energy when the disk reaches its original equilibrium
position. The final kinetic energy is T, = %mvg + %Icng. But since the disk rolls without
slip, then v, = rw and

1 1
_ 2 8
TZ = Emvg + Elcgr_z

Solving for v, gives

2 kx?

"3 m
_2(200(1.7)°
T3 14

= 2.7524

Therefore

Vg = V2.7524
=1.659 m/s
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