Introduction to Mechanics for Engineers — Ruina & Pratap Ch 16 Section 16.2

16.2.1 Give the definition of each term b) angular acceleration
below in words and, but for the first, with
an equation. Answer:

(a) The rate of change of any marked or

a) angular velocity imaginary line on a rigid object.

(b) The rate of change of the angular ve-

locity.
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They are not official and have not been reviewed by the authors for correctness.
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16.2.2 Assume that in the reference con- a) ZP
figuration, when 6 = 0, that the x'y’ axes b) U,

attached to an object are aligned with the

c)a
xy axes. Consider a point P attached to ) &
the moving frame (object) that has coor- A .
dinates (x’,y"). Find each of the quan- ns::)\::n;.. _sinel[x
tities below in terms of some or all of @@ . 6 P ] ,]
x',y',1, j,6,6 and 6. S cos Y
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Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Problem 16.2.3

16.2.3 Assume that in the reference con-
figuration, when 6 = 0, the x’y’ axes
are aligned with the xy axes. Consider
two points P, and P, attached to the mov-
ing frame. P, and P, have coordinates
(x1,») (x},y}). Find each of the quan-
tities below in terms of some or all of
x;, ¥, x5, 5,1, §,6,6 and 6.

a) ?Pl /Py

b) 61’1/?2

©) aP1/P2
Answer:
(a)?p /Py T (x - X )i + (y; _y;)j
(b)v Up /p, = 6 ((x x;)j - (J’; - J’;)i)
© @y e, =
6 (x5 — x)Jj— 0y = yi) -

6> ((x, — xDi + (v, — ¥DJ)
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16.2.4 Find 0 = & X F, if @ = 1.5rad/sk
and7 = 2mi — 3mj.

Answer:
(541 +3.0j)m/s

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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16.2.5 A rod OB rotates with its end O
fixed as shown in the figure with angular /
velocity @ = 5rad/sk and angular accel-
eration & = 2rad/s*k at the instant of
interest. Find, draw, and label the tan-

gential and normal acceleration of point AN 10
Bat6 =60, RN A

>

o

Problem 16.5

Answer:
4, = 20jin/s* and @, = —250iin/s*.

1.46 The tangential acceleration 8, and the normal acceleration 8, of a'point
in pure circular motion are given by &, = @ x r and a, =wX(wxr), where @
is the angular acceleration and r is the [position vector of the point. A particle
goes around a circle shown in the figure, at the moment of interest, with angular
velocity w = 5rad/sk and angular acceleration @ = 2rad/s?k. Find, draw,
and label the tangential and normal acceleration of the particle if this occurs
at position A.

probfig 1.46:
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Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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16.2.6 A disc rotates at 15 rpm. How
many seconds does it take to rotate by 180
degrees? What is the angular speed of the
discin rad/s?

Answer:
rad/s = % rad/s.

N -5 = -
IS ypm =5 N8 e S e od T
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Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.



Chapter 16. 2. Angular. .. Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 16.2.7

7

16.2.7 A motor turns a uniform disc
of radius R counter-clockwise about its
mass center at a constant rate w. The
disc lies in the xy-plane and its angu-
lar displacement 6 is measured (posi-
tive counter-clockwise) from the x-axis.
What is the angular displacement 6(¢) of

the disc if it starts at 6(0) = 6, and 6(0) =
w? What are the velocity and accelera-
tion of a point P at position ¥ = xi + y j?

Answer:
0(t) = 6, + wt, 0 = w(xj — yi), and
a=—-wxi+y)).
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Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Problem 16.2.8

16.2.8 Find the angular velocities of the
second, minute, and hour hands of a

clock.

Answer:

Wy = —1ad/s, W = 2—”rad/s and
sec 30 4 min 3600 >

ad/s.

2
Wy = ——
hour ™ 43509

15.2.%
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Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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16.2.9 A disc C spins at a constant rate disk, @;?

of two revolutions per second counter- . .
clockwise about its geometric center, G, c) What is the' angular acceleration
which is fixed. A point P is marked on of the disk, @.?

Fhe disk ata radius of one meter. At the d) What is the velocity B, of point P?
instant of interest, point P is on the x-
axis of an xy-coordinate system centered
at point G.

e) What is the acceleration a, of
point P?

a) Draw a neat diagram showing the
disk, the particle, and the coordi-
nate axes.

b) What is the angular velocity of the

Answer:

(b) @, = 4mrrad/s.
(c) @, = Orad/s?.
(d)v, =4rjm/s.

(e)a, = —167°im/s.
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Disclaimer: We have lost track of the many people who wrote these solutions.
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y
16.2.10 A uniform rigid rod rotates at =05 m/\
constant speed in the xy-plane about a |
peg at point O. The center of mass of the \.
rod may not exceed a specified acceler- o X
ation a,,,, = 0.5m/s?. Find the maxi-
mum angular velocity of the rod. Problem 16.10
Answer:
W = 11ad/s
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Disclaimer: We have lost track of the many people who wrote these solutions.
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16.2.11 A dumbbell AB is welded to a A /\
rigid arm OC such that OC is perpendic- z
ular to AB. Arm OC rotates about O ata m ?x

constant angular velocity @ = 10rad /sk.
At the instant when 6 = 60°,

a) Find the relative velocity of B with
respect to A.

b) Find the acceleration of point B
relative to point A.

Problem 16.11

Answer:
(@) Uy, = 4m/s( + \/gj)
(b) @y, = —40m/s*(\/3i - )
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Disclaimer: We have lost track of the many people who wrote these solutions.
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16.2.12 Two discs A and B rotate at con-
stant speeds about their centers. Disc A
rotates at 100 rpm and disc B rotates at
10rad/s. Which is rotating faster?

Answer:
Disc A is faster.

5. 2.12 e
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Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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13

16.2.13 A motor turns a uniform disc apoint P at position ¥, = ci +d j relative
of radius R counter-clockwise about its O the velocity and acceleration of a point
mass center at a constant rate w. The Q at position , = 0.5(—di + c¢j) on the
disc lies in the xy-plane and its angu- disk? (¢* + d*> < R%)

lar displacement 6 is measured (posi-
tive counter-clockwise) from the x-axis. = _ ( + d )j = (d — E)A) d
What are the velocity and acceleration of Yrro = @\€* ) /) an

dp g = —? ((c+ i+ - 9))

Answer:
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Problem 16.2.14

16.2.14 A 0.4m long rod AB has many
holes along its length such that it can be
pegged at any of the various locations. It
rotates counter-clockwise at a constant
angular speed about a peg whose loca-
tion is not known. At some instant ¢,
the velocity of end B is 0 = —3m/sj.
After % s, the velocity of end B is O, =

—3m/si. If the rod has not completed
one revolution during this period,

a) find the angular velocity of the
rod, and

. Problem 16.14
b) find the location of the peg along
the length of the rod. Answer:
(a) w = 30rad/s.
(b) %0 m from B.
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They are not official and have not been reviewed by the authors for correctness.



Chapter 16. 2. Angular. .. Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem...

15

1S .2 \&

Sunday, March 31, 2019 5:59 PM
B .
=z | J > N
\Lt v rod AB has ,eng’rh 1,%m
' retates  countey - clock wise

ohout = rey whose  location

VS unkewn |
A W= onst70 (tounter - clock wite )
0 Fud W Véh: -3 ,,,/53
At Hme After ot %5
B Q A ‘7(24,'- ,—5,,\/5‘7’

- A
Vay, = 2753
M dime 4 (otler at= 5
Gy, =-3msT )
118

A

LA
Dap: }Zi[mcl n A= ’2:%'5

<28 _ 3 A -
W =09 2 T""d/ws so 1odfs.

h) F.‘no( the  locatton of the Pej

wi=Ve
Ve _ 3m
1w = ?Tr%/s 20-\’" fom B,

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.



16 Chapter 16. 2. Angular. « . Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem..

HW9-P47-16.2.14

Tuesday, April 6, 2021 3:00 PM

Solution by Michae| zakw,.t,./

16.2.14 A 0.4m long rod AB has many
holes along its length such that it can be
pegged at any of the various locations. It
rotates counter-clockwise at a constant an-
gular speed about a peg whose location is
not known. At some instant /, the velocity
ofend B isog = —3m/sj. After 35 .
the velocity of end B isvg = —3m/si. If
the rod has not completed one revolution
during this period.

~>

a) find the angular velocity of the rod,
and *

b) find the location of the peg along the
length of the rod. *
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Problem 16.2.15

16.2.15 A circular disc of radius r =
250 mm rotates in the xy-plane about a
point which is at a distance d = 2r away
from the center of the disk. At the instant
of interest, the linear speed of the cen-
ter C is 0.60 m/s and the magnitude of its
centripetal acceleration is 0.72 m/s?.

a) Find the rotational speed of the
disk.

b) Is the given information enough
to locate the center of rotation of
the disk?

c) If the acceleration of the center
has no component in the j di-
rection at the instant of interest,
can you locate the center of rota-
tion? If yes, is the point you lo-
cate unique? If not, what other in-

formation is required to make the
point unique?

/
/
/

J 1 ; ‘Center of rotation

Problem 16.15

Answer:

(a) 6 = 1.2rad/s.

(b) No.

(c) If the acceleration of the center has
no component in the j direction the
center of rotation can lie anywhere on

the x-axis.
)
¥ = 250 mn V20.6m14 =0 e.\,
q W xx W vy X - A
s e CAIAN
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= ¥ Lo
= = S n 0.6
by = ST - W= 1.0
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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 16.2.16

21

16.2.16 A uniform disc of radius r =
200 mm is mounted eccentrically on a
motor shaft at point O. The motor ro-
tates the disc at a constant angular speed.
At the instant shown, the velocity of the
center of massis ¥; = —1.5m/sj.

a) Find the angular velocity of the
disc.

b) Find the point with the highest
linear speed on the disc. What is
its velocity?

~ Wrx
e T (o
)
e 2y X
~ o L“— %

R L

Disclaimer: We have lost track of the many people who wrote these solutions.

Problem 16.16
Answer:
(a)@ = —11.25rad/sk

(b) Speed is maximum at ¥ = %i'

O, = —3.75m/sj

LE C.2m

= -8 my,

N = A
S — .25 v, i

P

A

They are not official and have not been reviewed by the authors for correctness.
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Problem 16.2.17

16.2.17 The circular disc of radius R =
100 mm rotates about its center O. At a
given instant, point A on the disk has a
velocity v, = 0.8m/s in the direction
shown. At the same instant, the tangent
of the angle 6 made by the total acceler-
ation vector of any point B with its radial
line to O is 0.6. Compute the angular ac-
celeration « of the disc.

R -
Clm | yﬁ\ - O'%!“\/,\
2 tonb - o L e y L
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N e
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= 3 W O\\W\ 8 St = (’n v

B/
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Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.

Problem 16.17

Answer:
a = 38.4rad/s*
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—
D
a <«
16.2.18 Show that, for non-constant rate ‘_
circular motion, the acceleration of all :__
points in a given radial line are parallel. CO
[ ]
Problem 16.18
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They are not official and have not been reviewed by the authors for correctness.



24 Chapter 16. 2. Angular. « . Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem 16.2.19

16.2.19 A motor turns a uniform disc of
radius R about its mass center at a vari-
able angular rate w with rate of change
w, counter-clockwise. The disc lies in the
xy-plane and its angular displacement
0 is measured from the x-axis, positive
counter-clockwise. What are the veloc-
ity and acceleration of a point P at posi-

tion ¥, = ci + dj relative to the veloc-
ity and acceleration of a point Q at po-
sition ¥, = 0.5(—di + cj) on the disk?
(*+d*<R%)

Answer: g
Up/g =@ ((c + ;)j —(d- i)i), and
dpq = —(@d =) +wc+ )i+

(6c+-w2d=-9)j
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16.2.20 The dumbbell AB shown about the direction of this vector

in the figure rotates counterclockwise as the motion progresses in time?

about point O with angular acceleration

3rad/s?. Bar AB is perpendicular to bar y
OC. At the instant of interest, 6 = 45°
and the angular speed is 2 rad/s.

a) Find the velocity of point B rela-
tive to point A. Will this relative
velocity be different if the dumb-
bell were rotating at a constant

rate of 2 rad/s? \6
b) Without calculations, draw a vec- 0 "
tor approximately representing
the acceleration of B relative to A. Problem 16.20
c) Find the acceleration of point B A“S}"’e"‘ .
relative to A. What can you say @) W m/s(l + )
(c) @y, = (-0.353i + 2.474j) m /s’
Lo = mmhw (i q@/& 6 -5
e ,
BaT YoV = —0:5:0;
: Y= & R iy A
“Bla = WK v \ A =
A \'YNE'/A:&”_‘?:%\/ —0-Sn€g »',(;,:‘Ln_, “i" 5 \ \
< g \= v 4L = lm
N : e d g
“<Byp TEMAINN Atwme 3 "‘ L = Consrant
= AD
\n) £
Gt T
<) Q i ’ > z
LT R R VL 2 N
= Bk X 0589+ 2t x(L ;4L 2
= BiTR
- Ay 4 A A
) \A"‘(;aﬂ('LJ(;—' = ‘j(;-/rﬁij“ e\r

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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16.2.21 Bit-stream kinematics of a
CD. A Compact Disk (CD) has bits of
data etched on concentric circular tracks.
The data from a track is read by a beam
of light from a head that is positioned un-
der the track. The angular speed of the
disk remains constant as long as the head
is positioned over a particular track. As
the head moves to the next track, the an-
gular speed of the disk changes, so that
the linear speed at any track is always
the same. The data stream comes out
at a constant rate 4.32 X 10° bits/second.
When the head is positioned on the out-

1S. 294

L 2 Consvont

\AC-B(O Sivream
{ - 20
(79)

a) No. ol oty

(-5) LD, Y, = T

C) No. ol i).'ul ol

Answer:
(a) 1.296 Megabits.
(b) 509.09 rpm.
(c) 0.509 Megabits
¥ 0:096M @ W= 200 YHPMm
A = 6.52e6 bili/aecpnd
5T vAC 291y
2_” b¢ b= B2 4 (e €= =
2 O x 20 TRy i
of dola c\‘J- e, P> Y ] S el o
A T s {\11-'(' *» O C‘iél\ o022 =
ol - ds- 55 = 0.5091€4 bify

ermost track, for which r = 56 mm, the
disk rotates at 200 rpm.

a) What is the number of bits of data
on the outermost track?

b) find the angular speed of the disk
when the head is on the innermost
track (r = 22mm), and

¢) find the number of bits on the in-
nermost track.

(EW)

in

=0
- S0M.09 Ypm

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.



28 Chapter 16. 2. Angular. « . Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem 16.2.22

16.2.22 2-D constant rate gear train.
The angular velocity of the input shaft
(driven by a motor not shown) is a con-
stant, @, = @,. What is the angular
velocity gy, = @ of the output shaft
and the speed of a point on the outer edge
ofdisc C, in terms of R, Ry, R, and w ,?

ReWe |« Apeed 8?) i f’)‘*\f on Moo

Problem 16.22: Gear Bis welded to C and
engages with A.

Answerlé -

[4] w

we = 42 and v, = 44°¢
RB RB

Ra

edge §) dace: |Ve= wyRaRe |

D
W ]

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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I5.2.2>
Saturday, April 6, 2019 10:06 PM

2D onstank  ratg jear frain

e

Problem 15.2.22: Gear B is welded to C
and engages with A.

No sl»‘r : VF = Vy

waly =~ Wsks

_—

2 Wg = . ks
Fg

WL; W\’) e

Wa bz

Ry

\/L = P We

3\‘\/6}1 :

[y

V\]mlﬂwl: = WA

Ra Ry Re

Fl‘b‘\d:

Wowcpwf W 57

Ve = 9

( The speed of o point

on +he ouder edJe rfvlstC)

. @
Wa = Wa k .
7w e

19 sreeA °T a)ao.‘n+ on +he ouwler eo(Je o-tcltst C

_ wa bk

Rg

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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MAE 2030 HWY Preblsm 93 Seluion

16222 Defe: Yu
6 tven: Ra, RBe R, wa
Find C Waapa We
Sfeedu‘ poiﬂxr N ot Qo\geug disc € (\}c)

Sol«r\ﬁont
pé’me o\pom* ‘)cm disc A and a pom'\ P’ of\
disc B, sadh that they are in comact A
s poimh we can attl the dhe neslip condiion.

P

A

NQ \S\’\P C,Q‘f\l*\‘\,\(m“ K))P :Kfr\ l mnA mﬂ 2 Wh QI _ng :"\",ck

-~ Py = .
\,\)A X rﬁf\ = w( X r‘»/(_ />
WA% X ?\A’l\ = ‘W(,k X (‘P’B)? 3%0‘(5 R and C are JlMJ J‘“'jt“‘ef
{W“ Rad = W be 3

{}.J —’WAKA‘_'\NcPIB -2 \k)g = Wﬂ P\A

Re

We - Wa ha U, = how - W, Ra A
he he

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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e

i:,‘(f WELA 'ﬂ’\»{ 3(—5(/\" Kﬂ / K&

wp Kg

- Ri
Nﬂzc’ NI iy
Thaty We © Ya Ka
- Ke,
= N, = w, Re
N = W fak
p - N
L L

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.



32 Chapter 16. 2. Angular. « . Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 16.2.23
Side View
set screw bearin
C— & 7

16.2.23 A horizontal disk D of diameter —
d = 500 mm is driven at a constant speed Is %
o |

of 100rpm. A small disk € can be po-
sitioned anywhere between r = 10 mm
and r = 240mm on disk D by sliding it .
along the overhead shaft and then fixing Top View
it at the desired position with a set screw
(see the figure). Disk € rolls without slip
on disk D. The overhead shaft rotates
with disk € and, therefore, its rotational C
speed can be varied by varying the posi-
tion of disk €. This gear system is called
brush gearing. Find the maximum and
minimum rotational speeds of the over-
head shaft. D

~—— ~» 100 rpm
Problem 16.23

Answer:

@Wpin = 10rpm and w,,, = 240rpm

A~ 0.5
€ S ™ O =00y ™
e
. = O (83} \h T o
Lt Y‘Q = Q.im { Rod:wua C.( AR '\’.’\I
Y ¥ild, = N Ly
w e © .01 ¥ite
= = - lg rpm
~
= -

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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16.2.24 Two points A and B are on the
same machine part that is hinged at an as
yet unknown location C. Assume you are
given that points at positions 7, and 7,
are supposed to move in given directions,
indicated by unit vectors A, and 4,. For
each of the problem parts below, illus-
trate your results with two numerical ex-
amples (in consistent units): 1) #, = 1i,
¥y = 1j, 4, = 1j,and 4; = —1i (thus
7. = 0), and ii) a more complex example
of your choosing.

must be satisfied by the point 7.

b) Write a computer program that
takes as input the 4 pairs of num-
bers [7,], [Fy], [1,] and [4;] and
gives as output the pair of num-
bers [F.].

c¢) Find a formula of the form 7, =
... that explicitly gives the position
vector for point C in terms of the 4
given vectors.

Answer:
a) Describe in detail what equations (C)(‘ :?S: =A X 7y +
~— X
# 1
~C |
. 80
):A : \,‘J'S and Co\\'QBP(\\Wd"ﬁL‘B (g
Veloc: kea 2\/-\ ) >~\R T
) ‘ \ 1 -
> (’Y‘C/A bA\“\ =0 one\ (\;(/ . Z\%\, -0
3
e) c
g | e
NC/A — hlx X 2‘,\ X E‘Al\ 8 whexe 1ia Yanonad .
'\(/% - 1\\‘\3%)‘%\ x a,\-,)]l ™ ) T ~
v ¥ - x \ '
k: =X —_— N N _‘
|~ A AT RE Iosgpe ™ T Ec)i

3N %1 VTAXBA\X EA\ = TY\S()’BX Z‘\ X}B\ + (\;A— 1”33 :C)]

%X'EA =8

M (g 2pX }(A. Ranln vy

it{ﬁxz\B\ng

Disclaimer: We have lost track of the many peoplewhowrotethese solutions.

They are not official and have not been reviewed by the authors for correctness.
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5.2 24
Saturday, April 6, 2019 10:14 PM

Twe points A md B are on the same objeuc
h;,\s{,,[ on (n whkown [Mw!:m C.
Aiven . r“‘“‘”\ F; —Y,s

N
direction M e (unit Vec-lors)

- N
- o],jevl‘ h\,LJ_),q
r_B/JL 1 )?@
I F\\hfk Y(,\
a) E'lw’n‘ons must  be Samf;qg( LJ fo.‘n-t 'r? 7 Oy Works 10r ruo'ee/fcm\‘{

1 — - -
MW = Mol

Sy O FoJpz Ya
(Fp-F ) 20 o FohsTak
N

A = PN ~ -~ -

(Tf;’?,() Ag >0 r(,'}\B “Y[I,')\a )\BT*JF Tc = /\g - Iy

b) Write o )Jrojram with  two eKuMPIES 0 /Vla%r.‘)( ](Wm
Dol Y- . .
Q { - ~ [ — V\
o1y A M [n]"-“ﬁi‘
):\B Jven a r‘g ):\A ,\r\s )\G T )\@ Te

L 8

g . Cz 19,0 Ax x=b.

nw)  more Lom}ilex ong  of  Jour :}-oos.‘nj

3 ___—-n—B——> -TA;': \’;‘{'li‘
| — A A
2 ‘ YB: 2;"'3")
c a
\ _I;'A—+—_ )\"A‘:lj
| 1 A
\ 0 2 3> )‘8: l\"I

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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ln‘)w} S Pm‘rs vl rambers
(] ("] O] [Xe)
Olﬁruti |Pm‘r 0T mAngr : [?Z]
See atbached watleb
() Fwnd a <|-0Ymulo\ el})l-‘(.‘ﬂj .,1. Yo =
Ju‘ven T Ta Xa e
]2 % the  wnd vector Gf}’ehol"fwlmr 10
-l'/le, Plﬂ-he ( Y‘\‘jk"‘ )www( t,oo*'oli(na,*es)

— A A ¢
WLt o Tl o oa
mt NS I\h .Hle/ d“re(-h‘or\ 01’ k X)\A
e A = " A
T}Wé ?A/L// L X Aa B YA/( =m kx y ms st (D
§|‘m.‘[o\r£1 YB/L =( ex )‘B , t 8 const @
— - — — -._. N
o= Ve = Ta - T = Fa YVL
- a 1
= 0:{?; "F.B - ml‘x):\ +1kyX°"
" A A A
0= (Fo-T3) An + LlEXD)
- = A
2 4 (Ta-7s) 2a
E T e
(kX g ) M
Lyf'rs)')‘f) Ex,\qg
(b xXg) X

—
4

=Ts 4+

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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% Find the location of the hinge point rC given rA, rB,
lambdaB
% location of A is given rA = 1i

rA = [1 0];
% location of B is given rB = 1j

rB = [0 1];

% unit vector of velocity of A is given lambdaA = 1j
lambdaA = [0 1];

% unit vector of velocity of B is given lambdaB = -1i;
lambdaB = [-1 0];

rC = FindHinge(rA,rB,lambdaA,lambdaB);

disp('The location vector rC is');

disp(xC);

% Another example

rA = [1 1];

rB = [2 3];

lambdaA = [0 1];

lambdaB = [1 0];

rC = FindHinge(rA,rB,lambdaA,lambdaB);
disp('The location vector rC is');
disp(xC);

function rC = FindHinge(rA,rB,lambdaA,lambdaB)
Find the location vector of the hinge rC
Equation that rC must satisfy:
rC dot lambdaA = rA dot lambdaA
rC dot lambdaB = rB dot lambdaB
solve for these two equations:
syms X y
egqnl = dot([x y],lambda’A)-dot(rA,lambdald);
eqgn2 dot([x y],lambdaB)-dot(rB,lambdaB);
[x,y] = solve([eqnl,eqn2],[%,y]);
rC = [x Y]
end

o0

o0 o° oP o

The location vector rC 1is
[ 0, 0]

The location vector rC is
[ 2, 1]

Published with MATLAB® R2018a

lambdaa,

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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#49 Solution wichelle desouza

16.2.24 Two points A and B are on the

same machine part that is hinged at an as

yet unknown location C. Assume you are

given that points at positions 7, and 7 are .l)
supposed 1o move in given directions, in-
dicated by unit vectors iA and iB. For

cach of the problem parts below, illustrate

your results with two numerical examples

(in consistent units): )7, = 11,7y = 1,
dig=lj.anddig = —1i (thus 7 = 0).

and ii) a more complex example of your
choosing.

a) Describe in detail what equations .. .
must be satisfied by the pc)c:llﬂ e \ﬂ (O\f\Ol)ﬂ'(A \)
fa= 1.31+0.2y  Aa= O.04% -0.T0§

Tor 0.51+2.3] s+ -0447-0.34]

b) Write a computer program that
takes as input the 4 pairs of numbers
[7al. ). [A 4] and [A ] and gives
as output the pair of numbers [rFe].

¢) Find a formula of the form re =

that explicitly gives the position

vector for point C in terms of the 4
given vectors, *

«) E quations Haed T must 50&\5@5
FO( & wgml object, rA/ - Wk T (A
rA/a = Vase = Va- 3\‘{, Cis hlﬂaﬂd
=Ja —> subshifide i known direchon vecor a
:\/;.S\A
W = m — ({05 ()YOAVJ Meors that Vada e | bo o, therefore
Nada ¢ T =0

Geomehic  Tnkevpredahion

W ThezO —sine Vp o a salar and coesnt  affed direchon, we con ancel i o)

&A.(FA»m—o — dishibule the dof product
Bae (A= Mo | — can vepeal Yhig proess with paint &
AB'(@’/\&‘&

b) Madlab script O\}J{p\)f e 9iven T, (o, X, 06
T Rewile as a makvix problem Ax=b, where x=T., and inverk

PV
~ ~ - b =l - ]
)\A'Q; Aac (A AB'(@

Ao re=2e Mg A - [—AAT }\A.SI o A= [E\AT:(
' et >\3-3 )\csT

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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= A])r@vna\kvd\a , solve 52“/\)90\\20\\\% SIS S\JSJrﬁW\ of @%ua\homs
B\A ° CF‘A'FLS:O
:\B (fe-7)=0

See Methods T gnd @ i Matleb =% for chosen values in paik 1) = I—léélsz]
o o pat )= O, confitmed in problem statement

) Explicit forula for e

\/Aia-—w"kxﬁw — We knonthat & s L o AL, ond
J D e Lo fve beause of crss produck

Clkoia) = Fae o (=% 0D o geh

NS Cth)\A :FA— F(_ ®Fc: ’CpRX>\A +F/>\

w I P " sed RHS equal
L—’Qk*/\s:ﬂ&‘ﬁ @ﬂ——vczhxkgwﬁ ; 6

—C\/i?)(}\/\ ‘frA = “Czp\&x )F\@ +ﬁ3 A x b
C|1<XS\A‘C1TZXS“S: F/A“Frs ™ in MO\'HG\\O, [\%X;\A ‘hk)&\g] [gﬂ :[ﬂ,—ﬁ]
G= ANb

C\kX}\A_Csz}\s :‘(—:A/'f,—’ 5lﬂ{€ (’kxig) 51 ’\’O ;\\g, ZS 'S\B JFD 2@’} HC‘ O‘F CZ
f’S‘:\e C(TQXS\A ‘&s = FA/B ';\6

FA/B 'S‘G .
Cr= Rodnrse — Pl i @

— This he

a = R e (T{X >\A\) T fA

see Method 21 i Matlsb foc vedhieahion

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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AE 2030 Solutions
WO #49 (16.2.24)
ichelle deSouza

close all; clc;
i = [1;0;0];
j=[0;1;01;
k = [0;0;1];
$sample values
rA = 1.8*%i + 0.2*j + O*k; lambdaA = 0.64*i - 0.77*j + 0*k;
rB = 0.5*1 + 2.3*j + O*k; lambdaB = -0.94*i - 0.34*j + O0*k;
$Matrix inversion rC
rC_1 = findRC 1 (rA,rB, lambdaA, lambdaB)
$Symbolic solution rC
rC_2 = findRC_ 2 (rA, rB, lambdaA, lambdaB)
$Direct calculation rC (from part c)
rC 3 = findRC 3 (rA, rB, lambdaA, lambdaB)
5555555555 SMETHOD FUNCTIONS BELOWS%%%%%%%%%%%
%$Method 1: Ax+b form, where rC = x
function rC = findRC_1(rA,rB, lambdaA, lambdaB)
A = [lambdaA';...
lambdaB'] ;
b = [dot (lambdaXA,rd) ;...
dot (lambdaB, rB) ] ;
rC = A\b;
end
$Method 2: Solve symbolically - this method is significantly slower
function rC ans = findRC 2 (rA, rB, lambdaA, lambdaB)
syms rCx rCy
rC = [rCx; rCy; 0];
%0 = lambdaA dot rA/C
%0 = lambdaB dot rB/C
egA = dot (lambdah, (rA-xrC));
egB = dot (lambdaB, (rB-xC)) ;
%$solve for rC components
[rCx_ans, rCy_ans] = solve(egA==0, egB==0, [rCx, rCyl);
rC_ans = [double(rCx_ans); double(rCy ans)];
end

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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$Method 3: Direct solution - formula derived in part c)
function rC = findRC_3 (rA,rB, lambdaA, lambdaB)

k = [0;0;1];

$calculate Cl1 = vA/w, C2 = vB/w

A = [cross(k, lambdaA) -cross(k,lambdaB)];

b = rA - rB;

C = A\b;

rC = rA - C(1l)*cross (k,lambda’d) ;

end
rc 1 =
1.3845
-0.1454
0
rc 2 =
1.3845
-0.1454
rC 3 =
1.3845
-0.1454
0

Published with MATLAB® R2020b

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.



