Introduction to Mechanics for Engineers — Ruina & Pratap

Ch 15 Section 15.1

15.1.1 A particle goes on a circular path
with radius R making the angle 6 =
ct measured counter clockwise from the
positive x axis. Assume R = 5cm and
c=2msh

a) Plot the path.

b) What is the angular rate in revolu-
tions per second?

g) What are the R and 6 components
ofiand jatt =1t*?

h) Draw an arrow representing both
the velocity and the acceleration

att =t*.

i) Find the é, and &, components of
position 7, velocity ¥ and acceler-
ationa att = t*.

c) Put a dot on the path for the lo- j) Find the x and y components of
cation of the particle at t = t* = position F, velocity 0 and acceler-
1/6s. ation @ att = t*. Find the velocity

. and acceleration two ways:

d) What are the x and y coordinates . . 4 .
of the particle position at t = t*? 1. Differentiate the position
Mark them on your plot. givenasr =xt+yJ.

e) Draw the vectors é, and &, att = 2. leferel.lt.late . - R
- the position give as ¥ = ré,

and then convert the results

f) What are the x and y components to Cartesian coordinates.
ofé,and & att = 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. 1
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Chapter 15. 1. Kinematics. .. Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem...

C pethrerive (o) w:Q:%/[%: dcot - =21 ¢

(otation per C’eu)/\d

| -
parcle = w. SR
bu(

0=0.b S AT

= | | retatton per setonol

o =R cos( g7
=Roos (L)
= (Sem)(L)=2-Scm

B 8(e)- € ()
7= % W'~ Rin (6.(0)

¢ . =Ran (3)

ﬂ&w\(%)

=SB w

4% un

ox ()

é@: '[m’p,nt‘to Cveeler i)a'tlf\,
partiele velectr doection

e UM (ettyr  dveetion
Oriﬁivv% pofticle

Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem...
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Disclaimer: We have lost track of the many people who wrote these solutions:
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15.1.2 A bead goes around a circular
track of radius 1ft at a constant speed. It
makes it around the track in exactly 1s.

tion of the bead. Does this vary in
time?

c) Is the magnitude of the acceler-
ation the derivative of the speed

. -, 7 d
(ie, la] = —|o])

a) Find the speed of the bead. Does
this vary in time?

b) Find the magnitude of accelera-

SN £
= OXR . ATkx14) - en Sely &

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 15.1.3

9

15.1.3 If a particle moves along a circle at

constant rate (constant 6) following the
equation

7(t) = Rcos(80)i + R sin(ét)j

which of these things are true and why?
If not true, explain why.

a) D=0
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constant
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dx ;
= ~RSun(p 6 ¢ T4 R(os[otmj i

- Réé\@ @ %s Constant bk
L N ~ vaxes 0 divection.
= L0t = Wniie - RO
. e -Coosmm
S ek e Ll SV
9 L ati= Constan| Tyue lal - g
2= ()

€) a

9) S Wa, T

o9 = -RSinbt o (- Reosdt) 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.
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15.1.4 A particle moves according to:
x(t) = Rcos(ct),
y(t) = Rsin(ct).
where R = 1m and ¢ = 5rad/s.

a) Show that the speed of the particle
is constant.

Il .4,

AL = Rlpa ct Y ()= RS:h et »
Y = QC@AC&E.{QS«\“ sz

b) How much time does the particle
take to go from P at (0,1 m) to Q at
(1m,0)?

c¢) What is the acceleration of the
particle at point Q?

‘-\Yh; C‘- Sm«*j
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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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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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15.1.5 A 200 mm diameter gear rotates at b) If no point on the gear is to ex-

a constant speed of 100 rpm. ceed the centripetal acceleration

of 25m/s?, find the maximum al-

a) What is the speed of a peripheral lowable angular speed (in rpm) of
point on the gear? the gear.
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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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15.1.6 A particle is in circular motion
in the xy-plane at the constant angular
speed of 8 = 2rad/s at radius 0.5 m. At
t = 0 the particleisat 6 = 0.

a) Draw the path and mark the posi-

ke

»

tion of the particle at t = 0.5s and
t =15s.

b) Find the velocity and acceleration
of the particle att = 0.5sand t =
15s.
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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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15.1.7 A particle undergoes constant
rate circular motion in the xy-plane. At
some instant t,, its velocity is 0(t,) =
—3m/si+4m/sjand after 5s the veloc-
ity is v(t, + 55) = (5/V2)m/s@@ + j).

If the particle has not yet completed one

& 47

X (o) = -3 ws ¢ 4 oo, 3

V() =RE 8001 + Gor0 l

-R (9 S‘m@
RO Con D

=

b) Aistonce tvavelled

Az Sk ,fs.ma—c.“g =9

3 (9:—4‘50 =>

revolution between the two instants, find
a) the angular speed of the particle,

b) the distance traveled by the parti-
clein 55, and

¢) the acceleration of the particle at
the two instants.

v(tis)= S b
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J
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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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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 15. 1. KinematicSuwoduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 15.1.8
15.1.8 A bead on a circular path of radius tion 6 (measured from the positive
R in the xy-plane has rate of change of x-axis) and angular speed 0 as a
angular speed a = bt?. The bead starts function of time ?
fromrestat 6 = 0. b) What is the angular speed as func-
a) What is the bead’s angular posi- tion of angular position?
L 1% L =
‘, ]
| v s
N oD o e , v
=T =N é_@ L a% ") {S t
¢ E = él == S
® Q . 3
B - bt Y Y
= > ab p o 6 &
= dt "7 = 8| = bt "
) A 2 > @z —t
b ' 6° L= i
O - ‘Dt'}\ g 2 A L i s
T 2Ty Bk & f———
t 4 \ v ge
T £ 2

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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15.1.9 A bead on a circular wire has an An(_)ther you can find by separation of
. S Al variables. The full general solution is an
angular speed given by 6 = c6'/2. The

bead starts from restat 6 = 0. Whatis the appropriate mixture of these two.)]

angular position and speed of the bead as Answer:

a function of time? [This problem is sub- One solution is & = 0 for all ¢, Another
tle because it has multiple solutions. One . ct=t,)

answer you can find with a quick guess. setof solutionsis 6 = (T) where £,

is an arbitrary constant. To make sense
of this second solution set one needs to
have 6 = O until t = ¢,.

16.1.9 t 4
B3

L’l‘ 9—:“& =S dB:QKticJ;—E"

-c;_k = ¢fn. b £ S C:QR
:> . = T AP
( 0= 2% x{«lv\t} =Ry . BoRE W one possible
%) F .
é) -—C &;(l Scution
a6 ab
= CJ‘G = — =z \cdb i i
dt S g \ré g - 9 == .CL'— (\“Ec) //
\L A0 0= &
T T
5 G, b3V SR 2 ( //

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 15.1.10

15.1.10 Solve § = C, given 6(0) = 90,
0(0) = 6, and that C is a constant. That
is, find 6 in terms of some or all of C, 8,

6, and t.

2 L4 3 2 h -
élc 0(03:0018/0):90 -

dd - cdt

M . 46
& e e M B

dk - Ak LK,

1

Mo beo. S=0 S shuis 0:8, = 8,-x,

© - Ck,\-é.t'\‘eo

—Q_ ©

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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15.1.11 Given that § — A6 = 0, 6(0) =
7/2,6(0) = 0,and 1 = 3/ s find the value
offatt =1s.

Tl Ak -2tk =
e\ B %6 -0 ey Oz Ge g 9;—2-'\[::;&

att:0.0:T, » C4C =T e b
= ,t‘:_O,,é:C) = C~GC =0 % C“C!—Th' = 62'5-8125&(1‘

\lJ

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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15.1.12 Two runners run on a circular
track side-by-side at the same constant
angular rate § = 0.25rad/s about the
center of the track. The inside runner
is in a lane of radius r; = 35m and the
outside runner is in a lane of radius r, =
37 m. What is the velocity of the outside
runner relative to the inside runner?

4 12 g !”3/_%
L™

B =0.25%%, v, _q
¢ s Yo= ¥m /7 £
Ve = 3548 5 A
; om= 85 €p(m\ Wy Vv =q. m
49[«\ ‘-\3 =225 go(é\

G » o y
fas _\‘S:neﬁiﬁYCL«B bi i

>V, = C—?,.‘I‘S Sinb } +%.15Ca93>-2

Vv, —,C—qas Stab +925Crp )\ ™
- ~) A

1

- & >

T (—0-‘5 Sinb ;V*O-SCesE)ﬁXm_, 0.5 e fm
ST ~A : ,\D(z\
Vi 422

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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15.1.13 A particle oscillates on the arc
of a circle with radius R according to the
equation 6 = 6,cos(At). What are the
conditions on R,6,, and A so that the
maximum acceleration in this motion oc-
curs at 6 = 0. “Acceleration” here means
the magnitude of the acceleration vector.

16473 A

b = 6, Calt fa

Occunn ot 6-0

g

9:0:\ AE:T

'

9
»)

J b=-n63
& = (xR + (ggxggxg_ﬂ il
= ¥R - &Ré, = —N0,Cs \E

AL et 6% =mAR

i R
= ”1 {"‘Qeo CG?)kl S [-v)l\*ol: Sin }\k-} Cl “){

{

& RS:-V;‘V Seove 2 b=

[

'

u"‘)
»9

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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15.1.14 A particle moves on a circular with the given initial conditions
arc starting from rest at 6, = 0. As 6 (analytically or numerically).
increases, the magnitude of the acceler-

ation is constant. Assume, all in consis- c) Find and plot vstand 6 vs ¢

tent units, that R = 1 and |d| = 1. d) In circular motion does |a|=con-
stant necessarily mean that the

a) Write the statement ‘the magni- motion is at or is gradually ap-
tude of acceleration is constant’ as proaching constant rate circular

an equation in terms of 6 and 6. motion? Is so, why? If not show

b) Find a solution to the equation a counter-example.

:—r:t———é— = S DR e
dk =% \ = J 0 +@Lf
| e i N

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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1rad/s. How long does it take the par-

15.1.15 A particle moves in a circle so ticle to reach

that its acceleration a always makes a

fixed angle ¢ with the position vector —F, a) the speed of sound (x~ 300m/s)?
with 0 < ¢ < 7/2. For example, ¢ = 0 b) the speed of light (= 3 - 10° m/s)?
would be constant rate circular motion. 0

Assume ¢ = 7/4,R = Imand 6, = ¢) oo?

[l AS
Lg.‘;'.\f = Constant - )

i % :
| | R @—-—2\,9\-\"’, 60:\‘“#5
lICL)‘t‘nmq \'QC‘\M\ec\ t atta

n \"5\' 300“’1{5

LR = haliy) Capge
; s q = ™ A
| axel ~=-Rd e,
oY -} o 2 R v
:! B &) *(ROY-R% Y s RE,
| & e
| =» -"))N *
> o) 6'+0 Gr TR

:>c\é,"‘”_ 4
= =T g I
g g‘;'f‘“ ’ [a";rol:(t-t)

‘ e |
1 2% [3;) 4 7}‘51({—-(&) 21029614

b)V:'BYIO%mA :5(‘9;3?%&‘:) e \
- B ree 1 JEE-O {::O-QQﬁﬂq‘qqqé.“b.
‘C) Vv - ’Q.J,—?,> (.27 et

RIS W\'m:;;m\,—:;f ci-[e_et '“‘n]"‘ Bs = t = 14

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...
4.1 .15
Monday, March 25, 2019 1:50 PM
,1\
-~ Accelarntion  mgkes a ]‘I‘Kco( arglcf
DXTra e e vedor <7 G e g5
J’/ﬂ’/ %‘Tf ‘o H emmr le o
L )0 > p=lm @‘gzlr‘ao{/g'
let o =[af @
Fm\jeo{' on é‘e P e: Ols\rec-h'on
6 =-( (05 C}’e; fas.‘nré f;e

-

c-Ree 4pb G @

fom © © @ 9 -pgrea® X E:l ;
G = 2? 2 = Rg=pe* 0=0
P—e :mri.

2

let web  we have (WZW' .where w the ahju(ar ve/o(HJ (m:xjn.#wle)
Wo:éo—-—‘w‘ckls

W
2D |w= w?* SOI\/Q/ ]lor Yhe OJe, Jég = J+ d+
wvw o

w

=7 —_M\J = -t'_to =1
Wy
w= T"?- (rad(s )
ol - = = |
VeV = wes T oml) = i Ol)

Hew l”j does At the '}J“Y‘Jf\lfle {0 reuch

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) the Sfeecl ot coundd (% 300mfs )
- =0 D ‘m
b) the speed ]l l.‘jh a 3xI0¥ms)
1‘? HlgF 2[4+ (l—o.%ﬂ?xl(i’)g[
) w0

Lee 5 D

-1

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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#42 Solution wichelle desouza

15.1.15 A particle moves in a circle so that
its acceleration @ always makes a fixed an- T T~
gle ¢ with the position vector —r, with 7 N\
0 = ¢ < /2. For example, ¢ = 0 would / &\
be constant rate circular motion. Assume -7
¢ = nf4, R = Imand 6y = lrad/s. { <6 ]
How long does it take the particle to reach \ R

a) the speed of sound (= 300 m/s)? \ /

b) the speed of light (=~ 3 - 108 m/s)? N /

; ~_ - .
c) oc? |
€r =057+ sind5 F(er)= 0 (-sinp7+ cosh3)- Béo

~ ~ d . : .
Cop= ‘Smﬁi +e0s 93 7 (u) =0 (-cosQT ~sm93\ =-0Oer

1< nev\/\o&'cs:

= ~

) P o d = 0~ . sdg
s rz;e(er%éﬁéee +ré<geg+ b 51ls,)
= Fér*f‘éée—ffééa*(éée-f@iér

3 =(F-c6%), + (ro+200) ég

o
kS
—~
<
“«

Ginns Rl m— p=lm, ¢=7 <0, Do- | md/s. Find: ¢ &} cerbsinv— sk cole For vid)

T V <1680 verb
‘i: 0%+ réée
= s Ve
Use_knowledgg of G b find v&): e
—ovtrall vedor & mud be & ansy Pom -7 2
—use b relale e¢ and g componenks of & , id
) -er
fon &= 55 = oy in =%, =]
-4
=& 9% first order ODE in v, sepamlt + solye
itA{ ) },“LJ\/ what s v(0)¢
Cw Ve = v(0)=08s = 1w (| vadf) =) /s
t = % * 7\(03
L= =+l now P\vg in SP@C((S Fom pwh o, bec

&) t= %»fl <0.9967 5
b) t=(§%@+|\s
c\ t - ;—14.\ :Is

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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Ex plonahons
G(_flph\(_“\”’ v s a verheal aé\gMp}nh ot =] I\M@NA_M‘I Gomg back. bo our diblerential %umm Vi,
we an see Yhat as v inertases, our v also
6 - _Ti/ \"l M : W\UASEs — ()OSI%W pﬂ@t{\%\(k ]Oo\o
L4 - “
VE I_:Lt ) t

Ph%smt'- A now-zen Fangoth] aceleralion on ow pockide increaces its
speed avound Hhe civcle, which mewns Fhe centripelal force +
acceleialion N%mm{ bo ke the porhice in the civcle also increases.
In ow sehvp, the W?Mlm\ accelemhon inceeases  proporhonally
b the cenhipelal accelerahun, so the pactile gﬂk very fosh
vma %Uick\%.

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.



