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Answers to Selected Chapter Exercises

Chapter 2
211 AZpay = 0.311 mi, Aty = 14.5s
2.1.3 v=04m/s, v, =1m/s, v_. =01m/s
2.1.5 v=19.11t/s
2.1.7 =270
Doli2.1.1  #(2) = —48ft/s, #(10) = 20 ft /s>
(1g) i
91.9 ay = 17.6ft/s° % =17 6ft/s” mg—) =0.55¢
Dolt2.1.2  ATpa = 1.72 % 10* & = 0.326 mi At — 0.96s
2111 v = 1.29 x 10%in/s, a,,,, = 9.48 x 10%in/s? = 2.45 x 103g
2.1.13 21% increase in generated force
2.1.15 If""term = 200&/9 tterm = 0.00367s
2.1.17 s(4s) — 5(0) =803 m
Dolt2.1.3 Ymax = 114m Y0y = 127m e=12.3%
Dolt2.1.4 08545 26. th/s—18mph
2119 _ f03489, v =36.71t/s = 25mph
2121 ‘ﬂf‘ = 7318 mph
2.1.23 éimpact = 52.8 ft'/E
2.1.25 0<s<10, At =1.842s
(5 Ty
Fl —CoS¢Q | —sing
2.2.1 by | sing | —cos¢
ETI {TQ 7 3
¢y | —sing | cos¢ |, € | cos(f+ @) | sin(f+ @)
2.92.3 Cy | —cos¢g | —sing | Ty | —sin(f + @) | cos(f + ¢)
Do It 2.2.1 \If( )|| = 0.471ft, || (1) = 0.983ft /s, ||@(1)|| = 2.73 ft /s
DoIt2.2.2 = —8.70b; + 2.08b,
2.2.5 p=—-500b, —0.01 bg
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Dolt295 P = 0.333rad = 10.06°, t = 2.1165

171111

2.2.7 t=1.791s = =31.67ft Ymax = 24.85ft
2.2.9 vp = 8211t/ ¢ — 0,485
2.2.11 v = 10.0m/s + =1.37s
2.2.13 59.9 degrees
2.2.15 1 = 0.7854 rad = 45°
73.57Tm
2.9.17 fi="osp =849 m
2.2.19 55 mph
j = —vp” 1" Y3 — —3uy ar?
2.2.21 | \(f'g —z°)% |(r‘“ — 2%)%|
2y 2
(L+,g (—%)3) + 442
vy = 3
2.2.93 \ 4(-&)°
- o 2
Dolt23.1  ||Tall =8.72m/s, ||a,|| =6.35m/s
23.1 FLB?-” = (13 G( —|—680L9) fth
ELBEJ (D 84 —|—06225r_:9)ft/5
2.3.3 “"A =4 9'9

ap = (0 082 + 0.362) 111/5 7'g _ (01467 + 0.5467) m/s
ap = (—0.1117 + 0.3527 )m/s

2.3.5 = 0.05 rad/s

2.3.7 P72+ (rf)2

2.3.9 No

2.3.11 9-073‘3151(1/5 a,=—0.7627 ft/s

2.3.13 6 =60°60=0

23.15 T _4830&/5 9_06471ad/5 7 _1807ft/s :

§ = —2.996rad /s’
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2.3.17

Do1t2.3.3

2.3.19
2.3.21

2.3.23
DolIt2.3.4

2.:3.25

2:3.27
2.3.29

el
o o
o =

2.4.1
2.4.3
245
2.4.7
Do It 2.4.1
2.4.9
DoIt2.4.2

2.4.11

2.4.13
Dolt2.4.3
2.4.15

r— 31, 11f1: r=—3. 83[]f1:/5 9 =0. 1[]'31&(1/8
:—0472ft/s § = —5.34 x 103 ad/q
|T 4] = 15. 97&/5 @ 4] = 53. 33ft/5

= [0.173m/s + (2.2m)(1.52rad/s)] = 3.52m/s

it £ 193.6 ft /s>
7= (=7 +47)

a =

v, = (100 ft/s)e, +
a, = — (10,000 ft/s*)te. +
Case 1: a4, = —822¢, 111/5 :

case 2: = —2.74 1051ad/s t=1.9x10"3s
17| = 3.52m/s, @ = — (6.42€,. 4 28.25€) m/s

= I _bﬂ- = {
t=1/9g: TB =947 .'-B_—rrh,fi—ls +2b1fﬁj,

ay, = —57bi +b(2—72)j

m/s® § — +2rad/s 7 ==1.44m/s
IDOD ft /s )hﬁ.
+ (2000 ft/s )e

a = —ra’wf sin®(wit)e, 4 raw? cos(wit)ey + bwd cos(wat)k
v = (17.58¢, — 0.84¢),) ft /s, direction of velocity = 2.7°;

| || = —7.73ft/s?, @ is in radial direction
a, = 69.2ft/s>
|l@y] =12.5m/s%, rp = 0.919m
e = 16,431t /s
a, = 5111/:52

=3.13ft/s ap, = 8.94 ft /s
ap( §) = (— 120€t+224€ ) ft /s?

Car A will make the turn in t, =11.8s.
Car B will slide oft the road.
Ubefore = Uafter = i
— g5l 0 = fﬁ;/s a, = 6v/2tt/s%, a, = 6y/2ft/s?
Cho _734ft/5 t, . = 6.858

r.(4m) = 22.36m ||| = 4.90 m/s>
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2.4.17

2.4.19
2.4.21

Dolt2.4.4

2.4.23
2.4.25

2.4.27

Do It 2.5.1
2.5.1

2.5.3
2.5.5
2.5.7
2.5.9
2.5.11

2.5.13

2.5.15
Do It 2,5.2

2.5.17

Dolt2.5.3
2.5.19
2.5.21
2:8.24
2.5.25

a, = 17.32ft/s* v, = 18.611t/s Ay — 538t
e 160

_ 878ft _ a5,
t= 9938/ — 8

r. =899 ft

ap = (5.6577 + 5.6577) m/s* ap = (3.823¢; + 5.669¢,,)
re, = 5115km | |
@ = [3.067 + 6.897] m/s

' =629m

Vg =14.14M0/8, Gy = 13.33m/5°,

vy =17.32m/s, t, . =16.30s

Ta/p = 13607 ft/s, @4 p = (907 + 43567) ft/s”
— 215 mph

T

s=40mi g = 21.8° /v
|To| = 33.6ft/s ||as| = 1.63 x 103 ft/s?
vp = (22 —9)7

Up =27 m/s

a, = —400ft/s’

|Tall = 25.2mph [|@,| = 146.3 ft/s”
v, =(-307 —21.967)mph @, = —19.36 ft/s°7
B

,I;B

angle with respect to the floor is 90°

d=84ft Urd), (=307 —257) mph

r=22Tm

+ N
UB/BodyC = (—*’ — =57 ) m/s
g = %j‘m/s

vp =0.1337 m/s

Tp = —%j‘in/s
s 4 )
Urnass — EJ ft/s

g =257 in./s
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2.5.27
DoIt2.5.4

2.5.29

2.5.31
2.5.33

2.5.35

_ 2. .9, = _ 1. , 6.
Ys = —7V1 T 7Y% Yy = 7Y T 7Y
o, 2 .2
Vg, i —|—.:r..!_1
i.-‘A: 5 5
;l‘AJrZNL +..1rﬂ
| |
v, = 2&/5

v, =3.61m/s, s =30m, § = 59.0°, At =4.15s

Uy = %;I:;ET(IQ T
Ty = % [#2h%(x? + h?)~1° + dw(2? + h2) 70 7

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

CHAPTER 2. KINEMATICS OF PARTICLES

DYNAMICS: Analysis and Design of

Systems in Motion
Benson H. Tongue/
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1 Straight-Line Motion
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.1

GOAL: Determine the distance and time needed for the car to reach its maximum speed.
GIVEN: The 2007 BMW Z4 Coupe 3.0si can accelerate from 0 to 60 mph in 5.6 s, and its maximum
speed is 2. = 155mph. Assume that it accelerates from 0 to 60 mph at a constant rate and that

this acceleration is maintained as the vehicle pushes toward its maximum speed.
DRAW:

FORMULATE EQUATIONS:
Since we’re assuming that the car’s acceleration is constant, we can say that

Az

fﬁ:ﬂ (1)

#? — i = 2i Az (2)

SOLVE:
To go from 0 to 60 mph in 5.6s at a constant rate, the car’s acceleration needs to be

(60 mph) (36156s> (523{3&)
5.6

(1) = i =

i =15.71ft/s*

If the car continues to accelerate at this rate, then it will reach its maximum speed after traveling

max 2‘%‘

(155 mph) (i) (*48°)]
2(15.7 ft /s%)

Ax =

max

Az, =1.64 x 103 ft = 0.311 mi

max
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

The time it takes for the car to attain maximum speed is

1) = At, . = Dmax

max
T

Al = (155 mph) (3615552 (52§?ift)
15.71t/s

| Aty = 14.55]
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.2
GOAL: Plot the path of someone following a map’s directions.
DRAW:

INANNEE @11 - e

Figure 1: Paths from map

SOLVE: Figure 1 shows the two cases. (a) shows the map’s original directions and (b) shows the
overall change in position. (¢) shows what we get by reversing the directions and (d) shows the
starting position to finishing position vector. As can be seen from the figure, the overall start to
finish vector is the same in each case. This illustrates how the order in which vector components
are added won’t affect the final answer.
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.3

GOAL:

Using the given information, find average speed and approximate instantaneous speed.
GIVEN: Graph of position vs time.

DRAW:

- X ¢y

X
\

10 : 20 £
ER I

FORMULATE EQUATIONS: We'll use the graph and divide the distance traveled by the time
taken in order to estimate the average speed and estimate the slope at a point in order to estimate
the instantaneous speed.

SOLVE:

You can see from the graph of displacement versus time that the particle travels 8 meters in 20

seconds. Thus, v = & m/s :.

The maximum slope occurs at ¢ = 10 seconds. Estimating the slope with a straight-edge pro-
vides an estimate for the maximum speed of .

The minimum slope occurs at ¢ = 0 and ¢ = 20 seconds. Estimating this slope provides you

with an estimate for the minumum speed of .

35

Ezxcerpts from this work may be Tifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.14

GOAL: Find the appropriate initial speed so that the speed at t = 2.5 seconds is equal to zero.
GIVEN: Plot of acceleration vs. time.

DRAW:

50 -

- X(mis)

2 g ¢ |
! | |

FORMULATE EQUATIONS: We’ll need to integrate the acceleration to find speed and then
adjust our initial condition so that at ¢ = 2.5s it’s equal to zero.

SOLVE:

Because the acceleration after ¢ = 2 is equal to 0, the velocity does not change over the period
2 <t < 2.5, so we can solve the problem on the period 0 < ¢ < 2. For this time interval, the
acceleration is 50m/s2. The velocity is therefore given by

v(t) = at + v, (1)

Using v(2.5s) = 0, a = 50, and ¢ = 2 in (1) and solving for v, shows that | v,=-100 m/s |
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.5
GOAL: Determine the ball bearing’s speed v after traveling the given distance.

GIVEN: The ball bearing’s acceleration is described by § = as+ be®®, where a = 3572, b= 1 ft/sZ,
and ¢ = 0.2ft71. The ball bearing travels d = 10 ft, and it starts from rest.
DRAW:

TOP VIEW

FORMULATE EQUATIONS:
Since the ball bearing’s acceleration is a function of its position,

g5 _ds ds_ds,
dt  ds dt ds
Sds = sds (1)
SOLVE:

(1) = (as + be®)ds = sds

1 2 b cd _ 1 2
§ad + . (e 1) = v
v = \/adz—{—%(e“l— 1)
c
2(1 ft/s?) .
— —2 2 0.2ft1)(10ft) _
v= \/(35 Y102 + == (e< )(10ft) 1)

v =19.1ft/s = 13.0mph|

37

Ezxcerpts from this work may be Tifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.6

GOAL: Find the constant acceleration a,, that brings a jet from 170 mph to 0 mph in 240 ft and
the elapsed time At.

GIVEN: Distance needed to go from landing speed to zero.

FORMULATE EQUATIONS: Because the acceleration is constant we can use

vg - fuf = 2a,(z, — 1) (1)

vV, — U

= a,At (2)

where a, is the constant acceleration, At denotes the elapsed time, and the subscripts 1,2 indicate

initial and final conditions, respectively.
SOLVE: First we’ll convert 170 mph to ft/s:

2 1

(170 mi) (5280 ft) (1 hr)
(Lhr) (1mi) (3600s)

= 249.3ft/s

Using this, along with the known distance traveled, in (1) gives us
0 — (249.3ft/s)* = 2a, (240 ft)

a, = —129.5ft/s”

Because 1 g is equal to 32.2 ft/s?> we have

1g)
— 12956t /s2—C9) _ — 402
“o /S G221 g

We can then use (2) to find the time At taken for the jet to come to a halt:
0 — (249.3ft/s) = (—129.5 ft /s*) At
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.7

GOAL: Find the needed deck space to allow a fighter jet to take off from an aircraft carrier.
GIVEN: The jet is brought from 0 to 165 mph in 2.23 s.

DRAW:

F ma.
Ol = @ =i

F8D=/RD

ASSUME: We’ll assume that the acceleration is constant.
FORMULATE EQUATIONS: We'll use the equation relating speed and acceleration, when

starting from rest under a constant acceleration:
v=at
and the expression for distance traveled under a constant acceleration:

r = —at?
2

SOLVE:
First we’ll convert 165 mph to ft/s:

(165 mi) (5280 ft) (1hr)

= 242 f%
(1hr)  (1mi) (3600s) /s
The acceleration is therefore /
v 2421t/s 9
= - = =109 f
[T 2a3s  LOOMt/s

The needed space is given by
1
= (109 ft /s%)(2.235)?
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.8

GOAL: Construct plots of speed and acceleration for the given position function.
GIVEN: Differentiate to find speed and then differentiate again to find acceleration.
FORMULATE EQUATIONS:

1
Given: x(t) = (3 m/s3> t3 — (16 m/s)t +10m (1)
Differentiating (1): i=(1m/s*)t? —16m/s (2)
Differentiating (2): i=(2m/s%)t (3)
SOLVE:

Solving (2) for & = 0 gives t2 = 16s? so t = +4s5. Since t = —4s occurs before the beginning of the
time interval, the correct answer is
t=4s|

The associated plots of speed and acceleration are given below, where 4 has units of m/s and Z has
units of m/s?.

20 v 12

15
10

10
8

5
X o s=0att=4s] X 6

-5
4

-10
2

-15
-20 - 0]

0 2 4 6 0 2 4 6
Time (s) Time (s)
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

Dolt2.1.1

GOAL: Find the speed, &, and the acceleration, &, at prescribed
times. GIVEN: z as a function of time.

GOVERNING EQUATIONS: The position of the car is given by:

z(t) = 100 ft — (88 ft/s)t + (10 ft /%)

Differentiating with respect to time, we get:

i(t) = —88ft/s 4 (20 ft/s%)t
and
i(t) = 20 ft /s*
SOLVE:
2) = i(2) = —881ft/s + (20ft/s?)(2s) = —48ft /s
and
(3) = #(10) = 20 ft/s”
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.9

GOAL: Find the constant acceleration a,, that brings a car from 0 to 60 mph in 5 seconds.
GIVEN: Time needed to go from zero to 60 mph.

FORMULATE EQUATIONS: Because the acceleration is constant we have

v(t) = v(0) + ayt

where a, is a constant acceleration.
SOLVE: First we'll convert 60 mph to ft/s:

(60mi) (5280 ft) (1hr)

= 88ft
(1hr) (Lmi) (3600s) /s
Using this in (1) gives us
88ft/s =0+ a,(5s)
a, = 17.6ft/s*
Because 1 g is equal to 32.2 ft/s? we have
1g)
= 17.6ft/s*—C9__ — (.55
%o /3 G221 g
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.10

GOAL: Determine the time to bring a car to a stop from an initial speed along with the distance
over which stopping occurs.

GIVEN: Initial speed of car and the fact that the car decelerates at 1 ¢

FORMULATE EQUATIONS:
For a constant acceleration,

v(t) =v(0) + at
at?

x(t) = z(0) + v(0)t + -

SOLVE:

70 mph = %(88) = 102.6 ft/s

o(t*) = 102.6ft /s — (32.2ft/s*)t* = 0 =

And for the distance:

32.2ft/s?
2

z(t*) = 04 (102.6 ft/s)t* t*?

At #* =3.19s, = 164 ft |
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.1.2

GOAL: Determine the distance the car needs to reach its maximum speed and the change in its
0-to-60 time such that it and a competitor’s car reach their respective maximum speed in the same
distance.

GIVEN: The 2008 Audi TT Coupe can accelerate from 0 to 60 mph in 6.5s and has a maximum
speed of & = 147mph. Assume that it accelerates from 0 to 60 mph at a constant rate and that

this acceleration is maintained as the vehicle pushes toward its maximum speed.
DRAW:

FORMULATE EQUATIONS:
Since we’re assuming that the car’s acceleration is constant, we can say that

Ai
. _Ad )
YA )
#? — i = 2i Ax (2)

SOLVE:
To go from 0 to 60 mph in 6.5s at a constant rate, the car’s acceleration needs to be

(1) = o (60 mph) (3615168) (52i?ift>
6.5s

i =13.51t/s

If the car continues to accelerate at this rate, then it will reach its maximum speed after traveling

. 2
(2) = Az - M
max 2@

_ [ammty (i) (2]

Agjmax - 2
2(13.5 ft /s°)

Az, =1.72 x 10° ft = 0.326 mi

max
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

We find that it takes a longer distance for the TT to reach its maximum speed as compared to its
competitor. For the car to attain maximum speed in 0.312mi like its competitor, its 0-to-60 time

would need to be

M- @)= (1) = ZEDNED)
oo 2(Az)(Ax)
_ 2(8d)(Aq)
()

2(60 mph) (o) (3251 (0.312 mi) (2591

{(147 mph) (36155s) (52%&)} i

t* =6.24s

tr =

Thus, the car’s 0-to-60 time would need to decrease by

At =6.5s—6.24s
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.11

GOAL: Determine a piston’s maximum speed and acceleration.

GIVEN: Position of piston as a function of time.

FORMULATE EQUATIONS: The governing equation of motion is given as

3.53 .
x(t) = 5 sin wt

where x is given in inches and w = 7000 rpm = 733 rad/s.
SOLVE:

d (3.53 in

v(t) = —a(t) = 5 ) w cos wt

Unae = (231 (733 1ad /5) = 1.29 x 10%in/s

a(t) d (t) = — (3'53 in) w? sin wt

~ ! 2

G = (253 (733 rad f5)? = 9.48 x 10%in/s” = 2.45 x 10%
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.12
GOAL: Find the height h for which a falling body will contact the ground at 35 mph.
GIVEN: Speed of contact.

DRAW:
e m
d
h
ASSUME:
v; = 0
v = 35mph = 51.3ft/s (1)
a = 32.2ft/s

FORMULATE EQUATIONS: We'll use the formula for the difference in speed due to a constant
acceleration a over a distance h:

UJ% —v? =2ah (2)
SOLVE:
vj% —v? = 2gh
22 2 _

29 2(32.2ft/s?)

ho= (409 ft]
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.13

GOAL: Find the percentage increase in drive force that will increase a car’s maximum speed by
10%.

GIVEN: Air resistance F, = Av? where A is a constant

ASSUME: When the car is going as fast as the engine can drive it, F, = F,

SOLVE:

From F, . = Av? we see that if v increases by 10% we have

F = A(1.1v)*> = 1.2140v* = 1.21F

drive

Thus we must increase the force generated by the engine by to support a 10% change in
speed. This tells me that it is very difficult to increase a car’s top speed because the force increases
as the square of the speed.
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.14
GOAL: Find the constant speed needed for a pursuing cyclist to catch another cyclist.
GIVEN: Initial positions of the cyclists and the lead cyclist’s speed.

DRAW:
j_"éﬁ
X
‘A

FORMULATE EQUATIONS: We'll need to use the formula for position as a function of time
due to a constant speed v:

z(t) = z(0) + vt

SOLVE: Bicyclist A has to travel one mile, or 5280 ft. 18 mph corresponds to 26.4 ft/s. Thus we
have
5280 ft = (26.4ft/s)t =t = 200s

Bicyclist B has to travel an additional 750 ft, for a total of 6030 ft and has 200 s to do so. Thus
we have

6030 £t = v, (2005)

vy = 30.2ft/s = 20.6 mph
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.15

GOAL: Find the terminal speed of an object with a given acceleration and determine at what
time it reaches 95 percent of terminal speed.

GIVEN: q, = 80,000ft/s*, a, = 0.01s/ ft*

FORMULATE EQUATIONS:

The acceleration is given by

S$=a,—a,$

SOLVE:

We can numerically integrate using MATLAB with initial conditions of s(0) = 0, $(0) = 0. Using
a time interval from ¢ = 0 to t = 0.01 s yields the following plot:

It can be seen from the plot that the terminal speed is

= 200 ft /s

Uterm

200
w S
s(ft/s) | : : |

00+ i

ol /.. e e, A

0 L L L L
0 0002 0004 0006 0.008 0.1
t(s)

This result can be seen analytically as well. When v, is reached, the acceleration § is zero. Using

this in our acceleration equation gives

ter
_ . 3
0= ay —av,

which, when solved, returns the result v, = 200ft/s.
An examination of the output data allows the time at which the speed reaches 95 percent of its
terminal value (0.95(200 ft/s) = 190 ft/s) to be determined as

’t = 0.00367s‘

term
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.16

GOAL: Find the position of a particle at t = 3 seconds given a plot of the particle’s acceleration.
GIVEN: Plot of acceleration vs. time.

DRAW:

z

FORMULATE EQUATIONS: We'll need to integrate the acceleration to find speed and then
integrate the speed to find position.

SOLVE:

The plot of acceleration versus time can be divided into three distinct regions on the time interval
0 <t < 3. For the region where 0 <t < 1, the acceleration is given by

§=10t
Integrating for velocity gives
$(t) = 5t° + v, (1)
Integrating again for position provides
5.3
s(t) = §t + v, + 5, (2)

Using the initial condition v, = 0 in (1) and evaluating at ¢ = 1 gives $(1) = 5. Using the initial

=1 and v, = 0 in (2) yields s(1) = 5.

conditions s 3

0

For 1 < ¢ < 2 the acceleration is constant;
§=10

Re-initialize the time counter to begin at t = 1, treating this segment as if it’s simply another initial
condition problem for which the initial conditions start at ¢ = 1.
Integrating for velocity gives

5(t) = 10t 4 v, (3)

Integrating again for position gives
s(t) = 5t% + vt + s, (4)

Applying the conditions found over the first time interval into these equations, we find $(2) = 15
and that s(2) = %.
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

For the final interval, 2 < ¢ < 3, the acceleration equals 0, so $(3) = v
Solving these equations shows that

, and s(3) = $(2)t + s,.
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.17

GOAL: Determine s(4) — s(0) given §(%).
GIVEN: A plot of acceleration vs. time.
DRAW:

0 1 2 3 i

FORMULATE EQUATIONS: We’ll have to integrate the acceleration to find speed and then
integrate the speed to find position.
ASSUME: We have three phases of acceleration - constant from 0 to 1 s, linearly decreasing from

1 to 2 s and constant (and zero) beyond 2 s.
SOLVE: For 0 <t < 1s:

5(t) = 5(0) + /Ot 20m/sdy = —4m/s + (20m/s2)i

s(t) = s(0) — (4m/s)t + (10 m/s?)t?

Thus s(1s) = s(0) +6m, $(1s) =16m/s
For 1s <t < 2s:
t

SO= D o201 s2) 25— nhdy = ~14ms + (40m /st — (10m/s)e

t

) = s+ (~amfsyn + om/2 — (st ) ) [
9

= s(0)+ g m- (14m/s)t + (20 m/s)t? — (10 m/sg) £3

3

Evaluating at ¢ = 2s gives s(2s) = s(0) + 282 m and $(2) = 26 m/s.

Finally, for ¢ = 2s and beyond we have zero acceleration. Thus the speed is constant at $(2s) and
the displacement increases linearly.

For 2s < t:

5(t) =26m/s

s(t) = 5(25) + 3(28)(t — 25) = 5(0) + 28% m + (26 m/s)(t — 25)

s(4s) = s(0) + 80% m

s(4s) — 5(0) = 802 m
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.1.3

GOAL: Determine the maximum height the ball reaches, and compare this to the maximum height
achieved when air drag is neglected.

GIVEN: The ball is launched vertically with an initial speed of yo = 50m/s, and the air drag

coefficient ¢, is given by ¢, = 0.001 m~ L.

&
|

FORMULATE EQUATIONS:
The ball’s acceleration is governed by

j=-g—c,i’ (1)

The ball’s acceleration is given in terms of its velocity ¢, and so

oy dy dy  dy

Y= " dy dt  dy?

dy ==dy (2)
Y
SOLVE:
We can simply integrate (1) to find the maximum height reached when air drag is considered:
. Ymax 0 _y
(1) — (2), integrate = / dy = / ————dy
0 9o 9+ CpY
Ymax 1 9 0
y’() __QCDID(‘(H—CDy)’D
1 | g
= n
1 9.81m/s”
Ymax = — 1 In 2
2(0.001m~1) 9.81m/s” 4 (0.001m~1)(50 m/s)2

Ymax = 114m

o4
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

When air drag is neglected, the ball’s acceleration is given by 4 = —g, and hence the maximum
height achieved is

(2) = —gdy = ydy

Ymax 0 L
-9 / dy = / ydy
0 yO

—gy‘zmax - 21 2‘0

“9Ymax = _§y0

ym ax

(50 m/s)?
Ymax =59 81 m/s?)

Ymax = 127m

The percent error e associated with neglecting air drag is

_ [114m — 127 m)|
- 114m

x 100%
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.18

GOAL: Find ¢, (time to switch from acceleration to braking), ¢
maximum speed of a car traveling a set distance.

GIVEN: Constant acceleration (7.5 m/s?) and braking (-10 m/s?) and total distance traveled (105
DRAW:

, (time to stop braking), and

a)

FORMULATE EQUATIONS: We'll use the displacement/velocity expressions for constant
acceleration a, going from an initial time ¢, to a final time ¢ :

v(ty) =v(t,) +aylty —t,] (1)
x(ty) =zt ) +ot,)t, —tA]—i—%ao[tB —t,]? (2)

ASSUME: The speed will be greatest at time ¢,, just before braking commences and the speed
will be zero when the car has traveled 105 m.
SOLVE: Starting from zero, we reach a maximum speed at ¢,:

v(t;) = ayt

1h
At this point its position is, from (2)

1
x(t)) = §a1t?

We can’t evaluate yet because we don’t know ¢, .
Moving on, we can find the position and speed at t,, given the initial position w(tl) and speed
v(t,). Knowing that the speed must be zero at ¢, gives us

v(t,) =0 = o(t))+a,(t, —t;)
at, +a2(t2 —tl)

aty = —ay(t, —t;)
(a; —ay)t;, = —ayt,
g — 04
ty = 21t =bt, (3)
2

27% _ —10-7.5 __
= = ——39 = 1.75.

2
We know that the car travels a distance L = 105 m and so we have

where b = =
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

1 1
oty = gty +agtfty —t]+ Jay(t, =)
1 2 2 1 2,2

= sat +ati(b—1)+ §a2(b - 1)t

2
1 a
_ <2a1 (b 1)a, + (b 1)222> 2ol

Using the given values gives us
7.5m/s?
(r;/s +0.75(7.5m/s2) — (0.75)2(5 m/s2)> 2 =105m

=4s

We can now find the maximum speed:

v(t,) = a,t, = (7.5m/s°)(4s) = 30m/s
3) = t,=1.75(4) = Ts
o7
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.1.4
GOAL: Find the time of collision between Car A to hit Car B and their relative speed at collision.

GIVEN: At ¢t =0 s Car A is traveling at a constant speed of 98 ft /s and Car B is 22.5 ft in front of
Car A, traveling at 78 ft/s and decelerating at 20 ft/ s?2. At t = 0.5 s Car A decelerates at a constant

30 ft/ s2. The separation of the two cars is given by h.
DRAW:

Xgr —™
Xar :

[a] [&])
= h —j

FORMULATE EQUATIONS: We'll use the general expressions for position and speed, given
a constant acceleration and initial position and speed z, v,:
at?

x(t) = .’L‘O +’U0t+ 7

v(t) = v, +at

SOLVE:
At ¢ = Os let the position of Car A be z,,, = 0ft and the position of Car B be z,, = 22.5ft.
After 0.5s have elapsed the positions and speeds are found from

7 ,-(0.58) = (98ft/s)(0.55) = 49 ft

T pR(0.5s) =225t + (781t/s)(0.55) — 0.5(20 ft/s%)(0.55) = 59 ft

v, (0.58) = 98ft/s
vy (0.55) = T81t/s — (20ft/s%)(0.55) = 68 ft/s

At this point Car A begins to decelerate at —30 ft/s2. For convenience we’ll reset time to zero (¢
indicates time beyond the 0.5s needed for Car A’s braking to begin.)

@, () = 49 ft + (98 ft/s)t + 0.5(—30 ft /s”)¢>
T (t) = 59 ft + (68ft/5)t + 0.5(—20 ft /s%)t?
The separation h is given by
h=,,—,, =10ft — (30ft/s)t + (5ft/s°)t>
and the collision occurs when h = 0. We're left with a quadratic to solve:
10t — (30 ft/s)t + (5ft/s*)t2 = 0
t2 - (6s)t+2s>=0
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

The relevant solution to this equation is ¢ = 0.354s. Thus the elapsed time from when the driver

of Car A first decides to brake is given by 0.5s 4 0.354s =|0.854 s |.
The collision speed is found from

—h = (—681ft/s + 98 ft/s) + (=30 ft /s> + 20 ft/s)(0.354s) = 26.5 ft /s

Thus we have a collision speed of

26.5t/s = 18 mph |
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.19

GOAL: Determine whether Car A hits Car B and, if so, determine the relative speed of the
collision.

GIVEN: Initially both cars are traveling at 98 ft/s. Car A is initially 30 ft behind Car B. Car B

begins to decelerate at 35 ft/s* and 1s later Car A begins to decelerate at 30 ft/s*.
DRAW:

Xar —™1
Xare ~ :

[A1 [&]
h -

FORMULATE EQUATIONS:
We'll use the formulas for motion with constant acceleration a (initial position and speed given by

Ty, V)

v(t) = v, +at
at?
.’E(t) = l’o —|—’U0t + 7
SOLVE:
T, indicates the front position of Car A and z ,, indicates the position of the rear of Car B. h
in£cates the separation between the two cars. Initially z , ., =0 and = ,,, = 30ft

We’ll break the analysis into two phases. First we’ll determine the position and speed of the vehicles
at t = 1s. Next, we’ll “reset” our time axis, defining ¢ = 0 as the point at which vehicle A begins
to decelerate. We’ll then find the time to contact and the relative speed at contact.

At t =0 we have

T, =0, Thn =301t
v, =98, ft/s v, =98ft/s
a, =0, ay = —35ft/s’

At t = 1s we have

35 ft /s%(1s)2
7 = (98F6/5)(1s) = 98Fc, = 30f6 + (98 ft/s)(15) — S US S 41054

v, =98, ft/s v, = 981t/s — (35 ft/s%)(1s) = 63ft/s
Note that by the time the driver of Car A notices the problem ahead of him and initiates his
braking (just 1s delay), his distance from the car ahead of him has been reduced from 30 ft to
(110.5 — 98) ft = 12.5 ft.
We’ll now “reset” our system, starting ¢t from zero again but with the new values of position and
speed, as well as having both cars decelerate (Car A at 30 ft/s* and Car B continuing at 35 ft /s%).

T, () = 98ft + (981t/s)t — (30ft2/s2)t27 Tpp(t) =110.56t + (63 ft/s)t — w (1)
v, (t) = 98ft/s — (30 ft/s°)¢ v, (t) = 63ft/s — (351t /s%)t (2)
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

Solving  , — x4, = 0 will allow us to see whether a collision (separation of the two cars goes to
Z€ro) OCCurs.

51t /s%)t*?
1) = 12.5 ft — (35 ft /s)t* — (/28) —0

This has only one positive solution: |t* = 0.348 s|. Thus we do have a collision.

Using this value of time and (2) gives us a collision speed of

v v, — vy = 35ft/s + (5ft/s%)(0.348s) = 36.7ft/s

coll —

v, = 36.7ft/s = 25mph

Note that these figures are not unreasonable. People often travel far too close behind the car ahead
of them and this shows that even a very brief lack of attention can easily lead to a collision.
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.20
GOAL: Determine the performance difference between manual braking and using Brake Assist.

GIVEN: In each case the car decelerates from 60 mph. Without Brake Assist the car decelerates
at 20ft/s> for 1s and then at 30ft/s* for the remaining time. With Brake Assist active the car
decelerates at 30 ft/ s? the entire time. Let x represent the position of the car C.

4———x——->DC

FORMULATE EQUATIONS:
We'll use the formulas for motion with constant acceleration a (initial position and speed given by

Ty, V)

v(t) = v, +at
at?

z(t) =z, + vyt + 5

SOLVE:

Case 1: Without Brake Assist. For this case we’ll examine the car’s response in two phases - from
t =0stot=1sand then fort > 1s. We’ll “reset” our time axis for the second phase, remembering
that 1s has already elapsed.

At t = 0 we have

x= O0ft
v = 60mph = 88ft/s
a= —20ft/s

At t = 1s we have

= (88ft/s)(1s) — 0.5(20 ft/s?)(1s)% = 78 ft
v = 88ft/s — (201t/s?)(1s) = 68 ft/s

We’ll now “reset” our system, starting ¢ from zero again but with the new values of position and
speed as initial conditions.

x(t) = 781t + (68 ft/s)t — (30&2/82)t2 (1)
v(t) = 681t /s — (301t /s%)t (2)

Solving v(t*) = 0 will tell us when the car’s speed goes to zero:
2) = (30 ft/s%)t* = 68ft/s = t* = 2.27s

(1) = 2(2.27s) = T8t + (68 ft/s)(2.27s) — = 155 ft

(30 ft/s%)(2.27s)?
2
Case 2: With Brake Assist we have
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2\42
2(t) = (88ft/s)t — (30&2/8” 3)
v(t) = 881t /s — (301t /%)t (4)
Solving for v(t*) = 0 gives us
4) = (30 ft/s?)t* = 881t /s = t* = 2.93s
(3) = 2(2.935) = (88t/5)(2.935) — (30ft/ 823(2'93 9 _ a9t

What we see from comparing these two results is that without Brake Assist the car traveled |26 ft
farther, an increase of .
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.21

GOAL: Determine the impact speed.

GIVEN: The battlestation falls from rest at a height H = 400mi. The planet has radius R =
4000 mi and a gravitational acceleration of g, = 30 ft/ s2.

DRAW:

FORMULATE EQUATIONS:
The battlestation falls according to

. g R?
s:—02 (1)

S

The acceleration is given in terms of the position s, so

ds ds ds ds.

STt T ds dt  dso
sds = 8ds (2)
SOLVE:
5 R 2
(1) — (2), integrate = / ! sds = _/ 90}22 ds
0 H+R S
1o o (B ds
TA NI
S = %
2 f s lpir

i 36005 2 1 1
: — /9 £t 2 mi > ( > 4 )2 |: _
o \/ (308t/5°) (5280 i) \ne ) (000D o0~ 400 mi + 4000 mi

‘éf‘ — 7318 mph
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.22

GOAL: Explain the significance of a negative time solution.
GIVEN: Position of a particle as a function of time.
FORMULATE EQUATIONS:

2(t) = 20m + (180m/s)t — (30 m/s%)t>
SOLVE: First we need to solve for the times at which the speed is zero:

v(t) = %x(t) = (180m/s) — (90m/s*)t2 = 0

2 =282 =t =425

%

AN
[T

The plot shows how speed varies with time. If the process could be started at some time before
the first zero crossing then the particle would encounter two instants at which its speed was zero.
If, however, a real system is being modeled for which the given ¢ = 0 really corresponds to the
physical time at which the process begins, then the first solution is unattainable, occurring as it
does before the system is set into motion.
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2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.23

GOAL: Find a rock’s impact velocity when dropped from 100 feet.
GIVEN: Downward acceleration is g — ¢ dé2

DRAW:

ASSUME: The rock experiences accelerations due only to that of gravity and drag.
FORMULATE EQUATIONS:
Measuring from the clifftop we have

5(0) =0 and $(0) =0
Because of the air resistance our ball’s acceleration is
§(t) = 32.2ft/s% — (0.01 ft71) 52
Using 5ds = sds or
s$ds
ds = 2 15 .2
32.2m/s” — (0.01ft™")s

SOLVE:
Integrating gives

100 m éirn,pact o
sds
ds =

32.21ft/s* — (0.01ft71) 32

Simpaci&

1
100m = *ﬁ In(32.2 £t /s* — (0.0l m™1)2)

0

2 —1\ 2
o 32.2ft/s* — (0.0l m )simpact
32.2ft/s”
Simpact = 528 ft/s
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

2.1.24

GOAL: Find the position of the probe at a prescribed value of the speed.
GIVEN: Acceleration as a function of the speed for a rectilinear motion.
DRAW:

Z—I— RELEASE POSITION

P

FORMULATE EQUATIONS: For simplicity we’ll introduce z as the coordinate which is zero
at the release point and points down from there.
To get an equation for the probe’s position z after release, use the general relationship

zdz =Zdz (1)
The particle acceleration is given by:
f=g—c# (2)

where g = 7.5 m/ s? and ¢ = 1.2x107% m~!. Thus there is a gravitational acceleration pulling the
probe down and a deceleration that depends upon the probe’s speed Z.
SOLVE: The terminal speed, z, . is found when the probe’s acceleration is equal to zero:

(2) = 2y = 250/

Thus we see that, given enough time, the probe will move down at a speed of 245m/s.
We want to find the distance travelled when Z = 0.98% =0.98(250m/s) = 245m/s.
To find z, we integrate (1):

term

2di = (g —c2)dz

»
z 2.2 — i
g—cz
—2czdz
sz—chz
g—cz
d(g—c3?
g —c) _ o
g—cz
) %
d(g — c2*
/ dg=c2) _ . / s
g—cz
21:0 z1:0

g—ci?

2 —4_ -1 2
. —(1.2x1 24
2) — 9z, = 7.5m/s” — (1.2x10" " m™")(245m/s)
g

7.5m/s’

In

) = —2(1.2x10"* m™ 1)z,

z, = 1.35%10*m = 13.5 km

67

Ezxcerpts from this work may be Tifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

2.1. STRAIGHT-LINE MOTION CHAPTER 2. KINEMATICS OF PARTICLES

2.1.25

GOAL: Investigate how fast a particle reaches s = 8 when its velocity/displacement follows the
graph given in the homework statement.

GIVEN: A plot of speed vs. position.

DRAW:

M

mls ‘ N
| N SeasmaE
_;;‘ t0 X (m)
i

X

FORMULATE EQUATIONS: For this problem we don’t have speed as a function of time but
rather as a function of position. Thus our governing equation is a bit different than usual.
From the graph, we see that

d 5
d—‘: = —15+10
Separating variables yields
ds
— - =dt

SOLVE: Integrating gives us
s ds t
JRC—
0o —3s+10 0

which provides the equation

0 0
Analyzing over the bounds gives
4 5 4
— (ln (10 - 45)> + 5 (In10) =¢
Thus 5
4 10—-2
t=—-In 1% (1)
5 10

e To find the values of velocity that the particle will obtain, plug s = 8 into equation (1). The

resulting time is ¢ = co. Thus the particle will have velocities .
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CHAPTER 2. KINEMATICS OF PARTICLES 2.1. STRAIGHT-LINE MOTION

e Using 7.99 in (1) gives t = 5.348
Using 7.999 into (1) gives t = 7.190
Using 7.9999 into (1) gives ¢t = 9.032

Thus one can calculate (by subtraction) that | At = 1.8425s|.

e To see where this constant jump is coming from, introduce a coordinate € that runs to the
left from s = 8:
s=8—¢

Substituting this into our expression for t gives

ln<m—%f—a>
(3
10
In (ig)
(m <j)) +ln (e))

In (450) - gln(e)

In our problem e was 0.01, 0.001, etc. So let’s let € be equal to powers of 0.1:

1

4
5
4
5
4
5
4
5
4
5

e=0.1" n=1,2,3,---

Then
4 /5\ 4
t = —m(2) = 2m0.1”
5“(@) 5 m(0-17)
4 5 4n
S o i L Y
5“(@) 5 n(0-1)

The only thing changing is the second term as we move closer and closer to s = 8. And the

change is equal to —% In(.1), which, when evaluated gives us a time change of | 1.842 |, just as
we saw numerically.
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.2 Cartesian Coordinates
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

221

GOAL: Determine the coordinate transformation between ¢, ¢, and 171, 172.
GIVEN: Structural configuration of the connected links.

DRAW:

SOLVE: In the illustration ¢ was made “small” so that the relationship between the unit vectors

is more immediately apparent. Clearly 171 and ¢; point in essentially opposite directions, as do 172
and ¢,. Hence the entry in the coordinate transformation array will be — cos ¢. More specifically,

we see that to get to the tip of ¢; we need to go opposite from 51 and then a bit in the 52 direction.
Thus we have

€1 = — COS gbli + sin qbl?z
Similarly, to get to the tip of ¢, means going opposite to FQ and then a little bit in the —b- ; direction:

Cy = — COS (ﬁb; — sin¢171

Putting these into a transformation array gives us

cy Cy
by | —cos¢ | —sing
172 sing | —cos¢
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.2.2

GOAL: Determine [|7(t)]|, ||7(¢)]], and ||@(t)| at time t = 2s.

GIVEN: The position of particle P in the horizontal plane is given by 7(t) = 5t27° + 2te% 7 m.
DRAW:

Y

r(t)
0% -

TOP VIEW

~
>

FORMULATE EQUATIONS:
The velocity and acceleration vectors for particle P are defined as, respectively,

o(t) = 10 )
a(t) = 20 2

SOLVE:
The distance from the origin to the particle at t = 2 is given by

IOl = /F(E) - 7(6) = V(52)° + (2421 m

I7@)) = VB2 + [2(2)e1@)* m

Im(2)]| = 20.6m)

The particle’s speed at the given instant is
(1) = o(t) = 10t7 + 217 + 0.2t 7 m/s
o(t) = 1067 + (2" 4 0.2t ) 7 m /s

15 = /5(t) - 0(t) = /(1062 + (201 + 0.2te01)> m s

152)]| = /[102)]2 + [2601®) +0.2(2)e01@)]? m /s
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

[[7(2)] = 20.2m/s]

The acceleration that the particle experiences at ¢t = 2s is
(2) = a(t) =107 +0.2¢"17 + 0.2¢* 7 + 0.02te’ 1 7 m /s*

a(t) = 107 + (0.4e0~” + 0.02te°~”) 7 m/s?

la(t)|| = \/a(t) - a(t) = J 100 + (0.4€0-1t 4 0.02te01t)? m /s*

a(2)] = \/100 +[0.4¢912) 4 0.02(2)€01»]? m /s>

|a@(2)|| = 10.0 m/s?
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.2.3
GOAL: Determine the coordinate transformation between b,, b, and ¢;, ¢, and between 7, 7
and ¢, Cy.

GIVEN: Angular configuration of the dial and indicator needle.
DRAW: All unit vector pairings are shown. The inclination of the ¢; are made up of the rotation

Nl b, // E — - j -/
f bz \6‘ z clz‘ig{ G ¢, \6+ld
c-- - k_--
Y | -, i
b b,

of the dial plus the indicator needle’s rotation with respect to the dial.

SOLVE: Our middle pairing allows us to form the transformation array between 171, 172 and ¢, Cy:
Putting these into a transformation array gives us

by by
—sing | cos¢
—cos¢ | —sing

ool

Using the rightmost pairing gives us our final transformation array:

v 7
cos(0 + ¢) | sin(f + ¢)
5 | —sin(d + @) | cos(d + @)

—

SR
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.4
GOAL: Determine the horizontal location before the island at which to drop the supplies.
GIVEN: System geometry and initial speed: H = 150 ft, v = 200 mph.

DRAW:
o V
N
H N . L
l \ -
NUSUUDIUUUEE N &
e S ]
FORMULATE EQUATIONS:
The x position of the airlifted supplies is given by
x = vt (1)
The y position of the supplies is given by
L o
y="H-ggt (2)
SOLVE:
The total horizontal distance traveled is s, so (1) becomes
(1) = s=ut (3)
To find the time when the supplies land, set y = 0 in (2), so
1
(2) = 0=H— 591&2 (4)
2H
(4) = t= /= (5)
g
Eliminate time in (3) to find the distance:
(5) = (3) = -
g

s = (200mph) (o) (o0 [ 20

3600's 32.2ft /s>

mi
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.2.1

GOAL: Determine [|7(t)]|, ||7(¢)]], and ||@(t)|| at time t = 1s.

GIVEN: The position of particle P in the horizontal plane is described by 7(t) = 0.3t37 +
0.4t sin 2t 7 ft.

DRAW:
YA
-—  Say, P
N
~
7A r(t)
0 > X
TOF VIEW

FORMULATE EQUATIONS:
The velocity and acceleration vectors for particle P are defined as, respectively,

o(p) = 00 )
a(t) = 0 ®

SOLVE:
The particle’s distance from the origin at t = 1s is

1P = /7(t) - 7(t) = \/(0.363) + (0.442 5in 28)” ft

7)) = /0.3(1)3) + [0.4(1)2sin(2 - 1)]? £t

(1) = 0.471 ft

The speed of the particle at the given instant is
(1) = o(t) = 0.9t%7 + 0.8tsin 2t7 + 0.8t% cos 2t 7 ft /s
6(t) = 0.9¢%7 + (0.8t sin 2t + 0.8 cos 2t) 7 ft/s
o) = +/T(t) - v(t) = \/(0.9152)2 + (0.8t sin 2¢ + 0.8t2 cos 2t)* ft /s

|o(1)]| = \/[0.9(1>2)]2 +[0.8(1) sin(2 - 1) + 0.8(1)2 cos(2 - 1)]? ft /s
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

[z = 0.9831t/s |

The particle’s acceleration at t = 1s is given by
(2) = a(t) = 1.8t7 + 0.8sin2t7 + 1.6t cos 2t 7 + 1.6t cos 2t — 1.6t sin 2t ft/s”

a(t) = 1.8t7 + (0.8sin2t + 3.2t cos 2t — 1.617 sin 2t) 7 ft/s”

la(t)|| = \/a(t) - at) = \/(1.825)2 + (0.8sin 2t + 3.2t cos 2t — 1.6¢2 sin 2t)* ft /s

|a(1)|| = \/[1.8(1)]2 +[0.8sin(2 - 1) 4+ 3.2(1) cos(2 - 1) — 1.6(1)2sin(2 - 1)]? ft/s>

|a(1)|| = 2.73 ft /s
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.2.2 L
GOAL: Re-express a vector in terms of the b, b,y frame.
GIVEN: Structural configuration of the connected links.

DRAW:
-Zz -
b 8B )
e
A """

The transformation array is shown below.

cosf | sinf

—

S S

—sin@ | cos6

SOLVE:

A7 — 87

= 4(cos0b, —sinfby) — 8(sin 0, + cos 0b.)
= (4cosf —8sinf)b, + (—4sinf — 8cos )b,

)
I

Evaluating at # = 130 degrees yields

p = —8.70b; + 2.08b,
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.5

GOAL: Re-express a given vector in a new set of unit vectors.
GIVEN: Orientation of two sets of unit vectors on a movable link.

DRAW:
J
C
Z; '
:
/
1 \By
s
é
v 7
b, | —cosf | —sinf
by | sinf | —cosé
FORMULATE EQUATIONS:
SOLVE: Express p in terms of b; and b,:
p = 3v+47 (1)
= 3(—cos 0b; +sin 0by)+4(—sin 0 by — cos 0 by) (2)
= by (=3 cos 0 —4sin 0) + by (3 sin 6 — 4 cos 6) (3)
For 6 = 53°, we get
p=—5.00b, —0.01b, (4)
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.2.6

GOAL: Find whether a magnet thrown off the end of a car will attach to the car, or fall to the
ground.

GIVEN: Initial velocity of the magnet is v = v/57. The magnitude/car interaction as an acceler-
ation is equal to —amf where a,, = 10 m/s%. Also, the sheet metal extends a length, L, equal to
1 m.

DRAW:

v
*—————.
s X
L )
---

ASSUME: Magnet follows a parabolic trajectory once it is thrown from the car.
SOLVE:

Solve for t for z:(t) =0

a, t2 a t*
0= ot* — = *(y — -
v 5 (v 5

t* = 0 (initial condition)

) =0

2
=20 (return time)

A

N g (2v\? 2gv? 2(9.81 m/s?)(5m?/ s?)
- ()

a? (10m/s?)?

m m

y(t*) = —0.98m|

So, just barely, the magnet hits the car (since missing would imply |y(¢*)| > 1 m)
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

Do It 2.2.3

GOAL: Determine the minimum launch angle and corresponding time of flight.
GIVEN: System geometry and initial speed: d = 200 ft, h = 3ft, vg = 100 ft/s.
DRAW:

V, - .
o"/_‘s_e \\ J
i 167

o ] ——od

FORMULATE EQUATIONS:
The z position of the pumpkin is given by

x = (vgcosh)t (1)
The y position of the pumpkin is given by
1
y=h+ (vosinf)t — ith (2)
SOLVE:
The total horizontal distance traveled is d, so (1) becomes
(1) = d = (vocos @)t (3)
d
3) = = —— 4
®) (vp cos 0) )

To find the launch angle, first set y = 0 in (2), so

1
(2) = 0:h+@mmmﬁ—§m2 (5)
Then eliminate the time ¢:
sin 1 d 2
(4) - (5) = Ozh—l-*d—g( )
cos 6 27 \vgcosf
2 . ng
0 = hcos”@+dsinfcostd — ——
21}0
1 d?
0 = hcos?0+ 5dsin(29) - ng
d2
0 = 2hcos®f+ dsin(26) — 9’70_2
0
2
% = 2hcos? 6 + dsin(26)
%
(32.2 £t /s%) (200 ft)2 5 .
= 2(3f 0+ (200 f 2
(100 ft /o) (3ft) cos” 6 + (200 ft) sin(20)
128.8ft = 6cos?ft + 200sin(26) ft (6)

81

Ezxcerpts from this work may be rifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

Using MATLAB® to solve for the minimum angle that satisfies (6),

6 . =0.333rad = 19.06° (7)

mi1

200 ft
(100 ft/s)(cos(19.06°))

(7)%(4):> t=
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.7

GOAL: Determine the time of flight, the horizontal distance traveled, and the maximum height
achieved.

GIVEN: System geometry and initial speed: h = 20ft, 0 = 45°, vg = 25{t/s.

DRAW:

FORMULATE EQUATIONS:
The x position of the craft is given by

x = (vgcosh)t (1)
The y position of the craft is given by
1
y=h+ (vosinf)t — ith (2)
SOLVE:
Find the time of flight by setting y = 0 in (2) and solving for ¢:
1
(2) = 0=h+ (vosinf)t — gth (3)
3) = = v/ (vg sin 0)% + 2gh
-9
b= omesnerae . ((251t/5)sin(45°))2 4 2(32.2 ft/s%) (20 ft)
e \/ —32.21t /s>
t = —0.693s, 1.791s

(@

Use the time of flight to solve for the distance traveled:

4) — (1) = x = (251t/s) cos(45°)(1.791s)

Determine the maximum height achieved by first differentiating (2) and setting it equal to 0:

d
Differentiate (2) = 0 = %: vosing — gt = 0 (5)
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

vo sin 0
(5) = tpeak = 0 (6)
(vosin)?  (vpsinh)?
6) — (2) = Ymax = I + -
©) — (2 ; .
B (v sin §)?
ymax - h + 2g
) _ o0t ((25 ft/s) sin(45°))2
max -

2(32.2 ft /s?)

| Yimax = 24.85 1t |
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.8

GOAL: Determine the separation distance and the constant running speed needed to catch the
ball.

GIVEN: System geometry and initial speed: H = 30ft, h = 10ft, d = 20ft, § = 30°, v = 20 ft/s.
DRAW:

V4 /EB

A -2

o’ \\ *j
H y \ 8 C J
| J_,,,i,,, &2
1 lo 7

M 1h

FORMULATE EQUATIONS:
The z position of the ball is given by

x = (vcosB)t (1)
The y position of the ball is given by
1
y=H+ (vsinf)t — ggt2 (2)
The z position of the catcher is given by
ot =y + o't (3)
SOLVE:
The separation distance is s, so (1) becomes
(1) = s = (vcosB)t (4)
We need the time of flight to solve for s, so set y = h in (2) and solve for :
1
(2) = h:H+(Usin9)t—§gt2
1
0= —59t2—|—(vsin0)t+(H—h) (5)
(5) = t= _psing+ V{vsind)? +29(H — h)
-9
. o 2
PR ) ((201t/s) sin(30°))2 + 2(32.2 ft/s7) (30 ft — 10 ft)
(20 £t /) sin{300) + 5
\/ —32.2ft/s
t = —0.847s, 1.468s

)
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

(6) — (4) = s = (20ft/s) cos(30°)(1.468 s)

To find the running speed,

(3) = et —xg =Tt
—d = vt
. d
¥ = ——
t
. 20ft
YT T1468s

v* = —13.63ft/s (running to the left) ‘
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.9

GOAL: Determine the ball’s launch speed and how long it is airborne.

GIVEN: The launch ramp is angled at 8 = 45° with respect to the ground, and its end is located
h = 2ft above the base of the backboard, which is inclined at 8 = 20° to the horizontal. The hole
is L = 3ft along the backboard from its base.

DRAW:

k

FORMULATE EQUATIONS:
The x position of the ball is given by

T =1+ &1 (1)
The y position of the ball is given by
_ AP g 9
Y= Yo Tyt — 59t (2)
SOLVE:
We'll need to eliminate the time ¢ to first find the launch speed v, and so from (1) we get that
(1) = LcosfB = (”0 cos@)t
L
‘= cos 3)
v, cost

By eliminating the time ¢ in (2), we find that the ball’s launch speed v, must be

2
i : L cos 1 Lcosp
3) =~ (2)= Lsin3=h in 6 1
3 - ) =+ (vgsno) (L28) -y Lend)
1.2 2
(LSinﬂfh)COEQG:Lcosﬂ(sinﬁcose)—g;—ojﬂ
(%
0
1.2 2 1
: COQS _ﬁ = (h — Lsin ) cos? @ + — L cos (3 sin 20
21}0 92
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

Y gL2cos? 3
0\ 2(h — Lsin ) cos? § + L cos 3sin 20

_ \/ (32.2ft/s2)(3 ft)2 cos?(20°)
Yy = 2 [2 ft — (3 ft) Sin(QOO)] cos? (450) + (3 ft) COS(ZOO) Sin(2 ] 450)

v, = 8.211t/s

Therefore, the ball’s time of flight is

(3 £t) cos(20°)
(8.21 ft/s) cos(45°)

(3) = t =
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2.2.10

GOAL Determine when the football player should jump to catch the ball and how far away he is.
GIVEN: System geometry, the football’s initial speed, and the catcher’s jump speed: H = 8 ft, h =
1 ft, 6 = 50°, vg=40 ft /s, v;= 9 ft/s.

DRAW:

J PR 19

RS
Fox

I A A N G Gy ar o Yarand

A —y

FORMULATE EQUATIONS:
The z position of the football is given by

x = (vocosh)t (1)
The y position of the football is given by
. L 5
y = (vosinf)t — igt (2)
The y position of the catcher is given by
L o
Yi = Yo+ vitj — 59t (3)

SOLVE:
First find the total time taken for the football to reach the catching height H by setting y = H in
(2) and solving for t:

2) = H = (vgsin0)t — %th
0= —%gﬂ + (vosinf)t — H (4)
)= = _ppsinga V(00507 —29H
-9
t = , ((40ft/s) sin(50°))2 — 2(32.2 ft /s”) (8 ft)
\/ —32.2ft/s”

t = 0.312s, 1.591s

t = 1.591 s when the ball reaches H on the way down
Next find the time it takes the player to jump and catch the football:
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1
(3) = Yi — Yo = v5tj — 5gt§
1
h = thj - igt?
1
0 = —igt?—i-vjtj—h (5)
. 2 _
(5) = L v]:|:1/vj 2gh
’ -9
t —9ft/s £/ (91t/5)2 — 2(32.2ft/5%) (1 £1)
T —32.2ft /s
t;j = 0.153s, 0.406s

t; = 0.153s when the catcher reaches H on the way up

The catcher needs to jump at
t* =t—1t; =1.591s —0.153s

The distance the ball travels before being caught is d, so
(1) = d = (vgcos )t

d = (401t /s)(cos(50°))(1.591 s)
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2.2.11

GOAL: Determine the ball’s launch speed v, and time of flight.

GIVEN: The ball is launched toward point A, which is d = 5m up an incline angled at § = 15°
with respect to the horizontal. The ball is projected at an angle 3 = 50° to ground at a distance

s = 4m from the base of the incline.
DRAW:

FORMULATE EQUATIONS:
The z position of the ball is given by

r=xy+it (1)
The y position of the ball is given by
= | £ — gt 2
Y=Y Tt~ 59 (2)
SOLVE:
Solving for the launch speed v first requires us to eliminate the time ¢, which we can express as
(1) = s+dcos€=(v0cosﬁ>t
fo S + dcos6 (3)
v, cos 3

Eliminating the time ¢ in (2) gives us the launch speed v, needed so that the ball lands at A:

v

s+ dcosf _1 s+ dcosf 2
2 v

cos 3 cos 8

3) — (2) = dsinf = (UO sinﬂ) (

0 0

g (s +dcos)?

2
22}0

dsinfcos® B = (s + dcosh) (sin Bcos §) —
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

deos0)® 1
g(s—i—Q;:os) =5 (5 + dcosf)sin 2B — dsiné cos® §
Y%

'UO:

g (s +dcos0)?
(s + dcosf)sin23 — 2d sin 6 cos? 3

B \/ (9.81m/s%) [4m + (5m) cos(15°)]?
Yo~ [4m + (5m) cos(15°)] sin(2 - 50°) — 2(5m) sin(15°) cos?(50°)

v, = 10.0m/s

Thus, the ball is airborne for

_ 4m+ (5m) cos(15°)
~ (10.0m/s) cos(50°)

3) =
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2.2.12

GOAL: Show that the transformation array going from a set A to B to C' can be expressed in
terms of the first and last vector set along with the total angle change.

GIVEN: Physical configuration of the connected links.

DRAW:

-

;zbg a\ 7

7 2\ o7
A P

-

The two transformation arrays are shown below

7
b, | cosf |siné
by | —sin® | cosd

)
€| cos¢ |sing
Cy | —sing | cos ¢

FORMULATE EQUATIONS:

b, = cosf7 +sinf7 (1)
by = —sinf7 +cosf7 (2)
7 = COS¢c; —sin¢c, (3)
7 sin ¢¢; + cos ¢c, (4)

SOLVE:
We can use (3) and (4) to reexpress (1) and (2) in terms of ¢} and ¢5:

b, cos 0(cos ¢y — sin ¢¢y) + sin O(sin ¢ + cos Pcsy)
by = —sinf(cos¢c, — sin¢e,) + cosf(sin ¢c; + cos Gcy)

Next we can regroup terms and reexpress them in terms of a more compact trigonometric form:

b, = (cosfcos ¢+ sinfsinp)e; + (sinf cos ¢ — cos O sin @),
by = —(sinfcos¢ — cosfsinp)c; + (cosfcos p + sinfsin ¢)c,
b, = cos(f—¢)c, +sin(f — $)c,
b, = —sin(d—¢)c, + cos(d — @)c,
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The final array transformation looks just like the original ones except it’s in terms of the difference
of two angles rather than in terms of a single angle. If I make superimpose the two unit vector sets

by, by, and ¢, ¢;, as done below, you can see that the same transformation is obtained.

= C
S A
b,
b,
c
!
o-¢
g C3
1| cos(6—¢) | sin(f — o)

Sans’
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2.2.13
GOAL: Determine launch angle
GIVEN: Dimensions of range and barrier.

DRAW:
e (67.5,17.58)
o e 77.5m —>|
E—07.5m —j

ASSUME:

F(t1) = (67.57 +17.587)m

T(t2) = 79.57m

7(0) = wv(cosf7 +sinf7)

FORMULATE EQUATIONS:

1
7(t) = —§th7 + w(0)t + 7(0)
SOLVE:
N DT +17.587)m = | —=t7 ) 7 +v(cosbr +sind7 )ty
(1)—(4)= 67.57 + 17.587 32 7 07 + sin 07
vpcosfty = 67.5m
7: 67.5m
t =
Vg cos 0
in 0t — 242
vosinOty — AT — 17.58m
VE 2
g 67.5m>
. tanf — = = 17.
(67.5m) tan 5 <Uo p—"; 7.58 m
(2)—(4)= 79.57 m = (—%t%) 7 +v(cos7 +sin07)ts
vgcosfty = 79.5m
7 79.5m
ty =
v cos 0
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

vosin0t2—gt§ = 0
VE 2
9 79.5m) _
(79.5m) tan 6 5 (’UQC089 =0
(6)x79.5%-(8)x67.5% =
tan@ (67.5(79.5)* = 79.5(67.5)°) = 17.58(79.5)?
17. 5)2
g 7.58(79.5)

67.5(79.5)2 — 79.5(67.5)2

0 = |59.9 degrees
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2.2.14

GOAL: Find the position of impact for a pea projected at an angle onto a slope.
GIVEN: System configuration.

DRAW:

j —

PR
. .
’ A
B y

\ 4 r‘abf'

FORMULATE EQUATIONS:
The z position of the dried pea is given by the equation

x, =y, tcosn

The y position of the pea is given by the equation
. I 5
Yp = yylsinng — §gt

The x and y positions of the intercept on the slope are

V3,
= —nh
T4 >
and .
=-h
yS 2
SOLVE:

Setting z,, = z; and y,, = y, yields a set of simultaneous equations that can be solved for h. The
equations are

3
vytcosn = \QFh (1)
and ) .
. 2
vt sinn — igt = §h (2)
Solving (1) for ¢ gives
3h
t — _VBh (3)
2y, cosn

(3) = (2) gives
\/gvohsinn B 3gh® _ lh
2v, cosn 81;(2) cos?n 2
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Solving for h gives

- (ﬁsmw - cos<n>> 8uj 05”1

2cosn 39
Simplification yields

4o

2
_ "0 : P
h = g (x/gsmncosn cos 17)
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2.2.15

GOAL: Find where a cricket lands on an inclined slope
GIVEN: Angle of slope.

DRAW:

FORMULATE EQUATIONS:

x = vy,tcosn

. L 5
Yy =y,tsinng — igt

h
atA:mz\ggh,y:

2
SOLVE:
3
\é»h = y,t cosn (1)
h 1
5 = v t* sinn — §g(t*)2 (2)
V3h
p= 3
1) = 2v, cosn 3)
h  V/3hsinp 1 3h?
B)— @)= 2 2cosn 2941}3 cos? 7
3h
V3sinncosn — (cosn)? — Z—g: 0
Y%

Let = /3sinncosn — cos?n — 3149
1) Teost T 4% nd find the value(s) of 1 for which () = 0
Using the Newton-Raphson procedure to solve for the roots gives:

(#d(n)— V3 cos(2n) + 2 cosnsing = V/3 cos(2n) + sin(2n)
n
f V3
Migr = = g =i W

dn V'3 cos(2n) + sin(2n)

Initial guess: 7, = 0.7. Using (4) yields n; = 0.7762. Using (4) again yields n, = 0.7852. One last
iteration gives 7, = 0.7854.

|7 =0.7854 rad = 45°

99

Ezxcerpts from this work may be rifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.2.16

GOAL: Determine initial launch speed for a launched watermelon to impact a slope at a specified
position.

GIVEN: Angle of slope and angle of launch.

DRAW:
/_ wa,f‘erm 8J°h
3,
-
r (o]
35
FORMULATE EQUATIONS:
1
r(t) = <—§Qt2> 7 + ©(0)t + 7(0) (1)
ASSUME:
m(ty) = 10(cos(35°)7 + sin(35°)7) ft @)
7(0) = wo(cos(45°)7 + sin(45°)7) ft/s
SOLVE
2 1 1
@2)=1)= 10(cos(35°) 7 + sin(35°)7) ft = (—2gt?> 7 + vo(cos(45°)7 + sin(45°)7)ts
R 10cos(35°) ft = wgcos(45°)ts
T
10 cos(35°)
tp = — 22
f vo cos(45°) vee 3)
. o . o 1 2
7 10sin(35°) ft = wosin(45°)ty — §gtf

oo . ov (10cos(35° 1 (10cos(35° 2
10sin(35°) ft = wpsin(45°) (vocosgélt')o; sec) — 59 (11()008((450; sec)

10 cos(35° 2
(—%)(32.2ft/s2) <cos(4(5°))ft>

Y07\ 10(sin(35°) — tan(45°) cos(35°)) ft
vo = [29.7 ft/s
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.17

GOAL: Find how far along an inclined surface a tennis ball will impact when it rebounds at a
given velocity.

GIVEN: Tennis ball’s initial speed and slope’s inclination.

DRAW:

-
J
-
8
X
FORMULATE EQUATIONS:
2 = v, |(sin B)t (1)
y = |v,|(cos B)t — 4.905t2 (2)
SOLVE:
~ —4.9052” LT )
(1) — (2) = Y= ]v1|2(sinﬂ)2 tanﬂ
A point on the sloped surface will satisfy
y = —(tan f)z (4)
_(tan B)z = —4.9052> n T
8.1 = [P g)? | tanp

4.905x 1
’ Lm%sinm? - <(ta“5) * tnﬁ)] =0

2(.03139z — 2.3094) = 0

T ="73.57 m

R=135Tm _ g4 95
cos (3
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.2.18

GOAL: Calculate required acceleration of hand to catch glass and speed of hand on contact with
glass.

GIVEN: Positions at which glass falls and at which hand is initially.

DRAW:
(EbGE oF
yo[ T —°= /" 1ABLE)
I -
I J
INITIA L. |
HAND ! l‘ I
POSITION +
0 ! F}NA L X
HAND
pOsITIoN

FORMULATE EQUATIONS: Let 7 be the position vector of the glass and 75 be the position
vector of the hand during the fall.

R 1 oo .
ra(t) = —§gt23 + 0g(0)t + 7(0) (1)
1
Fut) = 5(t—0.25s)2cfH+m,(0) (2)
ASSUME:
7q(0) = (27 +37)ft (3)
ru(0) = 27ft (4)
Falty) = 7Tyty) = (27 +0.57)ft (5)
. 27" —1.57 (©)
a = a—
" V22 1 1.52
SOLVE: . .
(1),(2)= —Egt2f +06(0)t +76(0) = 5(t - 0.25 8)2ay + 7 (0) (7)
1 1 27 —1.57
3),(4),(5),(6)—(8 ——gt?’7T 4+ (27 +37)ft = =(t — 0.2 2(- ) 27 ft
(3),(4),(5),(6)—=(8)= 59 7+ (27 +37) 2( 0.25s) RNV ol +(271t)  (8)
a(t —0.25s)?
7 2 = —— 2 9
! V22 +1.52 ©)
1, 1.5 a(t—0.25s)?
- — fp=——" T2 ) 4 9f 1
7 F9t° + 31t NG + 2t (10)
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

—th +3f = (—15+2)ft
(9)—(10)= 2(— 2.5t
_ 220 s
—32.21t/s
o (2ft)v22 +1.52
(11)—(9)= (0.394s — .258)?
a = |241 ft/s?
27 — 1.57
Uy = ayt+vy(0) = (241ft/s?) <\/Z22+71‘572> (0.3945 — 0.255)

= (241ft/s%)[(0.394 — 0.25)s] = | 34.7 ft /s
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.2.19
GOAL: Calculate minimum speed v to complete stunt.

GIVEN: Positions at which the car leaves the ramp, angle of the ramp and target location.
DRAW:

J
X
o) .
FORMULATE EQUATIONS:
1
F(t) = §t2cT~|— 7(0)t + 7(0) (1)
ASSUME:
7(0) = wv(cos(20°)7 + sin(20°)7
70) = 107 ft (2)
(ts) (797 + 217) ft
SOLVE: )
(2)—(1)= —g§t2j + v(cos(20°)7 +sin(20°)7)t + 107 m =797 m + 217 m
veos(20%)t = T9ft
7 79 ft
t = ——
v cos(20°) )
g 79 ft )2 o ( 79 ft >
21ft = - | ———= 2 —_— 10 ft
2 <vcos(20°) +vsin(20%) v cos(20°) +10
7

, 1ot 32.2 ft /s>
~ cos(20°) | 2((79 ft) tan(20°) — 11 ft)

v = 80.1ft/s =|55 mph
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.20

GOAL: Determine the time it takes the ball to hit the water’s surface, where it hits, the impact
speed, and the angle of impact.

GIVEN: The ball starts from rest at H = 70 ft. The wind speed is v,, = 80ft/s at h = 50 ft.
DRAW:

J

A "t
RN | ‘j L

FORMULATE EQUATIONS:
The y position of the ball is given by

1
y=H — igtz (1)

The time it takes for the ball to fall from where the wind pushes it to the water’s surface is

t=t—ty (2)

The horizontal distance traveled due to the wind is

5 = vyut* (3)
Since it starts from rest, the ball’s final vertical speed is given by
j? = 2gH (4)
SOLVE:
Find the time to impact by setting y = 0 in (1):
1
(1) = 0=H-—; gt?
2H
t o= ==
g
B 2(70ft)
32.2ft /s>

£ =2.0855]

The time it takes to fall to where the wind pushes the ball (point A) is
1

(1) = h=H - gt}
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2(H — h)
th = (/=
)
2(70 ft — 50 ft)
th = T o
32.21t/s
ta = 1.115s
From point A to the water’s surface,
(2) = t* =2.085s—1.115s
t* =0.971s

The distance traveled due to the wind is then

(3) = s = (80£t/5)(0.971s)

— /32 "2

The final horizontal speed is just the wind speed, so

(4) — (5) = vf =/v2 +29H

vy = /(80 1t/9)2 + 2(32.2 1t/5°) (70 ft)

The impact speed is

‘Uf’ = 104.4ft/s

The impact angle is

Vw

(4) - (6) = 6 — tan-1 (v29H>

(262215 (0 1)
§ = tan 80 £t/s
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.21

GOAL: Calculate the acceleration and jerk of the wheel’s center in the vertical direction.
GIVEN: Size of wheel and bump.

DRAW

ASSUME: & =v,, £ =0, 7 =0
FORMULATE EQUATIONS: The relation between x, ¥, and r is:

oyt = 1)
Rearranging (1) gives us
J =1t a? (2
2 _ 2\
v=|(" =) ®)
SOLVE: Differentiating (2) with respect to time yields:
2yy = —2x8 (4)
. —IT
y= 5
; ()
—xv
— 0
(3 - (5) = Ty ©)
Differentiating (4) = 74y = —i* — i (7)
Because # = 0 and & = v, (7) can be solved for § to yield:
—v 2 yZ
0
y= 8
; (8)
22
—v,2 — 0 . 22
(3), (6) — (8) = = r -t . 9
e R e ©
L =t
Yy (7“2 $2)3/2
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

Differentiating (7) = 29ij + gij + yy® =0 (10)

where y®) represents the third derivative of y with respect to time.
Solving (10) for ) =

S ) - 0.2
(3) — _2Yy —_3 0 0 11
S R\ e R AN o ”
3) _ —3003@”7“2
Yy - ‘(7‘2 o IL’2)5/2
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.22
GOAL: Find an expression for the necessary launch angle 6 in terms of ¢, d, h, L, g and v ,.
GIVEN: System geometry.

DRAW:
9 e

®
Y

R * (3 - s .
o

FORMULATE EQUATIONS:

. 1 I .
rp(t) = (=502) 7+ 050+ 500
ro(t) = vc(0)t+7¢(0)
ASSUME:
r(0) = 0
v5(0) = wvo(cosf7 +sinf 7)
7o(0) = dr+h7
vc(0) = wv,(cosdp +sing7)
rg(ty) = Tc(ty) =(d+ Lcos¢) v + (h+ Lsing) 7
SOLVE:
Uo(0)tf +7c(0) = =7¢(0)+ L(cos¢ 7 +sing 7)
(3)=(2)= L
Uctf = L = tf:’ui
C
1
(—zgt?)7+43(0)tf+'f3(0) = (d+ Lcos¢)t + (h+ Lsing)7
3)=(1)= 1N - B o
_5gtf 7 +wo(cos07 +sinf7)ty = (d+ Lcosp) + (h+ Lsing)j
votycos) = d+ Lcos¢
7 _ d+Lcos¢ v (d+ Leoso)
o= tycost n Lcos®
N gt% . .
7 oW +wotfsing = h+ Lsing
(4),(6)=(7)=
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Ezxcerpts from this work may be rifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2
L v, (d~+ Lcos L
_9 <> +< ol ¢)> ()sin@ = h+ Lsing
2 \v, Lcosf Ve
. gL?
tanf(d+ Lcos¢p) = h+ Lsing +
202
C
12
h+LSin¢+972
0 = |tan? e
e d+ Lcoso
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CHAPTER 2. KINEMATICS OF PARTICLES 2.2. CARTESIAN COORDINATES

2.2.23

GOAL: Find launch speed of mass so it strikes middle of bat when 6 = 7.
GIVEN: Launch angle ¢ is fixed. Launching tube is a distance d from the bat.
DRAW:

J

- ~‘ f
e ix i,
.‘-. 'O."\".-’o"."-'lx
e— d >

FORMULATE EQUATIONS:

6=at
2 .
i =" +000)
3 .
0= %4‘ 6(0)t + 6(0) (1)
F(t) = =587 + v(0)t + 7(0) 2)
ASSUME:
0(0) =n
6(0) =0 (3)
o) = 3
#0) = dr
v(0) = wvy(—cosgT +singy) (4)
H#) = 37
SOLVE:
(3)—(1)= — =2
37\ 7
(2T
()
9,42 . N . o\ gk N LA
(4)—(2)= —? 7 +vy(—cosd7 +sind7)t* + dz =37
7 —v,t*cosg+d=0
2
d d
cos ¢ ot = sing (vot*> (6)
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2.2. CARTESIAN COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

L
7 —%t*Q + vt sin ¢ = 3
2
d L + gt*?
1— —
(6)(5)—(7)> (t) .
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3 Polar and Cylindrical Coordinates
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.3.1
GOAL: Determine the absolute speed and acceleration of a running boy on a turntable.

GIVEN: The turntable is rotating at 0.4 rad/s and its radius is 10 m. Andy begins running from

rest and accelerates at a constant rate of 3m/ 52,
DRAW

2> e

€ — 1 B
VA
A

o

FORMULATE EQUATIONS:
WEe’ll use our expressions for angular velocity and acceleration:

FA = Té\r + Teéa
Ty = (F —r0%)e, + (rf + 270)e,
as well as our formula for constant acceleration for a particle starting from rest (and r = 0):
Lo
Lo L. 1
fr=g7 (1)

ASSUME: Andy runs straight toward Ben.
SOLVE: After moving 10 m Andy is moving at

1) = = \/2(3 m/s*)(10m) = 7.75m/s

7]l = \/(r0)2 + ()2 = /[(10m) (0.4 rad/s)]2 + (7.75m/s)?

4] = 8.72m/s |

a4l = /(7 — r62)2 + (rf + 276)2 = \/[3m/s” — (10m)(0.4xad/5)2]2 + [2(7.75m/s) (0.4 rad /5)]2

||@4|| = 6.35m/s”
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.1

GOAL: Determine the absolute speed and acceleration of a person running across a carousel when
he reaches the edge.

GIVEN: The carousel is rotating at 0.6 rad/s (counter-clockwise) and its radius is 40 ft. When Bill

reaches the center O he has a speed of 5 ft /s and an acceleration of 2 ft /s? (t = 0 is referenced to the

point at which he reaches the center). At ¢ = 0 the carousel begins to decelerate at a constant rate of

0.1 rad/s”.
DRAW

FORMULATE EQUATIONS:
We’ll use our expressions for angular velocity and acceleration

v, = 1€, + e, (1)
@y = (i —r%)e, + (rf + 270)e, (2)
and our position, speed, constant acceleration relationships
a(t) =ay, v(t) =v,+agt, x(t)=z,+v,t+ 0.5aot2
SOLVE: First we solve for the elapsed time for Bill to go from O to B (radial motion):
40 ft = (5ft/s)t + 0.5(2 ft/s?)t2

which has solution ¢ = 4.30s. Evaluating the radial speed corresponding to this time gives us
i = 5ft/s + (2ft/s?)(4.30s) = 13.6ft/s. At t = 4.30s the carousel is rotating at 0.6rad/s —
(0.1rad/s?)(4.30s) = 0.170 rad/s.

(1) = U = [13.6€, + (40ft)(0.170 rad /s)&,) ft /s

!%m = (13.6e, + 6.80€9)ft/s‘

(2) =

@y = [(2ft/s* — (40 1t)(0.170rad/s)?) e, + ((40 ft)(—0.1rad/s?) 4+ 2(13.6 ft/s)(0.170 rad/s)) €] ft /s>

Ty = (0.845€, + 0.6225¢) ft /s°
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.2
GOAL: Find the acceleration of a fly on a fan blade.

GIVEN: Fan dimensions and rotation rate.
DRAW:

FORMULATE EQUATIONS:

ap = (i —r6?)e, + (rf + 270)e,

(1)

ASSUME: The fly isn’t moving outward and therefore 7 = #* = 0. The rotation rate is constant

and therefore 6 = 0.
SOLVE: We're told that the fan blade rotates 27 radians in 1.3 seconds. Thus

2T

0= 13 rad/s

. 2 2
@y = —16%¢, = —(1m) (17; rad/s) z,

ap = —23.4¢, m/s>
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.3
GOAL: Find an example for which iy

A

dt 0
and

[T4] =1
FORMULATE EQUATIONS: ‘

vy=r1,€.+r,08 (1)

SOLVE: We must have 4 ;A| = 0 and |v4| = 1. The first relation says r4 is constant (r4 = 0).
This means A must be moving in a circle about the origin and eliminates the 7, of (1), leaving us
with )

’lTA = TAeég

|| = 1 implies the speed of rotation is constant (|r] = 1).
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.3.2
GOAL: Find the velocity and acceleration of the tip of a fire ladder.

GIVEN: System dimensions and rates.
DRAW:

o — —
v 7
€, | cosf |sind
€p | —sinf | cosd
FORMULATE EQUATIONS:
A\B = Tér + 740‘4\9 (1)
ap = (i —ro*)e, + (10 + 27)e, (2)
SOLVE:
1) = vg = (0.4m/s)e, + (8 m)(0.05rad/s)ey
v = (0.4¢, +0.4¢y) m/s |
(2) = ap = [0.1m/s>—(8m)(0.05rad/s)?|e,+[(8 m)(0.04 rad /s?)+2(0.4 m/s)(0.05 rad /s)] &,

ay = (0.082, + 0.36€}) m/s>
Using ¢ = & rad and the coordinate transformation array gives us
v = (01467 + 0.5467) m /s |

ap = (—0.1117 +0.3527) m/s*
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.4

GOAL: Find |vg] and [ag].
GIVEN: System geometry and rates
DRAW

&, &2
o
J
7Y LE
o

FORMULATE EQUATIONS:

A\B = Tér + 7494\9 (1)

ap = (i —r6?)e, + (rf + 2i0)e, (2)
SOLVE:

v = (—0.0549 m/s)e, + (0.3 m)(—0.683 rad/s)ey

v/0.05492 4 0.2052 m/s = 0.212 m/s

‘,UB’ -

@y = [0.0375 m/s® — (0.3 m)(—0.683 rad/s)?]e,
+[(0.3 m)(—0.1585 rad/s*) + 2(—0.0549)(—0.683 rad/s)]e,
= [-0.102€, 4 0.0274€,m/s*

la,| =0.106 m/s”
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.5

GOAL: )
A particle’s velocity is given. Express the velocity in polar coordinates and determine 6.
GIVEN: System geometry and aircraft’s speed.

DRAW:

v 7
e. | V3/2] 1/2
gy | —1/2[V3/2
FORMULATE EQUATIONS:
Uptane = —12007 km/hr = —333.37 m/s

= 3 1

= (—288.7€, + 166.6e,) m/s (1)
Uplane 18 also expressable as

ﬁplane = ilé\r + Té€0 (2)
SOLVE: ‘
(1),(2) = e, +riey = (—288.7e, + 166.6€,) m/s

7€, + (3000 m)fe, = (—288.7¢e, + 166.6€y) m/s

€, : 7= —288.7m/s (3)
ey : (3000m)f = 166.6 m/s (4)

] 166.8111{8
(4) = 0= = .05 rad/s
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.6

GOAL: Find the radial speed of car at B relative to point A in terms of v.
GIVEN: Dimensions to point A, dimensions to point B, ZAOB = 45°
DRAW:

]
t .z

LA

otkm o.lkm

r 7
c0s63.4° | sin 63.4°
—sin 63.4° | cos 63.4°

oo

FORMULATE EQUATIONS:

N .

Up T€T+7q94\9

SOLVE: 0.9k
6 = arctan 0:1 —_— 63.4°
vg(expressed in €., €y) = v(expressed in 7, 7)
e, + rie, = —v\fT — v\fj
e, + e, = —v?(cos 63.4°¢,. —sin63.4°e,) — v?(sin 63.4°e,. + cos63.4°%e,)
- V2 V2

7= —’U?(COS 63.4°) — ’UT(sin 63.4°) = —.949v

5, | = IF| = 9490

7, | = .9490
/A
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.7

GOAL: Why is ||25®|| generally not equal to |7 (t)||?
GIVEN: Two expressions involving a time derivative of 7.
FORMULATE EQUATIONS:

polar velocity v, =71e, + Téee

SOLVE:
note that all variables represent a function of time.
consider 4||7(t)]| :

Il = llre.ll = r
d dr 7
T j(t)|| = dt
P dr(t . N
now consider ||dzt(t)|\ : di) =7v,=re, +rle,
dr(t) ; .
1% 2+ (r0)?
| = llesll =

i # 1/ + (r6)?

Hdzt(t) || represents the magnitude of the polar velocity function, or the actual speed of a particle

described over time. This speed compensates for both the speed at which a particle moves away
from the origin and the speed at which a particle moves around the origin.  4||7(t)|| is 7 or the
radial speed describing the speed at which a particle moves away from the origin, but not around
it.
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.8

GOAL: Determine when 4|7 (t)| is equal to |4 (7(t))|.
GIVEN: Two expressions involving 7.
FORMULATE EQUATIONS:

v =re, +rbe,
SOLVE:
|7 is the magnitude of 7, namely, 7.
%Ais the speed at which r changes, namely, 7.

dr
Tt s the velocity of the vector =, including 7 and r6 terms:

Ccll—j‘ =\/72 + (rf)?

i is equal to /72 4 (r6)2 only when 6 = 0. Thus, the particle must be moving outward but not
around the origin. 7 has to be positive (moving away from the origin) for the signs to match.
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.9

GOAL: Determine if %(ﬁ) is zero.

GIVEN: 7 = 3ft/s and rf = —3{t/s.

FORMULATE EQUATIONS:

We'll use v = re,. + roey.

SOLVE: )

Although 7 and 760 are the magnitudes of the components of %(,p)’ these components are in orthog-

onal directions. %F would equal (3€, —3&}) ft/s, with a resultant magnitude of 31/2 ft/s. Thus the
final answer to the question is “no.”

124

Ezxcerpts from this work may be rifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.10

GOAL: Compare the effect on acceleration of a particle moving horizontally as opposed to one
moving in a circular manner, both with a sinusoidal variation of path.

GIVEN: In case (a) y = r, — r, cos(2wt) and in case (b) 6 = 2wt, r = r; — 1, cos().

DRAW:

1

-t

e .

X_~» Cr
s rs
7 7y
(o) (b)

FORMULATE EQUATIONS: Acceleration in Cartesian and polar frames are given by
ap =47
a, = (i —r0?)e, + (10 + 270) e,

SOLVE:
Case (a): We can differentiate our expression for y twice, yielding

§j = 4w?r| cos(2wt)

Case (b): We can use our expression for € in our expression for r, giving us

o — Ty cos(2wt)

r=r
Now we need to consider the component of acceleration in the €. direction:
a, =1 — 6>
Differentiating our expression for r twice yields
i = dw’r| cos(2wt)

and differentiating 6 gives us 0 = 2w.
Put these results into our expression for a, and we have

a, = 4w27"1 cos(2wt) — 4w2['r0 — 7, cos(2wt)]

Qr

= —dr,w? + 8w?r, cos(2wt)

We see two basic things. First, the fact that the particle in Case (b) is, on average, moving around
a circle, there is a constant centripetal component —4r0w2. Interestingly, in addition to this, there
is a further increase in the time varying acceleration as compared to the horizontal scenario (Case
(a)). Rather than an acceleration magnitude of 4w2r1, the rotational case has a magnitude that’s

100% larger: 8w?r,.
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.11

GOAL: Determine the angular speed of rotation needed to keep the image of a bird centered in a
camera’s viewfinder and calculate the total acceleration of the far end of the lens.

GIVEN: Distance to the end of the lens from the point of rotation is 17 inches. The viewfinder
displays a 40 inch wide target when the target is 80 feet away. The swallow moves at a constant
40 mph along a straight line. The closest approach of the swallow to the camera is h = 80 ft.
DRAW:

ey &
s
——
! /
! /
] /r
h |

/
1

o L
o k

FORMULATE EQUATIONS: The equations for velocity and acceleration in polar coordinates
are
vg =1€, +rle, (1)

and
ag = (i —r0?) e, + (200 +10) (2)

SOLVE: 40 mph is equivalent to 58.7ft/s. At § =90° e, = 7 and e, = —7. Using the provided
parameters in (1) gives us

Us = —58.77 ft/s = [i¢, + (80ft)0e]

. 58.7ft/s

=0, 0= S0R - 0.733rad/s

0 = 0.733rad/s

Using this data along with the provided parameters in (2) yields
a5 = 0= [ = (80£t)(0.733rad/s)?| &, + [2(0)(0.733 xad/s) + (80 £t)d] &,

P =43.0ft/s>, 6 =0

Our equation for the acceleration of end of the lens is a bit different than the swallow’s acceleration
because the swallow is moving in a straight line whereas the lens is rotating in a circle. Hence for
the lens both 7 and # are zero. The acceleration is found from
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

17in

iy = (i —r0?)e, + (270 + rf)ey = — (12111/ m

) (0.733rad/s)? + 0 = —0.7627 ft/s”

a, = —0.7627 ft /s
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.12

GOAL: Determine the constant angular velocity of the camera that will cause the image of a
swallow to disappear from the viewfinder in 0.5 s. Compare this angular speed to the angular
speed needed to perfectly track the bird and determine the percent variation from the ideal case.
GIVEN: The camera’s telephoto lens captures 40 inches of target image when the object is 80 feet
away. The swallow is 8 inches long and initially centered. The bird is at € = 90° and traveling at
a constant 40 mph with a constant radius of 80 ft from the camera.

DRAW:

40 1n |
oo ———

viewfinder

8in &
FORMULATE EQUATIONS: The equation for velocity in polar coordinates is
v, = 1€, + e, (1)

SOLVE: Using the provided parameters in (1) gives us a nominal rotation rate:

N 40 mph N N - .

Us = & ph /(88 e /5) ey = b8.7e, ft/s = (80ft)fey, = BOnominal = 0.733rad/s
If the camera is being rotated too slowly, the bird’s image will move to the left in the viewfinder.
It’s initially centered and so in order to completely disappear from the viewfinder it needs to move
16in + 8in = 24in = 2ft. The time for this to occur is given as 0.5 s. This implies a speed of
21t/(0.5s) = 4ft/s. The corresponding angular speed is

. Aft/s
0 = SO ft = 0.05rad/s

Thus the angular rate of the camera would be the nominal rate + this variation. Assuming a
camera pan that’s too slow (the usual problem) we have § = 0.733rad/s —0.05rad/s = 0.683 rad/s.

0 = 0.683rad/s

The percent variation from nominal is given by 100 (%)

percent variation = 6.8% ‘

The implication is that it’s not easy to keep a quickly moving object in the viewfinder, an observation
that’s very much supported by experience in the field.

128

Ezxcerpts from this work may be rifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.13

GOAL: Calculate at what angle 8 the camera’s angular acceleration is a maximum and determine
its angular acceleration at § = 0 and 6 = 90°.

GIVEN: The swallow moves at a constant 40 mph along a straight line. The closest approach of
the swallow to the camera is h = 80 ft.

DRAW:
&
\ &
S
r_ -
h J

v J
€. | cosf |sinf
€p | —sinf | cosd

FORMULATE EQUATIONS: The equations for velocity and acceleration in polar coordinates
are

vy = i€, + rie, (1)
and . . )
ag = (i —r0?) e, + (20 +10) € @)
SOLVE:
(1) = —v7 = —v[cos B, — sinfey] = i€, + rie,
25 7= —vcosf (3)
. wvsind
. i \
o ; (4)
(2) = 0= (i —r6%) &, + (200 + rd) &
o For? =0 (5)
€ : 2 + 6 = 0 (6)
- 270 20%sin6 cos

r r

From geometry we see that r = siks and hence we have

. 20%sin® O cosh
= T (7)
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

We find where 6 is maximized (or minimized) by setting % =0:

d7f9' _ 6sin® 6 cos? 0 — 2sin* 9 _0
de h? N

3cos?f =sin?f = tan?0 =3 = tanfh =3

Evaluating (7) at 6 = 0 gives us the same answer as for § = 90°:
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.14 o

GOAL: Determine r, 7, ¥, 0, 6.

GIVEN: System geometry and battleship velocity: d = 300m, § = 50°, "= 257 m/s.
DRAW:

' [
177070y Tr7

]
e d —

FORMULATE EQUATIONS:
The coordinate transformation array is

v 7
e, | cosf |sind
€p | —sinf | cosd

The battleship velocity in terms of polar coordinates is
v =re, + e, (1)

The battleship acceleration in terms of polar coordinates is

a= (i —rb?)e, + (270 +rb)e, (2)
SOLVE:
From the diagram we see that
d = rcosf
. d
~ cosf
A 300 m
~ cos(50°)

®)

To find 7 and 6,
(1) = vT = 7€, + rhe,
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

vsinfe, + vcosbfe, =re, + rle,

€, 7 =wvsinf
7 = (25m/s) sin(50°)
i =19.15m/s|
€p: 70 = vcosf
G v cos 0
o
- (25m/s) cos(50°)
3) — (5) = _
®) ) o 466.7 m

0 = 3.44 x 10~ % rad/s

To find # and 6,

(2) = 0= (i —rf>e, + (270 +rf)e,
&, i—rf?=0
i = rf?

(3), (6) = (7) = i = (466.7m)(3.44 x 10~2rad/s)?

i = 0.553m/s
€y 270 + 10 = 0

o 20
» . .r ~2rad/s)

@ @0 = > = HEERAEA

0 = —2.83 x 10 3 rad /s>
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.15 o

GOAL: Determine 7, 7, 6, 6.

GIVEN: System geometry, and the exerciser’s foot velocity and acceleration: r = 2ft, § = 15°,
v =4.337 +2.57 ft /s, @ = 0.877 + 0.57 ft/s°.

DRAW:

}
-~

JI7ITTT777777 77k

FORMULATE EQUATIONS:
The coordinate transformation array is

? 7
€,.| cosf |sinf
€y | —sinb | cosf

The velocity of the exerciser’s foot in terms of polar coordinates is

v =re, + e, (1)

The acceleration of the exerciser’s foot in terms of polar coordinates is

a= (i —r0*)e, + (210 +r0)e, (2)
SOLVE: .
To find 7 and 6,
(1) = VT v, T = 7€, +10E,

v, (cos0e, —sinfey) + v, (sinde, + cosbey) = re,. +rie,

€,: 7 = v, cost + v, sinf
7 = (4.33ft/s) cos(15°) + (2.5 ft/s) sin(15°)
7= 4.8301ft/s (3)
€y rd = —v, sinf + v, cos 6
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

.1 '
0 = ;[—vx sin 6 + v, cos 0]

) 1 . o o
0 = %[—(4.33 ft/s) sin(15°) + (2.5 ft/s) cos(15°)]

0 = 0.647rad/s (4)

To find # and 6,
2) = a, 7 +a,7 = (i —r6%)e, + (270 + rf)e,

a,(cos 0, —sinbey) + a, (sinbe, + cosfey) = (V' — r6?)e, + (270 + rf)e,

€,: i —7r6? = a, cost +a, sin 6
i =716 +a, cosf +a, sin 6 (5)
4) = (5) = i = (21£t)(0.647rad/s)? + (0.87 ft /s%) cos(15°) + (0.5 ft/s?) sin(15°)
i = 1.807 ft/s”
€y: 2f9+r§ = —a, sin<9+ay cos 6
0 = %[—27‘"9' — a, sin6 + a,, cos 0] (6)
(3), (4) — (6) = 6 = 2%[—2(4.830 ft/s)(0.647 rad/s) — (0.87 ft /s?) sin(15°)

+ (0.5 ft/sz) cos(15°)]

0 = —2.996 rad /s
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.16

GOAL: Determine ||7]| and ||a]|.

GIVEN: The radial position of the robotic arm’s end effector is governed by r(6) = 0.5+ 0.25[1 —
cos(20)] m. At the given instant, § = 45°, 0 = 0.5rad/s, 6 = 0.

DRAW:

‘%/
/\ g,
r

-l

Ve

FORMULATE EQUATIONS:
The velocity of the end effector in terms of polar coordinates is

v =re, +rlée, (1)
The acceleration of the end effector in terms of polar coordinates is
a= (i —rb?e, + (270 +rb)e, (2)
SOLVE:
r(45°) = 0.5+ 0.25[1 — cos(2 - 45°)] m
7(45°) = 0.75m| (3)
Differentiate r(§) = 7(6) = 0.5sin(20)0 m/s
7#(45°) = 0.5sin(2 - 45°)(0.5) m/s
|7(45°) = 0.25m/s | (4)
Differentiate 7(6) = #(0) = cos(20)6? + 0.5sin(26)0 m/s”
#(45°) = cos(2 - 45°)(0.5)% + 0m /s
7#(45°) = 0m/s” (5)
1) = |0 = /7 - 0 = /72 + 1262 (6)
(3), (4) — (6) = o] = /(0.25 m /)2 + (0.75m)2(0.5 rad /s)?
|7 = 0.451m/s]
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

(2) = lall = Ja-a=/(F — ré?)2 + (270 + rfi)? (7)
(3), (4), (5) = (7) = ||| = \/ {0 — (0.75m)(0.5rad/s)2}* + {2(0.25m/s)(0.5rad/s) + 0}

|a|| = 0.313m/s?
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.17 o

GOAL: Determine r, 7, ¥, 0, 6.

GIVEN: System geometry and the pole’s constant angular speed: L = 20ft, § = 40°, w =
0.25rad/s.

DRAW:

J
N2
k

VA v ay v A BV A A AV YR ]

ASSUME: Neglect the mass of the pole, and analyze only the lumped mass on the end.
FORMULATE EQUATIONS:
The coordinate transformation array is

7
€, | cost |sind
€p | —sinf | cosd

With respect to the pole, the lumped mass’s velocity and acceleration are, respectively,
v = Lwe, = —Lwt (1)
€n = _LW2T (2)

The velocity and acceleration of the lumped mass in terms of polar coordinates are, respectively,

a= Lw?

v =ie, +rie, (3)
a=(F—rfte,. + (270 +rb)e, (4)
SOLVE:

From the diagram we see that

L = rsinf

L
sin @

20 ft
sin(40°)

5)

To find 7 and 6,
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

1)=03)= —LwT = i€, 4+ rie,

—Lw(cosfe, —sinfe,) = re, + roey
€, 7 = —Lwcosf

7 = —(20ft)(0.25rad/s) cos(40°)

7= —3.830ft/s | (6)
ey 1 = Lwsin 0
0 = LTW sin 0 (7)
(5) = (7) = 0— (20 ft?s(l()'.l215f1;ad/s) in(40°)
0 = 0.103rad/s (8)
To find # and 6,
(2) = (4) = — LT = (7 —rf*)e, + (270 + r0)E,
—Luw’(sinfe, + cosfey) = (i — r6?)e, + (270 + r6)e,
€,: i —rf? = —Lw?sinf
i =1r0% — Lw?sin 6 (9)
(5), 8) = (9) = i = (31.111t)(0.103rad /s)? — (20£t)(0.25 rad/s)? sin(40°)
i = —0.472ft /s>
€p: 20 4+ 16 = —Lw? cos 6
6 = —%[27'"9 + Lw? cos b (10)
(5), (6), (8) — (10) = 6 = —31.11 £ [2(-3.830£t/5)(0.103 rad /5)

+ (20 ££)(0.25 rad /5)? cos(40°)]

0 = —5.34 x 10 3 rad /s
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

Do It 2.3.3
GOAL: Determine ||[74]| and ||@4]|.

GIVEN: The merry-go-round has radius R = 5ft and is spun to a constant 6= 3rad/s. The RC

toy car is accelerated from rest at the center straight out to point A at a rate ¥ = 3ft/ s2.
DRAW:

FORMULATE EQUATIONS:
With respect to the rotating merry-go-round, the RC toy car’s velocity at point A is given by

2 = 2fR (1)
The velocity of the RC car at A in terms of polar coordinates is
Uy =7 ,€, + ROE, (2)
The acceleration of the RC car at A in terms of polar coordinates is
a, = (F — RO%)e, + (27 0)e, (3)
SOLVE:
2) = 154ll = /T4 - 04 = /72 + R26? (4)

(1) — (4) = |74]| = \/27 R + R262

154l = V/2(31t/5%)(5£) + (5 ft)2(3rad/s)?

74l = 15.97 ft/s]

(3) = l@al = /@ - aa = /(i — RI2)2 + 452 62 (5)
(1) —6)= @ 4] = \/(f — RO?)2 + 87 R6?2

@ all = \/ (3f/s%) - (5ft)(3rad/s)2)2 +8(31t/s2)(5 ft) (3 rad/s)?

|@ 4] = 53.33 ft /s
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.18 o
GOAL: Find 7,7,80,0 of the dolphin.

GIVEN: r =300m, v, = 10m/s,v, = 17.3m/s,a, = Om/sz,a(9 = 0m/s’
DRAW:

e -

6 \/ v

D
. ;
o t.e
o
FORMULATE EQUATIONS:
polar velocity v, =71€e, + rééo
U, =06, +1,€
polar acceleration a, = (i — r0%)e, + (r6 + 210)e,
a, =a,e,.+a,¢e

SOLVE:
v, v, =7 =10m/s
Ug v, = 6

.U 17.3m/s

f=-2=-—""—"1"=0.058rad

r ~ 300m rad/s
a, : a, =i —rf* = 0m/s
i = 6% = (300 m)(0.058 rad/s)? = 0.998 m/s”

a, a0:r§+2f920m/s2

j_ =20 _ (=2)(10m/s)(0.058 rad/s)
o 300m

= —3.84x 1073 rad/s?

7#=10m/s 6 =0.058 rad/s #=0.998m/s* 6= —3.84x1073 rad/s>
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.19

GOAL: Find the gecko’s speed.

GIVEN: System geometry and rate the thread exits the spinometer.
DRAW:

? 7
€, | cost |sind
€p | —sinf | cosd

ASSUME: The gecko moves vertically and therefore

<

G:UGZ

FORMULATE EQUATIONS:

N

G - Tér + 7494\9

[an)

0 = tan"! (25> =12.8°

[\

N

r=[.05% +22%2m = 2.26m

SOLVE: (1),(4) and 7 = 0.78 m/s give us:
Ug = (0.78m/s)e, + (2.26m)fey = v, 7T

(0.78 m/s)(cos(12.8°)7 + sin(12.8°) 7) + (2.26 m)6(—sin(12.8°)7 + cos(12.8°)7) = v, T
(0.761m/s — 0.5 m)7" + (0.173m/s + 2.20m)7 = v, 7

0.761m/s — 0.5m = 0 = # = 1.52rad/s

0.173m/s + (2.2m)0 = v,

v, = [0.173m/s + (2.2m)(1.52rad/s)] = 3.52m/s
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.20
GOAL: Find magnitude of particle’s velocity and acceleration.
GIVEN: Velocity of point A.

DRAW:
o -
ﬁ. A7 E
”
\
< A

036+

FORMULATE EQUATIONS:

Velocity: v =7, +r (1)
Acceleration: a= (T - réQ) e+ (27;9‘ + 7’9> €y (2)
Differentiating equation for r: = a — 3bt? (3)
Differentiating equation for 7: 7 = —6bt (4)
Differentiating equation for 6: 0= —ce! (5)
Differentiating equation for 6: f=ce? (6)
SOLVE:

(3).(5) = (1) = o1l = /(@ = 3b)° + (at — bt3)? (—ee ")’

3)—(6) = (2) =

el = \/[—th — (at — bt3) (—ce*t)Q]2 +[2(a — 3bt2) (—cet) + (at — bt3) (ce—t)]?
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.21

GOAL: Determine # for a plane in a circular loop.

GIVEN: Path of plane, position of plane and observer and speed/acceleration information.
DRAW

<=1C C

ﬁ\‘l 1000 £+

,DV > P1 s 2
) . F"
r .

o ne J )

FORMULATE EQUATIONS: Define the velocity and acceleration in terms of the €, € 53 unit
vectors, referenced to the center of the loop C:

ap = (I—10%)e, + (18 + 20B)ey (1)

as well as the €,., &y unit vectors, referenced to the ground O:

r

JEEN

Up T‘é\r +7"9é\9

ap = (i —r6?)e, + (r6 + 270)e, (2)
ASSUME: We're given the fact that the path is circular and so can deduce that
[=1=0 (3)
SOLVE:
(1),(2) = (F —r6%)e, + (rf + 270)ey = (I — 10%)e, + (I8 + 2B)e;  (4)
(3),(4) = (7 —r0%)e, + (rf + 270)e, = —10%e, + 1fe;
Realizing that for the configuration under consideration €, = —€3 and €, = —¢€; gives us

(5 — ri?)e, + (rf + 200)e, = %%, — 1%,

We're already given the fact that the acceleration is equal to 193.6 ft/ s? in the €, direction and
thus have

i — 1% = 193.6 ft/s*

i =10 +193.6 ft/s*

Both r and @ are clearly non-zero and thus |# % 193.6 ft/s2
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.22
GOAL: Find the velocity and acceleration of A which can only move vertically
GIVEN: r =2m, 0 = 25°, 7 = —2m/s, # = 0m/s>

DRAW:
0 7
\ L
1 \r -
G
o -
A Er

N

2 7

€, | cos295° | sin295°
€y | —sin295° | cos 295°
FORMULATE EQUATIONS:
polar velocity v, =71e, + Téég
polar acceleration a, = (i — r%)e, + (rf + 2i0)e,
SOLVE:
polar velocity v, = 7(c0s 205°7"+sin 295° 7' ) +70(— sin 205°7"+c0s 295°7) = v, 7+07"
7 7 cos 295° — rfsin 295° = 0m/s
7c0s295°  (—2m/s) cos295°
= = = 0.466 rad
rsin295°  (2m)sin 295° rad/s
7 7 $in 295° + 70 c0s 295° = v,

v, = (—2m/s)sin295° + (2m)(0.466 rad/s) cos 295° = 2.207m/s

polar accel g = (0m/s’—r6?)(cos 295° 7 +sin 295° 7 ) +(r+270) (— sin 295° 7' +c0s 295°7) = a , 7+07

T —16? c0s 295° — 76 sin 295° — 270 8in 295° = O m /s?
i 702 cos 295° + 270 sin 205°
N —7r sin 295°
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

(2m)(0.466 rad/s)? cos 295° + (2)(—2m/s)(0.466 rad/s) sin 295°

g — =1 d/s?
—(2m) sin 295° 03 rad/s
7 —r6%sin 295° + (70 + 270) cos 295° = a ,
a, = —(2m)(0.466 rad/s)2 sin 295°+((2m)(1.03 rad/s?)+(2)(—2m/s)(0.466 rad/s)) cos 295° = 0.480 m/s2

v, =(22077)m/s @, = (0.4807) m/s?
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.23

GOAL: Express the acceleration equation for the end of a robotic arm in terms of 7 and 7, then
calculate the angular velocity and extensional velocity of the arm.

GIVEN: Tip acceleration and assorted kinematic data.

DRAW:

z 7
€, | cosf |sinf
€p | —sinf | cosd

SOLVE:

The acceleration of the end of the robotic arm is
@ = (4e, + 5e,) m/s”
Converting to the coordinates 7" and 7 (6 = 45°) gives

@ = (4m/s%) ?T+\£§T>+(5m/s2) —‘fr+\f7>

Combining terms gives

o

27 + 9\—267) m/s?

a=(-
SOLVE: )
To determine 6 and 7, start with the equation for acceleration in polar coordinates,

a=(i=r6%) e, + (20+r0) e,
Set that equal to the acceleration of the end of the arm
(7 = r6*) &, + (206 + rél) &, = (4¢, + 5ey) m/s”
Then, equate the coefficients. So, for €.

i—rf* =4m/s* = 10m/s* — (1.5m)H? = 4m/s>

0 = +2rad/s
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

Because there are two possible values of 6, there are two possible solutions for 7. Using the
acceleration in the e, direction gives us

r + 270 = 5m/s* = (1.5m)(—0.5rad/s?) + 27-(+2rad/s) = 5m/s’

7= +1.44m/s]
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.24 B
GOAL: Find a. and L.

GIVEN: v,, ¥, and car’s position.
DRAW:

-
-t
f,_.—~ Sre
L ~ G
L’_ .
= %
0
T 7
e [-170
e 0] -1

FORMULATE EQUATIONS: The acceleration vector is

N

a,=(F—r6?) e, + (rf +2/) &,

v _ (50 mph)(Gp)

) — ) — — — T P60/ _ 9y
rf=v = 0 " 3001t 0.24 rad/s
and 0.3(32.2
rd = 0.3(32.2ft/s) = 6= .?(,oo.) = 0.0322 rad/s?
also

SOLVE: Calculate the acceleration

@, = —(3001t)(0.24rad/s)? €, + (300 ft)(0.0322 rad /s?) &,

@, = (—17.9€, +9.66 &,) ft /s> = (17.97 — 9.66 7') ft /s>

v 7

e [ L TL

TLV2 | V2

e, | =L L

0 2 \/Q

Next we'll find L. The velocity vector 7, is
N . . N 1 1
'UC:L L+L/865:—'U]:—'U<7§€L+7§€ﬁ)
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

-—

% B
L
tl_‘* \ /
L ’
I’,
L,
/'
’I
,‘
.
O
. v 73.31t/s
e, L=——=————=-519ft
€ NG NG /s
: 3t
eg: p=- v _ T3 /5 = —0.122rad/s

V2(L)  V2(v2(3001t))

The acceleration vector a, is

a, = (L— LB e, + (LB+2L0)e; = (17.97 — 9.66 7) ft/s”

. g (966 179V o
e Lw‘(ﬂ*ﬂ%“
. . . 9.66 17.9

SOLVE: Solve for L

L = V2(300ft)(0.122rad/s)? — J5(9.66 — 17.9) ft /s” = 12.2 m /s?
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.3.4

GOAL: Find velocity and acceleration functions of time that describe the motion of point A
GIVEN: r =afl, a=10ft/rad 6 =10 rad/s

DRAW:

-

—éo\/erA
J
(=) L-L»

(o)
ASSUME: § =0
FORMULATE EQUATIONS:
polar velocity: v, = 7€, + rhe,
polar acceleration: a, = (i —rf¥)e, + (rf + 270)e,
SOLVE:
6 = /édt =10 rad/s/dt = (10 rad/s)t
r = af = (10 ft/rad)[(10 rad/s)t] = (100 ft/s)t
F =100 ft/s #=0
polar velocity v, = 7€, + e, = (100 ft/s)e, + (100 ft/s)t(10 rad/s)e,
v, = (100 ft/s)e, + (1000 ft/s?)te,
polar accel @, = (0—r6*e, + (0+2/0)e,

a4 = [—(100 ft/s)t(10 rad/s)?]e, + (2)(100 ft/s)(10 rad/s)e,

@, = —(10,000 ft/s3)te, 4 (2000 ft/s2)e,
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.25
GOAL: (case 1) Find acceleration of A for a constant 5000 rpm. (case 2) Suppose that the ~ey
acceleration component was equal in magnitude to the previous ~e, acceleration component. Find

"0 that yields this condition and the time required for drill to spin to rest with this acceleration.
GIVEN: r =0.003m, 6 =5000rpm, 6 =0 (for case 1)

DRAW:
. N
)
b
_—‘el’
A
FORMULATE EQUATIONS:

polar acceleration @, = (i —rf*)e, + (10 + 2rh)e,
ASSUME: Because the point A is fixed on the periphery of the drill we have 7 = # = 0.
SOLVE:

6 = 5000 rpm = 524 rad/s

case 1 a4 = (0—r6%)e,+(0+0)e, = (—(0.003m)(524 rad/s)?)e, = —822¢, m /s’
case 1: @, = —822¢, m/s’
case 2 a, = (rf + 270) = (rf + 0) = —822m /s>
. —822m/s
jo 28BS 107 rad)s?

0.003 m
O(t) =6t +6, =0

—90 ~ —b24rad/s

0 — =1.9x1073
4 —2.74x 105 rad/s? x i

t =

case 2: 0= —2.74x10° rad/s?, t=1.9x10"3s
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.26

GOAL: Find velocity and acceleration of point A when 6 = 7 rad.
GIVEN: 7, = L(1 +sinf), 6= (2.0rad/s?)t, 6 =0 whent=0.
DRAW:

o

FORMULATE EQUATIONS:
polar velocity v, =71€,+ 7"9?9
polar acceleration a, = (i — r6?)e, + (rf + 2i)e,
SOLVE:

0= /édt = /(2.0 rad/s?)t dt = (1.0 rad/s?)t* + 6,

=0 whent=0, 6,=0, 6=(1.0rad/s?)t?
0 T rad
. t= g =] 2 =125
& \/1.0 rad/s? \/1.0 rad/s? i
0 0 = (2.0 rad/s?)t = (2.0 rad/s?)(1.25s) = 2.51 rad/s
i 6= d¢9.—E(QO1faud/s,2)t—2()1raud/s2
o: Tdt dt -
. rA:L(1+sin9):L(1+sing):2L
d .
P 7= @L(l +sinf) = 0L cosf = (2.51 rad/s)(L)(cos %) =0
o d. . —_
7 T:£9L0089:9L0089—9 Lsind
i = (2.0 rad/s?)(L)(cos g) — (2.51 rad/s)%(L)(sin g) = —6.28L 572

Uy v, =0+ rbe, = (2L)(2.51 rad/s)e, = 5.01Ls ! &,
ay: @, = (i —r6?)e, + (rf + 0)e,
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

a4 = [(—6.28Ls %)—(2L)(2.51 rad/s)?|e,+[(2L)(2.0 rad/s?)]e, = —18.85Ls 2 €, +4Ls 2 &,

v,=501Ls"'e, a,=-1885Ls %€, +4Ls %e,
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.27

GOAL: Find gecko’s speed and acceleration.
GIVEN: Thread feed rate and acceleration.
DRAW:

FORMULATE EQUATIONS:

Velocity v =re, + e, (1)
Acceleration a= (7“ - 7“02) e, + (27’40 + 7“0) €p (2)
The gecko is contrained to stay on the wall:
rcosf =2.2m
Differentiating this constraint with respect to time yields:
. . rcosf
f’cos@—r@sin@zO:O:TC_Os (3)
rsin 6

Differentiating again yields:

7cos® — r0sin® — 7O sin @ — rfsin @ — r(9)2 cos§ = 0

— 9 _ ficos 0—276 sin §—r62 cos 0 (4)

rsin 6

At the given point in time:

r=+0.52+222 m (5)

sinf  (2—15m 0.5

tan ) = cosf 22m 2.2 (6)
SOLVE:
AN 2.2
(6).3)—(1)= v=i(e+ o)
[l = (0.78m/s)| /1 + (22%) = 3.52m/s
(3):(4),(5),(6)— (2)=

a= [—1.2m/52 —(2.26m)(1.52 rad/s)ﬂ e, + [2(0.78m/s)(1.52rad/s) + (2.26 m)(—13.6rad/s?)] &,

a = — (6.42¢, + 28.25¢,) m/s>
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.28
GOAL: Find Xiyalian transport’s velocity and acceleration as functions of time.
GIVEN: Radial position and tangential velocity.

DRAW:
b
% s
N ”C
/.\
e
~ A
7~
Q" _r
FORMULATE EQUATIONS:
Velocity v = e, +rie, (1)
Acceleration a= (T - réQ) e, + (27;9‘ + 7’9) €y (2)
SOLVE:
Differentiating the equation governing radial position,
7= ﬁa(to —t)=—a (3)
Differentiating again: =0 (4)
(1)= v-epg=b=>1r0=0 (5)
(5),3)=(1)= |0 = —ac, +be,
Differentiating (5)= p (7’9) =70+7r0=0=1r0=—10 (6)
g=-— b o b &
(4), (5),(6) —(2) = alty—t) r T =170
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.29

GOAL: Find time for B to reach % rad and evaluate 7z, U ap
GIVEN: r and 0 as functions of time.

DRAW

-

% ,\/e'

vk
r J
o! 18 LE

? 7
€. | cosf |sinf
€p | —sinb | cosf
FORMULATE EQUATIONS:
= bi’e, (1)
e
- N 2 de, N 2

5 = 2bte, + bt T 2bte, + bt“be, (2)

@p = 2b¢, + 2L + 2te, + b*biey + bPOL
= 2be, + 4bthe, + bt’de, — bt*0%e,

= (2b — bt?0%)e, + (4bth + bt*6)e, (3)
6 = at? (4)
0 = 2at (5)
0 = 2a (6)
(2), (5) = vy = 2bte, + 2abt’e, (7)
(3), (5), (6) = ap = (2b — 4ba’tt)e, + 10abt’e, (8)
SOLVE:
Find ¢ such that 6 = %:
T
5= at’ =t = /9= (9)
(1) = 7 = bt?(cos 07 +sinf7)
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

Att:,/% andezgwehave

-
(5),(7) = U = (2bt cos O — 2abt? sin )7 + (20t sin § + 2abt> cos )

Evaluating at ¢ = ,/%, 0= % yields

Up = —7by /g T+ 2by /9]

(3), (5), (6) = ap = [(2b— 4ba’t*) cos O — 10abt? sin 0] 7 + [(2b — 4ba’t*) sin @ + 10abt? cos 0] ]
At t = ,/%, 0= % we have
Gy, = —57bi + b(2 — 72)j
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.30
GOAL: Determine kinematic data of a satellite from ground information.

GIVEN: Position and assorted kinematic data.

DRAW:
§’3_.
- J
e
b Pm
A
7, r 100 mites
; ne |
PIrT i, g g i PICE IO
¢ &
€, | cos(f — ) | —sin(6 — 3)
€5 | sin(0 — B) | cos(0 — B)

FORMULATE EQUATIONS:
WEe’ll be using the general formulas for velocity and acceleration in a polar frame, expressed in

terms of the two sets of unit vectors:

v =rie, +rie,

@ = (i—r0?) e, + (20 +r0) e

SOLVE:
Using the provided values gives

a= (7’"’2 — (5280 ft/mi) (100 mi) (—4.88 x 1072 rad/s)2) €, + (5280 ft /mi) (100 mi)3e,

=

T= (fz 1257 ft/s2> g, + (5.28>< 10° ft) fes

The acceleration of the satellite is
a=-30.7¢,, ft/s’

SO

~30.7¢,, ft/5* = @ = iy = 12571t/s”) €, + (5.28% 107 f¢) ey
Equating coefficients gives for €,

Fo — 1257 ft /s* = —30.7 ft /s>

iy = 1227 ft /s
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

and for éﬁ
5.28x10°3 =0

=0

The first step to solve for the values with respect to Station A is to find the velocity of the satellite
with respect to Station B. The velocity is

N

Up = 28, + 120e5
U = 08, + (5.28x10° ft)(—4.88x 10~ * rad/s) e}
Up = —2.58x10%e; ft /s
Applying a coordinate transform with 6 = 45°, 3 = 90° gives

2 2
74 = (—2.58x 10 ft /s) (—\2[(31 + {%)

So
v, = [1.82x10%, — 1.82x10%€y] ft/s
Now set this equation equal to the general equation for velocity in polar coordinates
e, + ey = [1.82x10%, — 1.82x10%ey] ft/s (1)
Use the station’s geometry to solve for ry

_ 100 mi
 sin4he

So

ry = 747x10° ft

Equating coefficients in (1) gives for e,

71 = 1.82x 10* ft /s

and for €,
60 = —1.82x10* ft /s

So

0 = —2.44x10 2 rad/s

Now, to solve for the rest of the variables, write the acceleration equations
ap = —30.7¢,, ft/s’
Transforming to station A’s coordinates
Ty = (—21.7e, —21.7¢,) ft /s’
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

Writing the general equation
ay = (i —mb?) e, + (210 +mb) e
and equating coefficients for €, gives

—21.71t/s? = i} — (7.47x10° ft)(—2.44x 102 rad /s)?

it = 423 ft /52

Equating for e, gives

—21.7ft/s* = 2(1.82x10* ft /s)(—2.44x 102 rad /s) 4 (7.47x 10° ft)0

6 =1.16x10"3rad/s?
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.31
GOAL: Find acceleration of probe tip.

GIVEN: radial, angular, and vertical positions
DRAW:

FORMULATE EQUATIONS:
Acceleration a= (7“ - 7“92) e, + (27'“9 + 7“9) ey + hk (1)

Differentiating the equation governing radial position,

%au — cos(wit)) = 0 = aw sin(w;t) (2)
Differentiating again,
e sin(wit) = 0 = aw? cos(wt) (3)
Differentiating the equation governing height twice,
h = bw? cos(wat) (4)
SOLVE:
(2),3),(4)— (1)= @ = —ra’w}sin®(wit)e, + raw? cos(wit)ey + bwi cos(wat)k
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.32

GOAL: Find the velocity and acceleration of a horse on a carousel.

GIVEN: System dimensions, position relation of height to rotation angle, and rotational speed as
a function of time.

DRAW:

L & 1h
—\-.--t.?e; .\t._.‘-é}.:

h

FORMULATE EQUATIONS:

N

Ty =1, €, + 1,08, + i, (1)

@, = (F, —r 0%)e, + (r,0+ 27, 0)e, + e, (2)
ASSUME: The horse can’t move radially and thus

P, =i, =0 3)
SOLVE:
z =z, + 2 sin (w,0) (4)
0= w, et = 0= —%6_“ ()
(4),(5) =
z =z, + 2 sin (—wlliuZ e_bt) (6)
(6) =
Z= zlwlwge*bt coS (%67“) (7)
(7) =
Z=—z bwlee_bt cos (%l%e_bt) + 2’1”?”36_2“ sin (%e_bt) (8)
(3),(5),(7) — (1) =
vy, =r,w e ey + 2w w,e " cos (—F2e e,
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

a, = —rhwfe_%t@ — rhbwle_btég —
—W W —Ww, W
—bt 1%2 bt 2 2 -2t 192 bty |
2z, bw, w,e”"" cos ( e ) + 2 wiwye” " sin ( € )| e,
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2.3. POLAR AND CYLINDRICAL COORDINATHHAPTER 2. KINEMATICS OF PARTICLES

2.3.33
GOAL: Find magnitude and direction of thief’s velocity and acceleration.

GIVEN: Magnitude of thief’s speed and dimensions of the museum floor.
DRAW:

Lk
N
ol r‘/’l

FORMULATE EQUATIONS:
Velocity v =re, + 10+ he, (1)
Acceleration a= (7" - T92) e, + (27'”6. + 7*9) €p + héz (2)
The thief is constrained to remain on the floor,

12
Constraint h=ho— %9& (3)

where, hg is the initial height (in ft) and 6 is the thief’s angular position specified in radians.
Differentiating (3) twice,

. 12 .
h=——~0ft/s (4)
27
.. 12 ..
h=———0ft/s? (5)
27
SOLVE: 12
4) - (1) = v =rbe, — %9@ ft/s (6)
Speed is 12 mph o o=+ g2 19 mpn (7)
peed 18 mph = 472
(7) = 0 = 0.4395rad /s (8)

|7 = 17.58¢, — 0.84¢, ft/s]

-1 084 __ o
17.58 2.7

(8), 4) = (2) = a = —400%e, ft /s

direction of velocity = tan

|a@|l = —7.73ft/s?, @ is in radial direction
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CHAPTER 2. KINEMATICS OF PARTICLES POLAR AND CYLINDRICAL COORDINATES

2.3.34
GOAL: Find a) revolutions of wingnut in given time, b) percentage increase in speed due to moving
down.

GIVEN: vertical speed, constant angular velocity, and total acceleration of fixed point on wingnut.
DRAW:

FORMULATE EQUATIONS:
Because wingnut has constant angular velocity, it must also have constant vertical velocity due to
constant thread pitch:

. 09in

. . h = 1
Vertical velocity 19 (1)
Acceleration Gy = (T - TQZ) e, + (27;9‘ + r0> €p + ﬁé\z (2)
SOLVE:
(2) = @4 = || — r6%€,|| = 2.193 x 10% in/s? (3)
(3) = 0 = 52.357rad/s (4)

12
Integrating (4) = A Odt = 52.357(1.2) rad
f = 62.83rad = 10 revolutions |
Speed at constant height = || = ré (5)
Speed at variable height = |7, = \/ ()2 + h? (6)
o5l — 73l
% increase in speed = 100 x W (7)
0.8in)(52.357 rad/s)]2 + (%20)°  (0.81n)(52.36 rad

(5)’ (6) N (7) = [( . ID)( . ra /S)] 128 ( . 11'1)( . ra /S)

(0.8in)(52.357rad/s)

’% increase in speed = 0.016 %‘
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2.4 Path Coordinates
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

2.4.1
GOAL: Find the normal acceleration felt by the airplane if the pilot pulls into an upward loop.
GIVEN: The radius of the loop is 1300 ft.

DRAW:
-+
r
e
@ =3 et

P

FORMULATE EQUATIONS: We'll use the formula for acceleration in path coordinates:
2
Tp = 0,8+ a,e, = V¢, + —¢,
Te
SOLVE:
The radius of the loop is the radius of curvature for this problem:

~v® (300ft/s)?

n = T 3001t

a, = 69.2ft/s*
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.2
GOAL: Calculate the speed of a car.
GIVEN: ap = (—7.0€, + 5.0¢,) m/s* and r = 100 m.
—h
€n
\ »2
‘/ 6

FORMULATE EQUATIONS: The acceleration vector written in the (&, €,,) basis is

2

<

a=ve;,+ €,

<

C

where r , is the radius of curvature.

c
SOLVE: Given a,, = E)m/s2 and 7, = 100m, we can solve for v :

U2

100 m

=5m/s’ = v =224m/s

v=224m/s
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24.3
GOAL: Determine the total acceleration ||@,|| at A and the radius of curvature r, at B.
GIVEN: At point A, the radius of curvature is r, = 2m, and the marble’s speed is a constant

v, = 5m/s. At point B, the marble is traveling at v, = 3m/s with a total and tangential
acceleration of ||ag| = 10m/s* and ap, = 2m/s?, respectively.
DRAW:

B

s

A

A

M
TOFP VIEW

FORMULATE EQUATIONS:
The marble’s acceleration in terms of path coordinates is given by

a\: at At + €n (1)

v
r
SOLVE:

Since the marble is traveling at a constant speed at point A, its total and normal accelerations are
the same, and hence

2
v
(1) = AA:iAeAn
T4
2
v
N NN A
|@all = A A:r
A
o _ (5m/s)?
laall = =52

@ 4]l = 12.5m/s?

To find the radius of curvature at B, we’ll need to rearrange our expression for the marble’s

acceleration at that location:
02
(]‘):> EB:(IBtA\t‘i'iBé\
b TB
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2
2 v
N 2 N N
sl = ap - ap = (ag,) +<ﬁ>

U2
B 2 5
sl — (a,)
(3m/s)?
V(10m/s%)2 — (2m/s)?

Tg = 0.919m

r

Tg =
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2.4.4
GOAL: Calculate the speed of a race car.
GIVEN: ap = (0¢, + 0e,) m/s” and 7 = 90 m.

€n
\ e eé
P

FORMULATE EQUATIONS: The acceleration vector written in the (&, €,,) basis is

- v?
a=ve,+—e,
"o
where T is the radius of curvature.
SOLVE: Given a,, = Om/s2 and 7, = 90m, we can solve for v :
2
v 2
=0m/s"=v=0m/s
90m / /

v=>0

What’s interesting here is that normally one expects a knowledge of acceleration to give no infor-
mation about velocity. For instance, if a particle is moving at a constant speed of (1007 +507) m/s
it will have zero acceleration. Likewise it’ll have zero acceleration when moving at a constant speed
of (—47 4 87)m/s. Hence knowing that the acceleration is zero doesn’t tell us anything about
the velocity. For path coordinates, though, we see that a non-zero speed and positive radius of
curvature implies a non-zero normal acceleration and the reverse holds as well: a zero normal accel-
eration implies zero speed (unless the radius of curvature is infinity, bringing us to pure rectilinear
motion).

171

Ezxcerpts from this work may be Tifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions
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245
GOAL: Determine the constant v,,,, before the motorcycle begins to slip at s = 20 ft.

GIVEN: The maximum allowable acceleration of the motorcycle before slip is a,,,, = 30 ft/sZ.
The path’s radius of curvature is described by 7, = 25—0.002s3 ft. The tangential speed is constant.

DRAW:

FORMULATE EQUATIONS:

The acceleration of the motorcycle in terms of path coordinates is

2

— U —
a = —e
n
Te
SOLVE:
2
(%
max
1) = Cimax
Te
Umax = AmaxTe

o \/ (30 ft/s%) {25 — 0.002(20)3 ft}

<
I

Vi = 16.43ft/s]
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2.4.6
GOAL: Find the rotational speed of a Ferris wheel.
GIVEN: Magnitude of acceleration and dimensions.

DRAW:
€
P \. ¢
Ie &~ P
1o 3
FORMULATE EQUATIONS:
Velocity of P Up = rcéét (1)
. L v
Acceleration of P ap =a,6; + gen (2)
SOLVE:
constant rotational speed=- P = Ten (3)
C
2 62
= C 2
= = 0.331t
1)@= = /s

§ = 0.105rad /s = 1rev/min
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.7
GOAL: Determine |a,| for a car in a turn.

GIVEN: Radius of ramp is 180 m, v = 30 m/s, and the total acceleration magnitude is 7.07 m/sz.
DRAW

€,

el

FORMULATE EQUATIONS:

<
[

S
I
4
o
+
o

.
Q

SOLVE:

la.| = 7.07m/s” (1)
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Dolt2.4.1
GOAL: Determine the marble’s constant speed v, at A and its tangential acceleration a, , at B.

GIVEN: At point A, the radius of curvature is r, = 0.7ft, and the marble’s total acceleration is
|a@,|| = 14ft/s%. At point B, the marble is traveling at vy = 2.5ft/s with a total acceleration of

|@g|| = 18ft/s*. The radius of curvature at B is rp = 0.4ft.
DRAW:

B
Fg

T
A
TOFP VIEW

FORMULATE EQUATIONS:
The marble’s acceleration in terms of path coordinates is given by

e, (1)

v
a=aée;+—
r

SOLVE:
We're told that the marble’s speed at A is constant, and so its total acceleration is given by the
acceleration normal to the path:

2
v
(1) = i, = Ae,
A
R e
|@all =/@s-ay ==
TA
Vy = ”‘TAHTA

v, =/ (14£t/s%) (0.7 ft)

v, = 3.13ft/s

We can find the marble’s tangential acceleration at B by rearranging our expression for its total

acceleration at that point:

02
(1) = ap=ay,e,+ L€
9’ TB
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B (2.5ft/s)2]?
ay, = \/(18ft/s2)2 _ [0.4& ]

ay,, = 8.94ft/s’
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2.4.8
GOAL: Find r_. to support a maximum normal acceleration of 3.5g

GIVEN: Path and speed.
DRAW:

FORMULATE EQUATIONS:

SOLVE:
60 mph = 88ft/s

v?  (88ft/s)?

= — =227 (3.5)(32.2ft/s?
a, o o (3.5)( /s%)
r, = 68.7ft
rooo=r, = 68.7ft
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.9
GOAL: Find acceleration of point P at ¢t = 3s.
GIVEN: Tangential acceleration, initial conditions, and dimensions.

DRAW:
-l
p \ %
Ie &~ P
16 3
FORMULATE EQUATIONS:
t t t2
a, = W — ¢t = dv:ctdt:>/dv:/TdTév(t)—v(O):c—
t = dt 0 0 2
R v _ou()?
Acceleration of P P =06+ _Cen = ctey + T “n
SOLVE: ; )
—0.4 1t 3
(1) and given conditions= v(3s) = ( /28 ICL) +10ft/s = 8.2ft/s
N B 3 o (8.2ft/s)?
(3) — (2) = ap(3s) = [(—0-4&/5 )(3s)e; + 301 o0

ap(3s) = (—1.20e, + 2.24¢,,) ft /s
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Do It 2.4.2

GOAL: Determine which car (if any) will make it around the turn without sliding off the road and
how long it takes to do so.

GIVEN: Car A is attempting to make a semicircular turn of radius 7 , = 90 m at a constant speed
ofv,=24 m/s. Car B intends to travel at vy =28 m/s through a path of radius 7z =95 m. The cars

will slide off the road when their normal accelerations exceed a,, ;,,x = 0.75g.
DRAW:

TOP VIEW

FORMULATE EQUATIONS:
Since the speed of each car is constant through the turn, the acceleration can be expressed in terms
of path coordinates as

8|
Il

e (1)

S S,

The time it takes for each car to travel through the turn with a constant speed is governed by

As

SOLVE:
We're told that loss of traction will occur when the normal acceleration exceeds a,, . = 0.75g9 =

7.36 m/ SQ, so let’s start by checking if car A will make it through the turn:

2
(1) = a,=-4¢e,

TA

2

v

|@all = \/@a -3y = T*A

A
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

o B (24m/s)?
ay, =640 m/s® < Ay, max

Thus, we find that car A will maintain traction with the road, so it will make it through the turn
in

(2) = t, =—4
A UA
(90 m)
t, = ———
A 24m/s
t,=118s

a

An < Opmax = Car A will make the turn in ¢ , = 11.8s.

Let’s now look at car B:

2
v
(1= ip = Lo,
"B
2
v
anll = /an - an = B
lagll B 4B "y
B _ (28m/s)?
ag, =825 m/s® > (A—

Therefore, we see that car B will exceed slip conditions, and so it won’t make it through the turn:

a >aq = Car B will slide off the road.

B,n

T, max
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

2.4.10
GOAL: Find the acceleration magnitude of a skier, S.
GIVEN: Skier’s path and speed.

DRAW
,_S') Sn
220 f+
—h
e
t
FORMULATE EQUATIONS:
v
a=ve,+—e,
el

SOLVE: We need to find the skier’s speed at B. The acceleration is constant and so we have

2
% = aAs = (28ft/s%)(200 feet) = 5,600 (ft/s)?

v = 105.8ft/s

(105.8 ft /)% _

R 2. . R 2
ag = 28ft/s"e, + 590fn [28€, + 50.9€,,] ft /s

lag| = 58.11t/s* =1.80g
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.11

GOAL: Find direction and magnitude of velocity of point b immediately before and after reaching
point A.

GIVEN: Constraint of constant speed before reaching point A, acceleration after reaching point
A.

DRAW:

FORMULATE EQUATIONS:

Velocity of point b before reaching point A Vhefore = Up = ,Ub? (1)
t
Velocity of point b after reaching point A Uafter = Up T /t .\ adt (2)
SOLVE:
. . A
Immediately after passing point A, t — ¢, in (2)= Vafter = Up + /tA adt = vy,

vbefore = Uafter = sz
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2.4.12

GOAL: Find the time at which a sports car’s tangential acceleration is 10% of its normal acceler-
ation.

GIVEN: The track has a radius of 100m and the sports car’s speed is given by v = v, (1—e)

where vy = 60m/s and a = 0.3s7".

DRAW:

FORMULATE EQUATIONS:

SOLVE:
We need to solve for when the tangential acceleration is 10% of the normal acceleration, hence

10a, = a,,. Using (1)-(3) gives us
2
2 _ —at
vy (1 e )

10avoe_“t =
r

@ and using the given parameter values yields the following quadratic equation

2 —Te+1=0
This has only one physical solution: x = 0.146. Thus we have
e~ (03570 — 0.146

Letting z = e~
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.13

GOAL: Determine the normal and tangential acceleration of the point P when it has the same
speed in both the 7 and 7 directions.

GIVEN: y = bz, with b= 12571

DRAW:

e & -
n g J
Mo L
P

A 7
€; | cosf |sinf
€, | —sinf | cosf

FORMULATE EQUATIONS: We’ll determine the acceleration in terms of 7°,7 and then trans-
form this into the path frame.

SOLVE:

Differentiating y = az? with respect to time gives us

Y = 2axt (1)

& and y will be equal if 2ax = 1. Hence we have

1 L _ Ly

TTa T g 1T 12

as the position at which # and 3 are equal. Furthermore, we’re given
y=rba (2)

0 i — by i = P 12 s

art=br=1t=—=——

(1), (2) = 20 12ft!

If # and gy are equal the e, unit vector is oriented up by 45° (since it point along the velocity
vector).

2) = J = ba = (125—1>(1i2 ) = 1.0ft/s (4)

and

= 1.0ft/s (3)

v=/(1.0ft/s) + (1.0ft/s)? = V21t /s

(1) = i = 2ai” + 2axi (5)
(2) = §=bi (6)
(5), (6) = (12£67 1) (1.0t /s)? + & = (1257 1)(1.0ft/s) = & =0 (7)
(6) = §=(12s7H(1.0ft/s) = 12ft/s? (8)
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1 1 9 1 1 9 N 9
7),(8) = a(z—l—)fts +an<—2+>ft8—12 ft/s 9
(7),(8) W 57 ) 1/ 50t 57 ) 7ft/s™ (9)
at anp
B I 10
A (11)

<
N
[\

a, = 6\/§ft/s2

a, = 6v/2ft/s?
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.14
GOAL: Determine the speed of a moving particle when it is at x = %

GIVEN: y = a[l — cos(Ax)] with A = 3—%0&_1 and a = 80ft. When at z = %, ap = (8.07 +

2.07) ft /s2.
DRAW:

. J

€n
At Lie

P

v
€, | cosf |sind
€, | —sinf | cost

FORMULATE EQUATIONS: We’ll determine the acceleration in terms of 7°,7 and then trans-
form this into the path frame using

a, €, +a,€, =a, v +a,]

SOLVE: To find the angle # we can calculate % at x = %:
dy . T 1 .4
Iy alsin [)\ (2/\)] (80 t)(320 t7) =0.25

@ =0.25=0=14.0°
dzx

(8.07 +2.07) ft/s* = a,€, + a, €, = a, (0.9707 + 0.2437) + a,, (—0.2437 + 0.9707)

7 8.0ft/s* = 0.970a, — 0.243a,,
7 2.0 ft /s> = 0.243a, + 0.970a,,
2
Solving these two equations gives us a,, = 0. Since the normal acceleration is given by a,, = ;f— we
C

can have a zero value of this acceleration component through having a speed of zero or an infinite
radius of curvature. The radius of curvature at the give point is found from

1+ )
dz?

To =

Evaluating the second derivative of y at z = % gives us

d2y 9 T
@ = a)\* cos [/\ (2)\)} =0

Thus we see that our radius of curvature is infinite. We must therefore conclude that we can’t
determine v because any finite v will produce a zero normal acceleration component due to the
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infinite radius of curvature.

’v cannot be determined
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Do 1t 2.4.3

GOAL: Determine the maximum constant acceleration in the straightaway from B to C' so that the
car just makes it through the bend from C to D without losing traction, and find the corresponding
time to go from A to D.

GIVEN: From A to B, the car travels at a constant speed of v, = 25mph through a 90° arc of
radius 7, = 70 ft. The straightaway from B to C'is d = 401t long, and the bend from C to D is a
90° arc with a radius of 7, = 80ft. The car’s speed is constant from C' to D. The car will slide off
the road when its normal acceleration exceeds a,, ), = 0.759.

DRAW:

TOP VIEW

FORMULATE EQUATIONS:
Since the car’s speed is constant through both bends, its acceleration during the turns can be
expressed in terms of path coordinates as

S
Il

€, (1)

= S,

The time it takes for the car to travel through each turn with a constant speed is governed by

_As

V=Ay (2)

When the car is accelerating at a constant rate in the straightaway, we can say that

v? — vg = 2aAs (3)
Av
- = 4
a= 7 (4)
SOLVE:
The car will lose traction when its normal acceleration exceeds a,, . = 0.75g = 24.2ft/ s2, s0 let’s

first verify that it will make it through the first turn from A to B:
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)
(1) = CTAB = 7A€n
1
2
v
N N N A
l@apll = \/@ap - Gap = =
1
2
l@agll = _ [(25mph) (36}665> (52181?1&)}
@Bl = Tapn = 701t
2
Uyp, = 19.2ft /5" < @y, max

We find that the car indeed makes it through the first bend, and thus the time it takes to go from
Ato Bis

2) = tap = 3 -
A
b= (70 ft)
2(25 mph) (a5 ) (2591)
tig = 3.0s

We can find the maximum constant speed at which the car can travel through the bend from C' to
D by letting ||agpll = a =a

n,max*

CD,n
2

v
_ _C

(1) = a "

n,max ~

2
Vo = VO ,maxTo
vy = \/0.75(32.2&/52)(80&)
v, = 44.0ft/s = 30.0 mph

Therefore, the time it takes to go from C to D is given by

r
(2) = top = 5=
P2,
p (80 ft)
OD " 2(44.0ft/s)
t.p, = 2.86s

Now that we have the car’s speed at C' (and we already know that the speeds at A and B are the
same), we can determine the constant acceleration in the straightaway:

?)2 — 1)2

_ _C B

3) = ‘b= 9q
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(44.0ft/s)? — [(25 mph) (36}555) (52§3ft>]2
po = 2(40 ft)

g = T.34ft/s?

The corresponding time of travel is

(4) = t ,=-¢ B

44.0t/s — (25 mph) (a5 ) (22551)
tpo = 2
7.341t/s

tpe = 0.99s

Lastly, the total time it takes to go from A to D is

tiotal = tap Tipe tiop
t =3.0s+2.86s+0.99s

total

t =6.85s

total
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2.4.15
GOAL: Determine ||@|| at the given instant.
GIVEN: The snowball has a tangential speed v, = 10 m/s and tangential acceleration a, = 2m/ s2

at z = 4m. The hill profile is described by y = 0.2522 m.
DRAW:

>
T
FORMULATE EQUATIONS:
The acceleration of the snowball in terms of path coordinates is
I
a=ae+ Lo, &
The radius of curvature is
213
d
)
Te = a2y (2)
dz?
SOLVE:
. . dy
Differentiate y(z) = = = 0.5z (3)
x
Differentiate Z—Z = @ —0.5 (4)
dx?
2 3
(3), (4) — (2) = r,(z) = wm
¢ 0.5
3
[1+(0.5-4)%)2
4Am) —
re(4m) 0.5 o
ro(4m) = 22.36m| (5)
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2
(1) = lal| = /@ = a2+ (?) (6)

2
(5) — (6) = el = \/(2 m/s%)? + (M)
@] = 4.90 m/s”
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2.4.16 o
GOAL: Determine ||@|| in ¢’s, 6, 6.
GIVEN: The end of the test tube in the centrifuge has tangential velocity v, = 10ft/s and

tangential acceleration a, = 10ft/ s? at the given instant. The radius of the path is R = 0.75 ft.
DRAW:

- ~

/| N,
\ /
N Ny

N
~ //

P ]

TOP VIEW

FORMULATE EQUATIONS:
The acceleration of the end of the test tube in terms of path coordinates is

a=a,e; +

¢ € (1)

ﬁ
K3

SOLVE:

02\ 2
1) = T A 9 “t
1 Jall = Jaa = y a2 + R)

2
lall = \/(10&/52)? + ((10ft/8)2)

0.75 ft

|a@|| = 133.7 ft/s* = 4.152¢g

= R6?

t
R

101t/s
0.751t

[

0 = 13.33rad/s

1) = a, = RO
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[0

6 = L
R

j _ 10ft)s”
0.75 ft

0 = 13.33rad/s”
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2.4.17

GOAL: Determine a,, and v, before the snowboarder becomes airborne. Also find the maximum
height achieved and the total time in the air.

GIVEN: Before becoming airborne, the snowboarder has ||a]| = 20 ft/s* and a, = 10ft/s>. The
halfpipe has a radius R = 20 ft.

DRAW:

FORMULATE EQUATIONS:
The acceleration of the snowboarder at the edge of the halfpipe in terms of path coordinates is

2
v
@\:a’tét—i_aneén:atét_'_ifé\n (1)
The maximum height achieved is governed by
vtg = 2gAy (2)
The time to reach the maximum height is governed by
v, = gAt (3)

1) = lall = Ja-a=,/a2+a2

a, = y/lal?—a?

a, = /(20ft/s?)2 — (10ft/s?)?

a, = 17.321ft/s* (4)
2
v
1) = _ _t
(1) b = 3
v, =/a, R (5)
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(4) = (5) = v, =/ (17.32£t/5) (20 ft)
v, = 18.61ft/s
UZ
(2) = Ay = 29

. (1861 ft/s)?
©®-0= Ay = 2(32.2 ft /s%)

Ay = 5.381t

v
3) = At =L
(3) p
6) — (8) = A — 18.61ft/28
32.21t/s
At = 0.578s

The total time in the air is simply twice the time to the maximum height, so

ttotal = 24t
t,.. = 2(0.578s)
t, o = 1.156s
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2.4.18

GOAL: Find constant tangential acceleration needed for car’s total acceleration to be 8 m/s? at
point B.

GIVEN: Initial conditions and dimensions.

DRAW:

FORMULATE EQUATIONS:

1
adx = v dv with constant acceleration= a (sB — 30> =5 (U(SB)2 _ U(So)2> (1)
~ L v
Acceleration at B Bp=aé;+ %en (2)
SOLVE: )
(1) and initial conditions= [U(xB)] = 2a(100m)

v(ry) = 1/(200m)a (3)

(2) = lagll = o + — 35— =8m/s (4)
C

m 2a2
(30 = @ = (smst) - TS ®)
a=4.8m/s?
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2.4.19
GOAL: Time before bicyclist B slips.

GIVEN: Initial conditions, dimensions, maximum sustainable acceleration, constraint of constant

speed.
DRAW:

—
e =
¢ €n
FORMULATE EQUATIONS:
2
— — v —
Acceleration of B B =06+ _Cen
SOLVE:
20 mph = 29.3ft/s
v? 9
(1) and constant speed condition=- B= = 281t/s%e,
c
(29.3ft/s)?
= ———— =30.73ft
(2) = o T Tost/s2
(3) = re =50 — 0.00255” = 30.73ft = s = 87.81t

_ sTsft
b= 593%/s = 3%
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

2.4.20
GOAL: Find |v,| and |a,,| of a point P on a ferris wheel.

GIVEN: Wheel’s radius, 0 as a function of time and elapsed

time.
é
<
3iy P
FORMULATE EQUATIONS:
WP — 'Ué\t (1)
2
ap =0e, + —¢, 2)
C
SOLVE:
f=ct=0=c (3)
Because P is moving in a circular fashion,
v=r,0=(35ft)0 (4)

3), 4) = (1) =  ©p = (35£t)[(0.05rad/s>)(58)] = 8.75ft/s

v =|v,| =8.75ft/s

(3), (4) = o =r,0 = (35ft)(0.05rad/s*) = 1.75 ft /5" (5)
(4), (5) = (2) = ap = (L751t/s%)e, + Mén = (1.75€, + 2.19¢,, ) ft /s>

351t
@p| = 2.80 ft/s”
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.21
GOAL: Find a track’s radius of curvature.
DRAW:

mi

A

FORMULATE EQUATIONS:
To solve this problem, start with the equation ads = vdv. The acceleration is constant, a = 5 ft /s

So, integrating the equation
sf vf
/ ads = / vdv
S0 Vo

gives

SOLVE:
Using the given values gives

1
(51t/s%)(600 ft) = 5@? — (801t/s)?)
So the value for the final velocity is

vy = 1111t/s
We know the magnitude of the car’s total acceleration is 14.6 ft/s? at C. The equation for the

magnitude of the total acceleration is
|al| = /a2 + a7
02

Since a,, = 57— we can compute the radius of curvature
C

o

2
14.6 £t/ :J mlW) + (51t/5°)?

and

Te = 899 ft
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

2.4.22

GOAL: Find the radius of curvature of a meteor’s path at the given instant.
GIVEN: Speed, heading and acceleration information.

DRAW:

30
4 J
v A .t
é-‘éﬂ
Sn
7 7
€; | —cos3° | —sin3°
€, | sin3° | —cos3®

FORMULATE EQUATIONS:
WEe’ll be using the formula for acceleration as expressed in path coordinates:

2
a=ie,+—¢,
C
SOLVE:

The first step is to convert the gravitational acceleration into path coordinates of the meteor and
add that to the deceleration due to drag, so the total acceleration of the meteor is

a,, —9.57 m/s> — 5.0, m/s”
—9.5(— cos 3°e,, — sin3°¢,) m/s® — 5e, m/s’

= 9.49¢, — 4.50¢, (1)

Converting the velocity from kph to m/s

1000 m/km

— (25,000 kph
v = (25,000 kph) =0

= 6944 m/s

Using our expression for the normal acceleration component a,, gives us

(6944 m/s)?

= 9.49m/s”
C

Te = 5.08 x 10% km
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.4.4

GOAL: Determine the acceleration of the rocket’s engine, the total acceleration in path coordi-
nates, and the radius of curvature of the path.

GIVEN: Rocket’s acceleration and velocity.

DRAW:

19 -6

/‘;;?/Et Ti»r

—

en

-

r 7
cosf | sind
sinf | —cosf

Lo

@

FORMULATE EQUATIONS:
We’ll be using the formula for acceleration as expressed in path coordinates:

SOLVE: The total acceleration of the rocket is
CT,\R — CTE + @\G
where @y is the acceleration due to the engine and @, is the acceleration due to gravity. So

(5.6577 — 3.8437) m/s” = (a, 7 + a,7) m/s* — 9.57 m/s’

Equating coefficients gives a; = 5.657m/ 52 a, = 5.657m/ s? The acceleration of the rocket engine
is

ag = (5.6577 + 5.6577) m/s>

To convert the rocket’s acceleration to path coordinates, you need to know the angle the rocket is
flying with reference to the vectors 7 and 7. The velocity vector,

7 = (5,0007 + 2,0007) m/s,

can be used to determine this angle.

2.000
0 =tan"! (= = 21.8°
an (5,000) 8

Converting the acceleration to path coordinates

ap = 5.657(cosbe, + sinfe,,) — 3.843(sinfe; — cosbe,))
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

Evaluating this equation gives

ap = (3.823¢, +5.669¢,,) |

To find the radius of curvature, use the equation % = ap with v = \/(50002 +20002) (m/s)2 =
5,385 m/s and a,, = 5.669 m/s%. Solving for T gives

re, = 5115km
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.23

GOAL: Determine the acceleration of a particle moving along the path zy = 36 m?.

GIVEN: Horizontal speed of the particle.

FORMULATE EQUATIONS: We'll use the facts that displacement differentiated with respect
to time gives us velocity and velocity differentiated with respect to time gives us acceleration.
SOLVE: zy = 36 m?. If x = 9 m then y = SSQQ =4 m.

Differentiating zy = 36 m? gives

g&y+xy:0;»y:—%a‘; (1)
(1) = =it g7 =i (7~ Y7) (2)
a
. N T _
T=0 = x(f—y7>+x<—y1 +y23)
X
. .2
N A
= e 3
iy Y2 $2)J ®

We're given that v = 10 m/s. Using (2) gives us

2\ 2
v=21a 1—|—(y> ) =10m/s = & =9.138m/s (using r =9m, y = 4m)
x

From (1) we have y = —4.061 m/s.
We're also given that v is constant. Thus © = 0. From (2) this gives

1 1
2\ 2 2\ "2 . ]
# 1+<y>> +i 1+(y>> y<y—y‘§>:0
T xr X X xr

Using the values for x, y, & and ¢ gives & = 3.06 m/sz.
Using the values for z, y, &, ¥ and & in (3) gives

@ = [3.067 4 6.897] m/s”
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

2.4.24

GOAL: Find distance traveled and time elapsed when the magnitude of car’s acceleration is 0.9
m/s2.

GIVEN: Constraint of constant tangential acceleration, initial conditions, and dimensions.
DRAW:

C

o~
e -
¢ [
FORMULATE EQUATIONS:
t
v = 1
Speed ﬁ atdt = att (1)
t 1,
Distance traveled s = /0 vdt = §att (2)
Acceleration a=ae;+ _Cen (3)
SOLVE:
attd
(1) — (3) = all = \|a? + ;2 =0.9m/s’ (4)
c
300m)?
t* = [(0.9m/s?)? — (0.75m/s?)? ( 5
(4) = [(0.0m/s")? — (075m/s?] 2 o (5)
t=16.35 (6)
1 2 2
6) — (2) = s = 5(0.75m/5%) (16.35)
205

Ezxcerpts from this work may be rifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.25
GOAL: Calculate the radius of curvature for a race car.

GIVEN: Track dimensional data, car’s speed and car’s overall acceleration level.
FORMULATE EQUATIONS: The acceleration vector written in the (&, €,,) basis is

2

<

a=ie, +

€n

<

C

where 7, is the radius of curvature.
SOLVE: Given a, = 0.5g and v = 200 km/hr = 55.5 m/s, we can solve for r,

2 2
P L VL) W TRy

59 0.5(9.81m/s%)
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

2.4.26
GOAL: Determine whether or not a car will lose traction during a turn.

GIVEN: The radius of curvature at entry and exit of the turn as well as the car’s speed.
DRAW:

sl'bl

FORMULATE EQUATIONS:
All we need is the path coordinate form for acceleration:

SOLVE:
In this problem v = 0 so

Converting from mph to ft/s we have 100 mph=146.6 ft/s
At the start of the curve we have

v?  (146.6 ft/s)?

_ _ 2
T io00k 2L
At the end we have
v?  (146.6)
— = =43 ft/s?
r. 500 3 1/s

43 ft /s? exceeds the tire’s maximum sustainable acceleration of 35 ft/s? and so the car slips before
exiting the turn.
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.27

GOAL: Determine vy, ap., v, and the time to complete one circuit.

GIVEN: The straightaways have a length of d = 50 m, and the rounds have radius r = 15 m. The
acceleration from A to Bisa, =2m/ s%, and the acceleration from C'to D is a,=1m/ s%. The chariot
has a constant velocity in the rounds.

DRAW:

FORMULATE EQUATIONS:

In the straightaways, the chariot’s displacement, velocity, acceleration, and travel time are related

by

v? —v? = 2as (1)
(3

v, —v. =at (2)

In the rounds, the chariot’s displacement, velocity, acceleration, and travel time are related by

2
N U —_
a = 76’& (3)
mr = vt (4)
SOLVE:
From A to B in the first straightaway,
1) = _

(1) vp =4/2a,d

vy, = \/2(2 m/s%)(50 m)

Vg = 14.14m/s
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

From B to C in the first round,

(3) = a :ig

_ (14.14m/s)?
“Bc T 15m

app = 13.33m/s”

wr
4) = tpo = 5~
B
b (15 m)
BC " 14.14m/s
tpo = 3.33s (6)
From C to D in the second straightaway,
(1) = vD:\/vé—l—Zan:\/v%—i—Qan

vy, = /(14.14m/8)2 + 2(1 m/s%) (50 m)

v, =17.32m/s

~ 17.32m/s — 14.14m/s

CD 1 m/S2
top = 3185 (7)
From D to A in the second round,
wr
4) = ths = —
D
. (15 m)
DA 17.32m/s
tpha =2.72s (8)
(5) +(6) +(7) + (8) = t, g = 16.30s
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2.4. PATH COORDINATES CHAPTER 2. KINEMATICS OF PARTICLES

2.4.28

GOAL: Derive the formula for the radius of curvature.
GIVEN: Coordinate geometry.

DRAW

L _ZAe*ngx
A; (:"*A@J*A‘j)
kLA :

x,9) .

)
X e— A X —a]

FORMULATE EQUATIONS:
Two positions are drawn, 1 and 2 and we have the relationship

As =1, A0 (1)

between the two, i.e. the length of the curve traced out as 6 changes slightly is equal to r . times
the angular change Af. A further picture shows these two points along with their original and
altered x, y coordinates.
SOLVE:
Start with A0 :
Al = d0 Az (2)
dz

At 1 we have 0 = arctan%, the usual definition of slope.

0
To find # we need to differentiate:

dy

tanf = —=
an Ir

d d?y
—(t 0) = —=
dz (tan.0) dxz?

d o d%y
@ (tan 9) % = @

<1+tan29)£:%

dy\?\ df d%y
1 =7 - _2J
+ (dx) ) dr  dx?
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CHAPTER 2. KINEMATICS OF PARTICLES 2.4. PATH COORDINATES

-1
9 d2y dy\?
Z 27911 - 3
de  dx? ( + (daz) (3)
As is the Euclidean distance between points 1 and 2:
As = \/(:U+Ax—x)2+(y+Ay—y)2

As = /(Ax) + (Ay)? 4)
Using Ay = %Az in (4) yields
2
Aszwmu(fli) (A2 6
2 dy 2 9 d2y dy 2\
(1).(2). (3).(5) = @ap+ (2) @ep =ro| B (14 (2)) e

Canceling Az and rearranging yields
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5 Relative Motion and Constraints
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

Do It 2.5.1

GOAL: Determine Va/B and aq/B-

GIVEN: Jet A has velocity v, = 6607 ft/s and acceleration @, 4 = 507 ft/s%, and it is at the

bottom of a loop with radius R = 100ft. Jet B has velocity vz = —7007 ft/s and acceleration
ap = —407 ft /s,

DRAW:

==}

B
FORMULATE EQUATIONS:

The velocity of jet A as seen by jet B is

Uy/p =704 —7Tp (1)

The acceleration of jet A as seen by jet B is

1)2
_\A/B:C_L\A__\BZGLAZ_\'F?AT_AB (2)
SOLVE:
1) = Tasp = (660ft/s)7 — (—700ft/s)7
Ta/p = 13607 ft /s
R . (660ft/s)? R
2) = Tayp = (501t/s%)7 + oof T~ (—40ft/s)7

@yp =907 + 43567 ft/s°
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.1

GOAL: Determine how far over from B the plane will be at the anticipated time of arrival (i.e.,
with no wind) and at what speed and angle the plane should fly at relative to the wind to actually
arrive at B in this time.

GIVEN: The plane initially has a velocity v, = 2007 mph and a strong wind blows at v,, =
807 mph when the plane is d = 100 mi from B.

DRAW:
T T 7B
\A/\/I\/\/\-}
\ v
HoOowo g
| 3 >
[
¢
A

FORMULATE EQUATIONS:
The anticipated time of arrival ¢, is based on when there is no wind, and so

tB - (1)

The plane, if it doesn’t course correct, will be pushed over a distance s to the right of B by the
wind according to

s =v,ty (2)
The actual velocity of the plane is given by
77\p,a = vw + ﬁp/w (3)
SOLVE:
From (1), the plane’s anticipated time of arrival is in
100 mi
1) = = =0.5h
W B~ 200 mph '

By (2), the plane will actually arrive to the right of B at a distance
(2) = s = (80mph)(0.5 hr)

To arrive at B in the same amount of time as ¢, the actual velocity of the plane including the
effects of the wind must be v, , = 2007 mph, and so

(Y

v
tanf = ¥ = 9:tan1<
p?a

80 mph )
200 mph
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

(3) = Vpad = Vy? + vp/w(— sin07 + cos07)
N . 80 mph
1 J— _ —
0 =1, U sind = Uy = Sin(21.8°)
Up/w = 215 mph
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.2

GOAL: Solve for the velocity vector of the bad guy with respect to the ground as he leaves the
car.

GIVEN: The car is moving to the right at 30 m/s and the ejector seat moves vertically at 10 m/s
with respect to the car.

DRAW:

e
e b

FORMULATE EQUATIONS:

B=TU¢c+ UB/ o

SOLVE:
The bad guy (B) is traveling 30 m/s in the 7" direction when the ejector seat button is pushed.
Immediately after the button is pushed, he also has a 10 m/s velocity in the 7 direction. The

overall velocity of the bad guy is therefore

v = (307 +107) m/s]
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.3

GOAL: Determine the speed and acceleration of the disk’s top C.

GIVEN: The disk has a radius of R = 7in. and spins at a constant angular speed of w = 500 rpm
in the clockwise direction. The disk is released from rest far above the ground and allowed to fall
h = 3ft.

DRAW:

o )

=)
~
-~
A

FORMULATE EQUATIONS:
The absolute velocity and acceleration of the disk’s top C can be expressed as, respectively,

Vo =To t+ g, (1)
(@]
c=Go+ g, (2)

SOLVE:
Since the disk is released from rest, the speed of its mass center O after falling a distance h is given

by v, = v/2gh, and thus the speed of the disk’s top C'is
(1) = Vo = —V29h7 + RwT

Iocll = \/oe - v = /(Rw)? + 2gh

vt () (on52) (32) G vt

loe|l = 33.6ft/s|

Noting that the disk is spinning at a constant angular speed and that its mass center is acted on
by gravity alone, we have that the acceleration of the disk’s top is

(2) = Qe =97 — RS7
lacll = \Jac - dc = g+ Rw?
7 rev min\ /2rrad\1?
a|| = 32.2ft/s* + | — ft
lac|| = 32.2ft/s” + <12 ) {(500111111) (605>< rev ﬂ

an| = 1.63 x 103 ft/s°
C
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

254
GOAL: Solve for the velocity of the box.
GIVEN: The end of the rope is moving left at 2m/s.

DRAW:
= X y
[}
J
4 f—> C
== ;
e ¥

FORMULATE EQUATIONS:
The displacement of the worker is Axq and the displacement of the box is Axs. So,

2Ax0 + Ax1 =0

Now find the velocity relation by dividing by At and taking the limit as At goes to zero. This gives
you
T = —2&9

SOLVE:
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.5

GOAL: Find the absolute velocity of B.
GIVEN: Pulley arrangement, & and .
DRAW

C
..

ol g
45~ - of

ASSUME: An overall constraint for this problem is the fact that both A and B are affected in
the exact same manner by the central reel C’s motion.
FORMULATE EQUATIONS:

—Ay—Az+2Az=0

SOLVE:
Differentiating gives us

=542 =0

P=2%—7

’ﬁB:(%—Z))T‘
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.6
GOAL: Determine the velocity and acceleration of B as seen by A.
GIVEN: Two ball bearings (A and B) are constrained to move in the horizontal plane along

concentric circular paths of radii 7 , = 0.4 m and r , = 0.9 m. At the given instant, the velocity of A

is a constant U4 = —b7 m/s, whereas B 1s traveling at o5 = 87 m/s with a tangential
acceleration of ap, = 0.77° m/s”.
DRAW:

. \ Va A /
J N /
7
k — = @) > Vg, aB,t
! B

TOFP VIEW

FORMULATE EQUATIONS:
The velocity and acceleration of B as seen by A are given by, respectively,

T, =5~ U4 &
T, =y~ 0 @)

SOLVE:

The velocity of B relative to A is

1) = ’ﬁB/A =vgT — (~v,)7T

UB/A =(8m/s+5m/s) 7

¥y, =137 m/s

Since the velocity of A is constant at this instant, its acceleration has a normal component only,
and therefore the acceleration of B relative to A is

(2) = CLB/A = (a'B,tZ + a'B,n'] ) - aA,n]
sV
Ty =ap, T+ Z-A)7
A ’ TB ?”A
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

—_ _ 2 —_ .
@, = 0T/ )T 4+ | =~ 0 dm

IIlS2 Hl2
8m/s)> (5 >]7

Gy, =077 +8.617 m /s’
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.7
GOAL: Determine the velocity of block B given the velocity of the free end A.
GIVEN: A is moving down at 2m/s.

DRAW:
l ' \
i
X| X35
1 U%Aj J
e (" S S A

[

FORMULATE EQUATIONS:
Moving A (increasing x) will require us to add 2Ax units of rope. Moving B (increasing y) will
require us to add 2Ay units of rope. Applying conservation of rope tells us that the net change

must be zero:
2Ax +2Ay =0

Dividing by time At and taking the limit as At goes to zero gives
2042y =0=9y=—1

SOLVE:
We're given & = 2m/s and thus y = —2m/s

B :2‘Tm/s
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.8

GOAL: Determine v,.

GIVEN: The motor at R reels in rope at v, = 3m/s.
DRAW:

FORMULATE EQUATIONS:

By conservation of rope,

Rope 1 = 3Az + Az, =0 (1)
Rope 2 = 20z, —Ar =0 (2)
SOLVE:
Differentiate (1) = 3% +v, =0 (3)
Differentiate (2) = 20, —& =0 (4)
(4) — (3) = 6v, +v, =0
1
UC = —6'UR
— 5 (3w
vg = —g(Bm/s
1
Ve =5 m/s
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.9

GOAL: Calculate the necessary constant acceleration for a raindrop to hit the floor of the train car
eight feet from the point A and calculate the angle made by its velocity vector with the floor.
GIVEN: The initial speed of the train is v , = 80 ft /s, the speed of the raindrop is v, =40 ft /s and
the height of the overhang is h = 8 ft.

DRAW
INITIAL POUSITION OF RAINDROP
A4 AT t¥
J
—i - L—"Z

INITIAL. A\-":‘-

pPosirnion ——/ FINAL POSITIoNn OF RAINDROP
oF A

FORMULATE EQUATIONS:
Distance the point A travels in time t*:

Distance the raindrop falls in time ¢*:
h=uv t* (2)

Relative velocity of the raindrop:

ﬁ’l‘d - 'U\A + /erd/A (3)
SOLVE: First we’ll determine the time at which the raindrop strikes the floor of the train car.
(2) = 8ft = (40ft/s)t" = t* =0.2s
We want to ensure that in 0.2 s the point A moves forward by 8 ft:
a,(0.2s)?
(1) = 8ft = (80ft/s)(0.2s) + ‘4(2)
a, = —400 ft /s>
(Note that this deceleration is very nonrealistic for an actual train.)
(3) = Upg =Upt Ty = Uy =Ty—Uy
v, = —407 ft/s — 807 ft/s + (400 ft/sQ)(O.Q s)T = —407 ft/s

" A

The deceleration is such that at 0.2 s the horizontal speed of the raindrop with respect to the train
has gone to zero and the velocity is purely vertical.

’angle with respect to the floor is 90°
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.10

GOAL: Determine the approach speed ||v,|| of the fuel nozzle with respect to the jet, and find
what speed the jet should slow down to if it wants to maintain the same ||v,|| when the refueling
plane reduces its speed.

GIVEN: The refueling plane comes in at an angle 8 = 85° to the vertical with an initial speed
v, = 350mph, while the jet flies at v; = 3607 mph. The plane then reduces its speed to v; =
340 mph.

DRAW:

FORMULATE EQUATIONS:
The approach velocity of the fuel nozzle as seen by the jet is

v, = v, — 7 (1)
SOLVE:
(1) = U, = v,(sin 7 — cos 37) —v,T
17l = /T - T = /(0 sin 8 — v)2 + (v, cos §)? (2)
15,11 = /{(350 mph) sin(85°) — 360 mph}> + {(350 mph) cos(85°) }°
|7, || = 32.5mph)
(2) = 7,1l = v, = \/(v; sinﬁ—v}?)Q—i—(v; cos 3)?
2 _ s *\2 * 2
v, = (vysinf— vj) + (v, cos 3)
0 = (v;,k)Q — (2v;, sinﬁ)v;‘ + (v, sin B)* + (v, cos B)? —v?
0 = (v;,k)Q = (2v, sinﬁ)v;‘ + {(U;)2 — 02}
. 207 sin 8 + \/(211; sin 8)? — 4{(v3)? — v2}
YT 2
o= 2(340 mph) sin(85°) £ /{2(340 mph) sin(85°)}2 — 4{(340 mph)% — (32.5 mph)2}
i 2
vy

= 325.3mph, 352.2mph
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

The slower speed corresponds to the jet and plane moving away from each other, so the jet speed
we want is

U;,‘ = 352.2 mph

226

Ezxcerpts from this work may be Tifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.11
GOAL: Determine ||74|| and ||@,| at the given instant.

GIVEN: The car travels with o, = 307 mph and @, = 57 ft/s*>. The windmill has a radius of

r = 4in. and spins at § = 200rpm counterclockwise. At the given instant, e, =—7and e, =—-7
at A.
DRAW:
A €t A _
. / —\
0 \/ I €n\
Ik g
4y [ i
CEL — c

FORMULATE EQUATIONS:
The velocity of point A on the windmill is given by

ﬁA = ﬁc + vA/C (1)
The acceleration of A is given by

CTA = a\c + (TA/C (2)
SOLVE:
(1) = vy =07 +rbe, = (v, — )T

T4l = \/Ta- T4 = v — 10
ft mi 60 min 27 rad
4l = h — (4in. 2
174l = 30mph = (4in.) <12in.> <5280ft> (200rpm) ( hr ) < rev )
|74l = 25.2mph|

(2) = @y =a,7 +r%e, =a.7 —rf*7

|@al = \/@s-aq = \Ja2 + (r62)2

. 2 2
(551) (P radss)
12 60

@ 4| = 146.3 ft /s

laall = \l (51/5%)2 +
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.12

GOAL: Find the agent’s acceleration so that he will be moving at zero velocity with respect to
the ground. Also, find the point on the ground where he will land.

GIVEN: Agent is 30 ft from the back of the bus and moving with a constant acceleration with

respect to the bus. Bus is moving at 10 mph with respect to ground.
DRAW:

s

J—

el )t

-

i

FORMULATE EQUATIONS:
To move at zero velocity with respect to the ground the agent must be moving at —10 mph with
respect to the bus. You can solve for the acceleration with respect to the bus using

Sds = $ds (1)
Converting the speed from mph to ft/sec gives

10mph = 14.6 ft/sec

30 14.6
/ S§ds = / sds
0 0

1,
5(30) = 5 (1482) = 5 = 3.50ft/s”

SOLVE: Integrating (1) yields

When the agent leaves the bus, he is traveling with zero velocity with respect to the ground in the

7 direction and thus he’ll drop straight down from the back of the bus. To determine the location
of the bus when the agent jumps, we look at the equation for change of position under constant
acceleration

1.5 .
s:ist + Sot + So.

where 59 and sg are the speed and position of the agent with respect to the bus at ¢ = 0. Since $¢
and sg equal zero, the equation simplifies to

1
30ft = 5(3.59 ft /s%)t?

Solving for ¢ gives t = 4.08s. Using this fact and the fact that the bus is moving at a constant
speed gives us
=21t

x = (14.6ft/s)(4.08s) = 60 ft

The position of the agent with respect to A is |z = 60 ft
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.13
GOAL: Find the velocity and acceleration of car A relative to car B.
GIVEN: Absolute positions and velocities of cars A and B.

DRAW
€ _ -
N~ Cr , J
r ‘1 4 -
+A‘-“‘. LR I -., L L
&} A 8
100 ¢+ 200 L4
FORMULATE EQUATIONS:
Velocity of car A relative to car B: Q7/%3 =Ty —Up
Acceleration of car A relative to car B: CTA/B =a, —ag
Absolute velocity of car A: vy = i€, +rie,
N . 2\ | - -\
Absolute acceleration of car A: ayp = (7" —rf ) €, + (2T9 + r0) €g
SOLVE:
. - V3B
(1) = UA/B = [30] —60 0.57 —1—73 mph

v, = (=307 —21.967) mph‘

Because car A is moving at a constant speed, in a circle of constant radius, at angular position

0 = 0 we have

(3) = v, = e, = rf7 (6)
4) = ay=—rfe, =—rf7 (7)
We can get 6 from (6) = 30mphj = (100t)§7

6 = (Sforglf)th) (1.4667;;5l = 0.441ad/s (8)
(8) — (7) = @, = —(100ft)(0.44rad/s)?7 = —19.36 ft/s*7 (9)
Because car B is moving in a straight line: ag =0 (10)
(9), (10) — (2) = a, =-19.36 ft /s%7

@, =-19.36 ft/s?7
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.14

GOAL: Find how long it will take for a fisherman’s reel to fully unwind and the velocity and
acceleration of a swordfish with respect to the fisherman’s boat.

GIVEN: Relative positions of the swordfish and boat and both boat and swordfish’s velocity.

DRAW:

J

B -—b
,. 7 ’
P S -
8 .
X
FORMULATE EQUATIONS:
rg(t) = vg(0)t+ r5(0) (2)
ASSUME:
max|rg(t) — F(t)] = 500m (3)
7g(0) = 507m  wg(0) = 107 m/s "
Fp(0) = —407m w4(0) = —37m/s
SOLVE:
|(10m/s)ty +50m)7 + (—(3m/s)ty —40m/s)7| = 500m

V((10m/s)ty + (50m))2 + ((3m/s)ty + (40m))2 = 500
(109s~2)t7 + (1240 ")ty — 245900 = 0

f — —53.5s,

(1),(2),(4)=(3)=

Note that only the positive solution makes sense for this problem.

)2 U\S/B = Ug—U=10Tm/s — (=37 m/s)
’ v, = [(107 +37)mys]
S/B
R d .
s = Vs @ (5)
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.15

GOAL: Find the distance raindrops travel into the train, and the velocity of raindrops relative to
the train.

GIVEN: The speed of point A, v ,, the speed of the raindrops, v_,, and the height of the overhang,
h.

DRAW

INITIAL POUSITION OF RAINDROP
A4 AT ¥

J
—x - 1—‘ z
INITIAL ~/ﬂ4\_

Posinon
oF A

FINAL POSIrion OF RAINDROP

FORMULATE EQUATIONS:
Distance the train travels in time ¢*:

d=wv,t (1)
Distance the raindrops fall in time ¢*:

h=uv t* (2)
Relative velocity of the raindrop:

Vo = T4+ T,y 3)
SOLVE:
A raindrop will fall by a height h in the same time as the train moves forward by a distance d.
Uy ~ (30 mph B
(1),(2) = d= %) h = (25 ik (7 ft) = 8.4 ft
T

Solving (3) for the velocity of the raindrop relative to point A gives us:

v, =0,y —04=(—257)mph— (307") mph

7d/

v, =(—307 —257)mph

7d/A
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.5.2
GOAL: Find the distance you will travel in the 7~ direction before landing on shore.
GIVEN: Absolute velocity of the river, v,., velocity of the boat relative to the river, v’ B, distance

to shore in the 7 direction.
DRAW

Y
l'll':‘ %BJ x L..

FORMULATE EQUATIONS:
The position you will land on the shore relative to your starting position:

FS/O =27 +11mj (1)
The absolute velocity of the boat:
Up =Up+ 773/}% (2)

The velocity of the boat relative to the river:

sz/ = (4cos45°7 +4sin45°7 ) m/s (3)
R
The distance travelled in t* seconds:

r, =t (@
SOLVE:
3) — (2) = U = [(3+4cos45°)7 m/s + 4sin45°7 m/s] (5)
(1),(5) — (4) = 2T +11m7 = [(3+4cos45°)7 m/s + 4sin45°)7 m/s| t* (6)
T r =[(3+4+4cos45%) m/s|t* (7)
7 11m = [(4cos45°) m/s| t* (8)

(34 4cos45°)m/s

(7), (8) = T= | T eoss5oymys | (W) =227m
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.16

GOAL: Find direction to paddle.

GIVEN: Absolute velocity of river, v, position vector of friend with respect to raft’s initial
position 7, time to reach friend, t*.

DRAW
F
- -
. [J
qem ] t
°R
4Bm
.
ASSUME:
Velocity of raft relative to the river: ﬁRa/R T+ 9]
FORMULATE EQUATIONS:
1 (¥
Direction to paddle: 6 = tan ' (x) (1)
Absolute velocity of the raft: Upy = Ur + ﬁRa/R =(1m/s+2)7 +y7 (2)
Distance travelled in time ¢*: To = Upat” (3)
SOLVE:
(2 — 3) = 48m7 = [(1m/s+ )7 +97](120s) (4)
T t=-1m/s
. 48 m
J: Y = 1205 =0.375m/s
1 /0.375m/s S
Plugging these into (1) = 6 = tan ' (—1111/5) =
\
0.3715 | » e
1
l‘——-\
.00
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.17

GOAL: A rod is constrained to move within two independent, overlapping slots. Find the rod’s
velocity with respect to one of the constraining boards.

GIVEN: Speed of board C' and orientation of slot.

DRAW:
: i
> -
B\z/' g 30° _b.n | %
1 byl "2 | P

Sy

FORMULATE EQUATIONS: We'll use the relative velocity formula

Up =T, +7,
B A By,

SOLVE:
UBody 4 = 0 (1)
ﬁBody ¢ = ltm/s (2)
UB/Body A = YT (3)
. . VB 1
UB/Body ¢ = Sb1=5 ST+ (4)
. . . L. VB 1
U = UBody ¢ T VB/Bodyc =T +5 5 " + 57
3 1
= mgss Bs) 4 Ly (5)
2 2
U = Upody A+ UB/Body 4 =YUT (6)
Uz must be the same in (5) and (6). Equating these two expressions gives
3 )
r 1m/s+\2[5> v (;) — 07 447
Equating Coefficients:
3
T lm/s—i—\gé:() (7)
S .
J 5 =Y (8)
) 2
(7) = 3:—\73m/s (9)
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

(9) = (4) = O/potye =5 (BT +37) = (-7 — &7 ) m/s
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.5.3

GOAL: Find velocity of block B.
GIVEN: Velocity of free end A.
DRAW:

(@)

ASSUME: Both ropes have a fixed length (conservation of rope).

FORMULATE EQUATIONS:
First consider the left pulley (Figure (a)):

Increase x, and Ty 2A;U2 + A:L‘l =0

. 1.

Ty = —5i (1)
Next consider the right pulley (Figure (b)):
Increase x, and Tyt 2A:c3 - Ax2 =0

1.

373 = 51172 (2)

SOLVE:
. 1 1, 1.

(1),(2) = T3=5\75% )= 1%

We're given #;, = 3m/s and so have
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Up =37 m/s
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.18

GOAL: Find the absolute velocity of A.

GIVEN: Pulley arrangement, speed of B and rate at which reel is pulling in rope.
DRAW

ASSUME: An overall constraint for this problem is the fact that the speed with which the pulley
P drops is equal to the rate at which rope is fed from the reel.

FORMULATE EQUATIONS:

Ignoring motion of the pulley P we see by inspection that the velocities of A and B must be equal
in magnitude and opposite in sign. We also have the relative velocity relationships

A=Up+ Ya
P
Up =TUp+ Uy
P
SOLVE:
We're given vp = 147 in/s and v = —27 in/s. Using our relative velocity relationships gives us
Uy =70 —Tp
/p
U, =27 in/s — 147 in/s = —167 in/s
We'’ve already observed that 4, = —7 5 and so have
P P

ﬁA/p =167 in/s

We can now solve for 7.

.

A=Up+ v, =147 in/s+ 167 in/s =|307 in/s
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.19

GOAL: Find the absolute velocity of Block D.
GIVEN: Pulley arrangement and speed of the rope.
DRAW

FORMULATE EQUATIONS: Let’s use the “conservation-of-rope” principle. If we increase z,
by a small amount Az, , then we will need to add THREE sections of rope at pulley C, which is
3Az,. But it is very important to note that when you increase z,, you're actually taking rope

away, and not adding it to the overall length of the rope. Thus, our condition is

—Az, +3Az,=0 (1)
Differentiating gives us —v, +3v,=0 (2)
SOLVE: /
) 1 0.4m/s
Solving (2) for v, = Vo =gl = T

Because the velocity of Block D is the same as that of Block C, we get

vp = 0.1337 m/s|
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.20

GOAL: Find the absolute velocity of A.

GIVEN: Pulley arrangement and speed of the rope.
DRAW

FORMULATE EQUATIONS: In addition to the constraint that there is a fixed amount of
rope, there is a constraint that the distance between pulley 1 and pulley 3 is fixed. This means
that if you change the position of one, the position of the other will change by the same amount.

Using the notation in the figure, this can be expressed as
Ay, =Avy,

Using the “conservation-of-rope” principle, the other constraint is

Ay, —2Ay, +2Ay, +2Ay, =0
SOLVE:
(1) —(2) = Ayp +20y, =0
1 41t /s
Differentiating (3) and rearranging = V=5V =, = —2ft/s

vy =27 ft/s
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.21
GOAL: Determine the velocity of a point on the rightmost rope of a pulley.
GIVEN: Pulley geometry and rate at which the reel is taking in pulley rope.

DRAW
] ": . o
Ia

SRE GjAjA

-
8 J
v Lo;
- - [
ASSUME: To account for the reel we introduce a coordinate y,, that shows the vertical position of
the leftmost pulley rope. A positive value for y, indicates that the rope is unreeling and a negative
value means the reel is retracting rope.
Conservation of rope gives us

—Ay, +3Ay, =0 (1)
FORMULATE EQUATIONS:

. 1. 10 .
(1) = Yqg = gyR = gln/s (2)

SOLVE:
We can proceed simply using observation at this point. We’ve already seen that the pulley B is
moving up at 13—0 in/s. The rope that D’s a part of goes up over the top pulley (C) and then down

to pulley B. Hence, if B is rising at % in/s, the rope at D must be going down at the same rate.

N

vp=—-27in/s
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2.5. RELATIVE MOTION AND CONSTRAINTSHAPTER 2. KINEMATICS OF PARTICLES

2.5.22

GOAL: Find velocity of weight B.

GIVEN: Speed with which rope is drawn into reel (v, ).
DRAW:

D a.v.

iy
433%:-[, -l s

blodoknl . 2L

Agc% :J"-' ) ‘ Ip

ASSUME: All three ropes have a constant length. Positive Ay, indicates that the rope is being
unreeled.

FORMULATE EQUATIONS:
Conservation of rope gives us

—Ay, +2Ay, =0 (1)
—Ay, +2Ay, =0 (2)
—Ay, +2Ay, =0 3)
SOLVE:
(1) = Ua =20p (4)
(2) = Yg = 2Yq (5)
(3) = Yo = 2Up (6)
(4), (5), (6) = s =8Up

Realizing that the reel is taking in rope (¥ = —UO) and that a positive § implies that B is rising
(9, = —y) we have

ﬁB:%lT
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.23
GOAL: Determine the acceleration of the mass given the acceleration of the free end of rope.

GIVEN: Free end of the rope is accelerating downward at 4 ft/ s2.
DRAW:

Y 9 Lo

FORMULATE EQUATIONS:
The displacement of the free end is Ay;. The displacement of the mass is Ayo. So the displacement
relation is

3Ay2 +Ay1 =0
Taking the limit as At goes to zero gives
. L.
Y2 = —§y1

Differentiating again to find acceleration gives

SOLVE:
Letting §j; = 4ft/s?, we get | @ = %jft/s2 :
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.24
GOAL: Determine the velocity of block B given the velocity of block A.
GIVEN: Block A is moving to the right at 10 m/s.

DRAW:
4X A a
=X g =9 g
A Bl L
T L C cadd

FORMULATE EQUATIONS:

Moving A (increasing x) will require us to lose 3Az units of rope. Moving B (increasing y) will
require us to add 4Ay units of rope. Applying conservation of rope tells us that the net change
must be zero:

—3Ax+4Ay =0
Dividing by time At and taking the limit as At goes to zero gives
. . .3,
—3x+4y:0:>y:1m

SOLVE:
We're given & = 10m/s and thus

N

5= 2(107 m/s) = 7.5 m/s
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.25

GOAL: Find Block B’s velocity.
GIVEN: Pulley geometry.
DRAW:

FORMULATE EQUATIONS:

2Ax +2Az+ Ay =0
2 +25+7 =0 (1)

SOLVE:
We're given & = 20in./s and § = 10in./s. Using this information in (1) yields

z= — 2 = —%(10111./5 +2(20in./s)) = —25in/s

]ﬁB — 257 in./s‘
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2.5. RELATIVE MOTION AND CONSTRAINTSHAPTER 2. KINEMATICS OF PARTICLES

2.5.26

GOAL: Find 74 of a pulley system.
GIVEN: Pulley geometry.
DRAW:

¥
Lo o Y

X

ASSUME: The ropes connecting the pulleys are vertical.
FORMULATE EQUATIONS:

1
Az +4Ay =0 = y:—ijs

SOLVE:
We're given & = 10 in/s. Thus we have
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.27
GOAL: GOAL: Find the velocity of block B.
GIVEN: The velocity of the free end A.

DRAW:
A Z / M =AY
A—Z o silesz Y
ﬁ oy RS
Y ' = / AX ¥ =
(@) - J w

ASSUME: Both ropes have a fixed length (conservation of rope).
FORMULATE EQUATIONS: We’ll examine the two ropes separately. Note that y and Ay is
shown for both.

SOLVE:
From (a) we see that if the free end of the rope is being pulled down z decreases. Thus we have
2=,
Rope 1: —Az—AyzO:—;&:y:y:UA
2
Rope 2: 2Ay—3A$:0$:'ﬁ:§y
Up=2] = %UAIT
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2.5. RELATIVE MOTION AND CONSTRAINTSHAPTER 2. KINEMATICS OF PARTICLES

Do It 2.5.4

GOAL: Determine y, and g,.

GIVEN: The reels R, and R, are taking in rope at speeds v, and v,, respectively.
DRAW:

VP A4 AV A i 4

ASSUME: All three ropes have a fixed length (conservation of rope).
FORMULATE EQUATIONS: We'll examine the three ropes separately. Note that the Ay,
represent small changes to the position of the coordinates y, and hence small changes in the length

of rope.

SOLVE:

Rope 1: Ay, —3Ay, +2Ay, =0= 9, — 3y, +2y, =0 (1)

Rope 2: —Ay, +3Ay, —2Ay, =0 = —y, + 39, — 2y, =0 (2)

Rope 3: Ay, — Ay, =0=y, =y, (3)
. —Ys + 39 .

(1),2),(3) = -3 () 20 =0

y — _ 2 9
Yg = —70; 70

Using (2) and (3), along with our solution for g, gives us
1

. 2 9
y4 = 5 (7U1 — ?’U2 + 3'[)2)

- 1 6
Yy =70 + 7Yy
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.28
GOAL: Determine the velocity of the pulley rope’s free end.
GIVEN: Block A is observed to be dropping down at a steady 0.9 ft/s.

DRAW
_ﬁf 74 “““ﬁ,
X2 . Xq +AXq
J . By AXq. i
M - &;».L ———
! L‘ X,+ DX,
77%7—77-"-/ | bX,

FORMULATE EQUATIONS: We'll use the “conservation of rope” principle. To lower Block
A we’ll have to lower the pulley directly above it. To allow the pulley to drop we have to “break”
the rope. If we increase x, by a small amount (to x, + Aw,), then we'll have two gaps (shown in
the figure at B) that will need to be filled in by additional rope. Similarly, bringing the free end of
the pulley rope down means adding rope (bringing it from z, to x; + Az, ). Thus, our conservation
of rope condition is

Az +20z, =0 (1)
Differentiating gives us v, +2v, =0 (2)
SOLVE:
2) = v, = —2v, = —2(0.9ft/s) = —1.8ft/s

x, is oriented downward and thus the negative value for v, indicates that the free end is moving
upward and has a velocity of

v = 1.87 ft/s|
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2.5. RELATIVE MOTION AND CONSTRAINTSHAPTER 2. KINEMATICS OF PARTICLES

2.5.29
GOAL: Derive an expression for v ,.

GIVEN: A motor at R reels in rope at a rate of Vp-
DRAW:

le— L — le— L —

FORMULATE EQUATIONS:
If we define y as the diagonal length of rope between the pulley supporting block A and the pulley
above the motor at R, then conservation of rope gives us

Az, +2Az, +Ay=0 (1)

The diagonal length of rope y is related to the block’s vertical position x , by

v= ¥ @)

SOLVE:
Differentiate (1) = vpt+2v, +y=0 (3)
x,v
Differentiate (2) = §=——2A4 (4)
NEe)
A
T ,v
4) — (3) = vR+2vA—|—A=O
L2+ 22
A
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.30

GOAL: Derive an expression for v ,.

GIVEN: The rope is pulled down at A at a rate of v,,.
DRAW:

le— 5 —t<d >
|

FORMULATE EQUATIONS:

Let’s first define y as the diagonal length of rope between the pulley supporting block B and the
pulley above A. Likewise, we’ll let z be the diagonal length of rope between the pulley supporting
block B and the wall to its right. Thus, by conservation of rope, we have that

Az, +Ay+Az=0 (1)

The diagonal lengths y and z are related to the block’s vertical position z ; by, respectively,

— 24 g2
)= T o
— 22
z=/d*+ x}, (3)
SOLVE:
Differentiate (1) = v, +y+2=0 (4)
. . x LU
Differentiate (2) = jy=—2L_ (5)
2 4 42
NeEry
. . T L
Differentiate (3) = 3=__BB (6)

:

2 2
d Jr:cB
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

1

1
2 2 t 2 2 =0
s —l—xB \/d —|—a:B

(5), (6) = (4) = PN SRR

1 1
B \/524-30]29 - \/d2+x2B
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.31
GOAL: Determine Uy

GIVEN: Rope is reeled in at R at the rate v, = 3ft/s.

DRAW:
X1
2
] FAX,
7 1,
1 i
I '
i !
i 1Y
i ]
borr = ammd
FORMULATE EQUATIONS:
By conservation of rope,
Rope 1 = Az, +2Az, =0 (1)
Rope 2 = —Az, +3Az, =0 (2)
SOLVE:
Differentiate (1) = Vp+28 =0 (3)
Differentiate (2) = —&, +3v, =0 (4)
4) — (3) = vp+6v, =0
1
UA = —EUR
1
v, = —6(3ft/s)
1
UA = —5 ft/s
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2.5. RELATIVE MOTION AND CONSTRAINTSHAPTER 2. KINEMATICS OF PARTICLES

2.5.32
GOAL: Determine Vg

GIVEN: The person pulls down at A with a speed v, = 2 ft/s.
DRAW:

o LLLLLLLLI IS

_r —-r— w—

\ 4
X3
~— - -X
LY
FORMULATE EQUATIONS:
By conservation of rope,
Rope 1 = Az, +2Az, =0 (1)
Rope 2 = —Ax, +3Az, =0 (2)
Rope 3 = —Az, +2Az, =0 (3)
Rope 4 = —Az, +2Az, =0 (4)
SOLVE:
Differentiate (1) = v, +2&, =0 (5)
Differentiate (2) = —&, +3z, =0 (6)
Differentiate (3) = —i&, +2&, =0 (7)
Differentiate (4) = —&, +2v, =0 (8)
254

Ezxcerpts from this work may be Tifmduced bly instructors for distribution on a not-for-profit basis for testing or
instructional purposes only to students enrolled in courses for which the textbook has been adopted. Any other
reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States

Copyright Act without the permission of the copyright owner is unlawful.

Engineering Mechanics Dynamics 1st edition Tongue Solutions Manual


https://testbank.online/books/9781119329404-solutions

CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

1
(6), (7), (8) = (5) = Vg =554
1
vy = _ﬂ(th/S)
1
Vg =15 t/s
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

2.5.33

GOAL: Determine the kayaker’s actual speed in the current, how far over the kayak is at C, the
angle the kayaker needs to travel at to get to B, and how much longer it takes than kayaking in
completely still water.

GIVEN: The kayaker paddles from A to B with a maximum velocity of v}, = 27 m/s. The water
has a current of v, = 37 m/s for d; = 20m into the pond. The water is still to the other side of
the pond, d, = 50 m.

DRAW:
B
LPEPTOSL O LT o r TR ET T 2
| Still
d i \ water
by
7 0 C
- 2 \ / W
k T [
TTF7IT P77 o7 A;},»;;; FE AT

FORMULATE EQUATIONS:
The actual velocity of the kayaker is given by

v, =), + U, (1)
The kayaker’s speed, distance traveled, and travel time are related by

d=vt (2)

SOLVE:
The kayaker’s actual speed while in the current is

(1) = Vo =07 + 0,7

Vg = ||ﬁaH = \/ ﬁA'ﬁA = \/’UZ +v12u

v, = /(2m/s)2 + (3m/5)?

v, = 3.61m/s

Using similar triangles to find how far the kayaker has moved over,

s = d,—*%

=
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

s = (20m) (3m/s>

2m/s

The actual distance traveled while in the current is

d, = /(20m)? + (30m)2

l,a
6.1m

QU
|
w

1,a

The travel time in the current is

(2) = A
36.1m
T

1 3.61m/s
t, = 10.0s

The angle the kayaker needs to paddle at to get to B is

d
0 = tan ! -2
S
50m
0 = tan ' ——
M 30m

The actual distance traveled while in the still water portion is

d2,a = ,/d%%—s?
dy, = 1/(50m)2 + (30m)?

dy, = 583m

The travel time in the still water is

(2) = t, = 22
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2.5. RELATIVE MOTION AND CONSTRAINITSHAPTER 2. KINEMATICS OF PARTICLES

b= 58.3m
2 2m/s
t2 = 29.15s
The total travel time is

ttotal tl + t2
botal = 10.0s + 29.15s
t = 39.15s
total

When the entire pond is still water, the total travel time is

(2) = = M
Y
N 20m 4+ 50m
tt = —
2m/s
t* = 35.0s

The extra time it takes to paddle in the pond with a current is then

At = ¢ —t*
total
At = 39.155s—35.0s
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CHAPTER 2. KINEMATICS OF PARTICLES5. RELATIVE MOTION AND CONSTRAINTS

2.5.34

GOAL: Find the direction in which the student should paddle.

GIVEN: Distances to shore, velocity of the river, 7., and speed of the canoe v,.
ASSUME: The absolute velocity vector of the canoe is given by

UV, =TT +YeJ (1)
The velocity vector of the canoe relative to the river is given by

N

Vg, =T, T ¥ Ve, J (2)

DRAW

Sm

waafErPuld

] ;
l

J

]

|om| &—— joo M ——> 1 N
C

FORMULATE EQUATIONS:
The direction the student should paddle, measured with respect to 7', is

0 = tan" ! /= (3)

I

The absolute velocity of the canoe is
ﬁc = 17\7’ + ﬁr/

(4)

Because the absolute velocity vector of the canoe should point directly at the point on the shore
where the student wishes to land, we get the relation

e 10

i. 95 (5)

Lastly, the speed at which the student paddles is related to the two components of the relative

velocity by
v, =, /a'cf/r + yf/r =3m/s (6)

SOLVE:
(2) — (4) = ve=@A+a, )T+, T (7)
By comparing (7) to (1), we can see that
fe=4+3,, (8)
Ye =9, (9)
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Yo _ 10 10
(8), (9) — (5) = Tri, 9 (10)
Rearranging (6) = ch/T =\ Jvé - ?JCQ/T (11)
10\?] . 2(10)(4m/s) . 10(4m/s)\?  [/10\?
11) - (10) = 14 (0] - 210 Um/s) <)_<) 2l — g
= a0 l i <95> ]y/ 05 Yo T 95 95)
1.011@3/ —0.842g, +0.0776 = 0 (12)

Solving (12) yields two possible solutions =

?)C/ =0.727m/s, or0.105m/s

Plugging these into (11) =
., =291m/s, or —3.00m/s

I

Thus the two possible solution pairs are

&, =291lm/s, j, =0.72Tm/s,

s
and
:bc/> = —3.00m/s, g'/c/ = 0.105m/s,

Plugging these into (3) =

.72
0, = tan~* (077m/s> =10.245rad
2.911m/s
0.105
92 = rmrad — tan_l <300H1:1//SS) =|3.11rad

- o0.lo5
' [
e e BN
ey leg———apn|
2.41 3.00
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2.5.35

GOAL: Find the speed and acceleration of the pulley’s load as a function of z, & and .
GIVEN: System configuration.

DRAW

sinf | —cosf
cosf | siné

S

FORMULATE EQUATIONS:
WEell use the general polar expressions for velocity and acceleration:

'lTC = Té\,r + T@éb
ac = (i —r0%)e, + (rf + 2i0)e,
ASSUME: The motion of the point C' is constrained such that v = 27 and a, = 7.

SOLVE:
Equating the two expressions for v, gives us

re, +rbey = &7 = @(sinfe, + cosbey)

e, = d@sinf (1)
ey r = & cos 0 (2)
1) = i = xi(x? + h?) 0P (3)
(2) = 0 = ih(z® + h?)! (4)

We know from the kinematics of pulleys that the speed of the load will be one half the speed at
which rope pulls through the pulley. Hence we have

vy = gai(a? +h?) 7057

Moving on to acceleration, we have
ao = (i —rf%)e, + (rf + 270)e, = &7 = i(sinfe, + cos 0e,)

e, : i = rf% + isin 6 (5)

@
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(4), (5) = i = @?h?(x? + b?) 710 4w (a® 4+ h?) 700

We know the acceleration of the load is one half the acceleration with which rope pulls through the
pulley and thus have:

Ty = 5 [#?h% (2% + h?) 710 4 da(a® + h?) 705 7
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2.5.36
GOAL: Find time for B to reach % rad and evaluate FB/ , FB/ , (TB/
‘A ‘A

GIVEN: Velocity of A and path of B !
DRAW

2 2
~

8 .
o D
"0 A t 2
0 7w
v 7
€. | cosf |sinf
€y | —sinf | cosf
FORMULATE EQUATIONS:
ry, =bte, (1)
- o 2 de, N 24
v = 2bte, + bt 7l 2bte, + bt Oey (2)

de, . . .de;
o+ 20t0ey + bt2he, + thGde)

= 2be, + 4bthe, + bt*de, — bt*6%e,

@y = 2be, + 2bt

= (20 — bt?6°)e, + (4bt0 + bt%h)e, (3)
6 = at? (4)
0 = 2at (5)
0 = 2a (6)
(2), (5) = vy = 2bte, + 2abt’e, (7)
(3), (5), (6) = ap = (2b — 4ba’tt)e, + 10abt’e, (8)
SOLVE:
(a) Find t such that 0 = %:
g =at’ = |t= /T (9)
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(b) B B
AA:vAiéfA/O:vAti and a, =0 (10)
Ty, =75 —Ta,
(1), (10) = Ty, = bt’e, — v ti

= bt?(cos 07 + sin tif) - vAtf B
= (bt? cos ) — v, t)i+ bt? sin 0§

Att:,/% and@z%wehave

- T, b
rB/A— UA,/Taz—i—Taj

N N N

UB/A =VUp — Uy

N
. g

(5), (10) = Uy, = 2bte, + 2abt3e, — v i
= (2bt cos O — 2abt> sin 6 — UA)7+ (2btsin 6 + 2abt3 cos G)f

Evaluating at t = ,/%, 0= % yields

(5),(8),(10) = ay, = (2b— 4ba’t*)e, + 10abt>e,
= [(2b — 4ba’t*) cos § — 10abt® sin 0] 7 + [(2b — 4ba’t*) sin 6 + 10abt? cos 0] j

Attz,/%,@z%wehave

(TB/A = —5mbi +b(2 —72)j
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SYSTEM ANALYSIS: Chapter 2
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SA2.1

GOAL:

Compare speed of a block being raised by a pulley for two different cases.
GIVEN: System geometry for the two configurations.

DRAW:

(a) (b) (©)

Question (a):
FORMULATE EQUATIONS:
(Case a): From Figure (a) we have

dAy+Ax =0 = Ay:—%Ax

SOLVE:
Block A rises at i:b.

1 1
g = _Z;'U - _Z(l,om/s) = —0.25m/s

Block A is raised at |0.25m/s

(Case b):
FORMULATE EQUATIONS:
From Figure (b) we see that the amount of rope used on the right pulley is more than in the left.
y is defined from the Block A’s initial position, as shown in Figure (c).
The original length of hanging rope is 2b + 2v/a? + b2 and after the block moves up y the length of
rope is

2(b—y) +2¢/(b—y)2+a?
After the reel has retracted an amount x of rope we know the retracted rope and the rope currently
in the pulley is equal to the original amount of rope, giving us

x+2b—y)+2¢/(b—y)2+a?=20+2Va®+b?
r=2y+2vVa®+b>—2,/(b—y)?+a?

i=29—2 (;) ((b— 1) + a®) ™2 (—2by + 2y3)

SOLVE:

I

((b—y)* +a*)
’)

y'zi 1
(b9 +a’)2 +b—y
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To plot this we’ll need to numerically integrate from 0 to 3.5 seconds, @ = 1 m, b = 5m, using an
initial condition of y(0) = 0 The plot (obtained from a MATLAB integration of our equation for
) shows the elevation rate for the two cases (given in m/s). Note how the elevation rate is higher
from the start for the case of non-vertical supporting ropes and that the rate continues to increase
as the mass is lifted higher.

0.255
0254} - e SRR s

0.253

0.252

0051k s e, S

0.25
0

Question (b): Left as a design exercise.
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SA2.2

GOAL: Analyze the behavior of an ejector system.

GIVEN: System configuration and vehicle launch kinematics.
DRAW:

‘| xaejccf )
| J
b—’ Vsle{ % Lf
e o x
20°%)

Ejection phase:
FORMULATE EQUATIONS: Motion in the x and y directions are independent. Gravity
induces a negative vertical acceleration to the body and the ejection rocket provides an acceleration
directed along the long axis of the seat. The seat ejects at an angle of 20° and so we have x and y
components of the acceleration given by

a, = —[16— (9s72)t2](sin20°)(32.2 ft /s?)

a, =[(16— (9572)t?)cos20° — 1](32.2t/s%)

SOLVE: The speed at launch is 600 KEAS= 600(1.15 mph) = 1012 ft/s.
The acceleration components can be evaluated to give
a, =—176ft/s> + (99.1ft/s*)2

a, =452ft/s* — (2721ft/s")t?
Integration gives us

v, =—(176ft/s*)t + (33.0ft/s")t3 + 1012 ft /s
v, = (452ft/s)t — (90.8 ft/s*)t3
x = —(88.11t/s?)t2 + (8.26 ft /s )t 4 (1012t /s)t
y = (2261ft/s%)2 — (22.7 ft /s*) ¢t

xT

Evaluating at t = 0.8s yields

v, = 888ft/s
v, =315ft/s
x =|757ft
y =135t
Drag phase
FORMULATE EQUATIONS:
We’re given that the acceleration follows
a, = —0.003v>

We can determine the change in distance as a function of the initial and final speed through
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evaluating
adr =vdv (1)
and find the elapsed time as a function of initial and final speed through
dv
i 2
ik (2)

SOLVE: The drag phase ends when the seat reaches 100 KEAS= 100(1.15) mph = 168.7 ft/s.
—(0.003ft™")v2 ds, =wv, dv,

(1) = - _dv,
—(0.003ft7 Y ds, = T
—(0.003ft™HAs, = In[v,] . In[v,]|

= 168.7ft/s and In[v,]

Using In[v, ] ; = 888ft/s gives us

Az = 554. ft

% = —(0.003 ft~1)v?
(2) =

dvy = —(0.003 ft™1)dt

v

_z{vlm - L ] — —(0.003ft~ 1) At
Solving gives us

At =1.60s

Knowing how long the drag phase lasts and how far the seat travels due to the drag deceleration
lets us calculate the final horizontal and vertical positions of the seat.

x = 757 ft + (888 ft/s)(1.60s) 4 554 ft =
1
y =135t + (315 ft/s)(1.60s) — 5(32.2ft/s2)(1.60 s)2 =598 ft

Calculating the range variation for ¢ going from 0.001ft™! to 0.009 ft=! yields the following plot,
which shows the z,y positions for increments of 0.001 ft .
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SA2.3

GOAL:

Determine maximal acceleration levels of a carousel horse.
GIVEN: Position as a function of time for the horse.
DRAW:

FORMULATE EQUATIONS:
We're given

2(t) = 2, + 2, cos(w, 1)

SOLVE:
Differentiating twice yields

Z(t) = —zle cos(w, )

Parametric plots left as an open-ended exercise.
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SA2.4

GOAL:

a) Construct coordinate system

b) Calculate time for ball (b) to reach the building

c¢) Calculate height of ball when it hits the building.

d) Calculate height of cover when ball hits the building.

e) Graphically find the permissible launch angles so the ball goes through the opening.
GIVEN:

7,(0) = L37,0,(0) = v(cos@7 +sinb7),75(0) = Ly 7 + L1 7,05(0) = vpJv = 40m/s,vp =
6.0m/s, L1 =14m, Ly = 25m, L3 = 2m, Ly = 100 m

DRAW:

v,
A
1

—— [ ——>

FORMULATE EQUATIONS:

N 1 S .
) = (~59) 7+ 508+ 1y(0) (1)
rp(t) = vg(0)t+75(0) (2)
SOLVE: .
_ Ly
tr = vcosd (3)
7: h :—%t%—i—vtfs;ne—i—Lg
__9(_La - Ly
2 (vcos@) t+vsing (vcos@) + 1L
9L3
h=Ljtand — ————— + L 4
Ll aszg T @
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’UBth + Ly7+ 117 = L47 4+ hp7
(3)_>(2):> TZ = UBtf +Li = hg
L
hB = UB < 1 ) +L1
v cos

Plotting the height of the cover, the height of the ball and the maximum height of the opening
produces the following graph, where (a) indicates the height of the ball, (b) indicates the height of
the moving cover and (c) indicates the height of the top edge of the opening. From the plot it can
be seen that the ball is above the cover at a launch angle of slightly less than 0.7 rad and moves
beyond the top of the opening at around 0.77 rad.

45

40

(m) 35

30

o5 i : ; ;
0.55 0.6 0.65 0.7 0.75 0.8
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