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5 ° =0 = ©0=45
R _ Vo sw (2:45°%) _ Vo *

ey = 3 il
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T -
,
2,/53 Anole @ Jfor maximur rormge and heéence
Mt et (L s 45°

Lrom Sample Prob. 2/6 range /5

Iy > 3 aL

25 = £ sm290  so 12(707) = —— (/)
<9 7 Q’ $/
w = )// Q.8/(/72000) = 343 rn,"'},:
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=54 Uy = VUyCos® = 45 cos 40° = 34,5 ftsec
1y °

1T X Yy, = VeSin 8 = 45 sin 40° = 28 Htlsee
p— —— I

S G SR S I at Wil ' o= 0o+ 34,5

t = [.74 sec

Y=o 0t gt et v

4= 1 + 283 (T4 - led (174)% = 2,57
So water strikes Wal Z.57 ft  ohove B.
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2(55 0=060°
— e — - 8
40'7 \‘\C/ - b
- “
\ 7 AN
AN
AN
wo' 3 \
| \
|
/ \
U )
Al Z\JOB
- 7 e/ 7777 77 s 7 =X

o}
z e \ 7o\ r
Uz/j @$0»23,33 — 0= (1)05,»4(00”} '2(32.2)(200} — 1=13.0 )

/SD sec
/(0 2 , .
/ 1 \d Az _.\‘ z
Yt Jﬂol&[ﬁﬁfﬁ( — 160 = 1BlOSINGO by (22 te
] o
iAc: 1,948 sec (O)Z 5,10 sec ) Lare !
@)

7 o >
}/(-; )(A+U)%{AC — 2 7 /3.0 cosO (5'9'“/5/’ — o= s55 £+
/

o) 2 \ 7
| /
3yl Uyt 5t — 20 13105560 = (322
/

%AD: g 52 seC
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2/56 Set up X-y axes at the rinitial Jocation of 6.
X:Xo—fd;af: /=(Voa759)2‘

y=y,* 1{70 4 ‘z/gfz.' /.06 = /Uo' S5ind)t -%é’—/tz
(fj:u’f‘/ﬂ_—gt; 0=(j;gzn9~9,?/t

So/ve 5///1&//?‘(1/}60145/4/.’ T = 0465 s

_(/0—:' S. 04 m/s
B=647°
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2(57

_ ek
03"‘: ™
Ay

"

O

- =
1}3:V30+ajt ¢ At top, O= uSlr\G———e'm t

musin e
t= e E

2 mu Sin @
N = 'U,xo‘t . S= QJ Cos 6\ (2{;3 = WCoSH __é—E_MW>

= WCosO = XRbecesto

2 musin® )
e MuZsin‘e
Ch

Engineering Mechanics Dynamics 9th edition Meriam Solutions Manual


https://testbank.online/books/9781119391081-solutions

©2018 by John Wiley & Sons. No part of this Instructor’s Manual may be reproduced or distributed in any form or by any means
without the written consent of the publisher. The publisher hereby limits distribution to instructors who have adopted the
corresponding Meriam/Kraige/Bolton textbook. This material is written for instructors and is not intended for students.

2/58
\ —_—
§ ~ ;
N |
N I
.5 m/s
4
500 N0 A
~
175 m l
7 7 /+ /Tl/
<) MPACT : QG ———————]

o

/2 0
(!(R:)(A/‘* Ut — 9+13S = 12Scos 0"t
/

| 2 o) 1/na\4’
Yg= Jat Uyt - L9t —> 41252175 + 75550 + 2—(9,5;;1

4

(X117,

/

(:,()Lvh)é... i‘ = },4775 AND

wn
1"
[
S
3

NEwe iy Ar B

g%: Ug = P50’ = 8.03 wls

Uy = = 75 < S  (1u93) = - ’
{\\ Yy 760’ St = 285w - 281 (1477) = 491 mls
i~ — - 3

I vy \ A

; | L [1U) N AR AN A5
B 9‘2 I'UX e:TAM(E‘\) + TAu(lz )7 1AN 8‘03) Tims (E)

s
6
8- S
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2/57 W= MHmlg Tekee 1= A 2ISms DetAy BEFRE TUE  THEOW.
[
A — .Cv _—
PPLE M
rod
|
X ¢
_ 7
-7 |
J ~ - | Jon
‘ - [
| 'UD ~ - - ~ . _‘l 8
Al ) ;
'T' L‘— —-—— ‘
15m | ~OAZT
77 77T 77777 7‘7"7"7'1"7—'7-7)7— ——¥
o — Nl
TOA?'L_;

0

7
J(Bt }ZA t :&b‘& — || = /L/C‘Oif'\t

<112 - J4< -
R R e e

-APPLE‘

d +’U5/.t lﬁ% _~>‘lj C) 1(9%/;\%'*07/5\

OTUER ToLuTion ,',\,\

SoLnG - ... ij: 3.2 m ) += 0,872 5/ O-= 25.7‘) U NEGATIWVE TIMmE

16S + Nrae® +0ol= 9 —> o=207m
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2/60 I For y-motion @,=9 =98/ m/s?

J\/ =Gz
U=200km/h .
N 5z
- . .
- 2 7
. 1 4
X A
\/‘/f.‘if\))’ \ 2
. N y X< . \ d
- / X |
\\\ 7"///2 ) 7 7
SRS A - S
, X Zo 2
. K= — = P+
Y e '
6’ = #5 > / y C
X
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2/6, .?Xa 2
I— V= XK 7ané - — Sec @
N ci*
y ,
| lf/ m = TG
~ < 5CC \‘7/:] o LM’ - ] /)1.
. |0¥ iy Jec & / # ran = /+
LL‘ = |/;O
[V
‘ %
2 Y72 /feuny =0
n — N {3 /)=
(_" X \ 7 %% /
212
2(107) 10
7 —_— =0
\ 29 9@)4
yy)l—« _v:A “;’C:" !/ ' / 766 g = 0
m= 2 P '/\} (6.907) —~4//.766é?)

= 0.266 or 6.635

8 = ;/o:';/n'; = 14.91° (ar £/.4°)
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3
|
|
A
Q- —-— §——>——X
/ \\
/ N
~l,c
4
. b\
5@ % N\
T M
» 3|\

( 9 4 «)3'\{, 3{5 -3h = '%S{; —_ ‘t—FL \/~§ (Boﬂ‘l (\,a‘-:;w’
<
A *’U)(At = W bg = /%OL

'N\\SJ Comrz C

Zb
,J-—l)f—%l/:q *'C 3‘}, — _E~ E’S 2 — —£(i T]

/\

Xz XM%A{C o= L(\/_TQ So.. TE df;_g:
e otk - ufed -

Ve~ iz b —> V3d - J;m, — o= 197 b
SoesTive Fe (... 0.98 VB3 < W < 139 by
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- s
R (63 | . - <A
,,..B r.55
- A’o.q-;—o.ls = .05 m m
C PO R
S 1.7 m I
'Y
Ay=0: X= Uyt 7= vtg

1 3 z - .
At &: RB5-105) =0+ = T8Ity  tg=0.5535
.7 LD
Then v= + = 0.553 ~ 21.2 mls

At C: R.55 = ‘2(9.8))1&2) t. = 0.72]

(¥}

C
S+ 1.7 = 2!.2(0.'72'.) , 5= 3.55 m
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- " ) = o]
4{64' U= 11 T = 168.7 fihe , O =18
A ‘ -
3{ oo . JT C D)
T e T ('bl _F__‘; 4 O O“‘
U B / 30’ ¥
1 i 24 A »
P N - ,Z“,,‘L.u.ifs"‘/~—y }
Lﬂ’,i 10 A 75 ol ot 0
Cuece A_
-]

Up> /of* Uts —> /537 87003 )8°¢, —> ta= 0,28] sec
o _
(Ya~ /90/ + Uy A" ; 3£,f = 1875w 18°(028)) - 2322028 = 13,35 &y oK.
- Cugce B*
(f /O (\’ /(04-7 0 . 'Z N 90
Lg™ Yot Yoty —> B53)= [0/aslf by = )59%0 sec

o]

U = "'/“U \j'i = /68, /V,A) 8 /r‘,%)/ '(272 (/[q/‘ = 7; [

3 /~’o

Fest lweAcs Powot s 42244 ve o yue Tree A7
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2/65 | (a) gy =42 m/s and 8=8°: :5
X=x +J; t at B: 80= 0+ (42 cos §°)¢ L
o 5 p .
t= /443 s

Y=Y+ ‘_{/ot -—2—’91'241" B:

—(2.3=h)=0+492sin8°(1443) - L(G.81)(1.443)*
h= 0525 m

(b)Jo =36 m/s and 8=/)2°:

X=Xa+u;-cot at B: 60=0+(36cos/2°)T
t=1/, 704 s

y=go+(/;ot-—zigt‘z at B:

2

—(2.3-4)=0+ 36 sin12°(1.704) ‘Z/ (9.81)(1. 704)
h=0,813 m

(In basehall, the time of Flight is critical;
low frajectories even with one hop, are better.)
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2 (66
40
V= dy+ DA —> 60+5cos375°= IS e 8 4,
5k %3 XA 5

Sowmse... g 2925 S=4.0m

(e Sou A .
(Owge ~=>°Lonhony H"Z l"ffap\?/E

-
~ )

/;: O +H.0as375° = 925 m

L = =30- Jlosm 375 = =54 9m

ol VY;? fi,{rz : \/7762* §19° —> o= 167bm
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_~2_L6_7_J Set up ')(“\':j Coord nafes  With OY{\T}\ <t A,
)

|
[ — '\_)

= g ‘*-Z-
\\)3 23 v\'\g

E Valuate \)\\,;': 1),;(: —23 C\j —J"S at Qel\»'nj :
0% = 25 sin6)™= 2(181)(5-0)

6 = R3.3°
z 2 . .
Ror\je R= Yo SMm 26  _ 25 sm <2'23,3)
J 1.8)
R = 464 m
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268 | x-y Coordinates With origm ot release
|

(Po‘w\t : : U%o: UQ g‘lf\ Q= 12 SI.Y\ S)

Uy CosH = |22 Cos ©

"

Vy,
Uy=Vy "3t  cpphed ot end of Ty
- |2 Cos © = |2m36~ﬁ,g\t§ ) ‘L{’2.45C0$6
UX = U'X_ - 0.4¢ fxfr\'\?ﬂl at end of F\\JY\t :
—12Sin § = 12sin ® —0.4(2.45 cos 6)

o

24 s 8 = 0.979 cos 9 tan©® = 0.04)

)
6 =72,33°
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1
| Uo
| /
| [
770'7'7'_@_ /O ‘7 7
120
E
‘__CABE A‘- 'U =60 '(4/5(( Avg G):qob (’Cim wim (oeoie A)

J/A" VZ ’*) JA —s fo- @(’)0«)\;1}0 -LA S {A L7Y) see

= B35 f+ (o)

D! = L0em 0’ (791 -i’(y,z\;()?’!f

] b4
- At Lad
IR A A
/do jo Uk
[y /x{f Y by —>
2

40 - . \
:L jo/‘ N D IJ{ = 0SNG0 (3,()5\) ‘2’)(9./;\/305/
\ /

JHO= 60 o0 4y —> dpT 3.05 src

396 (im )

[’(4 jx (L’O oy /’f‘

\r‘o

{Crst B: ’U:8S L/’;o: Angy ©=)S

0
(2= Z*"'LO{A ””” > 80 BSaISTLa 7 AT 007 sec
g \
{ - L5 & (o)

Up= YL DL, - -4 47/
[ 3aT ot Wta /qi 8SS)M’S (o W 3/ (.
/
o
VoF %‘Jr Yy, try —> 10 = 850s )50 — > dp= 170S SEC |
0 , . N DA
& ';'V'"E'fa‘}j{y R5 s 15°(1:709) ~ L3z \1768) = 7304 (oK)
3 % Ugyts ~ 394 — 20+ Foomlsls-Hzmz)t —~ 4= 19 sec

f
J3.4 4 (. 42) = (3.H,-20) T

Ve = Xo + U4 = 85005)5”(199)) =
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_.2;/_7_(_)_ 200 m|s “U,x = 200 cos60% = (00 m/s
= )
Iy A T S e
L/ 77 Ujo = 200 8m ° = [73.2 m/s
l f./’\60°/7,‘—»‘7:'7'
F\/;ﬁjﬂ?;xfﬂ . X te = flight time
M= Ko r‘n‘)’)(g%‘" (@ B: Rcog2e®= |00 te Q)

) - 9.51 , ¢
gt* @8: Rsin == 73.24 - = t,

(2)

NH

(1y: tgy = 0.00940R
. - 9.8\ ) z
(2) : RsinRe?® = \73.2(0.00740 R)- - (o,00<14oﬁ>

R= 2970 m
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2/7/ Set up x-y axes at A, target at B:
|

Y
‘ /
L=
x-eq.: xg = (0 cos30°)1 }
y-€g.: Yg = (U(; Sin 30”)['—59?

For Xg = JEm, Yg==0.100m: {zfo= 6./5 m/s

t=0.658s
For xg=4./m, 4y==0.100m : j U, = 6.68 m/fs
t :07095

So the range /s 6./5 < U £ 6.68 m/Ss
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Ve \\ =
{ , . . Va ' 5
(// \ X=Rcos@ = UL S g
\
™ \ £/ 170 F¢ r agng ge7 2
N <
] . ’ > - ) — ]
Y | 2 S/n - C > J
| ‘ F -
L __® R
% - /2
<, ~ - & L
Y ! C /‘_( 7 r “C
e = =
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C

. \ . . I
2173 With Y Casrdinates ,onign 8T a A:*‘“'X

(i
N= Mty b ® B 36o= ox(oocece)ty ()
. N \ A
ERN *“’\;ﬁv_é3t1;@ B! -g0=0+ (!r)azn'\o«)t{ - = (322)1
NS
_ . L (2)
Simultonesus sslwtons ot (1) (R -
-+ - L f\f" T e e o = ? L 8 o VR
LL 09 Sec, X~ -0, (q__‘)
Te= 568 sec | o« = 507 (b)
I ) 7
Check &t Corner L('X)JJ: (=®o, “)J :
(QJ, 2’?}3
Te = oo cos26.8° 3.4 sec

. . 32,2 Z
30/ = 00 Sin268"° (3.{4)- — (3. Mr) = —1b.94 ft
Ss Ct\ndﬁg\’.\ns G) ave ho{i CPoss';L}e,
2%0

Lrb) —tc— - Jos Cos 506.7° = 442 sec
. 32.2 \2Z )
Yo = 1005 50.7°(4.41)- —— (4.42)= 27.5 X

Cond ttisns (r:) recult 1n Cleavance &T Tarnper

Ans . A = 507°
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»2/ 23 . .
= 53 (o {ax‘ Rgcesed = g
t < 2 seq ? = o _

‘——S"Mx Gy = Zgsin60™-g = 0.7324
s\ {t
U, = U T Ayt = 3*: Uy (1)= 644 o
- -+ ~+ e 7’—,;4— 1 [ - ___,_,
Yy =y, + oyt 100 + 6.7329t v, () = [4 leee

\

y=Yot Vgt £ HGyT = Joot + & (0.7329)t%

‘t>2:f_§a rQX:3 \:)KZ>:Z47 T+
e

{vx = Ux(R) = 64 4 f&[sec

Vy = /7\~3¢2)“14,t’j;‘~’2)= 212-97%

= -Q,4 4 + 44T
u = 3(2)+\ LZY’—Z) 13 (% ’2\>L

K= X (2) +Vy () (62)= 4.4+ 044 (t-2)

= 247 + 1470 ( £:2) - 16 (-2)"
L =-l.5 ¢+ 212t - (6.1%7
0y =>© @ t = €.57sec = y= 583 ft =
Sekt y=o0 +o o otan t; = IR, 39 sec

T 5834t Yy
400 :
Y 4 o |
g Tion \
‘F_t K / I"QY\S& - .
200 X
VI, Mt
: |
vertical slope! ‘
/\/ \
0
0 200 400 600 800
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K=Xot Uyt @ B:  Reosx= (ooosb)ty

Y= Yot Uk - %thz EB: Rsinat = (u,sm8)ty - -éjtcL

ey te T 5—0%

Grept Rsinws (Usiee)(BoE) - g (2"

= R= —Z%m(j? (‘tﬁn@-‘tﬁndx

j‘:o' 495" Cog 6(-3;“(5)(@“6%% d) PRSI L N .
SCOSO(

3%;0& Cos’o
jaSek EZCosﬁS\'\G (’thd-‘thﬁ)—t ']

(2]
> 2 cos®smd (’tq“q-i{“:é>+\ = 0

(2 CosO sin 6){%0\ —2<swm?8 + ) = o
Sin 26 tana -2(‘5‘7_C0329)+ | =o

Sin 284t 4+ Cog RO = 0O

Tan 28 = = g

26 = ‘tfm;‘ Q-—#ﬁ—'\-d\)

N _ \
180 tan | (-}ang\>

= 1g0- (Jo- ok) = 90 +
- 90 +ok
e 2
Spechcig resutts & = 0 © =45°

o(:‘45°) 8 :637.50
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Lenﬁ‘th of Cable L= 3S, + Sg + Constant
Differentiate © 0 = 37, + Vg
Ug = ~ 31Uy =~ 3(-3.6)
= 0.8 ft/sec (own)
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The tstal Lfinj‘th of The cable s
o= Rx + 3'\/37}132? + Constant

Differentiate T o ot ain

: - 49
0= 2 s
L N+ ;——52+bz

.

With X =V, ¢ §= v, Wt have
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-3y
y 2\/glﬂf A
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The cable length 1s L= R(Sg~Sa)+ Sp=Sa

biﬁceren’(\'aﬁnj : *+Constarts
0= Rvg-3Uy

So Vo=V = 3(B) = 2 ftlsec
an = T = T (L) = 4 Fifsec

Ugja = Yp~Vp = 3-2

GB[G = Gg-Ga =64 = 2 ‘FUSeQL

The Lenj‘th of Cable between A and C s

(SB‘SF\B N (33" S 3 = XSRSy ~S¢ +Constants
—*»« 0 =2 “Up Ve 5 U = RUg -V = 2(3)-2= 4 fthec
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Engineering Mechanics: Dynamics, 9" Edition
Chapter 2 Reserve Problem Solutions (Part 1)
Question Title: Chapter 2, Reserve Problem 2/001
The velocity of a particle which moves along the s axis is given by v = 2 - 4¢ + 5%, where ¢ is in

seconds and v is in meters per second. Evaluate the position s, velocity v, and acceleration a
when ¢ = 3 s. The particle is at the position so = 3 m when ¢ = 0.

SOLUTION
_ 3
= 2-4t+ 5t 7°
d 5 , =
G, A - 4+ =
1 . 2l
= - A4+ 4 1
T
 d 2= 4 |
- . _/
!
3+ 2t -2t + 2t 77
A +t = 3- S = 22.2 w
"il == |: \,‘? -
! - ae rd
( | .71
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Question Title: Chapter 2, Reserve Problem 2/002

The displacement of a particle which moves along the s-axis is given by s = (-2 + 31)e™”, where
s is in meters and ¢ is in seconds. Plot the displacement, velocity, and acceleration versus time for

the first 20 seconds of motion. Determine the time at which the acceleration is zero.

SOLUTION
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N -
s= (-2+3Ye
As . _o.5F —o.5t
v= & =3e + (-2r3t) (-05)e
B - 0.5%¢
- b-ist)e
dy ~0.5t / -0.5t
o = £ = -15e ‘ (+—[,5t)r;c.5).:
_ -0, 51¢
= (- 3.5+ 075t) e
. | -5, 5T )
Q=0 : Q*E.EJr"‘*.fS‘l‘\ﬁ =’3J t=467s
ia) Particle Displacement
2 .
E r
w IF
! [
8 |
E 0
E
o
o ;
. : !
0 b 10 15 20
Time, 1. 5
(b) Particle Velocity
€ i
e i
2 :
2 '
-""“'l-n.._;_.._-—-——
X 5 10 15 20
Time, ¢, s
(c) Particle Acceleration
1 ' .
E;_ !
I S S
H
=
E ___________________________
10 1s 2

Time, 1. s
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Question Title: Chapter 2, Reserve Problem 2/003

Calculate the constant acceleration a in g’s which the catapult of an aircraft carrier must provide

to produce a launch velocity of 180 mi/hr in a distance of 300 ft. Assume that the carrier is at
anchor.

SOLUTION

) oy 12 Z
For Q= COY\S'tCLY\t‘ U= VY, + Ras

[ 80 (5280)
23600

2 R
] = O + 2a (300)

a= k.2 ft|sec*
- Hb.'z -
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Question Title: Chapter 2, Reserve Problem 2/004 (Multistep version available)
A ball is thrown vertically up with a velocity of 30 m/s at the edge of a 60-m cliff. Calculate the

height 4 to which the ball rises and the total time 7 after release for the ball to reach the bottom of
the cliff. Neglect air resistance and take the downward acceleration to be 9.81 m/s”.

SOLUTION
2 r) 2
Yoy d=Gt+Fat’, y=30t-398/1
1 for 4= —60m

_ _ 9.8/ .2
-60=301 < ra

or 9.8/t7-60t -/20=0
= é;:?:!—,fégf_;-ﬂfﬁ?,ﬂ,_ﬂr‘_;.?ﬂj =770 s (or - L58% 5)
2(9.8/1)

0- 30*

. 2_ 2 o
For y=0, v*=u"+2ay, g =h 3708l

= 4549 m
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Question Title: Chapter 2, Reserve Problem 2/005 (GO Tutorial version available)

A car comes to a complete stop from an initial speed of 50 mi/hr in a distance of 100 ft. With the

same constant acceleration, what would be the stopping distance s from an initial speed of 70
mi/hr?

SOLUTION
z : ! A
V-0, T = Za (5- )
_ M=, 5280 72 _ ag) o= La
O L_jc' Smcz] = Rallb Ny ZEICFSELL
Thea 0= [0 5227 = 2 (-269) s
3Loo 2

S = |9¢.0 +%
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Question Title: Chapter 2, Reserve Problem 2/006

The main elevator A of the tower (modeled after the CN Tower in Toronto) rises about 350 m
and for most of its run has a constant speed of 22 km/h. Assume that both the acceleration and
deceleration have a constant magnitude of 0.25g and determine the time duration ¢ of the elevator
run. Note that your numbers on this problem do not represent the actual CN tower in Toronto.

SOLUTION | |
Acceleration peried
] 22 _ 1.8\ _

V=1, +at : TL - 0+ — -t,ﬁ -?;q‘: 249 <
Note That  The deceleratian time T y= tq
2 2 22 \2 2 9.8

UV = Yy + Za as ¢ '—1";) rﬁL-l—xL'I AS,
I'_‘ub.}.oj: [ 6] m= &Ed

Cruise pered : AS_ = 350-As, —AS; = 335m

;‘\2«_ | _
AS = U T, ¢ 335= 3¢ te, tc= 54.8s

Total run time t = Tert +ty= 59385
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Question Title: Chapter 2, Reserve Problem 2/007

If the velocity v of a particle moving along a straight line decreases linearly with its displacement
s from 20 m/s to a value approaching zero at s = 30 m, determine the acceleration a of the
particle when s = 15 m and show that the particle never reaches the 30-m displacement.

20
r, ms
0 I
0 30
5, m
SOLUTION
Concise Solution
2 -\
Y= RO0-KS Wwhere k= 35S
dv_ 2 ool
So V= 20‘%‘-5 : Pl S
Nete That W= 10 wm|s Whn s=I15m
dv N\
¢—"J‘a—§=\0(-§) - 6.6 mls
30
pa B8 B he w (R e (oode
= A 7 g‘i ‘S v j _z
o o o 20T FS
3 = = = 30 2 S S
G ?Dn(Ao— 3 )\0 =~ Z In 2
Detailed Solution
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Solution Strategy:

1) Calculate the velocity v as a function of displacement 5.

) Calculate the acceleration a as a function of displacement 5.

3) Calculate the acceleration 4 when displacements =15m.

4) Prove that the particle can never reach a displacement s =30 m.

Leaming Outcomes:

1} Evaluate rectilinear kinematics of a particle via integration.
2) Evaluate rectilinear kinematics of a particle via differentiation.

1} Calculate the velocity v as a function of displacement 5.

The general equation of the line, shown in the problem statement, is:
v=As+B (1)

Where 4 and B are constants.

The boundary conditions are:

5=0m, v=20m's

5=30m v=0m's

Apply the 1* boundary condition to Eq. 1:

20=4(0)+B (2)

So:

B =20 m/s | + intermediate ans

Apply the 2 boundary condition to Eq. 1:
0=AG0MH+EB (3)

Substitute the calculated value into Eq. 3:

0=A(30)+20
So:
2 . .
A= —E +«— mtermediate ans

Substitute the calculated values to Eq.1:

2
v= _ES +20 (4)|< intermediate equation

2) Calculate the acceleration 4 as a function of displacement s.
The differential equation that relates displacement s, velocity v, and acceleration a is:

ads=vdv (3)

Rearrange Eq. 5:
dv

=v— 6

a Vds (6)
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Substitute Eq. 4 into Eq. 6:

gs+2ﬂ]

2 d[_a
a =(—§s + EU]T 0

Evaluate the derivative in Eq. 7:

2 2
a —(—53 + ED][_E] (8)
Simplify Eq, 8:
40
a=(j§s——;) ©)

3) Calculate the acceleration @ when displacement s =15 m.

Substitute the known value into Eq. 9:
a:(i(lﬁ)—ﬂ] m/s”
9 3
Or:
a=-6.67 m/s’ < ans

4) Prove that the particle can never reach a displacement 5 = 30 m.
The instantaneous velocity of a particle 1s given by:

das
V= 0
o (10)

Substitute Eq. 4 into Eq. 10:

2 ds
——5+20=— 1
3 dt ab

Separate the variables of Eq. 11:

dt=—%__ ay

—EJ +20
3

Apply limits of integration to Eq. 12:

Jl'dr=j'2L (13
o “—§s+2[}

Rearrange Eq. 13:
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)

3¢ ds
{dr:_il{s—m) %

Evaluate the integral of Eq. 14 and simplify:

r=—%[]n(s—3lf]}—]n(—30}] (15)
Or:

3. (5-30
r__ih[ 30 J 16

Substitute the known value of 5 = 30 m into Eq. 16:

t= —Eln 30-30 sec
2 =30

So:

t= —%lu(ﬂ) =, which 1s impossible - ans
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Question Title: Chapter 2, Reserve Problem 2/008

The steel ball A of diameter D slides freely on the horizontal rod which leads to the pole face of
the electromagnet. The force of attraction obeys an inverse-square law, and the resulting
acceleration of the ball is a = K/(L - x)*, where K is a measure of the strength of the magnetic

field. If the ball is released from rest at x = 0, determine the velocity v with which it strikes the
pole face.

-
i gy e

SOLUTION

This solution provides a guideline to solving the problem, not the numerical answer.
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Question Title: Chapter 2, Reserve Problem 2/009

The electronic throttle control of a model train is programmed so that the train speed varies with
position as shown in the plot. Determine the time ¢ required for the train to complete one lap.
[l

ﬁ_ 0.2560 )
o | | | |
) Lo [
0 | L | | L |
0 2 2+3 2+ 4+m 2457 da2n
[hstance 5, m
SOLUTION
Compute The Time wred for -'2- la
P 2 Y P
T@rn?ﬁfﬂhb ’ let VWV, be The S\rni:)\r\tc.umj Speed:
u
Vo -
. |
Uolz o I— — | | \
| | |
(@) 1 d Sl m
8) 2 <4 % 21N '
Q € €] @ N
Ts‘md tl-z +o 3’) Fram ©) h@ tl-?_ = -Uo—
. Ay A
F;)f' 12_3 : NO‘tQ -t_mt R - (C = Pss. \M--t)
Cdy AV
30 Tok Q¢="V 3 = ~CV¥ = Gt
t5 v A
_ dv o/2
'Cgclt’ \) . -C‘-t'z-3= Qn Vo )
2 Y2 -+ = 'é_'Qn e
2-3
. : : b
SO NES ’ '{/3‘4_: c l'\ 2
Vo2 Vo - _ 6.36
w2 - 1li - t‘-z* tZ-s ' tl‘»'ﬁ T U
. 29 - 17T <
hap twme T = 21‘12‘-' N -~ 0.25 - 50.% s
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Question Title: Chapter 2, Reserve Problem 2/010

The aerodynamic resistance to motion of a car is nearly proportional to the square of its velocity.
Additional frictional resistance is constant, so that the acceleration of the car when coasting may
be written a = - C - szz, where C; and C; are constants which depend on the mechanical
configuration of the car. If the car has an initial velocity vy when the engine is disengaged, derive
an expression for the distance D required for the car to coast to a stop.

SOLUTION

This solution provides a guideline to solving the problem, not the numerical answer.

U
vay = a dx /i _ v
J a = [ —
s C-C, U2

/
(P4

if 5 2/ 1V
X = — /n l/"c,'*"zU)J a /
<0, e

U‘; 2 L’ ffly

when U=0 = /= ’_ / / 27
o ) X=4 ’,n‘r/fg_‘/u/
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Question Title: Chapter 2, Reserve Problem 2/011
The driver of a car, which is initially at rest at the top A of the grade, releases the brakes and

coasts down the grade with an acceleration in feet per second squared given by a = 3.22 - 0.04%,
where v is the velocity in feet per second. Determine the velocity v at the bottom B of the grade.

f_m_.
Af 0"

SOLUTION
el Fa
A= U geg = 3.24-0.004y
o) 600
-JII,_ B _U- (i"LI . :J ;ir
—— 2 o
) 3.22-0.004 X
| Us _
0. 004 = |
2 (-0.004) In (3.22 - ) 00
( L 3.22 - 0.00403 1 = (ﬂaqiz_j{—laﬁﬂr}
"L 3. A2 J )
4%
3.22-0.99%g _ 4 4pg23
"i-.’.E‘.Z_

TL.J_FE 2_"8,“3 +t KE.,*S 3
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Question Title: Chapter 2, Reserve Problem 2/012

The vertical acceleration of a certain solid-fuel rocket is given by a = ke - cv - g where k, b, and
c are constants, v is the vertical velocity acquired, and g is the gravitational acceleration,
essentially constant for atmospheric flight. The exponential term represents the effect of a
decaying thrust as fuel is burned, and the term -cv approximates the retardation due to

atmospheric resistance. Determine the expression for the vertical velocity v of the rocket ¢
seconds after firing.

SOLUTION

This solution provides a guideline to solving the problem, not the numerical answer.

L ke g, e ahe
e ’ At 5
Loy the standard form for Fthe Solutfrom o 7he
Firs) order Jimiear e frerErre; ikt rrows,
=/ <¥c -l .
- / - © ‘y
"y . e :, -5t _
e et 1/ y el
v=Ae ~c [(&RE -g)e ¢
= 4e ¢ # _t_i_i>0"_ g
b =
% 7 9 %
= it ) = o g, . m- - —
when T =9, ¢ -0 so 0= A =% e /,..] = =
-ct -bC
7 " - /.i - _/( 2 et " _ﬁ_ @ Z: _‘Z
(P42 U=l c-6/ z- =
-cT /[ bt -t
R A i * M 2 )
= =|C - g s - - C
or v z // s l
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Question Title: Chapter 2, Reserve Problem 2/013

The preliminary design for a rapid-transit system calls for the train velocity to vary with time as
shown in the plot as the train runs the two miles between stations A and B. The slopes of the
cubic transition curves (which are of form a + bt + o’ + dt3) are zero at the end points.

Determine the total run time ¢ between the stations and the magnitude of the maximum
acceleration.

s = :
| 2 mi |
[ 2 i
v, mi'hr
80___[/_‘_ Cubic functions P\:
| |
| |
| |
| |
y | |
le—15 —] At le 15—
A B
i, sac
SOLUTION
'UJ m”hr
€0 |~ -

| —:\‘
o s | At 1 15 ‘tJ‘S'EC

a+bt+ C.‘t1+dt3

v(y=a=o I =b+Rct+3d4t"

dv R _ . -

j&t:azcﬁp b =0 ‘“‘lt=15_ 30¢ + 6i5d=0
K 2 I_ g4 S280

1}(;5)_ CUE) +DLUSj = SQLW) o

Solve 4o obtam ¢ = 1564 Hf [sec? , 4= _'b-q5(l°_l)5m*1

L UE 1.564t-00615 t3  Hor 0%t= (5 sec

$= ﬁi.smt“ua.emst’) it = o0.52)t3-o0.0m3zt?
o .

s(15) = ¥30 T } 30 Tt alse Colered c!.urnrj decel.

Distance duri.nj Cruise - (1‘3(5230)—2[3'21::)= TR0t

As=Vat ¢ FBoe= To 53:31 )mtj AL = 15 sec
Run Tt £ 75 + 20s) = |05 sec

a= %\% = 3.3t - 0,209t*

%"‘? = 3.13-0.47t To | £="15 sec

Qe = 313 (15)-0.209(1.9)" = 11.73 ft/sec ®
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Question Title: Chapter 2, Reserve Problem 2/014

A particle moves along the positive x-axis with an acceleration in meters per second squared
which increases linearly with x expressed in millimeters, as shown on the graph for an interval of

its motion. If the velocity of the particle at x = 40 mm is 0.4 m/s, determine the velocity at x =
120 mm.

SOLUTION
v ' 3 £
/U’a’ﬂf‘ :Jfar.fr ,. ‘.E:: v - o4 | = @rea wndcr
014 dy - A cwree

- ; . . V3 N
Area = x//“x‘*} =r'di;:jﬁy.ﬂ,x = j’{:?a—ﬂym = o,zm-'mf:',-‘

Thts 0.4 +2/0.240) = 06 + 0,48 = 0.64
=V oca = OF mys
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Question Title: Chapter 2, Reserve Problem 2/015

A retarding force is applied to a body moving in a straight line so that, during an interval of its
motion, its speed v decreases with increased position coordinate s according to the relation V=
k/s, where k is a constant. If the body has a forward speed of 2 in./sec and its position coordinate
is 9 in. at time ¢ = 0, determine the speed v at t = 3 sec.

SOLUTION
iz K s & e ST where - "‘Er"?)-jn:',ahir ,
s ) Y=5=Vkhk/s w =< < o
. /T 73
\«”Er.iS = & /a7 —2'-._53—"2' = [5.;'/:‘-:}}
_/')r o g -J Fi
7 o 7
J3;"z =2?+?f; bt rs= r'Tr 5‘ 3 so

-, , B PRSI =3
Q= G](E??‘"?f') ] §F aft ..f:;rscﬂ =627 +27)

- 2% _ in.
277 = [.587 e
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Question Title: Chapter 2, Reserve Problem 2/016

The horizontal motion of the plunger and shaft is arrested by the resistance of the attached disk
which moves through the oil bath. If the velocity of the plunger is vy in the position A where x =
0 and ¢ = 0, and if the deceleration is proportional to v so that a = -kv, derive expressions for the
velocity v and position coordinate x in terms of the time #. Also express v in terms of x.

A

X u
—_—

h

i

il

SOLUTION

This solution provides a guideline to solving the problem, not the numerical answer.

_ T _ ,r"y-. ¢
a==2==--lU av y) :
av._ . &
T y / - 3 ¢
s o
n X=-ht  y=ye
a,;f -kt * % et
2= 8X - /afg =/ ‘At
o J » e
a
o — Rl
x = ﬁ!f-a _[

vav =g adx
) Tt ‘A?GJ)C

v ¥
\/eﬁ?’f.—r:—f%/c?fjﬂ'} E/’_:Zf;"_‘,fe#{
A o
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Question Title: Chapter 2, Reserve Problem 2/017

The velocity of a particle is given by v = 25¢* - 80z - 200, where v is in feet per second and ¢ is in
seconds. Plot the velocity v and acceleration a versus time for the first 6 seconds of motion and
evaluate the velocity when a is zero.

— — I —e— b— — — —+s,ftorm
-1 0 1 2 3

SOLUTION
This solution provides a guideline to solving the problem and might not match the values in your text.

U= 25t%- Bot - 200

du ! Sff’. |0
G. = at T 50t-¥%o
a= o + 50t- go = "3) T = l.é sec

4= . - 2 . o4 TE
At t= 1.6 sec, u—ES[i.E)—En(h(,)-Em- 264 S50

{a) Particle Velocity

300
200F
100

=100

=200

=300
0

Velocity, v fifsec
=

300
3
= 200+
o
.E 100
E
]
§ 0
=
=100
0

Time, ¢, sec
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Question Title: Chapter 2, Reserve Problem 2/018

The acceleration of a particle is given by a = -k¢*, where a is in meters per second squared and
the time ¢ is in seconds. If the initial velocity of the particle at # = 0 is vp = 12 m/s and the particle

takes 6 seconds to reverse direction, determine the constant k. What is the net displacement As of
the particle over the same 6-second interval of motion?

I I —e— b— — — —+s,ftorm

SOLUTION

Ar t=0, Y= /2 m|s

t Y
2 oAV [ .
= -kt = d_-l; e -k+ dt Ilﬂ‘ll
W
..-'n ":5
. | 3 - .3
U= uﬁ'gkf Ao A - b, V=0~ fﬁ"g:'if-ﬂu
k= 1
w0 - [I[}
Foe  Uears. .
- L oL . L i
] - L] — L [T - = 5
| P |
@ Vs I‘E'ié-ts ‘.C.{E
o4
S s \
& - . H'-'-I '3\..' "_ L L 'I .-.I- II-."
] ds = ) (2-g2)dt —> 5.8+ As= 2¢ -3¢ ,
:h -Iclq:'\:..'
,ﬂs: 'S"-i r'\"‘-__.
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Question Title: Chapter 2, Reserve Problem 2/019

A game requires that two children each throw a ball upward as high as possible from point O and
then run horizontally in opposite directions away from O. The child who travels the greater
distance before their thrown ball impacts the ground wins. If child A throws a ball upward with a
speed of v; = 70 ft/sec and immediately runs leftward at a constant speed of v4 = 16 ft/sec while
child B throws the ball upward with a speed of v, = 64 ft/sec and immediately runs rightward
with a constant speed of vz = 18 ft/sec, which child will win the game? Calculate the distances s4
and sp that each child travels while the respective ball is in the air.

VA Ull Ua B
). NS | L K
(0]
SOLUTION
'-')A'. I {\4,'?: ) '_'_B = IR ..'.'1 a"f:t\: , 'l: = 70 -:f JIIEFCF q'li = Y ﬂ'llfl"ﬁ

q

IR ¥ A
of wiflew

R J-')aﬂa i F
Sa ! B
Fi LT TME
,-’j F, ) " I 1 2 N ;ahdq,
R e R~
oy o (Tewac) J
| . u | 2(%) :
; |'ﬂ" _tﬂ.l- ;'J 323 — ‘I:A 435 sSeC
\ q E! 71z _ 2(eH) ;-:,E .
B 5 i] = _il)/ . J:B— il [ LS
ChsipesCE
t;ud'.“f'... 1) d _'ﬂ:.'[" — < Y
Rt Bty foah EAES
A &
. i _ "\_. . o [
[ A: S Uk = W3S — G- 600 6
B Uk = B(398) — o= e h

So, Cuo B wws By 1988 F

¥
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Question Title: Chapter 2, Reserve Problem 2/020 (Multistep version available)

A Scotch-yoke mechanism is used to convert rotary motion into reciprocating motion. As the
disk rotates at the constant angular rate w, a pin A slides in a vertical slot causing the slotted
member to displace horizontally according to x = r sin(wf?) relative to the fixed disk center O.
Determine the expressions for the velocity vp and acceleration ap of a point P on the output shaft
of the mechanism as functions of time. Use » = 75 mm and o = 7 rad/s.

P
SOLUTION
Fe 75 mm w=Tr f‘ﬂ'c!l,n'ls
K= M simfwt)
L=V= rw mg{u,nt\} So.. V= IS roz(?ff} wm IS

¥ = L= '-|"“=.L."2 sim(wt) {]_:'ETFE:'-IN—‘-<7T"} i | <*

$

Uy = 72T 0% 236 mm J5

2 .
Queay = 2T O 74D mim) 2
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Question Title: Chapter 2, Reserve Problem 2/021

A particle moves along the x-axis with the velocity history shown. If the particle is at the
position x = -4 in, at time ¢ = 0, plot the corresponding displacement history for the time interval

0 <t <10 sec. Additionally, find the net displacement and total distance traveled by the particle
for this interval.

v, in./sec

5

2

0 ‘? 1h t, sec
|
|
I
|
|
A

SOLUTION
¥o= =4 5.

A= Meea Uroee i) 2
Ar t=8me..  L4@)= -A51228)-§ = 10.5 n.

Y
{J'pr e (]u:,p ECTon |

<. Jg(a\h 10,5 = (}—20(637?32 — Gz LS

Tue Tupge Fmenons Cav BE
[ l:tj" 106.5 -720+ + tz W, gl‘t\m—m} owre e AFeormiang
L T M j:r TR AL,

A Hebsec.. Llo)= -8+l = M5 .

r z
Ar t=lose..  Llo) = oS 200410 = (5 .
Froo A U T & Fomerous.

i -
VY= 5-5t inlsee DISPLACE MariT . Ar= J{j( S L ('*;'.}- — Ak= 0.5

. [ 2 N g . 3 ¢
[ g 6)= z;&;g,‘;dt e .'{S_istHL — gl =-4+58 5t i,

Thwmce Teamsh,., ¥ N {."J.S 'lf"‘!\')\j + (_Iz,',g = .;)
- =5 = ==l N - 3 2 = e
¥ =3 . k:{s\.lm *S{'SJ 5 {"lﬂ\, = 13 . ‘.f?

Ko = 265 in.
Yoy 2- 3(-8) = 12-2¢ nlgc

Particle Displacement

.*f;('\] = J'L‘zi-ﬁnlt +(, = J{Q.ﬁ.\][!l, +C, = G e - &
Ar tes, Ll5)=13.5~ € +12s) - 3

C=-2S L) = A5 +1Ze-t i,

Displacement x, in.

" N\
Uty = -4+ g—(t-aj =L+ 2t nfe

z
Ejf_t‘j :J’ﬁ%tt\; de +( = j(;o y28)de 10, = (-70¢ + ¢
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Engineering Mechanics: Dynamics, 9" Edition

Question Title: Chapter 2, Reserve Problem 2/022 (Multistep version available)

The graph shows the rectilinear acceleration of a particle as a function of time over a 12-second
interval. If the particle is at rest at the position so = 0 at time # = 0, determine the velocity of the
particle when (a) t=4s, (b)t=8s,and (¢) t =12 s.

— = [ ~ [
Y, j 50 =48 — Uy = 667 mm]s
L8]
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/023

In a test of vertical leaping ability, a basketball player (a) crouches just before jumping, (b) has
given his mass center G a vertical velocity vy at the instant his feet leave the surface, and (c)
reaches the maximum height. If the player can raise his mass center 3 feet as shown, estimate the
initial velocity vy of his mass center in position (b).

(a) (b) (c)
SOLUTION

L2 % £
+f U‘,j = 'U':jﬁ 29 Y duj

A

o= vy - 2 (322)(3)
Vs = 13.90  Ft [sec
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/024 (Multistep version available)

For a certain interval of motion the pin A is forced to move in the fixed parabolic slot by the
horizontal slotted arm which is elevated in the y-direction at the constant rate of 3 in./sec. All
measurements are in inches and seconds. Calculate the velocity v and acceleration a of pin A
when x = 6 in.

[——

SOLUTION

x=Y% g y=3nlec

:L_;‘y 4 X :‘%{ '-‘;'“;—r,}'r 15(.4'.'-":_y=0 F('!,-Ejr'"?{_('_j':-':
Alseo when Y=6in., V= V3 =& im.

&

So K = ; (3) = & ,,',/3':5
s SV S S - -
Henmee v =)%*+y?=)6%43% =315 1m/fsec

———— ./ Z .
i:y'cf;fcf}?- = |32/3j +0 = 3/, fsec?

. = v e
vy f’f | (L= X
r"_,_}__;_ —

b%
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Question Title: Chapter 2, Reserve Problem 2/025

With what minimum horizontal velocity u can a boy throw a rock at A and have it just clear the
obstruction at B?

40 m '
B
16 m
SOLUTION
.?F— 9 o Y= O Lgt" == _.;'_'H 26 -/5]
o L4228
R X = A .

zé o r g5

: /6 2F.( ¥

L P I T o
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/026

During a baseball practice session, the cutoff man A executes a throw to the third baseman B. If
the initial speed of the baseball is vy = 130 ft/sec, what angle @ is best if the ball is to arrive at
third base at essentially ground level?

g

BT e o
i B
- 150° !
SOLUTION
S T "-J,.ia--t at B
I v 3ot [So=o0 4(30cese)ty ()
. - sec
=" - ! L 4T 4 .
e Y7 Yot Yyt~ Zat LB
o K 0= 7+ (1%0sn8)t; - 6.l t5° (2)
- ' L = . f = . ]
Solve (¢4 (@ tp= %.05sec j Q= A%
or tg= LI5Y1sec, © = 5.57°

lf:'u:-:x:u:ll:.'!b The secsnd Solntion 15 better in

basebsll |
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/027

A projectile is launched from point A with the initial conditions shown in the figure. Determine
the slant distance s which locates the point B of impact. Calculate the time of flight 7.

vy = 120 mfs
B
A o=40r =50°
500 m
SOLUTION
ipm'ﬁ LP "x—;j :‘53‘*:1’\)"’&’; Wl ‘\'-J"'l 1T A.
, A ;
L N\ m (1)
Y= Yo + Vyo z9t & &
| / \
sin 20° = (120sin 40°)t - = 18T (4
:Mlt (\’\ q {2;
s= 455 m t = 3358
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/028

Determine the location £ of the spot toward which the pitcher must throw if the ball is to hit the
catcher’s mitt. The ball is released with a speed of 40 m/s.

20m {
G W
22m y = h
. 1
TOE !
m m
0.6 1
SOLUTION

Set up "~ Y Cosrdinades  With m{cm
'Y
|

=g e

Uy = 40 n’\]s
/‘K-: ‘XQ"“\};KOt :(t 'I‘Y\Itt i 20_: (40 Co—ia.}t-f ('\)

ot velease gowmnk

5: ‘Jb 'f\‘do‘t"!ij{l it m'-Tt:

9

o0

; 2 /53
-lg=o+(~4osmo)te - =T ts (=)
: |
U) L4 T Z2cos®
- L) T8 72 b \&
@): -1.%= -40swb (2“”’) T TR (‘ic“‘éB
Use CG:SRB = tanr O+ ¢ 1226 tan & + 20 tan ® - 0.574 =0
= 8 = |.640°
20
. o d = R0 +tan |.640
? = 0.573'
h= (2.2406)-(0.573 v1) = 1.227m
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/029

A projectile is launched from point A and lands on the same level at D. Its maximum altitude is
h. Determine and plot the fraction of the total flight time f, that the projectile is above the level
Jfih where fi is a fraction which can vary from zero to 1. State the value of f; for f; = 3/4.

g, #——— ——— — . ==
‘ ’3 1 3
fih
£ . |
A D
SOLUTION
Set Hp XY Coordingtes et & :J
T "ﬁ—’.{

From J:dbﬂ-\l a-t"_JE-_jrt‘ E‘\llnluﬂ.‘iaﬁ, 2—’( DI zuﬂg;m
WA Nty 0= 04 Vg Sin =l T*D -—z‘j"ﬂ_u oY —tp:-—T.—.

= N T _ . N N .
F‘-fhm ﬂij = "I:jn - .-{j ':_J 'Ja) eyalyated = H\J tﬂzl-wt i =]
have o= Vo'sw'y-23h or h= “ZF——

Time ts Fw: A h=F “i%::; = (yswa)t - T gt?

— Veswa (1-114,)

3
+- . = Unﬂﬁlntif_H{l"ﬂﬁ
c -
: 3
_ _ _ =4, ¥y sinal
——t _tﬁ(:__' '_#Cn’:‘___tﬂ - jn

. tec "
T2 ® ':'D = =1 fa= 2z B =,

:_,:-‘\LH'E'. '-'i’-l.ﬁdfi'b'-'- “+n ‘\.,;.tq;;-,

1 = | :
0.9 -"‘*-,.__-“;-;_._ . 1' o l

] S e
u-? | = 4 — SN T \: _r_.... .__!... — I.
ool —t | T~ ]

£, o B . N

{...4 — - S | - HL

o3 —— | ._ _ i' I A
] s o N

01 B S A A S \‘

0 |
¢ 0l 02 03 04 05 06 07 0E 09 i

i
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/030

A roofer tosses a small tool to the ground. What minimum magnitude vy of horizontal velocity is
required to just miss the roof corner B? Also determine the distance d.

SOLUTION
Y=Yo T Uyt - 2gt ot B
Y _ = v SRR g F T
: ) G +0 ~= g ) Ca 0.654 s
)
0—..__*{ X= Yo+ F."’X)t et

, B
A /llu‘ch

\ i = 2 o > m
point) 2.4 = O+ "V, (0.654) V,=3.67 3

.\j—&\’S?'.lC‘C’_n‘.E’U‘: :‘C‘\Lu'fl-)r\ at C:¢

_ _ 9.8\ T - =
’-5'\ o - ’tC, ) 'T‘C__ 1.020 S
A P e A - o at C
(- Aisplacemen™ €quaTon A% L
R.4 +d= 3,071 029 . d = [.340 m
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/031

The muzzle velocity of a long-range rifle at A is u = 400 m/s. Determine the two angles of
elevation which will permit the projectile to hit the mountain target B.

SOLUTION
Concise Solution

T\
'

[ S o
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Engineering Mechanics: Dynamics, 9" Edition

Detailed Solution
Solution Strategy:

1) Clearly identify all known and unknown displacement, velocity, and acceleration values
in the x and y-directions.

2) Apply kinematic equations in the x and y-directions.

3) Calculate angles &; and &:.

Leaming Outcomes:

1) Apply kinematic equations in the Cartesian coordinate system.
2) Solve a system of non-linear algebraic equations in closed form.

Draw a representative sketch (note that &1is shown generally; two values of &will ultimately be
found: &) and &):

Y

B
(5000,1500)

S ¢

Figure 1

1) Clearly identify all known and unknown displacement, velocity, and acceleration values
in the x and y-directions.

Table 1
x ¥
Xp=0m yp=0m
x=5000m y=1500 m
Vo=V = 400cos 8 m's Vo= 400sinf m's
a,=0m/s’ a,=-981 m/s’

2) Apply kinematic equations in the x and y-directions.

Apply the following kinematic equation i the x-direction:

x=x,+vt (v, 1sconstant) (1)
Substitute the known values into Eq. 1:

5000=0+400(cosf)r  (2)

Simplify and rearrange Eq. 2:

5000

t= m +— intermediate equation  (3)
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Engineering Mechanics: Dynamics, 9" Edition

Apply the following kinematic equation mn the y-direction:
I, .

Y=yttt Earr (a, 1s constant)  (4)

Substitute the known values into Eq. 4 and simplify:

1500 = 4{]ﬂ(sin 9):‘ + %(—9_8 1)#*| < intermediate equation  (5)

1) Calculate angles & and &;.

SPECIAL NOTE: Eqgs. 3 and 5 contain two unknowns. There are two equations and two
unknowns, so it is feasible to solve for f and & However, Eqs. 3 and 5 form a set of non-linear
algebraic equations, so and the solution strategy is not conventional.

One solution that yields the correct solution is provided below. There are other strategies that
would also produce the same solution.

Substitute Eq. 3 into Eq. 5:

1500 =[400sin 6]- [ﬂ] —4.905. [ﬂ] (6)

400cosd 400cos8
. sin g 1 3 n
Substitute tan & = and 5— =sec” finto Eq. 6
cos cos &

1500=5000tan & — 766.4sec’8  (7)

Substitute the trigonometric identitysec’ @ =1+ tan’ & into Eq. 7 and simplify-
0=-2266.4+5000tan6 —766.4tan" 8  (8)

Substitute m = tan& into Eq. 8:

0=-2266.4+5000m— 766 4m*  (9)

Solve Eq. 9 for the two values of m:

m, = 0.490
my =6.034

Substitute tan&; = m; and tan&; = m; into the above calculated values:

tan 6, = 0.490

tan 6, = 6.034
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So:

8, =261 <—ans

6, =80.6" < ans
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/032

At time f = 10 s, the velocity of a particle moving in the x-y plane is v = 0.1i + 2j m/s. By time ¢
= 10.1 s, its velocity has become -0.1i + 1.8j m/s. Determine the magnitude a,, of its average
acceleration during this interval and the angle § made by the average acceleration with the
positive x-axis.

SOLUTION

AY ol #1835 Y- (o010+24)
gt:w - At 0. |

=u‘2£_2j 'ﬁ'"jE

Gp= 7120 = 233 st
-2

e = tan" (%J = 'i:ur.ﬂ(—_z_j b 32_51
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Question Title: Chapter 2, Reserve Problem 2/033

The rectangular coordinates of a particle which moves with curvilinear motion are given by x =
10.25¢ + 1.75¢ — 0.45¢ and y = 6.32 + 14.65¢ — 2.48¢, where x and y are in millimeters and the
time 7 is in seconds, beginning from 7 = 0. Determine the velocity v and acceleration a of the

particle when ¢ = 5 s. Also, determine the first time that the velocity of the particle makes an
angle of 45° with the positive x-axis.

SOLUTION

L= 1025t + ITf"'Ew6 :54’51

iy

ﬁ ' d_ - 025 +35¢ -1 ¢ ma ls

ot

0, 4% . 35274 | 2
dt

0= 632 +1M6S 4 -248 £ mm

dy

i LS - 496 t M

W’

e ——

1
Ar $:%¢ . r U= 025 35 ('Sl) —l,iS{f-;\'] = =p ,....,‘i-i
;['Uj: M.65 _1;_53,;.{’{'3 = =005 s

1:_}= _!ﬂi - IIDr-I‘S.l I"TW_IIIIE

[ ay=35-27(5) =-1> nald

| ay= 4% )2 @< ~10% 4% | w3

Foe Tme s Uis  omienteg Ar HSS W TuE Hok | zorsTAL,

Uy 1> Eaoar T 1

b
J
U, ij 10,75 +35 ¢ - I.S*Sf = M5 -490 <

"E;:sL'J'.l]',. '.t = D.-'E' h-"z -'I-'lNEI L-_:u(n-ql =5
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/034

A placekicker is attempting to make a 64-yard field goal. If the launch angle of the football is
40°, what is the minimum initial speed u# which will allow the kicker to succeed?

e

64 yd
Not to scale

SOLUTION

O=4°
J ] . B
i L e i - _*:n

Il|lj| IOJ
f"'M. = A | —_
r A S R T T T, ¥
F_ e —————————— &q\}lg — e ,_l’

¢ ) ' “
| fg /ff+ m&f — G4(3) = Woosdo ¢
|

&
2 8 ! Fs
HE:P:+ yjoi_g{ﬂf —> 0= uswio’ ¢ - L (322)1

Sowme. 12306 e An w88 fike
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Question Title: Chapter 2, Reserve Problem 2/035 (GO Tutorial version available)

In a basketball game, the point guard A intends to throw a pass to the shooting guard B, who is
breaking toward the basket at a constant speed of 12 ft/sec. If the shooting guard is to catch the
ball at a height of 7 ft at C while in full stride to execute a layup, determine the speed vy and
launch angle 6 with which the point guard should throw the ball.

ﬁ%'- 12 fi/sec | ~a O
Jf‘ I Bt 7
|

40 ! 20—

SOLUTION

This solution provides a guideline to solving the problem and might not match the values in your text.

3 ¥ — =
| P ., |
) Ve, 124 fsee ¢ W
| =} ——— -5 ‘
A 1S Eﬁ 7
7 T F A T ra _?'7_/;' Famrs ’ﬁ#‘-“?l'?'_}'z_’_'_z" - kK
- " IS PEPVEEN

* Baskermaw Fuet:

]
*'ff;* Yt —+ 0= Yeroso t
" - bt ~dad? e Tl s Y@ ¢ ~1(322 ‘
;jr Eij.“ _ﬂD-E 23{ TS [P0 Y i - ?(3?. 1

“R AYER B Momuay:

+ U+ —= G0O= 40+ /24 > 1 L7 sec

S Ydse flee  an O399

(T ovE Sowwme Hae NegamvE  Vay S )
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/036

A fireworks show is choreographed to have two shells cross paths at a height of 160 feet and
explode at an apex of 200 feet under normal weather conditions. The shells have a launch angle 8
= 60° above the horizontal. If a strong wind induces a constant rightward acceleration of 16
ft/sec” for the fireworks shells, determine the horizontal shift Ax of the crossing point of the
shells.

SOLUTION
9= 60’ Fow Poe 208 .. U B0 ke | o 255 4,

e N
! fy - }
% C\“ Py D
— - c
/'- \ ..... *.
< \ —_—
i ':! d " - o
2 B g
i Q" 1 1{5,[-1
‘IG E B
FAr A o e o g v r Al 4

e

Smee e oy Cumwt 1 O, whtu 15 Homizowsr, Nowg oF Tur Fuieur
Tiwes Wi CusngE. ;
'Lm:_ 1,948 =

4]

z
£
fc’:f f N @‘a‘ﬁm *é au%,ll: = 1310 fm@" {"5""5\ 1 zi fﬂﬁ\} (J'qlﬂ\

%’ = /58,0 'I:}

5=;{,-%{= ﬂ_g-fg__j —s & =304 Ly 1o e RiewT

4
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/037 (Multistep version available)

A small airplane flying horizontally with a speed of 180 mi /hr at an altitude of 400 ft above a
remote valley drops an emergency medical package at A. The package has a parachute which
deploys at B and allows the package to descend vertically at the constant rate of 6 ft/sec. If the
drop is designed so that the package is to reach the ground 37 seconds after release at A,
determine the horizontal lead L so that the package hits the target. Neglect atmospheric
resistance from A to B.

By

4m’
—
SOLUTION
180 mifhr g
T=0 * package dropped ot A - ‘?‘Tr
. Y >~ )
= ;tc: Times packaje Y 4 |

. * B ]

Fumt B,C } |4{1'}

A+ B: oy=Sgte ) ol L L

From ‘ 3 =J'8 ¢ 77{;—;77'7'?/') x!'r'“
Fram B ts C: (4aa-j)= fé(‘tc“fﬂ.) R)
Salve (1) ()

y = 199.1 ft

ﬂb-a} t. = 37 sec .

oktan  tg = 3.52 sec
8

| = 1%0 (g:bj )(3.52) = 923 ft

Engineering Mechanics Dynamics 9th edition Meriam Solutions Manual


https://testbank.online/books/9781119391081-solutions

Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/038

A marksman fires a practice round from A toward a target B. If the target diameter is 160 mm
and the target center is at the same altitude as the end of the rifle barrel, determine the range of
“shallow” launch angles  for which the round will strike the target. Neglect aerodynamic drag
and assume that the round is directed along the vertical centerline of the target. (Note: The word
“shallow” indicates a low-flying trajectory for the round.)

= 1500 m =]
SOLUTION
'?)ac 900 M.Ja k= e M (TH:&ET _t)l.:mﬂﬁ!\]
J N
ﬁ‘l U, o K-ETM{.!‘TCFMTfP-]
.---"'__'_:"1_ — ___:_'_.__.....g'_
- 2 l
I—\‘—- e — ;5m A —"—--—3'-5 E\ =y II"',__1-':LI|.'.C-'I.I.."”
‘Borow_oF Taeser:
[ 47
| x‘g:;{ﬁ.f u‘b—t —= 500 = P0wmsh t

(]

|

4

f 4 | 2 OO \ 2
wa;j’ﬂﬁ Ut 33t — =257 - Wl + - 108) ¢

S t=lk7s o BO= G.Si_i
.'lr - W o
(As A TR Al SouTTed Wime RS s Aul 9 =495 j

*Top oF TerefT:

?fk’E-' :-:‘;a+ Yt —+ 20: MWoaf
/

{-

| o

I A " 4 O lial | -

| 155 - :Ij,:rr'—l-lltht";ﬂt —F 2 } H‘S!NE} +- I:pl-{qﬂ';;-f
!

N IS i SoLoTimg 1=
SoOLViDE.. | t= Lisle 7 = Aup I.c:' = 0,524 LTuE 2AME Wiys.F _,f

057°< O < 0.524

%
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/039 (Multistep version available)

A golfer is attempting to reach the elevated green by hitting his ball under a low-hanging branch
in one tree A, but over the top of a second tree B. If the launch speed of the golf ball is vo =115
mi/hr, what launch angle 8 will put the first impact point of the ball closest to the pin? How far
from the pin (distance d) is this impact point?

SOLUTION

" = |R®
Y= IS, = 1687 frhe , O =18

A -. o
JI P 5 )r'*..\ [ l D J
-l PR oW e — =
%W —_—
L\ﬁ*‘-—mi——— s et
Cl—lﬂ:\r_ rﬁt'
£ \
oz 0+ U £ Ef2)2 BB 2, - t,= 0,28 sec
AT ST T wl8 Ty — Ta e

L)
(Ya- /H,;'Jl 1 4419 b= K8.75m 18 0B - 2R BH) = B35S Ok
“Cuere B*

]
(fs‘ﬁ* Utg — 55653= E-!-?ma”;ﬁ — 1,7 15K >c

o 2 8 ¢ by e - 1
t}a:;ﬁ Y by 1 94y = 18758 (15%0) -jfxﬁﬂ(!.‘ihr = 422 £

Fiesr lwpArs Hoor e 4224 ve howe Tere Ar B.
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/040 (GO Tutorial version available)

A snow blower travels forward at a constant speed v, = 1.4 ft/sec along the straight and level path
shown. The snow is ejected with a speed v, = 30 ft/sec relative to the machine at the 40° angle
indicated. Determine the distance d which locates the snowblower position from which an
ejected snow particle ultimately strikes the slender pole P. At what height 4 above the ground
does the snow strike the pole? Points O and Q are at ground level.

P

SOLUTION
This solution provides a guideline to solving the problem and might not match the values in your text.

Usg  Tue 0131 CooetyunaT® Tystem OF TUE Given) F.{,._;QE,

Y=V

=0 Y

rDo= Il + 30?'-'”#0;' +3@m5‘-ﬂﬂ: $efsec

F:-.g Tmg Rt Snow 7o TeatL Tpww Z-Aus ™ TwE ‘QLE.
2,52t Vgt — /551 +Dax0't — 1=0587 sec

Pue for TUE X-CowmniT of Vewceny yo Reded mue T in 0SH7se.
Ler e Oevicws Move Win Ty Swow Biowrg,

&

Hf:f;.{, 1&0{- — p{: III'(IC'-SE?B ——— 0{.=D.822 ’]r'}

Frg Hewur of Swow Ar Tiwe oF ImPacT
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/041

A projectile is launched from point A with vo = 30 m/s and 6 = 35°. Determine the x- and y-
coordinates of the point of impact.

30 m—=—40 m— -‘ Paraholic

| NS

Up_~ |
A/ ;

40 m A\ :
y s x
SOLUTION
y = 30 m)s
| 0+
300 80—
Al |
T Pr, | Y Ar Jeeliom 410 =
| .
D : = Kio
! A | et
E:F: be%{{ = =70 + w35 i‘;
U=y, + Uy by =2 = 40 + 053 1 =L (080 4]
Uee oty
I 44
‘L;.f 417 5 ( Oz Sowmon Has
Li=09e Bor 7
. _ 4 & SuT THR
LR Yy 75 m \15 WaigE v Weng
| <
- 2.4 Ceose Tt LeF Sioe
Ez—i OF it Praeoh.
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/042

A projectile is launched from point A with speed vy = 30 m/s. Determine the value of the launch

angle oo which maximizes the range R indicated in the figure. Determine the corresponding value
of R.

Y

SOLUTION

et up "}"\—J ':ﬁ‘hr’l.'n“i'*f_ﬁ; @ ﬂ :

Let coordinates ~F B be L’R} h). Aa

AT Moty @&: K=o+ Q:, ::n;m)“.:_F 0
= - Z

-:j: :-J.-,"l.' ‘.l.Jﬂth -!".2.._3{’ @] E - h: O+ ﬁ!& Zin d:}-t{ ‘%Jt{ {'2}

Salve (1,' 'EIIC:Z_) _F‘}r R é -t‘F

WU, CoS el

3

t, = —3"— [_"\lhil-hd.ﬂ*\!"dntﬂl-niﬂi - Z5h ]

[‘Unsin A + U sin % - 25h ]

wihere the + sign has been Taken To marimize K,

AF. .
Sek o T e (_c"’.‘.unq ) f_"!m?d‘}trj 4o Tind

A = 4F,5° L.—Ft'-r h= 1o m, 1};,:53’5”“}5}
and 9= 1.8) m|s* )

The Cnrres?un:l]nﬂ volue of R I8

R = 8.1 m

So “the 10-m Pplatean 158 indeeq qr"h".ﬁp:l;

¢ T
Gs ossumed ( becouse ﬁ.‘-"‘Eﬂt‘ﬁ).
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/043

A ship which moves at a steady 20-knot speed (1 knot = 1.852 km/h) executes a turn to port by
changing its compass heading at a constant counterclockwise rate. If it requires 60 s to alter
course 90°, calculate the magnitude of the acceleration a of the ship during the turn.

SOLUTION

A=G,= VB =20(/852)r | - poro, /.2
#7 ﬁ 3z — 3 6o 0.26 ?:“Hi.
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/044

A particle moves along the curved path shown. If the particle has a speed of 40 ft/sec at A at time
t4 and a speed of 44 ft/sec at B at time 75, determine the average values of the acceleration of the
particle between A and B, both normal and tangent to the path.

B~ 2
,ﬁ
At W
e (o R
ty=3.64soc
SOLUTION
B- Zb
sy B8 = T T
= 0,745 rad

Uy = 42 Tt [sec

_ bVn _ uas _ 4z (0.745) _ N Rad
Un = At At 3.84 - 3.64 " sec®
= &AUr _ 44-40 z
a = - =
t 2T 0.2 20 Tt|sec
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/045

A minivan starts from rest on the road whose constant radius of curvature is 40 m and whose
bank angle is 10°. The motion occurs in a horizontal plane. If the constant forward acceleration

of the minivan is 1.8 m/s2, determine the magnitude a of its total acceleration 5 seconds after
starting.

p=40m—>-

SOLUTION

V= Yyt T = 04 I.‘EL‘S') = 1 wis
UL q%

Ay = F = 25 - R.025 wls =
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/046

The preliminary design for a “small” space station to orbit the earth in a circular path consists of
aring (torus) with a circular cross section as shown. The living space within the torus is shown
in section A, where the “ground level” is 20 ft from the center of the section. Calculate the
angular speed N in revolutions per minute required to simulate standard gravity at the surface of
the earth (32.17 ft/sec?). Recall that you would be unaware of a gravitational field if you were in
a non-rotating spacecraft in a circular orbit around the earth.

SOLUTION

Relative +» space station, q,= r6?

)
Where, aq = 32,11 ‘F‘Y/SBC—Z.

. rod

o , ' 2 _

Thus 32,17 = (R40+ 20) ) ) ©=0.352 ¢
60 .

N= 0.352 ( ;},) = .36 reulmm
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/047 (GO Tutorial version available)

During a short interval the slotted guides are designed to move according to x = 16 -12¢ + 47> and
y =2+ 15¢- 37, where x and y are in millimeters and ¢ is in seconds. At the instant when r =2 s,
determine the radius of curvature p of the path of the constrained pin P.

R

SOLUTION
(= | 7+ ‘t_‘:' = + - =+ C
ll'\_ |':5 -2.\.. T 4 ";'] Jﬁ-f ||.-‘-) - L}
= 8T-Iz u = 1561
T
¥ = B w - =l
At t==25 = %= 4 mms y= 157223 %
’,‘( = ¥ mm JlgL j = -, l"ﬁrﬂjsl
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/048

The two cars A and B enter an unbanked and level turn. They cross line C-C simultaneously, and
each car has the speed corresponding to a maximum normal acceleration of 0.9g in the turn.
Determine the elapsed time for each car between its two crossings of line C-C. What is the
relative position of the two cars as the second car exits the turn? Assume no speed changes
throughout.

b - Al
a B(ED

SOLUTION

-

T , = I
ﬂ’ﬁ. = J t - ~J
. f - Vg " Al = "r'“— F = —— =
@: o.a(18)= T5 ) Va= 252 % ) th= 253 EF]T_._-:;

LU
J

Tg=

788

" | .
@: 0.9 iﬁ.E;)= —LUH , Vg = 279 %)

Se R exits tae tum (1.92-8.97)= 0.947s
aheod of B which tranglates 4o
25.2 (0.947) = 23.1 m
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Engineering Mechanics: Dynamics, 9" Edition

Question Title: Chapter 2, Reserve Problem 2/049

A football player releases a ball with the initial conditions shown in the figure. Determine the
radius of curvature of the trajectory (a) just after release and (b) at the apex. For each case,

compute the time rate of change of the speed.

vy = 80 ft/zec

SOLUTION

7 z
= U / V- o
L:‘_‘*.“ k) an=9="7 i
t s\ 2
%0 Cos 35 -
(b) f g TR ) = 1334 4t
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/050

A particle which moves in two-dimensional curvilinear motion has coordinates in millimeters
which vary with time 7 in seconds according to x = 5¢ + 4 and y= 2 + 6. For time 1 =3 s,
determine the radius of curvature p of the particle path and the magnitudes of the normal and
tangential accelerations.

SOLUTION
T= 35 T=3s

A - E: .-“'7 2 ¥ K = ,:‘_q' mm J- 21:’?" i) 5 = 60 mm
o = P o o 2 S e,
¥ Ot Y = 30 ‘nwl"‘ \: - 0T J — Q‘i -;

1 = T mwm
% = {0 Mmm s X = | )N‘nl_ o= \2t :J = 36 ._:TZ
‘?3: 1t n < (\‘Tv n» Q";r\;v_ﬂlun-;g 1,?,(9_\‘

30l + 543 mm(s

G6l.? mm[_')
‘ 5%
10 ¢ + 36 mm|S

- e A
= 3’,4' h““‘s

Ve o
0s © = =
U oo
30(18) + 54 (36) )
L = 0.1712
bl Sk&/ 4)
6 = 13.53°
. i : - a0 p 1-2
QR = GSin 377 374 5.[\21 13.53° = B.74 mm|s
AL . _‘Uh — é>l' = S b
1'\‘:€ O f = A by 2.774 5 737 mm
A Em Camneua R 2 — = iJ
Gy= QLSS = 374 Co5 13.83 = 36.3 v/ §
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/051 (GO Tutorial version available)

Compute the impact speed of a body released from rest at an altitude 4 = 650 miles above the
surface of Mars. (a) First assume a constant gravitational acceleration g,,0 = 12.3 ft/sec? (equal to

that at the surface) and (b) then account for the variation of g with altitude (refer to Art. 1/5).
Neglect any effects of atmospheric drag.

SOLUTION

h':{a'sl:'?"“.'
3«; 2.3 % e
. R= 2109 .
h et
I r
et 9§
/
et 29 h = 2023) (e x5200)
' e
5
V=919 {ifsec
« Moy = Conragr 3’
IR } ﬂ
oD vy g g J
a - dr 3“"&?"‘[ r Ve
rn T
tra? LU
™ L - l}_
EAL T e B PR R
(= Bt L0

o

I 1 .
V= \/; 12.3) (2109 ,5335\]?[ T D mﬁm&ﬁ%] = B33 L
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/052 (Multistep version available)

If the compact disc is spinning at a constant angular rate 6 =360 rev/min, determine the
magnitudes of the accelerations of points A and B at the instant shown.

SOLUTION
FA: '::-":'Mm Ir-ﬁ: ZE mm F mr,:r;
2
rd ¢ 21\ -
Tot At 0, = 0= 0060 (3607, | = 853 m/s

Fd
— . 27\ | 2
e Qg = RO =0.022 (i‘,:-’_?'f,_eo'J = 313 mfs
oMY B .
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/053

An overhead view of part of a pinball game is shown. If the plunger imparts a speed of 3 m/s to
the ball which travels in the smooth horizontal slot, determine the acceleration a of the ball (a)
just before it exits the curve at C and (b) when it is halfway between points D and E. Use the
values r = 150 mm and 6 = 60°.

V= Bmls = 150 mm o,z 0

v o 32 2
&I C T a,= 3 : o ¢ (Omls
&,
_——;‘.—i—?c w' I{
s - Lom z
:: / g‘ - '3
[
|_.-.—j|'_ ‘/‘I

Harway Berwees D ase E*

v .f” M 2
/"\E a‘ﬂ :'..s__.;. (BD lI|It
n. T o s
e
A}

k"-n _ 5 q.\k
ir *° 4 a.-= &D(mfﬂ L -SIN&J)

02570} -39 /2
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/054

An overhead view of part of a pinball game is shown. If the plunger imparts an initial speed of 3
m/s to the ball at time t = 0, determine the acceleration a of the ball (@) at time 7 = 0.08 s and (b)
at time 7 = 0.20 s. At point F, the speed of the pinball has decreased by 10% from the initial
value, and this decrease may be assumed to occur uniformly over the total distance traveled by
the pinball. Use the values » = 150 mm and 6 = 60°.
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Engineering Mechanics: Dynamics, 9" Edition

SOLUTION
U Bwls U 090yz 274 O = 1SDmn

S 3r + 05+ 0): 3(50)21S0(T+T) = 843 sam

ik tfy: -20, S, —r 27 = 52—2'%(0.3"8\] —= 0= 1.0IS m)&
At t=0.08s:

(rur: U-0,t, = 31055 é:.ca\\ — U =297 nls

z
;= Ut~ 10,47+ 30.09)- 1009)p.08) — Sz 0,237 m
{ (12 Fres f‘uv;vE\)
~ L
..‘;..-_-\. r‘+ r¢|_+ aﬁ?:ﬂaﬁﬂ(l‘*ﬁrﬁ:_ - ¢Jtﬂ,0

_VE 292 .
%0 7= i~ O Bl

* L 3
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L

-—pg | 4 ﬂ'ln / SUE‘I‘I‘I"UT‘E Moy EV#LU&T‘E...
I !
[ !
| . .
. :7“{;’ s e Bl
i.'J-,,!:r;L4L ﬂ,
Ar -izs 0.20g *

VU= Q,t, = 3-105(0,20) — 1= 280 ms

S,° Uk, 20, & = 3(p.a0) - %(J.mﬁ\] (670 —> S, 0.580 m
(Resous 1 15 ho 2" oo

5, 2o+ (T +¢)) — 0.580=2(0.0) + 0050 (5 + %%\—-’ b= 081

2 z
2% - 20 g, 522 0)f

nor HISD
Uy . ’#‘f.r’ @,- (ﬂznmg'ﬂrtﬁl“#}é -{ﬂznjwﬁ?* Q‘,tro:.&;):j
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/055

The figure shows a portion of a plate cam used in the design of a control mechanism. The motion
of pin P in the fixed slot of the plate cam is controlled by the vertical guide A, which travels
horizontally at a constant speed of 6 in./sec over the central sinusoidal portion of the slot.
Determine the normal component of acceleration when the pin is at the position x = 2 in.

t T 1
51— cus%) =

SOLUTION
E= 2'"1'. ;f_' = 45; 1“& ({Bwﬁhﬂ')

4= 5()- @) - s(i-s) — griws,

3 3
]3"5’ [1+ (5 T—"T’ or_ V|
8 Sipd ) '+ 551-..5 )

J - )
fi{zﬂ 5y wx st Ir
— —_ ST —
x G4 o5 B oY s 8
ﬂ.,ﬂ: G919 ia.
S L2 -2 z 33;
+ O
a,= — ¢ x;ﬂ . b — 0z 47 a3
Py Tag X sec
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/056

An inexperienced designer of a roadbed for a new high-speed train proposes to join a straight
section of track to a circular section of 1000-ft radius as shown. For a train that would travel at a
constant speed of 90 mi/hr, plot the magnitude of its acceleration as a function of distance along
the track between points A and C and explain why this design is unacceptable.

10007 |
l'-i;é
.{t"ﬁ-‘
s
g ‘.“}i"
O A lnnl-"‘.-.‘ .u"':
!1!!!!!!!!!!!!!i!!!!t!!!!u!!!!!z Ty
A B
SOLUTION
EFrom A o8 a=d0
r’zl"
Erom & 7o o e =q,7 t /p
V2
- (9ox4d4/30 ) 2
= pes = STR e
a
4 A{'}fﬁ;@ + cealera Ffron wwould
!?'f' 21 i caersc abrege? Foreos
i "
\?f?fr'.xc.l ! e hich wowla bHe orr-
1
L)

:dl =] e '-’-'-r.-“"}-;-rff?r Faob/e .:"'.-t:-:'.’" D3 SITCH G O3,
C o '
A Fransition Feefron 7o

mg,_f.?.-_' c‘,ﬁ-fr'ﬁf;?farf jrz: a‘::.-‘?f’/} orers 57
- , .
intervel! of Frachk wowuld de regeired
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/057 (Multistep version available)

Motion of the sliding block P in the rotating radial slot is controlled by the power screw as

shown. For the instant represented, 0 =0.1 rad/s, & =-0.04 rad/sz, and r = 300 mm. Also, the
screw turns at a constant speed giving » =40 mm/s. For this instant, determine the magnitudes
of the velocity v and acceleration a of P. Sketch v and a if 8 = 120°.
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/058

The radial position of a fluid particle P in a certain centrifugal pump with radial vanes is

approximated by r = ry cosh Kt, where ¢ is time and K = ¢ is the constant angular rate at which
the impeller turns. Determine the expression for the magnitude of the total acceleration of the
particle just prior to leaving the vane in terms of ry, R, and K.

SOLUTION

This solution provides a guideline to solving the problem and might not match the values in your text.
F= (o tosh Kt
€= Ksinh Kt
¢ = (o K * cesh Kt

. “op 2 2
a.=r-r8* = LKZeshKt - (roeshKe) K=o
Qg = r6+2¢8= 0+2 ro K sinhKt (K)
= 20 K siah Kt
But casn Kt-sinn Kt =4  sihKt:= Jeasnt Ke-|
When v= R, sinh Kt = 1[(1:: -1

Sa at The ;nrtan‘l: ot k’(‘.\ﬁnj ne vane |

G =as = 2K )1 = 2K R
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/059

As it passes the position shown, the particle P has a constant speed v = 100 m/s along the straight

line shown. Determine the corresponding values of », ¢, r,and @ .

o .
N - U= 100 s
v g - ¢ -

Ij: x e = ?_51..: = [I3.] m
T A . :
| st Y, = r=-VtasiS® =-100cas IE

' |
- e - —_
3@!*'{"&_ > 6.0 mjs
M r _. /:f | VU, = 1—“‘; = 1) :,I.r |5 ’
- 1 ) po sin I5°
l_.- E} = .4-5ﬂ, ] [:; - .-;...I
S N (13,1
80 m |
= 0.229 vod/s
.  Z > ‘1 , T
- - _ = _— - = f = [ —
a vy -r8e 0 : V=rH = !ld.lkﬂ_izﬁ} 512 2
. . 2¢O
Gg= (0t27@=0 © = — ——
= (=96 6\ ©.227) L 1
_ ':.L.. ﬂa;)_l“"_ iL = 0,37 st

n3.|
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/060

A hiker pauses to watch a squirrel P run up a partially downed tree trunk. If the squirrel’s speed
is v =2 m/s when the position s = 10 m, determine the corresponding values of » and ¢ .

SOLUTION
Yi

|

|

i B
ot—"Nhe_

i =0 m nu A

a

¢ *= 20% 4 |0% - 229 (U9 Cos |1c::rﬂ1J r==26.5m

Sin® _ Sinli_'i'i‘ e=19.11"°

|5 26.3 ) = 60— 1% = 409"
r = U = U Cessd

= 2 cos 40.9° = [,512 m]s
(6 = Vg = VUSinx = Zsim40o. 9 = 307 ms

= 6 = 0.0495 rad|s
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/061

The member OA of the industrial robot telescopes and pivots about the flxed axis at point O. At

the instant shown, ¢ = 60°, 0 =1. 2rad/s, & =0. 8rad/s oA =09 m, oA =05 m/s, and 0A
= -6 m/s”. Determine the velocity v and acceleration a of joint A of the robot. The base of the
robot does not revolve about a vertical axis.

Vezf = 0.5 ms

"ua:fé; = O,ﬁ{].l-) = [,O% T“LE

= Jo.5% 4+ 1.08* = L110 m|s
ac=C-r0 = -6-0.9(2)°
= =130 mjst

Qg = O+ 2¢9

|
1
Fa
]

0.3 (+0.%) +2[0.5)(12)
1.92 m[s™
oz J';_aol.;- 1.°|21' = .54 mJ'E‘L

o = Tan"'(l;;;\ = 65.2°

1

Se for Vg J 9,1 = 60+ 65.2° = (252’

[3 = \'tuun ) 15,33'}

For Ga qi = 60 +70°+75.3° = 225°
]
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Engineering Mechanics: Dynamics, 9" Edition

Question Title: Chapter 2, Reserve Problem 2/062

Rotation of the arm PO is controlled by the horizontal motion of the vertical slotted link. If x

4 ft/sec and x = 30 ft/sec’* when x =2 in., determine 0 and o for this instant.

SOLUTION
}(.,: 30 J//_)'e(,z X = 4 Ft/sec
v = ——p
AN Jo® |
.\\sj | \\ ‘ \\\ |
S 4 | .'\ B 2 / : /
D / 30 | "\ I \\’\@tf U‘ = 4/‘ —’;j— * '_\i‘— j//;’vs
0(9 /-‘ ‘ \.\/ d U7 g 2/4 5 j’/ H
¢/ @\ | f . s(=) /4 = 69 £
0‘ y o\ / " r {/; ) / i2 =
S / 30 5
7 Qf— = # -?74 = Lf: = 7.6 }//Jccl
5 W7 \\\ \ 50;// 1.’/‘ 3 Ve
=Sin = P \ o ! o
,/,; oo \\\"!" U=re :-?:-' _é_;{:": /3.86 raa‘,ge
=S/ '7 =30 \\% ! r 4//2 —__l .
.o Q -
Q:ré) o=_t= 7.6 = 215 rad/sect
. r $/z
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Engineering Mechanics: Dynamics, 9" Edition

Question Title: Chapter 2, Reserve Problem 2/063

For the instant represented the particle P has a velocity v = 6 ft/sec in the direction shown and
has acceleration components a, = 15 ft/sec’ and agp=-15 ft/sec’. Determine a, ay, a;, a,, and the
radius of curvature p of the path for this position. (Hint: Draw the related acceleration
components of the total acceleration of the particle and take advantage of the simplified
geometry for your calculations.)

r Foro/ accelerafreon miws’?

e om dortes” /ﬂxﬁ‘j fﬁfﬁ@’ )

;.:? = /5 j’;"/ser; Fronas 30-6c

Y a Friarigles,
A
-‘L, f.f ix !'ri:_-" (;;:5 3{3 J
\,f@ = /i 1FfF:::.ac‘
'f-‘i-_;‘/,.'rcr. r:Z
@, = - 15 tfarn 30° = = 5V3 F/se 2, @, = /0V3 5in Jo°
7 o 2 6 2 Y _,_'JJ_»‘/H_ ,fr‘r-g:: -
g = = == - 6v3
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/064

By means of the control unit M, the pendulum OA is given an oscillatory motion about the

vertical given by 6 = 6, sin ,f £, where 6, is the maximum angular displacement in radians, g is
!

the acceleration of gravity, / is the pendulum length, and ¢ is the time in seconds measured from
an instant when OA is vertical. Determine and plot the magnitude a of the acceleration of A as a
function of time and as a function of § over the first quarter cycle of motion. Determine the
minimum and maximum values of a and the corresponding values of ¢ and . Use the values 6y=
7i/3 radians, [ = 0.8 m, and g = 9.81 m/s*. (Note: The prescribed motion is not precisely that of a
freely swinging pendulum for large amplitudes.)

< . > ‘ 12
el W, = J“/‘é O =9, sm uapt
4 O = DaWp Co§ Wit
( : v sm Wat .

P 09 = —Q8a, )‘r‘& S W T | ne &) ml" o
Gn= 18 = 495 ua"ce s Cos W . //

T RN 2 x S & \
a= ".‘/\,Ith'f dp = 'J Qp SIn” WAT + 904 Cosg .),It
)> ( and  Theretre 1) i Anen
da 2,2 - : N 3 L + 8 . T
v 0=9 B, [2smont (c-,;=.1n't_‘)+'i, “4-caswnt (-Sin t, s /4

r [ 2 1Z
e o 2 2
=4 |= 26, cag )\,.*l’3

= N2 T -

[1-2(3) cas 3,"} , At = 234 rad

TR 1.6 = &= < = 0,237 ¢ Efine.

Witn wn= 3 = By T350s7 1= 0297 5 e

T i { A A =9 . Vi
B = TS ‘OA:,:")'/\ = 0,772 rad (443 ) 1)r11}5 \ /
As can be seen ram the phvin  &2law

\_"//
the obave reprecenis 9 miNimum
e 1,03 s (@ y = 44,327 1 £=0237s 9
~ T =Y ; —7 ) p 1' [/ )

5 - - £ 4 = - - -} < A 0
llmw = 1916 mfs o y=0 9§ t 0 ¢ J

s - X e e AT 2 i )

Note : Pernd s = ;f— = 17145
.5
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/065

The position of the slider P in the rotating slotted arm OA is controlled by a power screw as
shown. At the instant represented, 0 =8rad/s and 0 =-20 rad/s>. Also at this same instant, r =

200 mm, r =-300 mm/s, and » = 0. For this instant determine the r- and -components of the
acceleration of P.

SOLUTION
Concise Solution
oo .2 - A 2
rzr: r-1r8 = 0-200/.8% = - 12800 mm/s
or @.:-r2.60 m)s?
B=r& v 2r¢ =200 (-20)#2(-300)(8) = ~8800 m/s"

”~ 2
” - ) "B
or a ==8&8o0m/s

Detailed Solution

Engineering Mechanics Dynamics 9th edition Meriam Solutions Manual


https://testbank.online/books/9781119391081-solutions

Engineering Mechanics: Dynamics, 9" Edition

Solution Strategy:

1) Clearly identify the known values of the problem statement.
2) Calculate the 7- component ar of the acceleration at point P.
3) Calculate the & component 4 of the acceleration at point P.

Leaming Outcome:

- Calculate the r- and & components of acceleration of a particle.
1) Clearly identify the known values of the problem statement.
According to the problem statement:

6 =8 rad/s (CW. according to the problem statement)
6 =20 rad/s’ (CCW, according to the problem statement)

=200 mm
7 =—300 mm/s
#=0

2) Calculate the r- component a, of the acceleration of point P.

The - component of the acceleration ar is given by:
a =¢F-r8" (1)

Substitute the known values into Eq. 1:

a, = 0—(200)(-8)" mm/s’

So:

a, =—12.8 m/s’ < ans

3) Calculate the & component @5 of the acceleration at point P.
The & component of the acceleration a, 15 given by:

a,=r6+270 (2)

Substitute the known values into Eq. 2:
a, =(200)(-20) + 2(-300)(8) mm/s’

So:

a, =—880 m/s’ ¢« ans
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/066

As the hydraulic cylinder rotates around O, the exposed length [ of the piston rod P is controlled

by the action of oil pressure in the cylinder. If the cylinder rotates at the constant rate ¢ = 60
deg/s and [ is decreasing at the constant rate of 150 mm/s, calculate the magnitudes of the
velocity v and acceleration a of end B when / = 125 mm.

SOLUTION
f= 315+ 125 = 500 mm  y=1=-150 5

. . 1 "
r =0, g = Eﬂf.%u = 3 rodls ) 8 =0

whom

Y=t = -150 B Ug=ré = Soo(F) = 524 5
- - s m. e e’ I TR
= NUZ+Ugs = -J(—15u§1+(524)" = 545 ¢
g = F-r6 = 0-500 (F)° = — 548 mm[s?
Q.= ré+2r8= 0+ 2(-150)("R) = =314 mas®

o= JacZa o = 5y (-314)" = 632 s
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/067

A jet plane flying at a constant speed v at an altitude 4 = 10 km is being tracked by radar located
at O directly below the line of flight. If the angle # is decreasing at the rate of 0.020 rad/s when 6

= 60°, determine the value of , at this instant and the magnitude of the velocity v of the plane.

s -
/

SOLUTION

LAecelerarrar 1in all

&irectrons 45 Rero 50
e " « 2 . v &
G B Q =r=ro = o, r=re
7 .
| / e 0 £
: - & mem—— T /.55 m
A S Ay r.h/;m.?J r e 11.55 k
> / X 1
V' 8 Pt . ¥a 04& /2
h= | fb"/ ré r=14,55% (—-0.010) = 0.004¢62 *"‘/5
wkm r = 4.62 m/s*
I/ - = el g
l..‘@-éu"’ o o
v . e 2 v :‘ral/jiﬂ& . n‘f"/‘ﬂn‘g

Bz ~0etoreds . l/0(-0.020)|

- s 0.257 /T )
(V3/2)

or U=0.267(3600)= 960 km/,
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Engineering Mechanics: Dynamics, 9" Edition

Question Title: Chapter 2, Reserve Problem 2/068

At the instant depicted in the figure, the radar station at O measures the range rate of the space
shuttle P to be r =-12,272 ft/sec, with O considered fixed. If it is known that the shuttle is in a
circular orbit at an altitude # = 150 mi, determine the orbital speed v of the shuttle from this
information.

sin &

3959 +150 3959
o = R8.3°

&+ @ + 15077 180" g= 1.208"

Y. = r= =12 272=-V 51N «

-12,272= -\ Sin 28.8°

|

u = 25,470 ftfsec

Nete :  Becasst U is nﬂr‘:]

Pu.r-:ul'.tl 4o the harizontal ot O (ﬁb:'l-?.ﬂﬁbL one

oktamy a clost ﬂ_FPqul'.mﬁ“ (u: 14\544_%
4= The Cuprect ontuer \oj nejltg+1}1] p
(_meﬁmﬁj ol emrm\
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/069 (GO Tutorial version available)

A locomotive is traveling on the straight and level track with a speed v = 90 km/h and a
deceleration a = 0.5 m/s” as shown. Relative to the fixed observer at 0, determine the quantities

r,r, 0 ,and ¢ at the instant when ¢ = 60° and r = 400 m.

SOLUTION

Vp= 1 = USin4s5"= 25 % = 148 m|s
Vg = rér T —25ces45° = 40“&5; , Eazuﬂ.ﬂ"H-E r‘-rldjs
Dr= I-’"I' 'ré_; = 0.5 eosdE” = f“ - 4ng (—O.ﬁ‘l--‘r'l)l

C = 0.428 m|s”

Qg = 6+ 270 0.5sn45° = 4065+2(|?.5%}(-a.n442)

5 = 0.00479 ved|s®
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/070

The small block P starts from rest at time ¢ = 0 at point A and moves up the incline with constant
acceleration a. Determine r as a function of time.

¥
|
|
I
|
|

Grff”?ﬁ

——r——

SOLUTION
This solution provides a guideline to solving the problem, not the numerical answer.

X = R+ s Cos ot = R+ (setug +Ji¢t‘)@5¢g

=R+ Zatcosx

5=55hm
= ',%u.‘t?“ sin «

¢ = ‘szjl - ‘\/(R* Lat? usng + (Jiﬁ'tiﬁ;:;jl.

= \( R+ Ratcosw 4 j:az‘t*!

'S =‘*( Rz"‘ Rat Coasen + t nlt*)-& [2Rn.": tﬂ.ﬁﬁnfﬁ“tz]
Tat (Zﬂ.tuscﬂ + at™)
VRZ+ Rat? cos & + ot tr
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/071

The small block P starts from rest at time ¢ = 0 at point A and moves up the incline with constant
acceleration a. Determine ¢ as a function of time.

¥
|
|
I
|
|

0.,//@/

——r——
SOLUTION
This solution provides a guideline to solving the problem, not the numerical answer.

From The solution 4o Pk, RJ"rIET :
AN=R+Fat*cos

y = Jfatlsina

4 2 -
O = tan ! (%{') = tan”' zal sm o ]

R+ Hat*cosa
) (R+ Sxat cosa)(at sma) = (Sat*sina ) (at cose)
e = (R + Tat*cosa) =
L+ 4 ot “zin o ]1
R+ tatteasa
SimFli-Fj to
Rat sin &

g =
R*+RatZeoge + Fa2t?
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/072 (GO Tutorial version available)

A golf ball is driven with the initial conditions shown in the figure. If the wind imparts a constant

horizontal deceleration of 4 ft/secz, determine the values of r, 7, r, 0, 0 ,and ¢ whent=1.05
sec. Take the r-coordinate to be measured from the origin.

y Wind
| 115 mimr " "
% @A’fﬁi S ) -m
0 T —r—
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SOLUTION .
1{3: 1I'SmP'l~. = JLR.7 er:sﬂ:. ) EB; 28 ; (11; -4 Ft Jec

Ar +=1.05 sec:

(1= f{:u;c 150yt = W87cos 28 (105) ~E()08) = 154.2

151 1%t zﬂi'l = 8.7 s 23“(-’.05\'5{{322‘){‘,&5&‘:; 654 5

F L A .
=\ +§ V542 + 654° = 1S & e=1...,f;)= Tm(@}ij@__g

f

VY Uy # O, s 872 - Allos) = 117 £ se
1; L}

gV - gt = 68.7sm 28 - 32.2(1.05) = 454 fJsec

U Uyos© + U0 = = 47 cos 230 + 46,4 510730
F‘: Is).o ‘F-P}jc[:_

Y o - Uytos©-Vysin® = 45.40sZ30 = 14475 23.0 = 167.5 ©

& = -0.0830 ""léec

i 2 - \
{1‘.: r-ré = -U‘MG -35»9 =+Lﬂmb2’3.€-3?.2:5iu23£= r-1e7s (‘ﬂ":ﬂh

T e-14.96 folsec®

Qe (6 1266 Q00 g Yo 736 -82e B0 - 75 +2(19)
(o

©=-0.008%7 md)sptz
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/073 (Multistep version available)

The rectangular coordinates of a particle are given in millimeters as functions of time ¢ in
seconds by x = 30 cos 2¢, y = 40 sin 2¢, and z = 201 + 372 Determine the angle 0, between the
position vector r and the velocity v and the angle 6, between the position vector r and the
acceleration a, both at time # = 2 s. Note that the arguments of the trigonometric functions are in
radians (not degrees).

SOLUTION
‘Jl(.-!.- —] E...-:-. ':.-\.- 11,— ' !i - :1. '*. :_'.1“- .;:..j f_:’ 2\: +3t.:’
'| ¥ = =i sin Y ) d: AD Cas 24 | :‘I'_.:'.zf.".+'.~[
X =-128es2t ¢ 3= -lpdsia 2t 72"
At == =
= ‘W = —3n = . _
'Ilr—i— .61 ym \ .,_]_ S0 mm 2= 52 mm
% ‘i = 45 4 'I'erI: MEI: 52,3 pam) ) 2= 32 mmle
\ ’}f = I8, 4 s N 121, pwmis Z = b mm 5
| 2 2 b
T=(Izij +E,)hj_ = 3.3 wMm l"(i‘f-‘l tZ )
"J = {fi’a +ljz 7 - II'II?F - —|I||':__| 3 m.rT-\.IJG ] = |4‘1‘ q_f‘f L II
C-X | - 5.4) —3a.3(-523)+ 52(32)
o = cos| B2 = o [FRAMSH 303 523)r 52052
: = -3 FJlL i :,-I l
= (0.8"
(R o [0 3 (1) - 5% )
B, = Cos ra | C A {E'Tl."l }E.-I‘MA\,} ]
z |22.4°
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/074

The base structure of the firetruck ladder rotates about a vertical axis through O with a constant
angular velocity Q = 10 deg/s. At the same time, the ladder unit OB elevates at a constant rate ¢
=7 deg/s, and section AB of the ladder extends from within section OA at the constant rate of 0.5
m/s. At the instant under consideration, ¢ = 30°, oA =9 m, and AB =6 m. Determine the
magnitudes of the velocity v and acceleration a of the end B of the ladder.

SOLUTION

Seherical caordinatey
Vg = R = 0.5 mls
Uy = RS cos g = 15 (M%g) cag 30° = 2,27 wmis
vg= Rg = 15(7 m) = 833 wls
V= JUR r V"t + Vgt 2.96 mls
Qg = R -RPZ-R&“cosf

o= 157 Y15 (1 ) e a0 = - 0,567 s

\I

ag = C°‘ [_R e-rzmte] - 2R6¢$m¢
= Wb';v Eo 4 2(\5}(0.5) (i» ﬁa)] v 2("3§0° m}("%s)s.“&o
= 1687 ws?®

Gg = LR' LRZQ.). vZRﬁéJ* R8 " sing cesp
= 5[0 +20905)(T75) | +15 (0] sin3et casss
= 0,320 M)s

Q= -\qulq.qe” 4'3;‘ = 0.672m|y?%

Engineering Mechanics Dynamics 9th edition Meriam Solutions Manual


https://testbank.online/books/9781119391081-solutions

Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/075
A projectile is launched from point O with an initial velocity of magnitude vy = 600 ft/sec,

directed as shown in the figure. Compute the x-, y-, and z-components of position, velocity, and
acceleration 20 seconds after launch. Neglect aerodynamic drag.

Z

|

|

| /

| Yo

| f

|

|

| 60°

- = s -
X q‘"_}r
SOLUTION

U“Ep = 600 sin 60° = 52p ‘th:\,e-\-,

U = 600 cas 6GO® = 3on -F-t[;a_

e
'F‘tl
U, = U_ﬁa_a-l; = 5260- 322.2 [?n} = - |24.4 ,l‘ﬂ.

ﬂfﬁj = "'-':y:_._jﬁ = 300 'ft}:.ec, = Concttawt

TI"]E = ""UT:] S;n 20° = =300 sIn 20" = - |02.6 ‘T"‘u:gc,
”j = H'{j Cag 26" = Zgn COSRA = 2ZFZ 4“t}:~.¢=c.
E‘l{_}j: "‘-’,‘34: = 300 (10) = &005 ft

N o= = d'{'j sin 20° =<6000 s1n 20 = - 2050 Tt
y = d’ij Cos 20° = (oodcos =s* = 5640 ft
2 = Uy t-Hgth= 520(z9)- lel(29)=3950 ft

E— = - Z
&?{:Q\j:f} Gz =-9 32.2 'th'sec.
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/076 (Multistep version available)

A projectile is launched from point O at a speed vy = 80 m/s with the goal of hitting the target A.
At the launch instant, a strong horizontal wind begins blowing and imparts a constant
acceleration of 1.25 m/s” to the projectile in the same direction as the wind. If the launch
conditions are chosen so that the particle would impact the target in the absence of wind effects,
determine the impact coordinates of the projectile. Note: There is more than one solution to this
problem. Choose the solution that corresponds to the lower trajectory.

e Wind
“ .x/}n ;__/ T
%/,- - ﬂi"(/ } s
B = -
400 m o+
oA
150 m
-y
SOLUTION
Q,7).25 =)< 1= 80 m|s

I

\
A

Wind ( horizonie)

- e
e .
--i"'r' f" " -
— J-r':ﬂ:.lf.ab

* W oyt Wiag s

Winapor Wing, Tre TRelkenie 1s Awra Dieeriy Ay A! Avo We Wiy
EipannE ﬂa".l::l'm:lu .I"-"xl.c:'u(_: Lqu_ Gh? L'Ju?d.m]‘llr\E Jg'l-z PoanE,

0= Tas (52« 20.4°  OA = (0" 4400 = 427 m
, o , I( ;-"G ?r; ] .
e ¥4 ¢ 2025 Uy t - ot
]
?*"52?: BOcend + ( 0= 8osmdt-3 ?:lvf
- & _ o _.'lr_'l' o T
el . . r¢ =205 G‘E.. !’¢ =15 f w:: MT:-F'P.E

o ) | W TO AMEE
t=510s E{- = IS/ 28 s \ A pigorg EFFE

sy wWhea:  UsE t-5.70s

2 o 7 M | e ,l_;"-,f" A
J'i:;: J‘_I:Q* Uib'l 5 ';l? 0ct, =80 os(20S) cosl,i8)(5.70) - -llz-'fl-? S0 J(310)
I II;' 390 e
- u"‘:i' b+ ! {1‘ = wm-ﬁ‘\Slu{?ﬁﬁiiﬁﬁ"- -1 (125 =< .r‘,t-:,‘;k}-':r*f_\,_j.r,l«."~2
ﬂ],'. ,th J\jc"'i fu‘n 4 i) '?'. L= Sral )
EL:B?.H m
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/077

A projectile is launched from point O at a speed vy = 80 m/s with the goal of hitting the target A.
At the launch instant, a strong horizontal wind begins blowing and imparts a constant
acceleration of 1.25 m/s” to the projectile in the same direction as the wind. What values of 6 and
@ (positive and less than 90°) will ensure that the projectile impacts the target at A if the wind
conditions are considered. Please list both possible combinations of the angles.

SOLUTION
Q= L2Swls U= B0 mls

l{}\.ﬂl"?m-ﬁlqh

-
I
|I:‘ f Uy by slact,
N 2
iw @Umﬁd’mﬁﬂ {A %(II-ESCUE;{G{JHJ{A
; ) 2
“'_I!-- ;ﬂb t Jljb‘{:lﬁ' + Eﬂ‘j{-rﬁ'
150 = forsg Sin© 1y -%EJ-?G :,m-m“'}{;
f{:l fﬂ ] 2
q-;’f ?ﬂ + T}In{tﬁi -th‘ﬂ"
0= B0sme 4, - Eﬁ-m\) J‘i
8 o e
L“.J'ih}& N"‘INE?IP#LI_T___ ‘> Q"-’- sz_ {Q- 2?,5
p= 215" ox ]da:w.s“
: . .46
4, 597 s t, Y S
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/078 (GO Tutorial version available)
Train A travels with a constant speed v4 = 120 km/h along the straight and level track. The driver

of car B, anticipating the railway grade crossing C, decreases the car speed of 90 km/h at the rate
of 3 m/s’. Determine the velocity v4/5 and acceleration a4 of the train relative to the car.

SOLUTION

This solution provides a guideline to solving the problem and might not match the values in your text.

l.;lf-‘{iE} = -]'!Fl L
= Vo[ cos IS*L + Sin i%‘:i] - 18 [os 60°L 45 (58Y

= 709t = 4.3, km[h

Qg = W ~2g = 0° 3 (- cos 60 - sin '“"&_J')
, 'y
= IL5L + R.6dy m|s* :
L J S
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Engineering Mechanics: Dynamics, 9" Edition

Question Title: Chapter 2, Reserve Problem 2/079

For the instant represented, car A has an acceleration in the direction of its motion, and car B has
a speed of 45 mi/hr which is increasing. If the acceleration of B as observed from A is zero for
this instant, determine the magnitude of the acceleration of A and the rate at which the speed of B
is changing.

SOLUTION
With Qgjg =2, Qa =Ge
- .-—J = -
Ge)yp Gg= 4a _ "-'-'.31'_ (45 % “
A /I @E)n - TP GO O
| | = 7.2¢ ft/sec*
45° g = @a) .26 ft[sec?
= Ve = (g = c[Sec
gt ° ‘

++
0= Gg = 7.2642 = 10.27 Sect
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/080

While scrambling directly toward the sideline, the football quarterback Q throws a pass toward
the stationary receiver R. At what speed vy should the quarterback run if the direction of the
velocity of the ball relative to the quarterback is to be directly down the field as indicated? The

speed of the ball relative to the quarterback is 60 ft/sec. What is the absolute speed v, of the ball?
Treat the problem as two-dimensional.

T T T T Vg
oA = 'trjhnil "':i.?) = |4.04°
%2 _ 5,25 =5 Vg =I5 Ftfsec
Vs
Ug = -\/{_-,oiar 151H = 6l3 +t|sec
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/081

As part of a training exercise, the pilot of aircraft A adjusts her airspeed (speed relative to the
wind) to 220 km/h while in the level portion of the approach path and thereafter holds her
absolute speed constant as she negotiates the 10° glide path. The absolute speed of the aircraft
carrier is 30 km/h and that of the wind is 48 km/h. What will be the angle £ of the glide path with
respect to the horizontal as seen by an observer on the ship?

. 30 km/h -—
w 10° i ~— 48km/h
R - % 8. 55—
SOLUTION
Vo =V + —48; + 228 L= 20 K™
Ya "YW ¥ DA C LTIy <=
IS 7 L) .-\
: On descent \—Jﬂ = 1712 (CO.S, \0 é' Smlo J)
e et Km [n

Vale = Va Ve = 112 (-:-)5 lo* L —Sin m"i‘) - 301
= 3% 4‘3 = 21.3\; kmih

4k 233 N
B = tan W) = |2R.0]
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/082
For the instant represented, car A is rounding the circular curve at a constant speed of 30 mi/hr,

while car B is slowing down at the rate of 5 mi/hr per second. Determine the magnitude of the
acceleration that car A appears to have to an observer in car B.

SOLUTION

- 4
=45 + 248 @,=3.87 2%
Q= Ulp = @4)s00= 287 ffsect g, I —

5= 3% ¢4 = 7,33 f#/sec’ 37 -

Ef.-:f;* (7.33cos 36° + 3. E‘?‘}lj' + 733 j;}aJ-’J'__j

= /0,22(4 3.67/ Flfsec’

Qplp, = \/10,2:21+ 3.61% = 10.36 -Pt{r':‘-’-‘-r'
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/083

The passenger aircraft B is flying east with a velocity vg = 800 km/h. A military jet traveling
south with a velocity v4 = 1200 km/h passes under B at a slightly lower altitude. What velocity
does A appear to have to a passenger in B, and what is the direction of that apparent velocity?

Va= 00 hm /)
. 2> 4 2=, , Y 6/0.;-’ " /h
-4 _:/‘9 = I".’ ‘
1 ol Z /
2 :) (120 )'-2 #~ (0c) = JEEE Fm J h / ﬂ
«/A‘;) L "/ )
&g / <
y / oo / / S
B = ran - = 33.7° wesr of Souih Y,
/200 — - S — | A / g
|/d
¢=/2eo
amlh

Engineering Mechanics Dynamics 9th edition Meriam Solutions Manual


https://testbank.online/books/9781119391081-solutions

Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/084

While scrambling directly toward the sideline at a speed vy = 20 ft/sec, the football quarterback
Q throws a pass toward the stationary receiver R. At what angle a should the quarterback release

the ball? The speed of the ball relative to the quarterback is 60 ft/sec. Treat the problem as two-
dimensional.

Q "Esffﬂ g

¥l R
| = -

SOLUTION
Ys = Rt Vsfq (8= ball)
31 Ug: \COSHL =Sn ﬁ_i)‘"z%.'
Qi{_ _)( :_2_03-:{ s éo(r_‘\g (ot —-p'\;-&':-'n‘w(.g\é)
j\\-dl:d'\ . .
Soluty ol 18872
e R W ion g
li "t\f\—\ Ké}oﬁ UB- 6l.6 't(I'SL,
= 14.04
VUg/] //L "E)
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/085

Airplane A is flying horizontally with a constant speed of 200 km/h and is towing the glider B,
which is gaining altitude. If the tow cable has a length » = 60 m and @ is increasing at the
constant rate of 5 degrees per second, determine the magnitudes of the velocity v and
acceleration a of the glider for the instant when 6 = 15°.

B

[ A
A
SOLUTION
35:?;—% a;f,:fé:ﬁo{_-rr) .24 mis
: r
{re o
—-— S —— - |
8 —~—r Yop oz — 7]
19-#5‘ —__ A {J" "_'.--T'_"‘—"'—-—bﬂ
E‘:;' 55.6 m/s
zg 5.24)° ¥ (55.6)  + 2(524)(55.6)cos 15° = 3269 (m/s)*
zg: STl mfs or Ug= T2/ (5.é)= 206 hmjk
_{_Qa_—, Ez,.q"‘ .&E& . Q‘q;fﬂ 'C'-EV a !‘5‘ = 60(%}1 Q457 ms®

Thees Czﬁi QE&: 0. 957 mjs* From 8 Fo A
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Engineering Mechanics: Dynamics, 9" Edition

Question Title: Chapter 2, Reserve Problem 2/086

Rapid-transit trains A and B travel on parallel tracks. Train A has a speed of 80 km/h and is
slowing at the rate of 2 m/sz, while train B has a constant speed of 40 km/h. Determine the
velocity and acceleration of train B relative to train A.

SOLUTION

Qglfa= @8-S = 0-2i = —2i ms?

i
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Engineering Mechanics: Dynamics, 9" Edition

Chapter 2 Reserve Problem Solutions (Part 2)

Question Title: Chapter 2, Reserve Problem 2/087

A helicopter approaches a rescue scene. A victim P is drifting along with the river current of

speed ve =2 m/s. The wind is blowing at a speed vy = 3 m/s as indicated. Determine the velocity

vuw relative to the wind which the helicopter must acquire so that it maintains a steady overhead
position relative to the victim.

U = Ve = R mfs
= ’EJ'H -‘ng
i_._ - 3(5'"1 5ﬂ°i - Cos ED’J)

yHN

"
N

1

-o0.29%. + | ?ZEJ mfa
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/088 (Multistep version available)

Plane A has speed v4 = 285 km/h at the position shown. Plane A increases its speed at a constant
rate and acquires a speed of 415 km/h by the time it reaches position E, Plane B has the speed vg
= 350 km/h in the position shown. Plane B experiences a steady deceleration of 1.5 m/s*.

Relative to the pilot in plane B, what are the velocities and accelerations which plane A appears
to have when it is at positions C and E?

B
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—— ==
4
|
|
L ——x
/ 300\1&2
! a0°
A C’
B~
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300 m
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/089 (Multistep version available)

A place kicker A executes a “pooch” kick, which is designed to eliminate a potential return by
the receiving team. The “pooch” kick features a high trajectory and short range, thereby
preventing the deep kick returner B from reaching his maximum speed before encountering
coverage. To offset this, player B hesitates for 1.15 sec after the ball is kicked, and then
accelerates at a uniform rate, reaching his maximum speed at the instant he catches the ball.
Determine the velocity of the football relative to the receiver at the instant the catch is made if
the football is caught when it is 4.5 ft above the playing surface.

B \ : 94"- | . g . A
% s‘&&;,. 3 70 Pt.v’sec\
f} ==t 50°
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/090

Cylinder A has a constant downward speed of 1 m/s. Compute the velocity of cylinder B for (a) 0
=45°,(b) 0 =30°, and (c) 8 = 15°. The spring is in tension throughout the motion range of
interest, and the pulleys are connected by the cable of fixed length.

SOLUTION
S _
6 = 45%° E/sﬂ = |
6 = 30 S8 fop = 43
Se | —
e = 15° /sa = 313
h\'“x““m o

= > t
L= (Spmsa) + RVST+s5
O = “Vp + lfgn“uﬁ + EE_UEJ/‘I{SF?} 5.3""1

P LT S
= NJI:‘: = § h"'l\EXSp_) _2]’31(55/5.1)

|
& = 45°: g =" 0.2, = ~0.293(1)=0213 T

e = 30”1 Vg= 0

8 =18° 1 Y= 0.250Uy = 0.250 {_-.“‘;,:-b.zs,n‘;:"
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/091

If block B has a leftward velocity of 1.2 m/s, determine the velocity of cylinder A (positive if
down, negative if up).

SOLUTION

sa
\ N P

Lenjth of casle k= Sg + 3sq + Constants

) -1.2
0= ve+ 3w | Var-"F = (a3
Ciawn>
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/092

Cylinder B has a downward velocity in feet per second given by vg = /2 + /6, where t is in
seconds. Calculate the acceleration of A when ¢ = 2 sec. The acceleration of A is positive if
downward, negative if upward.

SOLUTION
”"\ Jotal [ength o f aalle
(! —— o withir Cornshtants
% '~/ ’ /3

I Y0 F2Yg

) L. o:=4y, ¢ 2y,
’_t o=4y +2y,

V] Upward dccel. of A 15

/

-
G:Na=2% 3%

/

F . 2
2/2 %t/g/ Qanya': r+ 5/2
For =2 se Q6=2f‘ﬁ"z-‘4///aa<‘
Thus @ 39,2 Ft/zet
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3
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/093

Determine the vertical rise & of the load W during 5 seconds if the hoisting drum wraps cable
around it at the constant rate of 320 mm/s.

1

SOLUTION
let A be a punt on cable [:
isu b= Sa + <Se
d= VU + RVg (0
B
E]ID: Lx'_‘ SC*‘(SQ‘SQ)
a = Ry _-vg (R)

Combine (1) £ () obtain
Vo= - ZFVgq = - -,%:(320) = —80 mm|s

So G (and W) ¥ises h= 80(5) = 400 mm
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/094

For the pulley system shown, each of the cables at A and B is given a velocity of 2 m/s in the
direction of the arrow. Determine the upward velocity v of the load m.

B

———

SOLUTION
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YR m|s
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/095

If the velocity x of block A up the incline is increasing at the rate of 0.044 m/s each second,
determine the acceleration of B. The acceleration of B is positive if up and negative if down.

SOLUTION

L=2y+5+ const

O=2J;+-5: G:E;’Jm‘:ﬁr

4

T
Cz_‘;' E = e = L
B°Y "2 ="7%

_ 0,094 i 2
b izg- = = £.022 n}':‘,,
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/096 (Multistep version available)

Determine the relation which governs the accelerations of A, B, and C, all measured positive
down. Identify the number of degrees of freedom.

SOLUTION

ﬁfﬁjﬁh a‘f' cable Vi 5'2_}:4 j‘-E}-"E f"_'!..é ~ cowist
Q:EJ; 1‘-2_5{;# “"-5-’&
O =2y, + 2y, +y{_

T So 28,+22,%4 =0
Y
n 2 degrees eof Sfreedom

|
O
) \ |
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/097

Cart A has a leftward velocity v4 and a leftward acceleration a, at the instant represented. Find
the velocity and acceleration of cart B (both positive if to the right, negative if to the left). The
position of cart A is x4, the distance 4, and the distance b. Neglect the diameters of the pulleys

and assume that there is no mechanical interference. The two pulleys at C are pivoted
independently.

Ccf=—b—
_#.._:-;:.. @\

f{\jjf/; ] N _f_:: B

e e |
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&
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a :n-'

| Xa

SOLUTION
This solution provides a guideline to solving the problem, not the numerical answer.
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/098

The two sliders are connected by the light rigid bar and move in the smooth vertical-plane guide.
At the instant illustrated, the speed of slider A is 25 mm/s, § = 45°, and ¢ = 15°. Determine the
speed of slider B for this instant if » = 175 mm.

[
S B
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=
= 1.5r |
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Engineering Mechanics: Dynamics, 9" Edition
Question Title: Chapter 2, Reserve Problem 2/099

The two sliders are connected by the light rigid bar and move in the smooth vertical-plane guide.
At the instant illustrated, the speed of slider A is 25 mm/s, § = 45°, and ¢ = 15°. Determine the
time rate of change of speed for slider B if the speed of slider A is constant over a short interval
which includes the position shown. The distance » = 175 mm.
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Engineering Mechanics: Dynamics, 9" Edition
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