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Chapter 11
11.1
6.8 N
=——=4198k
(a) m= 1,62 m)s? 98 kg «
(b) W =mg =4.198(9.81) =412 kg <
11.2
1
W = §7TR2h,0g = %(0.0752)(0.125)(2700)(9.81) =19.503 N <
11.3
IR SR S
KE = 5T + ka w
Since the dimensions of each term must be the same, we have
L? 1
] = )| 75| = V1 | 5]
Therefore,
[k] = [L]
(a) In the SI system
L? kg - m?
[KE]| = [M] [ﬁ} =2 | k] =m =
11.4
1 L|[F 1 L
el |57 | = |75] 7] 191 5] = | 7| =t @B

11.5
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(b) Substituting [F] = [M L/T?] into the result of part (a):

- [ [2]-[4]

11.6 (a)[nnﬁ]::[Fzﬂ} {;Z} L] <
o ol = | 5] [F] - 7)<

@ = | T ][] = 1 <

11.7 Rewrite the equation as y = 1.0 22

W= L0670 =[07 L0 = [H

y = 2% can be dimensionally correct only if the units of the implied constant 1.0 are

cm~!. <«

FT?
L
(b) [I] = [mR?] = [ML?] <

11.8 (a) [I] = [mR?) = { hm [FLT?) <

11.10
i—i— d—x—l—k = Pysinwt
mdt2 cdt x b S
d® FT? L
— | == |=| =[F
|| = [T 7] =1
2
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Therefore, the dimension of each term in the expression is [F]].

o[4] -6 4

| |
I—I

a
=)
=
3
il
a
=
)
E
!

11.11

s
(a) [G] = [FT2/L]2 - {FT“} <
[ML/T?|[L?] L3
e T L\m} )

11.12 Using the base dimensions of an absolute [MLT]| system:

-l Y] -5 R e-neED <

11.13
2 11 82 8
F= Gﬁ—(667x10 )04 —2.668 x 1078 N
W =mg = 8(9.81) = 78.48 N
F 2.668 x 1078
o x1 =2 %1 —3.40 x 1078
WX 00% T x 100% = 3.40 x 107°% <«
11.14
m? 0.907)
F=G6"" — (667101 ( =333x 107N <«
gz = (667X 1070) =062
11.15

WR?  (3000) (6378 + 1600)* x 10°

_ — 479 kg <
GM, ~ (6.67 x 10-11) (5.9742 x 10%) 5

m =

3
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11.16
GM,, GM,
Gm = R2 Ye = R2
Gm M, [ R. 2_0.073483 6378
R, )  5.9742 \ 1738

2 1
) = 0.1656 ~ - Q.E.D

11.17

M, =5.9742 x 10** kg

R, = 6378 x 10* m

M 9742 x 10* 81
M2 10_8(5 9742 x 10%*)(667/9.81)

(2R,)? (2 x 6378 x 103)2

W=aG =166.6 N «

11.18

Mmoo (L9891 x 10%) (1.0)

R? (1406 x 100z OB <

F=G

11.19

Mem . Mym M, M
r2 (R—1)? r2 (R—1)?
M. r?

M,  R2—2Rr+ 12

5.9742 x 10* r?

1.9891 x 1030 (149.6 x 10°)2 — 2(149.6 x 10°)r 4 72
0 =2.238 x 10?2 — 2.992 x 10''r — 3.3294 x 10°2

r =259 x 10° m = 259 x 10°> km <«

4
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Chapter 12

12.1

y=—0.16t" + 4.9t + 0.14t> m
v =1 = —0.64t" + 14.7t* + 0.28¢ m/s
a=10=—192t> +29.4t + 0.28 m/s’

At maximum velocity (a = 0):

—1.92¢2 +29.4t + 0.28 = 0 t=15.322s

Umax = —0.64(15.322%) + 14.7(15.322?) + 0.28(15.322)
= 1153 m/s <
y = —0.16(15.322") + 4.9(15.322%) + 0.14(15.322%)
= 8840 m <«

12.2

1
(a) X:—ith-i-Vot SLV=X=—gt+vo ¥ . a=Xx=-gé

When t = 0, then x = 0 and v = vy. Hence vy is the initial velocity.

Since gravity is the only source of acceleration in this problem, g must be the
gravitation acceleration.

(b) When x = Xpay then v=0. . —gt+vo=0 .. t= Yo
g
_ 1 (v 2 Vo) V2
= e () on () - e
A 1 2 2V0
At the end of flight x = 0. —égt +vt=0 .t=—¢
g
(26.8)? 2(26.8)
" Xmax = ————~ = 36.6 St = = 5.46
(e) ~.x 2(9.81) m ¢ 9.81 5 ¢

12.3
z=6(1 —e_t/Q)m

1
v=10=06 (§et/2) =3¢ ? m/s

1
a=0v=-3 (ietm) = —1.5¢7? m/s

5
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(a) Tmax =6m at t =00 <«

Umax = 3 m/s and |a| ., = 1.5 m/s2 both occurring at t =0 <«
(b) When z =3m: 3 =6(1 —e¢ */?) e =05
t=—2In(0.5) = 1.3863 s <

v=3(05)=15m/s 4« a=-1505)=-075m/s° <

12.4
r=1"—6t*—32tm
v =i =3t"—12t — 32 m/s
a=10=6t—12 m/s’
At t =10 s:

r=10° - 6(10%) — 32(10) =80 m <«
v =3(10%) — 12(10) — 32 = 148 m/s «
a=06(10) —12 =48 m/s" <

Reversal of velocity occurs when v =0 (¢ # 0):

v=31"—12t—-32=0 t=5830s
r = 5.830° — 6(5.830%) — 32(5.830) = —192.3 m

At t = 10 s the distance travelled is

s =192.3 + (193.3 + 80) = 466 m <

—192.3 m 0
< 80 m
5.83s 10s
12.5 (a)x—tQ—ﬁm v—jz—Qt—ﬁm/s v =0 when ¢t = 60 s
' 9 T30 a a
603

max — 602 — — =1200 L |

t
(b)a:1'):2—ﬁm/s2 a=0whent=30s

302
VUmax = 2(30) — % =30 m/s <

6

(© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.


https://ebookyab.ir/solution-manual-dynamics-pytel-kiusalaas/

httPs://ebookyab.ir/solution-manual—dgfnamics—pytel-kiusalaas/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

12.6
(l)x=vo(t—to+toe'mo) v=x=v0(1—c'm°)0
Since v»voast»w.voisthelimiﬁngormm.
V.-V

v
(b)a=v=—9e"/'°0 But from part (a): v, = V=¥, e - a= *
Y

0

12.7
r=3"-12tm v=di=6t—12m/s

(a) The bead leaves the wire when x = 40 m

3t 12t =40 t=06.16s <
(b) Reversal of velocity occurs when v =0 (¢ # 0):

v =6t — 10 t=20s

r=3(2.0%) —12(2.0) = —=12.0 m
The distance travelled is

s=2(12)+40=64.0 m <«

—12m 0 40\m
2.0s 6.16 s

12.8
r = 4t> — 2 mm

Ca? 16t — 162 44 At — 4P+ 1

12 12 a 3

Y mm

When t =2 s:

v, =% =8 = 8(2) = 16 mm/s

166 — 8t 16(2)° — 8(2)
3 3

v =4 /vi+v2=V16? +37.332 = 40.6 mm/s <

vy =7 = = 37.33 mm/s

ay =0, = 8 mm/s2

4812 — 8 48(2)% -8
3 3

a=/aZ+a2 =8 +61.337 = 61.9 mm/s* <

=61.33 mm/s2

CLyIUy:

7
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12.9
(a)x=R(1+-12-coswt) .‘.v=i=—%Rwsinwt . .-.a=§=—%Ru)2coswt L4
b)Wl__ =R Ialw=%Rw2
.. Doubling w would double IvImax and quadruple lalm.
12.10
y:50—2ts ’Uy:y:_2m/s a’y:i)y:
6 . 3 / 6
= - = m Vpy =0T = ——= m/s Ap = Vp = —=
y 50-2t (25 —t)? (25 — 1)
At t =20 s:
3 . .
Ux:m:012 m/S Uy:—2 m/S V20121_2J m/s <
6
Ay = m = 0.048 m/s2 a, =0 a = 0.048i m/s2 <
12.11

(a) v =2gry(ro/r — 1) + v2

Differentiate with respect to time: 2vv = 2gr,(—r1o/1?)i or 2va = —2g(ro/r)*v

" a=—g(ro/r)* ¢

(b) vo is the escape velocity if v — 0 when r — oo.

S0= rli)rg()[?gro(rg/r — 1) +vy] o 0=2gr,(0—1)+v§ ..vo=+/2gr, ¢

(c) For earth: v = 1/2(9.81)(6340 x 1000) = 11153 m/s ¢

12.12
r=15-2t"m vy =4 =—4t m/s 4y = Uy = —4 m/s>
y=15—-10t+#*m v, =¢=—-10+2tm/s a,=v,=2m/s
(a) Att=0: v=-10jm/s « a=—4i+2jm/s° <«
(b) Att=>5s: v=-20im/s <« a=—4i+2jm/s’ <«

8
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12.13

x =58t m v, =& =58 m/s ay = Uy =0
y =78t — 4.91t* m v, =1y =78—9.82t m/s a, =0, = —9.82 m/s’

(a) a=—-9.82jm/s” <
(b) V]i=o =58i+ 78 m/s «
(c) y=h when v, = 0:

v, =78—-982t=0 t=7943s
h = 78(7.943) — 4.91(7.943%) = 310 m «

(d) =L when y = —140 m:

y=T78—4.91t* = 140  t=17.514s
L =58(17.514) = 1016 m <«

12.14

22 dy x

1000 dz 500

| dﬂ

y:

1
500wy
/1_|_ dy/dllﬁ \/1"‘ I’/500 \/5002+$2
dy/dx x /500 v,

/1+ dy/dx \/1+ J)/E)OO \/5002+I2

When z = 100 m:

500
vy = 006 5 ge m/s
V5002 + 1002

100(6)

o
Y /5002 + 1002
v =588+ 1.177j m/s <«

= 1.1767 m/s

9
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. dv, dx  dv, 500zvq ;
Uy =UVp = —— = —Vp = —————————U,
de dt  dx (5002 + 22)/
_dyydy dv, 5007w

WENT Gwdt T AT o+ 2y

When z = 100 m:

500(100) (6
(5002 (+ 10)52))3/2 (5.883) = —0.013 31 m/s’

2
ay = 500°(6) 77 (5.883) = 0.0666 m /s’
(5002 + 1002)

a=—0.013 32i + 0.666j m/s° <

12.15

(8) x = a cos wt y = b sin ot

2 2
Xy 2 . 2
..—2+—2-coo wt + sin“wt = 1
a© b

which is the equation of ellipse .. Q.E.D.

(b)vx-i:--auninwt axz;r=-aw2couot=~w2x
vy-jr:-bwcocwt ay-}:-bwzsinmm-wzy

sLa= axi +a yj =—w2(xi +yj) = -o’r .. aand r are collinecar .. Q.E.D.

12.16
A x
y = R sin wt - Rwt cos wt A wt-‘

v = x = —-Rw sin ot + Ro sibwt +Rw’t coswt = Rw’t coswt

x = R cos ot +Rwt sin wt

vy=)'v=Rmcoum—Ro)cosun+sztsinwt=sztsinwt

v-vxl+vyj=Rw2t(lcosun+jsinwt) - v=Ro’t ¢

— —

AB = AB[1 cos(wt - %/2) + J sin(wt - %/2)]
-A_B(isinwt-joocwt)

—
By inspection: v. AB=0 .. v is perpendicular to AB .. Q.E.D.

10
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12.17 ' )
(@x=R(wt-sinwt) ..v =x= Rax1 - cos wt)
y =R(1 - cos wt) .-.vy='y=Rwsinwt
. 2t
vE=v? +v’yz = R%[ 1 - cos on? + sinot | = 2R%%(1 - cos wt) = 4R%0” sin’ 5
wt
.. v=2Rw sin ? y
— . wt J—
ButBC=2Rsin— ..v=wBC ..QED.
2
> X
.. .. AN
(b)ax=x=Ru)2sinwt ay=y=Rmzcosu)t \
c
na=aita j= (Rw? sin ot + Rw’ cos wi)j
—_— . 1 i
BG = (R sin wb)i + (R cos wt)j = —a . BG and a are parallel .. Q.E.D.
®
12.18 .
= = R sin wt =-—ot
x =R cos wt y =R sin w z P
.'.vx=x=-Ru)smmt vy=y=choswt vz=z=—2’t
2 2
hw hw'
v=vi+ v2 + v2 = R%0? sinzwt + R2w2 coszwt + (—) = (R(x))2 + (—)
x Yy z 2n 2n
v=Roy/14+ [h/(ZnR)]z = constant .. QE.D.
ax=;r=—Rw2cosu)t ay=§=-Rw2sinmt az='i=0
a2 = a: + a§ + a: = Rzu)4 (coszwt + sinzwt) = Rzm4 s.a= Rw? = constant .. Q.E.D.
Using the given data:
2
0.75 2 2
=(1.2 X4 1+ =15.15 * a=(1.2X4n)" = 189.5m/s” ¢
v =(1.2 X4x) [2“(1.2)] m/s

11
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12.19 .
X = 0.8vot y= 0.6v0t z= -0.04v0t
. __ o _: - 2
SV =X= 0.8vO vy =y= 0.6v0 v,=2 —0.08v0t
. _ . = _ .. _ = o = 2
S8 =X 0 ay-y—O a =z -0.08v0
(@) AtpointB: x=4in .. 4= 0.8v,t st=5Ny v, = -0.4v,
v=;\/v2+v2+v2 =vd\/ 0.8% + 0.6% + 0.4 = 1.0770v,, ¢
x y z 0
2
a= Iazl = 0.08vo *
(b) Let 0 be the angle between the path and the z-axis at point B.
vek ’0.4v0
S co80=—=———=-03714 .. 0=111.8°
vl 1.0770v0
.. The angle between the path and the x-y plane is: 0 - 90°=21.8° ¢
12.20

(a) = (3t2+4t)i+ (—4t> +3t)j + (=6t + 9k m
Sv=T=(6t+4)i+ (-8t +3)j—6km/s ¢
a=v=>06i—8 m/s’ ¢

(b) The vector normal to the plane formed by v and a (the instantaneous plane of

motion) is
i j K
vxa=|6t+4 -8 +3 —6 |=—48i—36j — 50k
6 —8 0

and the corresponding unit vector is

481 + 36j + 50k
n —_—
/482 + 362 + 502

— +(0.615i 4 0.461j + 0.640K)

Since this vector is independent of t, the orientation of the plane does not vary

with the location of the particle. Thus the particle is in plane motion on an
inclined plane. Q.E.D.

12
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12.21 R
x =R cos wt y =R sin wt z=;sin2wt

vx=ir=—Rwsin(ot vy=§=R(ocosmt vz=i=ch032wt

2 .
v=»\/vx+v;+v:=Rm:\/eoszwt+sm2wt+c0322wt=kmq/ 1+c0322wt

=+/2R0 ¢

A/
max

ax=§=—Rw2comn ay=§=-szsinwt az=2=—2szsin2wt

camyf al+ a§+a:=mzvm2wt+sm2w:+4sm’2wt=nw2,,/ 1 + 4 sin2t

. - 2
A= SR ¢

12.22 (a) From geometry: x = 2b cos®

. I3 8
) 1/'0
0 _Q____L_ﬁ___ /]
|C
]

() ..a=v=-2b@sin0+6%cosB) > ¢ | x

12.23
(a) Geometry: y =b tan® .'.v=§=bésw201 .

®) - a=i-=b[ésecze+zé secO(sec meé)]
= b sec?0(0 + 20° tanB) T ¢

12.24
x = Rcosf v, =& = (—Rsinf)0
y = Rsinf v, =3 = (Rcos0)f
Yo

Rcost
C. Uy = (—Rsinf) Rsoose = —vp tand 2
. . Vo V,
Ay = Uy = (—UO sec? 9) 0= (—vo sec? (9) Teosh — —Eﬁ) sec® @

vy, = vy yields 0 =

With R =6 m, vg = 2.5 m/s and § = 60° we get
vy, =2.5m/s Uy = —2.5tan60° = —4.330 m/s
v=—-433i+25m/s «

2.52
4y = ———sec® 60° = —8.333 m/s’

=
Qy 6
a=—-833im/s° <
13
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12.25

. 1200 rev 27 rad 1.0 min

0 = — X x
1.0 min 1.0 rev 60 s
r =55+ 10cosf + 5 cos 20 mm

V=7 = %0 = (—10sin# — 10sin 20)(125.66) mm/s
a=10= %é) = (—10cos # — 20 cos 20)(125.66)> mm /s>

|0 max =30(125.66)% = 474 000 mm/s* = 474 m/s” (at 6 = 0) <

= 125.66 rad/s

*12.26
() Geometry: x =y tan8 A=Y tanOB +b.cieiiienn (a)

b 1000
tanBA—taneB tan 30° - tan 22

Sy

(b) Differentiate Eq. (a):
. . 2 . - . .
x=y0, sec’®, +y tanB, = yb sec’8y +y tanb, (®)
: 2 : 2
6, 8ec0, -0 sec (:}
tanB, - tanf

B

LY==y

2 2 nyo
(0.026)sec” 30° ~ (0.032)sec” 22
= = 85.11 m/
=5770) tan 30° ~ tan 22° s

From Eq. (b): x = (5770X0.026)sec? 30° + (85.11)tan 30° = 249.2 m/s

V= \/ ayl= ﬁ49.22 +85.112=263 m/s ¢

1,0, .1 85.11
R =tan ——=18.86° ¢
(¢) .. a=tan"(y/x 2292 8

12.27
Tma

mg
FBD MAD

v=4tm/s a=0=4m/s
YEF=ma +17 T —mg=ma
T =m(g+a) =50(9.81 +4) = 691 N <«

14
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12.28
mg Y
-
F:#kN‘ FBD MAD
N
1000 m/km
=100 km/h = 100 km/h (| ————F+— | = 27.78
0 m/ m/ ( 3600 s/h ) m/s
YXF,=0 +17 N —mg=20 SN =mg
N
YF, =ma 5 — N = ma cLa= _Ee — g
m
v:/a dt = — gt + Cy
1
T = /v dt = —éukgt2~|—C’1t+Cg

When ¢t = 0 (initial conditions):

1
CLx = _§ngt2 +vot v = —p,gt + vy

When v = 0:
Vo
— gt + g St=—
Hig
T=—cig|—) Tvl|—|=
2"* <ng ! Hig 21,9
27.782

=————— =605 <

2(0.65)(9.81) o

12.29

mg5° yL
X
F =N - %;\\jjma

FBD /N MAD

vo = 100 km/h = 27.78 m/s

15
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YF,=0 +1 N —mgcosb® =0 .. N =mgcosb®
YF, =ma BR — N +mgsinb® = ma
N
=Ml gsinb® = (sin5” — iy, cos5%)g
m

— (sin5° — 0.65 cos 5°)9.81 = —5.497 m /s’

v = /a dt = —5.497t + C4
x = /v dt = —2.749t> + Cyt + Cy

When t = 0 (initial conditions):

x=0 .Cy=0 v=vy ..Ci=1vy=2778 m/s

x = —2.749¢% 4+ 27.78t m
v = —5.497t + 27.78 m/s

When v = 0:
—5.497t +27.78 = 0 o t=15.054s
r = —2.749(5.054)* + 27.78(5.054) = 70.2 m <
12.30
F  —12t )
v= [ a,dt = —6t>+C; m/s

x:/vzdt:—2t3+C’1t+C’2m

When ¢t = 0 (initial conditions):

r=0 2.0y =0 v =>64 m/s S.Cp=64m/s
cox= =2t 4 64t m v=—6t* 464 m/s
When t =4 s:
= —2(4)% + 64(4) = 128 m
When v = 0:

—6t2+64=0 t=23.266s
r = —2(3.266)% + 64(3.266) = 139.35 m
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Distance traveled:

d = 2(139.35) — 128 = 150.7 m <

139.35
0 — 0 x(m)
128
12.31
F 006y ,
= — = = 5
= o1z —ovvm/s

dv dv dv 2

= — = —— t = - = — C
a 5o /5\/5 sVeH G
Given v = 0.25 m/s when ¢t = 0.8 s:

dt

2
0.8 = 5\/0.25 +Ch C;=06s

2

v= (2.5t — 1.5)> = 6.25t> — 7.5t + 2.25 m/s
6.25 . 7.5

x:/v dt = T153— 71&2+2.251t+02

Initial condition: z = 0 when ¢t = 0 SCy=0
6.25 7.5
Tli=1.06 = 7(1.2)3 - (1.2%) +2.25(1.2) = 0.90 m <
12.32
I _
o2 = | —»ma

FBD MAD

T — 2
ma=T—Fp =T — cv? a= @

m

v v m 9
m:/adv:m/T_CUde+C:—Q—CIH(T—CU)+C’

Initial condition: v =0 at x = 0:

m m
m m m T
cx = ——1In(T — cv? —In(T)=—In——-—
o 2¢ a( CU)+QCH() 20n<T—C1)2)
17
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Solve for v:

T 2c 2c
(T—cv2) ¢ <m ) v ¢ ( m >

(2] ()]

Terminal velocity:

Voo = lim v(z) =1/ — <
T—00 C
12.33
o4t -4
a:—:——t—lm/s
m
1
1 2
= 'Udt 6 —t +Clt+02

When t = 0 (initial condition):
y=0 ..Cy=0 v=-8m/s .. .C;=-8m/s
1 1 1
Ly = 6153—5752—8151@ v:§t2—t—8m/s

When ¢t =8 s:

When v = 0:

1
§t2—t—8:0 t=5123s

1 1
= 6(5.123)3 — 5(5.123)2 —8(5.123) = —31.70 m

Distance traveled:
d=2(31.70) — 10.67 = 52.7 m <«

—-31.70
: < 0 y(m)
-10.67

A
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12.34

ZFy:may: +T TcosB-mg=0 I\ep7
IF =ma: % Tsin=ma —x = C, =7
a “
The solution is: 0 = tan™ = ¢ gL HA>
8
12.35
Assume impending climbing (NB =0).
}:Fy=may: +1 NAcose-mg=0
2Fx=max: e N, 5in6 = ma
The solution is: a = gtanf ¢
12.36
Y
mg
200" T
v/ E=04N,
“ EBD MAD

Assume impending sliding (F4 = 0.4N4)

YF,=0+7T Njcos20° —0.4Nysin20° —mg =0
Ny = 1.2455 mg

YF, = ma, 5 N4 sin20° + 0.4N 4 cos 20° = ma
1.2455 mg(sin20° + 0.4 cos 20°) = ma a = 0.894g <«

12.37 Let y be measured up from the base of the cliff.

yL ma
X
FBD = MAD
mg
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1
Initial condition: v = vy when y = h. ... C' = 51}3 + gh

= (V=) =gh—y)

1
At impact y =0 .‘.E(vz—vg):gh v =1/v8 +2gh -«

N —

12.38
F ma
D = [
FBD MAD
F F F
F=ma a=—="Le/ vdo="Le "y
m m m
1 F Fob
=2 ety = -2y O
m m
Fob
Initial condition : v =0at z =0 S 0="2
m

1 Fob .
51)2 = WO (1 —e /b)
_[2Fb

v =
m

(1— /)

0.0275/9.81

80N 26.7 t
80,
— g
y X
FBD\ N MAD
P — 26.7¢ — 80sin20° = O
L= ma ) sin = 581"

2(7010 N)(2
Ulg=0.55 m = \/ ( @) (1 —e0-55/061) = 1346 m/s «

12.39
20°

9.81
= Z°2(26.7t — 80sin 20°) = 3.274¢ — 3.355 m /s’

Q= ——

v= /a dt = 1.637t* — 3.355t + C; m/s

xr = /U dt = 0.5457t% — 1.678t> + C1t + Cy m
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