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Chapter 12

12.1

y = —0.16t*+ 4.9+ 0.14t°m
v =y = -0.64t> + 14.7t>+ 0.28tm/s
a=v=—1.92t>+ 29.4t + 0.28 m/s*

At maximum velocity (a = 0):

-1.92t>+ 29.4t+0.28=0 t=15.3225s

Viax = —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
(a)x:—%gt2+vot LVE=X=—gt+Vv s~ a=X=—g

When t =0, then x =0 and v = vg. Hence vq is the initial velocity.
Since gravity is the only source of acceleration in this problem, g must be the
gravitation acceleration.
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(b) When X =X then v=0. o« —gt+vy,=0 = t=

At the end of flight x = 0. —%th +vt=0 ~t=""

, _ (268 _ .t = 2(26.8) _
(©) ..xmax—m—%ﬁm S t= 9.81 =5.46s

12.3
X=6 1—e Y m

V=X=6 %euz =3e Y2 m/s
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() Xmax =6 matt= e

Vmax = 3 m/s and |a|.. .= 1.5 m/s® both occurringatt =0

max

(b) When x =3m: 3=6(1—e¥?) e ¥2=05
t = —2In(0.5) = 1.3863 s

v =3(0.5) = 1.5 m/s a= -1.5(0.5)= -0.75 m/s?
12.4
X = t2 — 6t°— 32tm
v=x=3t?-12t- 32 m/s
a=vVv = 6t—12 m/s>
At t=10s:

x = 10° —6(10%) — 32(10) = 80 m
v = 3(10%) —12(10) — 32 = 148 m/s
a = 6(10) — 12 = 48 m/s?

Reversal of velocity occurs when v=0 (t=0):

v=3t2-12t-32=0 t=5.8305s
x = 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

—192.3m
r 0 80m
5.83s 10s
2 =2t & h
125 (a) x =t %m vV=X=2t %ms v=0whent=60s
603
Xmax = 60> — gg = 1200 m
1 2
(b)a=\7=2—15m/s a=0whent=30s

2
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12.6
(u)x-vo(t-toﬂoc""o) v-x-vo(l-e""’)o
Sineev-ovont—»w.voinhclimiﬁngamm.
) Lty

v
(b)a-v-—:e"'“o Bulfrompm(a):vo-v-voc""" La=S—e

12.7
x=3t°—12tm v=x=6t-12m/s
(a) The bead leaves the wire when x =40 m
3P —12t=40 t=6.165s
(b) Reversal of velocity occurs when v =0 (t=0):

v=6t—10 t=20s
X = 3(2.0%) —12(2.0) = —12.0 m

The distance travelled is

s=2(12)+40=640m

-12m 0 40 m

205 6.16 S

12.8

X = 4t — 2 mm

_ X _ 16t — 162 +4  4tt—Atr+1 -
12 12 3

When t=2 s;:

Vi = X = 8t= 8(2) = 16 mm/s
. 16t2 — 8t 16(2)*—8(2)
WEYT g T 3

= 37.33 mm/s

V= vi+vi= 162+ 37.332=40.6 mm/s

a, = V, = 8 mm/s?
_ 48— 8§ _48(20 8

— 2
3 3 =61.33 mm/s

a= al+al= 82+61.337=619mm/s’
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12.9

(a)x-R(1+§wsox) .~.v=i-—%nwsinnx o .‘.l-vs-%Rm"cosnn *

) SR
(b)lww=§aw lal__ =3 Ro
. Doubling  would double Ivl___ and quadruple lal .

12.10
y=5-2ts v, =y=-2m/s a,=V,=0
x—g— 6 m v—X—Lm/s a—v—L
y 50 —2t X (25 - 1)2 5 -1)°
At t=20s:
3 _ PO
vx—m—o.lz m/s vw=-2m/s v=0.12i —2j m/s
6 2 . 2
= - =0.048m/s a, =0 a = 0.048i m/s
&= (25 — 20)° y '
12.11

(@) v =2gr,(ro/r —1) + V3
Differentiate with respect to time: 2w = 2gr(—ro/r?)f or 2va = —2g(ro/r)?v
~a= —g(re/r)?

(b) vy is the escape velocity if v— 0 when r — oo,

2 0= lim[2gry(ro/r —1) +V] =~ 0=2gr O —1)+V* ~vo= 2gr
0 0 0 0

r—oo

(c) For earth: vg = 2(9.81)(6340 %< 1000) = 11153 m/s

12.12
Xx=15-2?m  v,=x= —4tmls a, =V, = —4 m/s’
y=15-10t+tm v, =y = -10+2tm/s  a, =V, =2 m/s’
(a) Att=0: v = —10j m/s a = —4i + 2j m/s’
(b) Att=5s: v = —20i m/s a = —4i+2j m/s?
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12.13

X =58tm Vy, = X =58 m/s Ay = Vy =
y=78t-491m v, =y=78-9.82tm/ls  a, =V, = —9.82m/s’

(a) a = -9.82j m/s®
(b) V|t=o =58i + 78] m/s
() y=h when v, =0:

v, =78-9.82t=0 t=7.9435s
h = 78(7.943) — 4.91(7.9432) = 310 m

(d) x =L wheny = =140 m:

y = 78t- 4.91t*= -140 t= 17.514s
L =58(17.514) = 1016 m

12.14

1+ (dy/dx)? 1+ (/5007 5007 +%
dy/dx X/500 XVo

— — = A/
Vy = Vg—— = =
1+ (dy/dx)? 1+ (/500 5007+ X2

When x = 100 m:

506
5002 + 1002
_, 100(6)

Y 5002 + 1002
v =5.88i + 1.177j m/s

= 5.883 m/s

=1.1767 m/s
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dvydx  dvy _ 500xvq

=V, = = = T\

A=Y= gx dt dx v (5002 + X2)3/2V
dvy dx  dvy _ 500%vp
YEW T acdt T odx T (5002 + x2)72 X
When x = 100 m:
== 500(100)(61,2 (5.883) = —0.013 31 m/s’
(5002 + 1002)
5002(6)

a, = 5.883) = 0.0666 m/s>
Y (5002 + 1002)3’2( )
2
a = —0.013 32i + 0.666j m/s

12.15

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

2 2

x
.'.—20"—2-zeul+lhz =1

a“ b

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

(b)v.-'x--usinux ll-i--mzcuu--wzx

v,-'y--bmcmcn a,-}--wzainm--azy
.'..-nl&nl-—mzlrlu'h-«nzr r aand rarsrnlliness « AR N

12.16

y-}
x=Rcoswt+Rwtsinwt  y=R sin wt - Rt cos wt A wt‘Zt
2 ¥ =X = ~Reo sin ot + Rw sinat +Rw’t cost = Rw’t cosat
.'.v’-ﬁ-kmm—nncamo,nwzmnun-kuzuinm
.-.v-v.hv,j-szt(loaonulinmt) s v=Ro’
AB = AB[1 cos(wt - /2) + J sin(wt - x/2)]

= AB( sin wt - § cos wt)

Byinlpeclion:v-A—ﬁno .. ¥ is perpendicular to AB -, QE.D.
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12.17
(a) x = R(wt - sin wt) .. v‘-x-llm(l-cam)

y=R(1l-coswt) .. V’-'y-R(Dlin(m

st
vzz-v2 W= zmz[(l-oaou)z +uinzmt]=2Rz(n2(1—cmun)sﬁlz(ozmz-z-
Xy

wt

.-.v-ZRnuin-é- ’
— LWt s

ButBC=2Rsin— .. v=wBC . QED.

2 > X

¢ B
@)I!=;8sztinml a,-yamzouum \.

c
.-axha’j-(Rmz:inun)H(szeam)j

B’é=msinunx+<kemmn=—li. . BG and a are parallel .. Q.ED.
w

12.18 ,
x =R cos wt y = Rsinwt z:-;m
.-.vx-xs-Rmsmox v,-y-Rwooum vl-"-Zx

o2 5 BoonZ
v2=v5+ v:«rvf-azwz :inz(nH-szz cazux+(-2-;) = (Rw) +(—)

2n
.-.vsnw.,(n[mm)i’-mm - QED.
al-;--k(n"'wlun :,-}--Rm‘:inwt a,=2=0
s a: + a: & a:- R%* (eoszmu linzun)s sz‘ Sam Rw’ = constant .. Q.E.D.
Using the given data:

0.75
2x(1.2)

v =(1.2 X4n) 1+[ T-ls.xs mis ¢ a=(12Xéx)" = 189.5 mis® ¢
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12.19

v
x = 0.8v y =06v, z= -o.o«;‘
A . . = = . - 2
LY EX= 0.8v° v, =y 0.6v° v, =2 -o.oevo:
e . == 2
Soa =x=0 8=y 0 3=z -0.08v°
(a) AtpointB: x=4in .. 4= 0.8vot St= Sﬁo R A -().4v0

v-\/vfnfnz vd 0.8 +0.6° + 0.47 = 1.0770v, ¢
a= lazl = O.DBV: rs

(b) Let 0 be the angle between the path and the z-axis at point B.
vek —Odv

0
==

vl 1.0770\!0

.. The angle between the path and the x-y plane is: 6 - 90° =21.8° ¢

=-03714 . 0=1118°

12.20
(@  r=(3tP+ 4)i+ (—4t* + 3t)j+ (-6t + 9k m
SV =1r=(6t+4)i+ (—8t+3)j —6k m/s

~ a =V =6i—8j m/s’

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

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

and the corresponding unit vector is

i+ j + k . .
n= -_l-‘f}jéz +32ja _ fgoz = +(0.615i + 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.
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12.21 R
x =R cos wt y=Rsinwt zs-z"lhlza)t

7 v =X=-Ro sin wt vyai-kmcmun v, =2 = Ro cos 2wt
.'.v-q’7‘+v:+v:-km~/cazm+sinzun+cuzm-h 1 + cos =2t

3 =x=-Ro‘coswt a =y=-Ru’sin@t a =z=-2Re’sin2ut

am\/a:+|:+lf-l!mz\fcazux+linzun+4sin"2mtnkmzq/l+4lin22un

aw-ﬁkmz *

12.22 (a) From geometry: x = 2b cos® A
S vsx=-2bOsind — ¢ V-

(®) . a=v=-2b(0 sind + 6% cosB) — ¢ ol X IC‘

12.23
(s) Geometry: y=btanf .. v=y=bdsecd® ¢
(b).'.l:st{éleczO-fZ.Glon(MImOé)]
= b sec0® + 20% tanB) T »
12.24 . ;
X =R cos® Vy = X = (—Rsin6) 6
y=Rsind v, =y = (R cosb)d
. : Vo
= elds 6 =
Y=Y A R cos 6
. — ((— 1 VO = —
& Vx = (—Rsin 6) R cosO Votan 6
Vo V2
— Ny — 2 N — 2 — 0 3
=V, = —VgSec fd 6= —vgsec o = sec’ 0
ax = Vx 0 0 R cos 6 R

With R =6 m, vo =25 m/s and 6 = 60" we get
vy, =25m/s vy = —-2.5tan 60" = —4.330 m/s

v = —4.33i + 2.5] m/s
252 o 2
sec®60° = —8.333 m/s

ay =0 & =" ¢
a = —8.33im/s?
14
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12.25 _ 1200 rev  2zrad  1.0min

0
X x = 125.66 rad/s
1.0min 1.0 rev 60 s

r =55+ 10cos@+5 cos26 mm

V=t = %9 = (-10sin # — 105sin 26)(125.66) mm/s

dv

a=y= %9 = (—10cos & — 20 cos 26)(125.66)> mm/s?

|a|max =30(125.66)? = 474 000 mm/s* = 474 m/s* (at 6 = 0)

*12.26
(a) Geometry: x-ymBAzynnBB+b .......... (a)
b 1000

(b) Differentiate Eq. (a):
i-yéAseczeA+iunBA-yﬁch’ﬁs+§unﬁn (b)

¢

I
|
!
I
|
!
I
I
|
A I

seczﬂA-ng:zBB
uneA-uneB

LY==y

2

(0.026)sec? 30° - (0.032)sec? 22°

= - .11
~(5770) e 85.11 m/s

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

Lym i’+§2=\/549.22+ss.11’-253m N

.0 85.11
-1 -1

B = = *

(€) . a = tan™(y/x) = tan 9.2 18.86°

12.27

ma

—_—

mg
FBD MAD

v = 4tml/s a=v=4m/s
2F =ma +7 T —mg = ma
T =m(g+a) =50(9.81+4) =691 N
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12.28

mg ny
= ﬁ,ma

F = ’ FBD MAD
N
1000 m/km
Vo =100 km/h = 100 km/h 3600s/h 27.78 m/s
2F, =0 +7 N—mg=0 ~ N =mg
SFyk=ma —» —-uyN=ma  ~a= —ﬂ'r;qN— = —4.g

v= adt= —ygt+C;

x= vdt= —%ﬂkgtz + Cit+ C;

When t = 0 (initial conditions):
Xx=0 ~C,=0 v=vy ~C;=V

1
“ X = =t + Vot V= =gt v

When v = 0;
Vo
4 Gt+vy =
“i9
1 Vo ? Vo V2
0
X = — + vV, =
219 g w9 29
_on7g
= 3065081 _ 00°M
12.29

F =y &y%x%ma

FBD N MAD
16
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12.28 Vo = 100 km/h = 27.78 m/s
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Fy =0 +1 N —mgcos5” =0 ~ N =mg cos5”
SF,=ma - —u N +mg sin5” = ma

N : .
na= —ﬂ"?+ gsin5” = (sin5° —u, c0s5°)g

2
= (sin5° —0.65¢c0s5°)9.81 = —5.497 m/s

v= adt= -5497t+ C;
X = vdt= —2.749t%+ C;t+ C,

When t = 0 (initial conditions):
Xx=0 ~C,=0 v=yvy ~Cyi=vyg=27.78m/s

—2.749t2+ 27.78tm
-5.497t+ 27.78 m/s

v =
When v =0:
-5.497t+ 27.78 =0 ~ 1=05.054s
X = —2.749(5.054)% + 27.78(5.054) = 70.2 m
12.30
a= nE1 = Olll'j: —12t m/s’
v=  adt= —6t>+ C; m/s

x= wvdt= -2t2+ Cit+C, m

When t = 0 (initial conditions):
x=0 ~C,=0 v =64 m/s . C, =64 m/s
~ X = =23+ 64tm v = —6t>+ 64 m/s
When t=4s:
X = —2(4)%+ 64(4) = 128 m

When v = 0:
—6t°+ 64 =0 t=23.266s
X = —2(3.266)3 + 64(3.266) = 139.35 m
18
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Distance traveled:

d = 2(139.35) — 128 = 150.7 m

139.35
0 — O (m)
128
12.31 N
F o006~v ~___
— — _ 2
a—(rjn— 0.012 =5 vm/s y
i
a="=H_ t= qu_=g v+ G
a 5 v 5 v 5

Given v =0.25m/s when t=0.8s:

2/
0.8 :g 0.25+C; C, =065
2N__
t= vV +0.6s

5
v = (2.5t— 1.5)% = 6.25t°— 7.5t+ 2.25 m/s

6.25 7.5
x = vdt=—1t2——t>+225t+C,
3 2
Initial condition: x =0 whent=0 ~C,=0
6.25 7.5
Xlerzs = 5 (127 =77 122 +2.25(1.2) =0.90 m
12.32
I _
CVie——o = | —Ma
FBD MAD
T—cv
ma=T-Fp=T—-cov’ a="~—3
m
Y Vv m
= —dv=m ———In T=-0cvV +
X ~ T oy +C = chn cv C
17
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Initial condition: v=0 at x = 0:

m m
= - =+ = —
0 2CIn(T) C 2CIn(T)
m » M m __ T
LX = = - +_ InT)=_1In
X chn(T ) 2C (™ 2c (T —cv?d)

18
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Solve for v:

= exp 2—Cx T —cv?=Texp ~ 20
(T —cv?) m m
Po - 1-exp —2x v= T o1-ex £y
VT P m c P m
Terminal velocity:
Voo = lim v(X) = T
X—00 C
12.33
a= E -4 =t—1m/s’
m 4
1
V= adt:EtZ—t+C1

y = vdt=%t3—%tz+clt+C2

When t = 0 (initial condition):
y=0 ~C,=0 v=-8m/s . C;=-8m/s
Lyt 1o Lo
..y—6t 2t 8tm v-2t t—8m/s

When t= 8 s:

y = %(8)3 - %(8)2 —8(8) = —10.67 m
When v = 0:

%tz—t—8:0 t=5.123s

y = %(5.123)3 - %(5.123)2 —8(5.123) = —31.70 m
Distance traveled:
d =2(31.70) — 10.67 = 52.7 m

~31.70 18
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12.34
Zl”amy: +T Tcosb-mg=0

IF =ma: % Tsind=ma

The solution is: 8 = tan™* = ¢
4

12.35
Assume impending climbing (NB =0).

IF =ma: +T N, cosf-mg=0

ZFxsm‘: 3 NAsiwsm
The solution is: a = g tanB ¢
12.36

Y]
mg

20X:

NA7\FA:0'4NA MAD

FBD

Assume impending sliding (Fa= 0.4N,)

XF, =0+ 1 Nac0s20” —0.4Nasin20° —mg =0
Na = 1.2455 mg

>F, = ma, — N, sin 20° + 0.4N,c0s20° = ma

1.2455 mg(sin20° + 0.4 cos20°) = ma a = 0.894g

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

y ma
x
FBD = MAD

mg

XF, =ma +1 —-mg=ma La=—¢

_dv . — _ 1o_ _
a—wv L vdv=—gdy SV = gy+C

19
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Initial condition: v =vo wheny =h. - C = 21v02+gh

“, Vv =gh—y

At impacty =0 - %(v2 - v%) =gh ~v= V(Z) + 2gh

12.38
F ma
— ) =
FBD MAD
F =ma = II; = I;;’e"/b vdv = “Lgxbgy
oo o g o Qbe‘x/b +C
2 m
Initial condition : v=0atx =0 . C= %Ob
EVZ = F_Ob 1 _ef)(/b
2
2Fqb
= =0 _axb
v= T (1 —e)
2(7010 N)(2
V|x=0_55 m = W (1- e*0.55/0.61) = 1346 m/s
12.39
20°
80N 267t
2(%
= g
VV X
FBD\ N MAD
>Fx=ma 26.7t —80sin 20" = ﬂa
- ' ~ 981
a= m(26.7t — 805sin 20°) = 3.274t — 3.355 m/s?

80
v= adt=1.637t>- 3.355t+ C; m/s

20
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Xx = v dt=0.5457t - 1.678t*+ C;t+ C, m

21
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Initial conditions: x=v=0att=0 ~C;=C,=0
(@ When v =0:

v=1637t°-3.355t=0  t=2.049s
x = 0.5457 2.049° —1.678(2.049%) = —2.35 m

(b) When x =0:
X = 0.5457t> — 1.678t°= 0 t=23.0755s
v = 1.637(3.075%) — 3.355(3.075) = 5.16 m

12.40
X

/ ma
3 p=356_80t @

FBD [N = MAD

3

4 _
2Fx =ma + 5P Emg = ma

_4P 3 _ 4356 -89t 3

a (9.81) = 6.70 — 3.146t m/s>

5m 5 5222/981 5

v= adt=6.70t— 1.573t>+ C;
X = vdt= 3.35t>- 0.7865t° + C,;t+ C,

Initial conditions: v = —=3.05m/s,x = 0 att = 0. ~ C,=-305m/ls C, =0
When x = 0:

3.35t> —0.7865t° —3.05t =0 t=1.3187s
v = 6.7(1.3187) — 1.573(1.3187)> — 3.05 = 3.05 m/s

12.41
My + mB)g

0 dE" 5

X Na(Ma+Mg)a

Ns FBD MAD
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>F,=ma + (Mma+ mg)gsind = (Mma+ mg)a
a=gsind

Assume impending slipping between A and B.

Mg

y —
L B

ma
N« FBD MAD

>XF,=ma + (mag + Na)sin €+ u NaCOS O = magsin b
us =tanf

12.42

(@) Assume impending sliding of crate to the left.

Y\209

276 N
267
X P
=F = 0.3N,
Na
FBD MAD

2F, =0 Na cos20” —0.3Nasin20° —267cos20” =0

Na =299.73 N
) . . i . 267
>Fx = may Nasin20” + 0.3Nac0s20° —267sin20° = ma
299.73(sin20” + 0.3 ¢c0s 207) — 267sin 20° = gz%a
a = 3.52 m/s®
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(b) Assume impending sliding of crate to the right.

Yoo
204567 N
X
Wt 2T
F=0.3N,
ANA
FBD MAD
>Fy =0 Na cos20” + 0.3Nasin20” —267cos20”° =0
Na = 240.72 N
) . . ) . 267
>Fx = may Nasin20° — 0.3Nac0s20° —267sin20° = —ma
267

240.72 (sin 20° —0.3¢c0s 20”) —267sin 20° = 981

a=282mls®

12.43
™9

V= e

A

Z
_»,
Z

FBD MAD

2F, =0 N—mg=0 N = mg
2K =0 —0.2N = ma —0.2mg = ma
a=—0.29 = —1.962 m/s?

v dv = a dx %vz =—1.962 dx = —-1.962x+ C

Initial condition: v|,_, = 6 m/s %(62) =C C =18 m2/s?

vZ = —1.962x+ 18

N =

v=0when —1.962x+18=0 X=9.17m

23
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12.44

MAD

F, =0 +1 N—-W=0 N=W =1335kN
2F, =0 +—>F —uyN =ma

— N _4.45e 92t — 0,05(13.35)

m B 13.35/9.81

a =
= 3.27e %2 —(.4905 m/s?
v= adt= (3.27e %% —0.4905)dt

= —16.35e %" —0.4905t + C m/s
Initial condition: v =0 when t=0. .. C =16.35 m/s

v = 16.35(1 — e 92" — 0.4905t m/s
Maximum velocity occurs at t =4 s (end of powered travel)

Vmax = 16.35 1 —e %2* —0.4905(4) = 7.04 m/s

12.45
kx mg 300 y

lvlk‘N\

FBD MAD
XFy, =0 mg cos30° —N =0 N = mg cos 30°

2F,= ma mg sin30° — N —kx = ma

a=g(sin30" — g, cos30%) — %x

a=9.81(sin30° —0.3c0s30%) — 22_2)( = 2.356 — 10x m/s?
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v dv = a dx 1v2 = (2.356 —10x)dx

2
1
2v2 =2.356x —5x*> + C
Initial condition: v|,_, =0 ~C=0
v = 0 when 2.356x —5x?> =0 ~X=0471m
12.46
o P Tma
’—\ I I
N =
y | |
mgy yuN x
FBD MAD
SF, =0 5 Psin40° —N =0 ~ N =P sin40°

XF, =ma, +1 P cos40” —mg — u(P sin40”) = ma

a= %(cos 40° —usin40’) —g
When motion impends: a= 0 and ¢ = u, = 0.5

= —(COS40 —0.5sin40%) —9.81 P =11031 N

When collar begins to slide: P =110.31 N and x =g, = 0.4
- 110 31( 0540° —0.45in40°) —9.81 = 1.418 m/s?

12.47

SFy=ma,: +| mg—Fp =ma

~ a=g—Fp/m=g — (c/m)Vv? l /M
,X ””
where ¢ = 0.209
o mg _ 600 _
\then a=0:v=v, = = 0209 53.58 m/s
25
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12.48

12.49

féx

a-g--k-x I l
= ’m, yma
wa'd_v-;‘!ix__d_vv MA‘D
dt dxdt dx V74 HAD

k 1 k 2
svdveadr=[g-—x)dx ~-Visgx-—x*+C
vomms (‘ m‘) ™
Initial condition: v=0whenx=0 .. C=0 .'.v2-2a-£xz

Whenx =03 m: vZ = 2(9.81X0.3) - % (0.3)2 = 1.8860 (!Il/!)z L v=1373m/s ¢

ZFl-m‘: +l mg-kx=ma Téx.
Las=g -Ex I-
o #=10 I
dv dvdx dv
et Fomedemmd brow/ Vedd
But a . e dxv im; * q
k FB80 MAD
.'.vdv=adx=(g——x)dx
m
.-.%v’-p-%xz+c-9mx- 80 2. c-981x-2222:2+C

1otial condition: V=Uwhen X =U3m .. U= 9.81(U.3) - Z2.22U.3) + C

1
- C=—0.9432 (m/s)®> .- = v2 = 9.81x - 22.22x% - 0.9432

When v =0: 22.22x% - 9.81x + 0.9432 =0

9.81+ \/ 9.81)% - 422.22X0.9432) 981 +3.522

222.22) T a4
The smaller root is x = 0.14149m .. h=0.3-x=0.3 - 0,14149 = 0.1585 m ¢
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12.50

_ _,.1000
Vo = 10 km/h = 10?@ = 2778 m/s
|mg X
kx ! = Ma—
00, 00 00 OO
FBD TN MAD
k
XF, = may —kx = ma a=——X
m
k
a= _—v v dv = a dx vdv=——x dx
dx m
1 k
2 — 2
2V = Tomt T =
Initial condition: v = vy when x = 0. ~Ci= 3§
v2 = V(ZJ — £X2
m
Stopping condition: v = 0 when x = 0.5 m:
k
2___ 2 = = 5
2.778 18 x 103(0.5) 0 k =5.56 x 10° N/m

12.51

F=ma: +1 —F=ma
~a=—F/m= —g(Ry/R)?
dv._ dvdR _ dv

~vdv=adR = —g(R,/R)?* dR - %vz =gR3/R+C
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Initial condition: v=vowhenR =Ry .~ C = 12\/% —gRy ~ V? =V3—2gR,(1—Ry/R)

0 0
~ Riax = R°V2 = 6340 ) = 6460.3 km
f—— 0 q_ 1524
20R, 2(9.81)(6340 < 1000)

“ Nmax = Rinax — Ro = 6460.3 — 6340 = 120.3 km

12.52
~ ma
ZF=ma: +T F=ma ﬁf.
S S L 2, 212 _
o = mR[l y(R +y2) ] ! J —
N o
dt dydt dy £E0 HAD
Vq 2, 212 12 Vg 2
sLvdv=ady=—|1~ b g m—]y - 172
vdv=ady mR[ y(R+y2) }ly zv mR[ R +y2) ]+C
ars 243 Vq 2 ZVq
Initial condition: v=0wheny=0 .. C=— . --——[ - R? ln]
y = v _— y+R-(R +y2)
o .4 pr b Vq
Wheny=R: V=@ J'E)R L1716 = v=10824 [ — o
*12.53
YF =ma —T —cpv? = ma
dv 1 2 mv
a=v—=——(T +cpv - dv = dx
dx ( oV") T +cpVv?
D 2
mv m + CpV©
Lo.
X = — vV = — In +C
T +cpVv? 2C c
m  +cpVg
Initial condition: v =vo when x =0. ~. C = In
2Cp Cp
m 4+ cpVg
SoX =

In
2cp T +cpVv2
11120
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m = 981 = 113354 kg vo =40.2 m/s

When v = 0;
m cov? 113354 . 2002 + 0.287(40.2)2

In =
2 T 2(0.287) 2002 411.5m

29

¢ 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.



*12.54

MAD
o 22.2
>XF,=ma + 22.2s5in30° — 35.6 cos @ = ma
a= %(22.2 sin 30° — 35.6 cos @) = 4.905 — 15.73 cos # m/s?
0080 = N—2 SV
X2 +1.222 x2 +1.488
d : :
a=ve =4905 - N2X gy = 4905 — A2 gy
dx x? +1.488 x* +1.488
1 N
§v2 =4.905x —15.73 x2+1.488+ C
Initial condition v = 0 when x = 0. .~ C = 15.73(1.22) = 19.19 (m/s)®> When
a=0(V=Vmna):
4905 — 21X _o L x=0401m
x2 +1.488
%vfnax = 4.905(0.401) —15.73 (0.401)2 + 1.488 + 19.19
= 0.959(m/s)?
Vmax = 2(10.241) = 1.39 m/s
*12.55
F =ma + | mg —CpV = ma
dv Cq dv
a=-—=9g——Vv dt= — —
a7 m g — (cg/m)v
f=e—L gy = —C/my o __m, o mg_
cy/m ca/m Cp Cp
Initial condition: v=0whent=0. . C = mIn ~Mmg
Cb Cb
m mg/cp
—2'9 - - -
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When v = v,, (terminal velocity), a=0. v,= —

cd
When v =0.9v, = O.9m:
Cd
m 1 m m
t=—1In =__In10=2.30—
Cq 1-09 Cp Cq
12.56
7 Vv 2
==""44 —
a 27 16 m/s
Letting x; = X, X, =V, the equivalent first-order equations and initial conditions are
X =Xp X = —h4 X2
1 — A2 2 — 4_1 1_6

X1(0) =0 x2(0) =20 m/s
The MATLAB program that integrates the equations is

function probleml2 56
[t,x] =oded5(@f, [0:0.5:25], [0 20]);
printSol (t, x)
function dxdt = f(t, x)
dxdt = [x(2)
-7/4 + x(2)/16]:

end
end

The 2 lines of output that span the instant where v = 0 are

t x1 X2
2. 0000e+001 2.4124e+002 7. 7255e-002
2. 0500e+001 2.4105e+002 -8.0911e-001

By inspection of output, the stopping distance is X =241 m
12.57
V2
10
Letting X; = X, X, =V, the equivalent first-order equations and initial conditions are

a=

2
X1 = Xz )'(2=—&

30
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10
X1(0) =0 x(0) =20 mm
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The MATLAB program that integrates the equations is

function problem 12 57
[t,x] =ode45(@f, (0:0.01:0.51), [0 20]);
printSol (t, x)
function dxdt = f(t, x)
dxdt = [x(2)
-x(2)"2/10];

end
end

The 3 lines of output that span the instant where v =10 mm/s are

t x1 X2
4. 9000e-001 6. 8310e+000 1.0101e+001
5.0000e-001 6. 9315e+000 1. 0000e+001
5.1000e-001 7.0310e+000  9.9010e+000

By inspection, when v = 10 mm/s, t = 0.500 s

12.58

Letting x; =X, X, =, the equivalent first-order equations and initial conditions are

X; =X, X =(9.81 —3.41 x 103x?)
2

x1(0) =0 x(0) =0
The MATLAB program that integrates the equations is

function probleml2 58
[t, x] =ode45(@f, (0:0.1:7), [0 0]):
printSol (t, x)
function dxdt = f(t, x)
dxdt = [x(2)
(9.81-3.41e-3%x(2) "2) 1;

end
end
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The 2 lines of output that span the instant where v = 44.71 m/s are

t x1 X2
6. 5000e+000 1. 7138e+002 4. 4530e+001
6. 6000e+000 1. 7585e+002 4. 4830e+001

Linear interpolation:

6.6 — 6.5 _ t— 6.5 = 6.56

44,83 —44.53  44.705 — 44.53

12.59

N

18.6969
a= —-147.2+~N__
x2 + 0.005806

Letting x; = X, X, =V, the equivalent first-order equations and initial conditions are
Xy = Xo X, = —147.22 + w X1
x3 + 0.005806

X1(0) =0.203m x,(0) =0

The MATLAB program that integrates the equations is

function probleml2 59
[t, x] =ode45(@f, (0:0.001:0.042), [0.203 0]);
printSol (t, x)
function dxdt = f(t, x)
dxdt = [x(2)
(-147.22 + 18.6969/sqrt(x(1) "2 + 0.005806))*x(1)];

end
end

The 2 lines of output that span the instant where x = 0 are

t x1 X2
7.3000e-001 =7.5348e-003 -9. 0085e-001
7.4000e-001 —1.4497e-003 -8.9783e-001

By inspection, when x =0, v =0.898 m/s
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12.60 ,
a=0981 1—0.58x 10 % exp(—0.978) x 10 °x m/s

(a) Letting x; =X, X, =V, the equivalent first-order equations and initial conditions
are 5

2 -
X; =X, X = —9.81 1-0.58x 10 *x% 097810 x

X1(0) = 9145 m Xp(0) =0
The MATLAB program that integrates the equations is

function probleml2 60
[t,x] = oded5(ef, (0:1:60), [9145 0]);
printSol (t, x) axes(’ fontsize’ ,14)
plot(x(:,1),x(:,2),” linewidth” ,1.5)
grid on
xlabel (" x (m)” ); ylabel(" v (m/s)” )

function dxdt = f(t, x)

dxdt = [x(2)

-9. 81% (1-0. 58e—4%*x (2) “2%exp (-0. 978e—5%x (1)) ) 1;

end
end

The 3 lines of output that span the instant where v = v, are

t x1 X2
4. 2000e+001 4.7359e+003  —1.3435e+001
4. 3000e+001 4.6015e+003  —1. 3435e+001
4. 4000e+001 4.4672e+003  —1. 3433e+001

By inspection, Vi = 134.4 m/s at x =4602 m
(b) 0

-20

—-40

-60

v (m/s)

-80

-100

-120
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0
0.896 0.899 0.902 0.905 0.908 0.911 0.914
x (m) x 10*
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12.61
(a)

mg Y
P = kx fo ma

\
s \'4

F=uN

N
FBD MAD

The FBD shown is valid only if v > 0 (block is moving to the right.) If v < 0
(block is moving to the left), the direction of the friction force F must be reversed.

2F,

SF, = ma — —kx — uN sign(v) = ma

0+1 N—mg=0 ~ N =mg

_ _k_ N _. __k_ .
La= EX ﬂﬁmgn(v)— o ug sign(v)

30 . :
= _1_6X —0.2(9.81) sign(v) = —18.75x — 1.962 sign(v) m/s?
(b) With the notation x; =x and x, = v, the equivalent first-order equations are

X =Xp, Xp, = —18.75x;— 1.962 sign(X»)

subject to the initial conditions x; =0, %, =6 m/satt=0.
The corresponding MATLAB program is:

function probleml2 61
[t,x] =ode45(ef, [0:0.02:1.2], [0 6]);
printSol (t, x) axes(’ fontsize’ , 14)
plot(x(:,1),x(:,2),  linewidth” ,1.5)
grid on
xlabel (" x (m)” ); ylabel(" v (m/s)’ )

function dxdt = f(t, x)

dxdt = [x(2)

~18. 75%x (1) ~1. 962%sign (x (2)) ] ;

end
end

The block stops twice during the period 0 < t < 1.2 s. Only the lines of output
that span the instant where v = 0 are shown below.
t x1 X2
3.4000e—001  1.2844e+000 1. 3160e-001
3.6000e—001  1.2822e+000  -3.5272e-001
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Linear interpolation:

3.6 — 3.4 t, — 3.4
= — t, —3.45 s

—0.35272 —0.13160 0 —0.13160

1. 0600e+000 —1.0745e+000 -2.1421e-001
1. 0800e+000 —1.0745e+000 2.0038e-001

Linear interpolation:

1.08 — 1.06 t, — 1.06
= t, = 1.070 s
0.20038 — (—0.21421) 0 —(0.21421)
©)

6

4

2

>

-2

-4

-6

-15 -1 -05 0 05 1 1/5

X (m)
12.62
@)
mg y
kx P(t) %x —_ | ma
N
FBD MAD
YF,=ma PQ kP () —kx =ma
Py= 27
35
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25t Nwhent <1s m-m
25 N whent= s

= (12.5t +12.5) + (12.5t- 12.5) sgn (1 — 1)
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(12.5t+12.5) + (12.5t— 125) sgn (1 —t) 25
2 v
= 6.25[(t+ 1) + (t — 1) sgn (1 — t)] — 12.5x m/s?

Soa =

(b) With the notation x; =x and X, = v, the equivalent first-order equations are
X1 =X, X, =6.25[(t+ 1)+ (t—1)sgn (1 —t)]— 12.5x,

subject to the initial conditions x; =x, = 0 att=0.
The corresponding MATLAB program is:

function probleml2 62
[t,x] = ode45(@f, (0:0.05:3), [0 0]);
printSol (t, x) axes(’ fontsize’ ,14)
plot(x(:,1),x(:,2),” linewidth” ,1.5)
grid on
xlabel (" x (m)” ); ylabel(" v (m/s)’ )
function dxdt = f(t, x)
dxdt = [x(2)
6. 25% (t+1 + (t-1)*sign(1-t)) - 12.5%x(1)];
end
end

Below are partial printoutsthat span Vp. and Xmax.
t x1 X2
8. 0000e—001 7.1290e—001 1. 9518e+000

9.0000e-001  9.1150e-001  2.0003e+000
1.0000e+000 1. 1087e+000  1.9205e+000

By inspection, V. = 2.00m/s

1. 3000e+000 1. 5271e+000 6. 0188e-001
1. 4000e+000 1. 5535e+000  —8.0559e-002
1. 5000e+000 1.5113e+000  -7.5304e-001

By inspection, Xmax = 1.554 m
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(©)

1.5

0.5

v (m/s)
o

-0.5

-1

-1.5
-2

0 0.5 1 1.5 2
X (m)

12.63
a=24.4—2.69v*° m/s’
With the notation x; = x and x, = v, the equivalent first-order equations are

Xy = X2 X, = 24.4 —2.69x%,

subject to the initial conditions x; =x, =0 att=0.
The corresponding MATLAB program is:

function probleml2 63
[t, x] =ode45(@f, [0:0.005:0.15], [0 0]);
printSol (t, x)
function dxdt = f(t, x)
dxdt = [x(2)
24.4 - 2.69%x(2) "1.5];

end
end

Only the 2 lines of output that span x = 0.0762 m are shown below.

t x1 X2
8. 0000e-002 7.3106e-002 1.7412e-000
8. 5000e-002 8. 2038e-002 1.8311e-000

Use linear interpolation to find v at x = 0.0762 m:
1.8311 — 1.7412 v— 17412

0.082038 —0.073106  0.0762 —0.073106
37
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12.64

x? X X 1 o V2
YT YT e T Tl YT T T e
6&
T i 2
N my5/61
FBD MAD
XFy, =ma N —mg = —mv—g
y =% 97 M
V2
Contact is lost when N =0: g = '6%
Vo= 61g= 61(9.81) =24.5m/s
12.65 X =6.1 coszlt m y =19.62(4—t’) m
X = —3.05zsin gt m/s y = —=39.24tm/s
T 2
X = —1.5257° cos St m/s? { = —39.24 m/s
_ . _178 ) _
Fy=mXx= 9.81 1.5257“ cos 2t = —27.31cos 2t N
17.8
ts) Fx (N) Fy (N)
0 —-1.34 =712
1 0 =712
2 134 —71.2
0
12.66 Vot Vof Vot Vr vt
(@) x =wvot—rsin R SV = X= Vo — RcosR aX:X=R2 sin R
0
Vot Vor Vot VAr ot
y:R—rcosR Vy:y=3§ sin R Soay == R? cosR
2

¢ 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.



A
a= 2+a2= "% =constant Q.E.D.
12.64 % vy R

0.556

mvar  9.81 20.8] (0.
(b) F=ma= —4§ - =68.79 N

R? 0.38?
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12.67

2t b 47t
= psin —— =- 1+ cos—
X Sin to y a to
_ 2nb 2rt b . 4xt
x = — -_— Vy = ——SIN—
to to t to
472h 2t 472h A7t
a = T &y = T
t3 t 3 t
AtpointB:x=0 ~t=0
_ 47 4A7%(12) 2
~ax=0 Say = - 2 - o —74.02 m/s
N y
- -F =
| |
| I
10.5(9.81) N 10.5(74.02) N
FBD MAD
XF, =ma, +1 —N —0.5(9.81) = —0.5(74.02)
N =32.11 N

SF,=0 5 F—02N=0
F =0.2N =0.2(32.11) = 6.42 N

12.68 b 3
1 . It .
x-z(sm4—+m——) .'.vx-ng(%cmiwslcon:;—m-)
) 4 h 4y Ay 4,
2 2 2
% bfn®  m 9" 3m
.'.axnx--;(—zsm4—t-+—ism-;t—)--x—';-(sinﬂ+9sin3—m)
16, My 16y 4/ 32E( 4y 4,
b nt 3t . b n m 3
y=§(cos;—oos4—) .-.vy=y=£(-4—sin—+—u-sin3—m)
0 Y o My 4y 4y
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Atpoint A: t= to

s ,_’ﬁ(,m’_‘+93i,,3_")-_"2‘2“°’<7071) 3.635 m/s’
S TP R
- =é(-cmf+9cos3—" WL DR :
Y p 4 ) e Al

a=5/af+ai=5.l4l m/s _

The FBD and MAD show only forces %\ ﬂ

ting i i \ !
acting in the plane of the motion. H g mae
ZF = ma: K mg = ma 8D AIAD
a 5141 (@sswuming cm-
L e pending Slreling)
12.69
y X
20°

g

From the acceleration diagram of a water droplet:

ay = —gsin20° = -9.815sin 20" = —3.355 m/s’
a, = —gc0s20" = —9.81¢c0s20" = —9.22m/s”

Initial conditions att = 0:

XxX=y=0
Vy = 6.71c0s30° = 5.811 m/s Vy =6.71sin30" = 3.355 m/s

Integrating and using initial conditions:

vy = —3.355t+ 5.811 m/s vy, = —9.22t+ 3.355 m/s
x = -1.678t> + 5.811tm  y = —4.61t>+ 3.355tm

Droplet lands when y = 0:

y= -4.61t>+ 3355t=0 t=0.7270s
R = X|t=0.7270s = —1.678(0.7270%) + 5.811(0.7270) = 3.33 m
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12.70
From Egs. (e) of Sample Problem 2.11:

X = (Vg cos &)t = (19.8cos557)t = 11.36tm

y = _%gtz + (VO sin e)t = —%tz + (198 sin 550)1:

= —4.905t?+ 16.218t m

At point B:
X =18.29 m 18.29=11.36t t=1.61s
h =ylz161 s = —4.905(1.61%) + 16.218(1.61) = 13.4 m
*12.71
From Sample Problem 12.12:
X = Clefct/m+ C2 y — Cge*ct/m _ m_gt + C4
_ C - _ L o—cm_ M4
Vy = _Clme ct/m Vy = _Cgme vm c
C 0.0365 _q mg 5.34
— = =0. —~ = _______ = 146.
m = 5347981 000705 c ~ 0oges  Ae3m/s
X = Cle*0.06705t + C2 y — Cse*0.06705t —146.3t + C4
vy = —C; 0.06705¢ 0-06705t
vy = —C3 0.06705e %%7%t —146.3

Vg sin @ = 21.34sin 65" = 19.34 m/s
Vg €0s @ = 21.34 cos65° = 9.02 m/s

Initial conditions att = 0:

x=0 ~C,=-C4

y=0 =Cy=-Cs

Vy =Vgcosé -~ —C4(0.06705) = 9.02 C,=-1345m

vy =Vpsind -~ —C3(0.06705) —146.3 = 19.34 C; =—2470 m
When x = 18.29 m:
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18.29 = —134.5¢ 007t 1 1345  t=12.180s
12.70 h = y|=p 150 = —2470e ©-06709)(2180) _ 146 3(2.180) + (2470) = 16.96 m
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12.72
{#
X
g

Acceleration
diagram

At t = 0 (initial conditions):
x=0 Vy = 200sin 30" = 100 m/s
y =1200m vy, = -200co0s30° = —173.21 m/s

Integrating acceleration and applying initial conditions:

a,= 0 a, = —9.81m/s’
Vy=100m/s vy, = —9.81t-173.21 m/s
= —4.905t? - 173.21t + 1200 m

X = 100tm y
When y = 0:
-4.905t° - 173.21t+1200=0 t=5.932s
X = 100(5.932) = 593.2 m
d = 1200tan30° —593.2 = 99.6 m
12.73

Egs. (d) and (e) of Sample Problem 12.11:
X = vptcos @ = 762t cos 4 ft
y = Votsin 6 — %gt2 = 762tsin § — 4.905¢ m

Setting x = R = 5280 ft and solving for t:
1600 2.1
1600 = 762t cos & t= 6205l coses

Setting y = 0, we get after dividing by t:

762sin@ —4.905t =0 762 sin @ — 4.905 A =
cos 6
2.1
sin #cos @ = 4.905 262 = 0.013518
1
5 sin 260 = 0.013518 sin 20 = 2(0.013518) = 0.027036
43
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1.
6 = Zsin 1(0.027036) = 0.775°
12.72 2
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12.74
From Egs. (e) of Sample Problem 12.11:

X = (Vo cos O)t y = —%gt2 + (Vo Sin O)t

(@)
113

1 .
y = —,(9.81)t* + (12.8in 28")t = —4.905t* + 6.009t

X =(12.8c0s28°)t =11.3 m st

Substituting for t:

X

2 X
y=—-4905 — - +6.009 —
11.3

11.3
= —0.03841x% + 0.5318x m

(b) Check if ball hits the ceiling.

3—))(/ = —0.07682x + 0.5318 = 0 X =6.92m

ymax = —0.03841(6.92)? + 0.5318(6.92) = 1.84 m

SiNce Ymax < 7.62 m the ball will not hit the ceiling.
Check if ball clears the net. When x =6.71 m:

y = —0.03841(6.71)* + 0.5318(6.71) = 1.84 m

Since y > 1.52 m the ball clears the net.
When x =12.8 m

y = —0.03841(12.8)> + 0.5318(12.8) = 0.512 m

Since y > 0, the ball lands behind the baseline.

12.75
From Eqgs. (e) of Sample Problem 12.11:

X = (Vo coS O)t y = —%gt2 + (Vo Sin H)t

y = —%(9.81)t2 + (Vo sin 70°)t = —4.905t? + 0.9397v,t m
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¢ 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.



vy =y = —9.81t+ 0.9397vy m/s
12.74
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When y = Ymax

v, =0  —981t+09397v,=0  t=0.0957% s
Ymax =823 M —4.905(0.09579v,)? + 0.9397v,(0.09579v,) = 8.23
0.045035% =8.23 Vo = 13.52 m/s

12.76
Equations (e) of Sample Problem 12.10:

X = (Vg cos Ot = (9.14cos60°)t = 4.57tm
y = —%gt2 + (Vo sinO)t = —21(9.81)t2 + (9.14sin 60°)t

= —4.905t>+ 7.92tm

Vy = X =4.57 m/s vy =y = —9.81t+ 7.92 m/s

At point B:

. I V. .
v is parallel to the inclined surface -~ —£ = tan30

Vx

—0.81t+7.92 . .
457 = tan 30 t=0.5379 s

x = 4.57(0.5379) = 2.458 m

y = —4.905(0.5379%) + 7.92(0.5379) = 2.841 m

h =(y —xtan 30%) cos30° = (2.841 — 2.458tan 30”) cos 30°
=123 m
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12.77
2F‘=mal: hd Oamax .'.ax=0 yl

L
ZF,=may: +T -F:my ‘l r mo’ 'E
F__aav ¢—-——-—n- ot
VA = e g — ]
y* "m 2md -_---.[.__-.l -__.__".’_"3-.4'4

Horizontal motion MAD

vo=[a,dt+C =0+C x=fvxdt+C2=C1t+C2

= Initial conditions: x =0, v_=v, whent=0. ~ C.=v. -~ C. =0 - x=v 1
seal e

. __q4vV qAV

v, Iaydt+C3_-——2mdl+C3 y-fvydl+C4-_4 -

2
t +C3H~C4

Initial conditions: y=0,v =Owhent=0. - C,=C,=0 . y=-3—

4md
When particle is at A:

x=L .'.vot=L .'.!=L/v
. _9av ) 4m( d\2
y==d .. —4md(IJV)=—d ..AV:T VOE) *
*12.78
3F =ma: * . ¢ myl\{"ﬁ e
x=ma: L -cv =ma ..ax=—;vx c- _’ ’_’x—
- : = = = . 4 c : M“
IF, ma: +T -mg oy A ecgm=y, | c,f’
(a) Vertical motion 77 MAD
o T SV - m (¢
bt F £ =Y o ‘-g+(clm)v_ -t-:lc{g+'-n-vy)+cl
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Initial condition: v_ = v_sina when t= 0. -. C =-5|n( - )
y 0 m

1= % 0
m_ 8+ (c/mv, sincx
=—In g
c g+(c/m)vy
AtpointA: v. =0 - t=—Iof1+-v sina) o
y ¢ mg 0
(b) Horizontal motion
dV c 1
& -ax=--;vIK '.Zdv =-;dt -—t=l|:|vx+C2

Atpoint A:v=v_=(v_cosa) 1+-c—v sina
X 0 mg 0

12.79
@
mg| v, i may

W) ﬁyx = é.max

FBD MAD

+ \
SF = may — _FDVX = max

D x 0.0005v2 vy

aX:—m y = - o1 y = —0.005vvy

= —0.005v, V2 +v2 m/s’
X y

2Fy =may +1 —|:.3\</—y—mg:may
Fo y 0.0005v2

ay=_mv_g—z_ 0.1
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—9.81 = —0.005vvy— 9.81

= —0.005v, V2 +v2—9.81 m/s’
X y
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(b) Letting x; =X, X, =Y, X3 = Vv and X, =V, the equivalent first-order equations
are
X1 = X3 Xo = X4

X4 = —0.005%4
X% + X? X2 +x2 —9.81
3 4 3 4

The initial conditions are

Xx1(0) =0 X2(0) =2 m/s
X3(0) = 30co0s50° = 19.284 m/s X4(0) = 30sin50° = 22.981 m/s

The following MATLAB program was used to integrate the equations:

function probleml2 79
[t,x] = ode45(ef, (0:0.05:2), [0 2 19.284 22.981]) ;
printSol (t, x)
function dxdt = f(t, x)
v = sqrt(x(3) "2 + x(4)"2);
dxdt = [x(3)
x (4)
-0. 005%x (3) *v
—0. 005%x (4) *v—=9. 81] ;

end
end

The two lines of output that span x =30 m are

t x1 X2 x3 x4
1. 7000e+000 2.9607e+001 2. 3944e+001 1.5990e+001 3. 6997e+000
1. 7500e+000 3. 0405e+001 2.4117e¢+001 1.5925e+001 3. 1952e+000

Linear interpolation for h:

30.405 — 29.607 30 — 29.
607

h=240m

24117 —23.944  h —23.944
Linear interpolation for v, and vy:

30.405 — 29.607 30 — 29.
607

15,925 —-15.990 v, —15.990
47
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Vy = 15.958 m/s


mailto:@f

30.405 — 29.607 _ 30 — 29.
607

3.1952 —3.6997 vy —3.6997

vy =3.451 m/s

N
~v= 15,9582+ 3.451%> = 16.33 m/s
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12.80
(@)

FBD MAD
+ X
2Fx=may — Fa = max
1 X 1 0.005 X 0.5x 2
X
a,= F = =05 = m/s
*“x d 001 d d B (@ +y?)32
XFy =may +1 F%:may
1 vy 1 0.005 vy 0.5y 2
a, = F = =05 m/s
" m d 001 d d

d3 = (X2 + y2)3/2
The initial conditions are:
x=03m y=04m v,=0 v=-2m/satt=0

(b) Letting x; =X, X, =Y, X3 = Vyand X, =V, the equivalent first-order equations

are
. . . O.5Xl . 0.5X2
=X X=X K=o XS ey
3/2 2 2
1+ X5) T 58/2

The MATLAB program for solving the equations is

function probleml2 80
[t,x] = ode45(ef, (0:0.005:0.25), [0.3 0.4 0 —2]);
printSol (t, x)
function dxdt = f(t, x)
d3 = (sqrt(x(1) "2 + x(2)°2)) 3;
dxdt = [x(3)
x(4)
0. 5*x (1) /d3
0. 5%x(2) /d3];
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end
end

The two output lines spanning y = 0 are shown below.
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t x1 X2 x3 x4
2.2000e-001 3.5879e-001 3. 0450e-003 6.5959e-001 -1.6667e+000
2.2500e-001 3.6213e-001 -5.2884e-003 6.7883e—001 -1.6668e+000

Linear interpolation for x at y = 0:

0.36213 — 0.35879 _ X= 0. X =0.360 m
35879

—0.0052884 —0.0030450 0 —0.0030450
Linear interpolation for v,:

v 0.67883 — 0.65959 v, — 0.65959
* ' —0.0052884 —0.0030450 ~ 0 — 0.0030450

vy = 0.6666 m/s

By inspection v, = —1.6667 m/s.

N
~v= 0.66662+ 1.66672 = 1.795 m/s

12.81

(a) The signs of a, and a, in the solution of Prob. 12.80 must be reversed.

_ 0.5x 2 _ 05!
ax = (X2 + y2)3/2 m/s & =~ (X2 + y2)3/2

m/s?

The initial conditions are the same as in Problem 12.80:

Xx=03m y=04m v=0 vy=-2m/satt=0.

(b) MATLAB program:

function probleml2 81
[t,x] = ode45(ef, (0:0.005:0.2),[0.3 0.4 0 —2]);
printSol (t, x)
function dxdt = f(t, x)
d3 = (sqrt(x(1) "2 + x(2)°2)) 3;
dxdt = [x(3)
x (4)
-0. 5%x (1) /d3
-0. 5%x (2) /d3];

end
end
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The two lines of output spanning y = 0 are:

t x1 X2 x3 x4
1.8000e—001 2.5952e-001 8.5117e-003 —6.3935e-001 —2.3329e+000
1.8500e-001 2.5623e-001 -3.1544e-003 -6.7692e-001 —2.3333e+000

Linear interpolation for x at y = 0:

0.25623 — 0.25952 _ x=0. X = 0.257 m
25952

—0.0031544 —0.0085117 0 —0.0085177
Linear interpolation for v,:

— 0.67692 — (—0.63935 — (—0.
( ) 2—39321 0 v, = —0.6668 m/s

=0.0031544 —0.0085117 0 —0.0085177

By inspection, v, = —2.3332 m/s.
v = 0.66682 + 2.33322 = 2.43 m/s

mg, vy y ny ma,
\Y
FD(VX/V) y = é‘max

S )
DFBDDVY

12.82

MAD
+ yl 15!5
SFx=may — -Fp y = may —CpV v = may
\/
. aX = - rnQVX Y/
o _ 0.0317 _ 05
m . (28.35/1000)(9.81) _ 0 11398(M s)
oy = —0.11398vy (V4 + v2)*% m/s’
Vy 15Yy
XFy =may +7 —FDy —mg =may —CpV y —mg = may
o V.

. 2
fay= vy V—g= ~0.11398v, (v +V,)  —9.81 m/s
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The initial conditions are:
x=0 y=18m v,=366m/s v,=0 att=0

(b) Letting x; =X, X, =Y, X3 = Vi and X, =V, the equivalent first-order equations are
X1 = X3 Xo = Xy
0.25
X3 = —0.11398x3 X% + X2

X4 = —0.11398x; X2+ x2 "% —
3 a4

9.81
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The MATLAB program is

function probleml2 82
[t,x] = ode45(@f, (0:0.02:0.7),[0 1.83 36.6 0]);
printSol (t, x)
function dxdt = f(t, x)
v25 = sqrt((sqrt(x(3) "2 + x(4) "2))):
dxdt = [x(3)
x (4)
—0. 11398%x (3) *v25
—0. 11398%*x (4) %v25-9. 81] ;

end
end

The two lines of output that span y = 0 are:

t x1 X2 x3 x4
6. 4000e-001 1.9185e+001 6. 3629e¢-002 2. 4534e+001 =5.2073e+000
6. 6000e—001 1.9673e+001 —4. 1879e-002 2. 4256e+001 —5. 3434e+000

Linear interpolation for x at y = 0:

19.673 — 19.185 R — 19.
= R =19.48 m
185
—0.041879 —0.063629 0 —0.063629
Linear interpolation for t aty = 0:

0.66 — 0.64 _ _t— 064 (= 0652 s

—0.041879 —0.063629 0 —0.063629
12.83 ?

a,= -10-05v, m/s° a, = -9.81- 0.5y, m/s

(a) Letting x; =X, X, =Y, X3 = Vxand x, =V, the equivalent first-order equations
are
X1 =Xz Xp=X4 Xz= -10 - O.5X3 X, = —9.81 - 0.5%,4

51

¢ 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.


mailto:@f

At t = 0 (initial conditions):
Xy =X, =0 X3 =30c0s40° =22.98 m/s x, =30sin40° = 19.284 m/s

MATLAB program:

52
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function probleml2 _83
[t,x] = ode45(@f, (0:0.05:3.5), [0 0 22.98 19.284]) ;
printSol (t, x) axes(’ fontsize’ , 14)
plot(x(:,1),x(:,2),” linewidth” ,1.5)
grid on
xlabel (" x (ft)’ ); ylabel (" y (ft)’ )

function dxdt = f(t, x)

dxdt = [x(3)
x (4)
~10-0. 5%x (3)
-9.81-0. 5%x (4) ];
end
end

Two lines of output that span y = 0:

t x1 X2 x3 x4
3.1000e+000 5. 7152e+000 4. 7141e-001 —1.0878e+001 —1.1363e+001
3. 1500e+000 5. 1656e+000 —1.0184e-001 -1.1103e+001 —1.1567e+001
Linear interpolation for x at y = 0:

5.1656 — 5.7152 b— 5.

= bh=5.26m
7152
—0.10184 —0.47141 0-—0.47141
Linear interpolation for taty =0
3.15 — 3.10 _ _t—3.10 t=314 ¢

—0.10184 —0.47141 0 —0.47141

(b)

15

10

y (ft)
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0 5 10 15 20
x (ft)
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12.84
(a)

Y| x mg may
Wy )‘é = é‘max
o, 0
" D MAD

Spring force is F = k(R —Lg), where R = x2 +y2,

>Fy = may 5 —F cos# = may
E (R= Lo x k Lo
aX:—mcosez— m R:_m 1—R X
_ 10 _0s5 _05 2
= 005 1 R x=-—40 1 X m/s
IFy, =ma, +1 —F sind —mg —ma,
E (R=Loy k Lo
ay:—m5|n0—g:— m R—g:—m 1—R y—g
0.5
=—40 1- " y-—981 m/s’

The initial conditions are:
Xx=05m y=-05m vy,=vy,=0 att=0

(b) Letting x; =X, X, =Y, X3 = Vyand X, =V, the equivalent first-order equations

are

X1 = X3 Xo = Xy

0.5 0.5

X3——40 1—— x4 X4s=-40 1—"_ X, —9.81

where R = X% + X2,
1 2
The MATLAB program is:
function probleml?2 84
- 53
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[t,x] = ode45(@f, (0:0.02:2),[0.5 -0.5 0 0]);

axes (” fontsize’ |, 14)
plot (x(:,1),x(:,2),  linewidth’ ,1.5)

grid on
xlabel (" x (m)’ ); ylabel(" y (m)” )
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function dxdt = f(t, x)
rr = 1-0.5/sqrt (x(1) "2 + x(2) "2);
dxdt = [x(3)

x (4)

—40%rr*x (1)

—40%rr¥x (2)-9. 81];

end
end

-0.4

-0.5

-0.6

-0.7

y (m)

-0.8

-0.9

-1

_1'1'0.5—0.4—0.3—0.2—0.1 0 01 02 03 04 05

X (m)

12.85

(a) The expressions for the accelerations in Prob. 12.84 are now valid only when
the spring is in tension. If the spring is not in tension, the spring force is zero.
Therefore, we have

—40 1-"5" X m/s> ifR>05m

a, = k
{ 0 ifR=<05m
05 2 .
_ —40 1- y—9.81lm/s° ifR>05m
a, = R
\ —9.81 m/s? ifR<05m

The initial conditions are:
x=y=056m vy,=v,=0 att=0
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(b) MATLAB program:

function probleml2 85
[t,x] = ode45(@f, (0:0.02:2),[0.5 0.5 0 0]);
axes (” fontsize, 14)
plot(x(:,1),x(:,2),” linewidth’ ,1.5)
grid on
xlabel (" x (m)’ ); ylabel(" y (m)” )
function dxdt = f(t, x)
rr = 1-0.5/sqrt (x(1) "2 + x(2) "2);
if rr < 0; rr = 0; end

dxdt = [x(3)
x(4)
—40%rr*x (1)
—40%r1r*x (2)-9. 817 ;
end
end
1
0.5
0
E
>—0.5
-1
-1.5
-0.4 -0.2 0 0.2 0.4 0.6
x (m)
12.86
@
a, = —apcosf+ a sinb ay = —apsind —ay cosd —g
Substitute

. V. v
sinf = \j’ cos @ = \;‘ ap = 0.05v2

a_ = 0.16wv = 0.16(10)v = 1.6v
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— 2 2
where v = v§ + vy,

\
m:-ﬂnwlf+1ﬁvj —0.05vvy+ 1.6v, ft/s’®

Vy X 2
ay = —0.05v2V —1.6v v 32.2 = =0.05vvy — 1.6v, —32.2 ft/s

The initial conditions att = 0 are:

x=y=0 v,=60c0s60” =30 ft/s v, =60sin60" =51.96 ft/s

(b) Letting x3 =X, X, =Y, X3 =V and X, =V, the equivalent first-order equations
are

X3 = —0.05vXx3+ 16X, X4 = —0.05vx,— 16x3 —32.2

MATLAB program:

function probleml2 86
[t,x] = ode45(@f, (0:0.02:1.2), [0 0 30 51.96]);
printSol (t, x) axes(’ fontsize’ ,14)
plot(x(:,1),x(:,2),” linewidth” ,1.5)
grid on
xlabel (" x (ft)’ ); ylabel (" y (ft)’ )
function dxdt = f(t, x)
v = sqrt(x(3) 2 + x(4)"2);
dxdt = [x(3)
x (4)
—0. 05%v*x (3) +1. 6%x (4)
-0. 05%v*x (4) —1. 6%x (3) -32. 2] ;

end
end

The two lines of output that span y = 0 are

t x1 X2 X3 x4
1. 0400e+000 1.9377et001 2.5868e—001 9.6888e-001 -2.2523e+001
1. 0600e+000 1.9388e+001 —1.9335e-001 2.3210e-001 -2.2675e+001

Linear interpolation for tat y = 0:

1
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06 — 1.04 t— 1,04

~0.19335 —0.25868 0 — 025868 - 1071
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Linear interpolation for x at y = 0:

19.388 — 19.377 _X= 19. X = 19.38 ft
377

—0.19335 —0.25868 0. —0.25868

(c)

10

y (ft)

x (ft)

12.87

a (m/s?)
0.915
18.3

150 170 190
0 20 L6 te)
0305 “12l19

-0.61

v (m/s)
18.29F —

1219 H————————— — — LN

0 122\t (s)

X (m)
o T iy A
2865} —————————————
2560

0 t(s)

d=2987m
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12.88

t(s)

t(s)

% 20 t(s)

dx

v = slope of x diagram  V|ys = VA 400 m/s
20s

a =slope of v diagram a = %) =20 m/s
12.89

It is sufficient to consider vertical motion only:

a=—g=-9.81m/s’
Initial conditions:

V]t=0 = Vo Sin60° = 0.8660vy m/s Y]|t=0 =0
a (m/s?)

00 t

-9.81t,

1 (s)

-9.81
v (m/s)
0.8660v,

0 t, t(s)
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End conditions (t; is the time when the ball is at its maximum height):

V|, =0 0.8660v, — 9.81t=0  t; = 0.08828v,
Vlet, =8023 m  0.4330(0.08828)v2=8.23  vo = 14.7 m/s
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12.90

a(m/s2) .
02 6 L t(s)
~14.64 —2.44(t-6)
—2.44
v (m/s)
26.82
29.26
19.51 =
117.04 128
0 6 =145t
x (m)
146.3 159.11
,,,,,,,,,,,,, ‘
|
|
% 5 14—t
From a and v diagrams —2.44(t; —6) = —19.51 t; =140s
From x diagram X[, = 159.11 m
12.91
Horizontal motion (ax=0)  Vertical motion (a, = —9.81m/s?)
a. (m/s?) ay (m/s?)
0 t
0 —t(s) 0 Lt (s)
0 _
osl 9.81t,
v, (m/s)
240 ™ vy (m/s)
1 0 5
0
0 1o 0 t(s)
! 1
9.81
—4905 - ____=
xmy = y (m)
1200 O0
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g, £ 0 0

5 t(s)

60
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End condition:

Xl¢=t, = 1200 m 240t; = 1200 t; =5.0s
h = —[area under v, diagram] = 21(49.05)(5) =122.6 m

12.92 Horizontal motion: a, = 0 Vertical motion: a, = —9.81m/$

ay (r\‘n/s?) ay (fT(\)/SZ) L0
% ' g O
-9.81
Vy (mM/s)
Vo vy (M/s
0 10v, y( 0 ) 10
10 t(s) 0 t(s)
0.5
-98.1
x (m) y (m)
10| -——--——---= 1610
09 10 t0) 0 io t©)
V A1 .
=< =tan20° %81 tan 20 Vo = 269.5 m/s
Vx t=10 Vo

R = X|t=10 = 10vy = 2695 m h = y|i=o = 490.5 m

/
M\x
g

Acceleration
diagram

12.93

a, = gsin22.6° = 9.81sin 22.6° = 3.77 m/s’
a, = —gc0s22.6" = -9.81 c0s22.6" = —9.057 m/s’

At t = 0 (initial conditions):

x=0 Vy = 79.2¢0522.6° = 73.12 m/s
y=0 vy =79.2sin22.6" = 30.44 m/s
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¢ 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.



ax (mfs)

3.77 ay (mls) tp,=3.361s
25.34 6.722
0 t 0 t(s
0 6722'® g 057, ©
= -30.44
-9.057
Vx (gg S% Wy (M/s)
73.12 ;mﬂ 30.441_ 115
0 e o ~] te
X () ~30.44
5769~ ——— y (m)
51,15~ > ‘

0 t(s) 0 t(s)
vw=0att=1t; ~ 30.44-9.057t,=0 .1, =3.361s
h=512m R =577m time of flight 6.72 s

12.94
a, (m/s) a, (m/s)
| - 0 t
% 16.091 ' T
-9.81
v, (M/s)
v, (M/s) 110
190.52 3066 | 110 - 931“%
% 16.001 ' © 0 Tt ()
x (m) 10 - 4,908 1o
30661 ,,,,,,,,,,, ‘ (110 - 4.9051)
t
% 16.001 ' © % g '©
End condition: y|,—,, = 500 m. ~ (110 — 4.905t,)t; = 500

The larger root is t; = 16.091 s
R = X|t=16.091 = 3066 m
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12.95

Maximum speed is reached when the
acceleration hecomes zero, i.e. att = 20 s.

(@) A, = %(2.68)(20) =26.8 m/s
VIZOS = VIO +A = 0+26.8 =26.8 m/s

(b) A, = %(26.8)(20) ~ 3573 m
X|205 = Xlo +A, =0+357.3=357.3m

12.96

Accelerate at the maximum rate (2.01 m/sz) u
is reached at time t;. Then maintain this sp
the maximum rate (1.68 m/s®) until the train
during this time must be 3200 m.

a(m/s¥
2.¢8
X
00 o ¢1s)
v(m/s)
268 """~

ntil maximum allowable speed (20.1 m/s)
eed until time t,. Finally, decelerate at
stops at time t3. The distance traveled

a(m/s?)
2.0l 5——
o 2.01t, b & t(s)
4 -1.68(t,-t
P (t-t)
v (m/s)
20.1
i, -
010052 D20 i
0 10 t, L+ 12
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From a and v diagrams:
2.01t;=201m/s -~ t;=10s
168(t3_ tz) =20.1m/s - tz:—t, =125
From v and x diagrams:

100.5 + 20.1(t, — 10) + 120.7 = 3200 -~ t, = 158.2 s
ty=t,+ 12 =158.2+ 12 =170.2 s

12.97
In order to compute the area A3 under the v-diagram, we must analyze the fictitious motion
between 16 s and Y (time when the slope of v-diagram becomes zero).

t, - 16 1
From similar triangles: — - 5 a(mis?)
0.75 1.75-0.75 o 16 £z
Sy =28s 0 T “"’fsv- é/s)
, =075 = A= ==z
Al=--(1.75+0.75)(16)=-20m/s
2 - 175
1
Az=-5(0.75)(28-16)=-4.5m/s vim/s)
v|1&=v|o+A1=vo-20m/s =20
= ‘ = A
Bu:vlm-o L Vg =20m)s ¢ 4l /6 - 20 40)
-5 - 7 o P
vL..,=le,_+A..=0-4.S=—42.5m/s o
A, =—(24.5X28) - (4.5X28) + — (12X4.5
J = QAR - W T aDAS
= 138.7 m (sce diagram below)
X165 = x|0 +A,=0+1387=1387m ¢ > -
o
" . e_
A, = \w‘] ~. =1 * v
F7] Z6
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12.98

30.4 ===

v=0when 40 —-9.6 —25-1.8t;=0 sty = 3.0s

After touchdown, the plane travels 203 m

12.99
a(sd) ———
12
0.6 0.6
% 0.1 0.2 0.3 04 10
v (m/s)
mf
| |
0.6/ —————- | |
| | i i
| |
O 01 0.2 0.3 04 L0

From the v diagram:

V]o4s = 1.2 m/s

X|o.4s= area under v diagram

=2 %(0.6)(0.1) +4(0.6)(0.1) = 0.28 m
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35.6

SFy=may i— P(t) —7.12 = NG
. a= 0276 P(t) —1.962 m/s®
® ¥ (356N
Consider only one cycle of acceleration. S g 1§
—X 356
A; = (0.276P, —1.962(0.2) "'=7/‘;f/ {nessen 9.8/
= 0.0552P, —0.3924 m/s —4“-; ' -
— - _ alm/s?)
A, = —(1.962)(0.3) = —0.589 m/s 0.27% 2,
/962 -
For the average speed to be constant, the A,
change of speed over the cycle must be zero. oty 0.2 i LA
2
AV = Al + A2 =0 B AL L 1 — :
- 0.0552P, — 0.3924 — 0,589 = 0 rw; )
0569 ___)

~Py=178 N

o
8

2
V|0_25 = Vlo + A; = 0 +0.589 = 0.589 m/s

: .

1 X(m) | |

As = 5(0.589)(0.5) =0.1473 m 0r#78 ek _ :

]

X|oss = X|o +As = 0 +0.1473 = 0.1473 m ; |

i 1
This is also the distance traveled during the %, 2% ‘,%J. ¢/s)

0.5 second cycle.
Ax _ 0.1473
Vaer — E - W = 0.295 m/s
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>Fx = may : :> P(t) —7.12 = %a
~a= 0276 P() —1.962 m/s’ / {’“2’«)
0.276(26.7) —1.962 _  5.407 m/s’ ) = =5 [ = .
—1.962 —1.962 m/s®  F=7/ZN NeZSEN 9.6/
£82 44D
A; = A; = (5.407)(0.2) = 1.081 m/s
2
A, = —1.962(0.3) = —0.6589 m/s a(m/s?)
Vg, =V, + A1 =061+1081=1691m/s 5407 ; o=
Vs =V g, + A2 =1.691—0.589 = 1.102 m/s 7 I MA a5 'm P
Vg7 =V g5 +As =1.102+1.081 = 2.183 m/s PP L) B

A, = %(0.61 +1.601)(0.2) = 0.23 m

As = %(1.691 +1.102)(0.3) = 0.419 m

As = %(1.102 +2.183)(0.2) = 0.329 m
X o0 =X, +As=0+023=023m

0.2
X o5s = X g5 T As =0.23+0.419=0.649 m
X 57s = X g5 ¥ As = 0.649+0.329 = 0.978 m
At t = 0.7s:
(a)v =2.18 m/s (a)x=0.98m
66
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12.102
a(m/s?)

0.38 0.10182 .= 0.5359
1.1
0 0 t (s)
—0.11282

—040 "~
v (m/s)
0.10182-——= 0.03638
h 1.0718
0 t(s)
—0.011-——9%3%9___NX
y (m)
0.07276
0.03638| — T T T _~ 1
0 t (s)
From similar triangles on the a-diagram:
Lo L osss0s
0.38 0.78 !
Vmax = 0.1018 m/s Ymax = 0.0728 m
12.103
a(m/s?)
18.3
833~ 14 t
0 t(s)
08L0 e e |
v (m/s) ' e
83.3
>3 506 [368.2
4 179.2
00 9111 14 20.04 16

t(s)

From similar triangles on a-diagram:

L _ 14
= po 18.3
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A1, =9.114s
18.3+ 9.81 !

12.102
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Let t, be the time when v = 0. Therefore,

50.3- 9.81(t,— 14) =0 - t,=20.04s
Vmax = 83.3 m/s Ymax = 1053 m occurring at t =20.0 s
12.104
v=2x3 —8x% +12x mm/s
a= v% = (2 —8x% + 12x)(6x*— 16x + 12)
alx=2 = (2(8) — 8(4) + 12(2))(6(4) — 16(2) + 12) = 32.0 mm/s”
12.105

a=At+B

Whent=0: a=0-~B=0
When t=6s:a=244m/s . 244=A(6) -~ A =0.407 m/s

~a=0407tm/s> v= adt+C =02032+C

When t=0: v=v, ~ C =y
When t=6 s:v =4.88 m/s

~ 0.203(36) + Vv = 4.88 vy = —2.43 m/s

12.106
Car A Car B
a =122 m/s a= -0.61m/s’
v=1.22tC; m/s v =0.61t+C; m/s
V|i=o=9.15m/s =~ C; =9.15m/s | V|i=0=18.3m/s . C3 =18.3 m/s
v =1.22t+9.15 m/s v = —0.61t+ 18.3 m/s
X = 0.61t°+ 9.15t+ C, m X = —0.305t?+ 18.3t+ C, m
X|g=o = =122 m . C, = =122 m Xlzzo=0~C4=0
X = 0.61t%+ 9.15t — 122 m X = —0.305t?+ 18.3tm

Car A overtakes car B when x5 = Xg:

0.61t%+ 9.15t — 122 = —0.305t%+ 18.3t
0.915t> —9.15t — 122 =0 t = 17.58s
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12.107
@
x = 0.0762t3 —0.229t + 0.102 m
AX = X|emz = Xi=o = [0.0762(8) — 0.229(2) + 0.102] —0.102 = 0.152 m
(b)

v = x = 0.229t> — 0.229 m/s ~v=0whent=10s
X|t=0 = 0102 m X|t=1 = _051 m X|t=2 = 0255 m

70;51 0, 0102 x (M)

- 0.255

d = 0.152 + 0.304 = 0.456 m

12.108 Fall of the
stone: 5
a=9.81m/s &~ v=0981t+C; m/s

.y =4.905t + C;t+ C, m
Whent=0:v=x=0 ~C;=C,=0
Let t; be the time of fall and h the depth of the well. . h = 4.905t?m
Travel of the sound:

Let t, be the time for sound to travel the distance h. - h = 341.5t,m

t1+t2:3 -'ot2:3_tl
4.905¢= 341.5t, 4.9058= 3415(3—t;) t;=2.88Ls

h = y|t=2.81s = 4.905(2.881)* = 40.7 m
12.109

a = 3.66t — 1.83t*m/s’
v= adt=1.83t>- 0.61t3+ C; m/s
x = vdt=0.61t3- 0.153t*+ C,;t+ C, m
Whent=0:x=v=0. ~C;=C,=0

s~ X = 0.61t3- 0.153t*m ~ v =1.83t>- 0.61t>m/s
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@
AX = X|i=5 — X|t=0 = [0.61(5)* —0.153(5)*] —0 = —19.38 m
(b) Whenv =0

1.83t2 —0.61t2= t=23.0s
X|t=0 = 0 X]t=3 = 0.61(3)® —0.153(3)* = 4.08 m X|=5 = —19.38 m

~19.38 0, 408 \im)

-«

d =2(4.08) +19.38 =275 m

12.110
av 1 o 1 _ 1 _
Fri cv V—Zdv— c dt v_ZdV_ ct+ C; i ct+ Cy
Initial condition :  V|=0=244m/s . =-C; = . -2.62t — 1
- TieeT Y7 RV 244
_ A S S _ 3
When v =122 m/s : a1 100 2.62t t=15643 %10 °s
1 1 _ 1
v =202 om V' Seas 104
dt 1 1
= — 4+ Co=—1 62t + — +
oot 17244 T 2T g 20Ar o + G
Initial condition : X[g=o=0 =~ 0= iIn L +C
' FOTE TR T 262 244 2
__ 1 1 -1
C, = 2.62In om 2.098 m
X = L In 2.62t+ L + 2.098
-~ 2.62 ' 244 '

When v =122 m/s t = 15643 % 102—3 s

1 2.62(1.5643 x 1073) +
Xx=—1In 20
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244 +2.098 = 0.264 m -
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12.111

v = 22.86e %%t m/s
X = 22.86e 005tdt = —457.2e7 90t + C'm

Initial condition : X|t=o =0 .« C =457.2ft
X =457.2(1 —e %% m

Setting v = 1.52 m/s and solving for t:

1.52 =22.86e %%t t=54215s
X|v=1.52 mss = 457.2 1 —e 005642D) = 497 m

%may
mg

FBD MAD

12.112

>F = may a, =0
$F, =ma, a, = —g= —9.81m/s’

Vy = axdt: Cl

Initial condition: vy|¢=g = Vg €0S50°
& C1 =vgcos50° = 0.6428v, vV, = 0.6428v,

X = vdt=0.6428v,t + C,
Initial condition: X|izo =0

~C,=0 X =0.6428v,t

v, = a,dt = —9.81t+ Cq

Initial condition: vy |=o = Vg sin 50°

= C3 = vp sin50” = 0.7660vq vy = —9.81t+ 0.7660vq
y = vdt = —4.905t°+ 0.7660v,t + C,
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Initial condition: y|i=zg =0
~Cy=0 y= —4.905t>+ 0.7660v,t

At point B:
X=18m - 0.6428vyt =18 Vot =28.0m
y=18m . —-4.905t>+ 0.7660(28.0) =18 t=0.8384s
280 _
12.113
. . £6.7/IN
TFy=0 +1N+Psin20" —66.71=0 ,L— £ 7 x (s5)w
SFx=ma - Pcos20° +o.2N%(g.15) X =2
' 02N
The solution is; N =47.52 N P =56.10 N £82 2242

12.114
F=(0-1t)x10°N

_F (50 —t) x 10® _ 2
+ta= —g= 1200 9.81 = 25.90 — 0.7143t m/s

v= adt=2590t—0.3571t> + C;

y= vdt=12.95t>- 0.11903t> + C;t+ C,

Initial conditions: y =v=0whent=0. ~ C, =C, =0.
Y]i=20 = 12.95(20)? — 0.11903(20)% = 4230 m

12.115
4x

ZF‘=ma‘ -1.6¢% =022 . as-——=-8%
d
a|==v—v S vdv=adx .'.fvdv=f-8e4"dx .'.lv2=-2c4'+C
dx 2
» . 1
Initial condition: v = 6 m/s when x =0 .-.§<6)2=-2+c . C = 20 (m/s)*
1
-v2=—2c4‘+20
2
|
Whenv=0: 0=-2¢"420 . =10 .'.x=nTm=O.S76m .
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12.116

i
(a) 2F =ma: +! mg-kv=ma .'.a=g—;v kv
k -_—
v=v“wbcna=0. .'.g—;v°=0 |
(10x9.81) iy vma
k=l = 1635 Na/m ¢ el MAD
vw 60 e—— - —————
dv k dv m k )
e g R - =dt | E=—V =14+ C
®a=3=8 0" " g-Gmw k"{ m
m
Initial condition: v =0 whent=0. .. =--k-lng
g m 1 m
- — _—.-—l '___‘_ln
R lng—(klm)v k nl—[k/(mg):lv k 1-viv_

=250s ¢

10 1
Whenv = : I= ln
Ve Sms = s 1 - (59/60)

12.117
From Egs. (d) and (e) of Sample Problem 12.11:

X = Votcosd = 8tcos30° = 6.928t
y = —%th + votsin g = —%(9.81)t2 + 8tsin 30" = —4.905t2 + 4t

At the landing point

y = —xtan 20° — 4.905t*+ 4t = -6.928t tan 20°
4.905t =6.522 t=1.3305s
9.214
X =6.928(1.330) =9.214m d= =9.81m
cos 20°
12.118
133N Y
l\ Fo_lf,%x —T-0.136a
T=~="50.0762

FBD Iy O  MAD

When\?( = 0.1524 m the elongation of the spring and the spring force are
0= 0.07622 + 0.15242 — 0.0762 = 0.0942 m F = ko =875(0.0942) = 82.425 N

_ 0.1524_ 0.1524 B
SF,=ma  groF = ()7.§36a 0.1704 (82:425) = 0.136a
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a = 542 m/s®
12.116
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12.119

x = b sin wt . X = bw cos wt . X = -bw’ sin wt
‘ 1 -« 1
y = b exp(-wt/2) .‘.y=-§bwexp(—un/2) .‘.y=zbw2cxp(-w!/2)
(a) Atpoint A x=0 Lwt=0
. . 1, »
nx=0 L y=—bw Las—-ba"T @
Y=4 =3
n

(b) Atpoint B x=b s

- 2 .- 1 2 2
nx=-be’ o y=2be’ exp(-n4) = 0.11398bw

5 bwzn\f 12 +0.11398% = 1.006 bw® 0 =650

- @=tan" 0.11398 = 6.50°

12.120
When x =152 m
SF, =0
+ 1 N —356 —89 — 0'229(89) =0 4
T 154 99 = 356N x
N =458.23 N 89N—>) _ o
XF,=ma 1524~ 356,
152 Lozze oz2N 9.6/
+ 1.52 356 89N> N
- +0. 23) = —
— —5;(89) +0.2(458.23) = —-a F8D MAD
-~ a=0.105 m/s® —
12.121

From Egs. (d) and (e) of Sample Problem 12.11:

X = votcosfy Yy = —%gt2 + votsin 6

(a) Let t =ty when the ball hits the fairway at y = =8 m, x = R.

1 _
. —8= —2—(9.81)t21+ 45t;5in40°  t;=6.162's
~ R =45(6.162) cos40° =212 m
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(b) At t=16.162s:

Vy = X = Vg C0sHy = 45c0s40° = 34.47 m/s
vy =y = —gt+ vpsin 6y, = —9.81(6.162) + 45sin 40° = —31.52 m/s

N
v= 34472+ 31.52?2 =46.7 m/s

12.122
k mg
(@) 2F =ma: +| mg-kx=ma na=g-—x ;\
a-g!v .'.deV:J'adx ae
5 1 ma
.'.lvzzgx-i-xz-rc kx X
2 2m 80 MAD

Initial condition: v=0whenx=0. .. C=0
Spring force is maximized when x is maximized, i.c. when v = 0.

k 2 ; _mg "
.'.gxm—i;xm=0 o B . "qu kxw-ngQ
K m
(b) v is maximized when a = 0. .'.g-;xzo .-.x:-rs
1, mg\ k /fmg\?2 ,m
e sgl—l-—l—|=¢g— =g\ mk ¢
"2 o “[k) Zm(k) B "B
76
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Introduction

In many cases, non-rectilinear motion is better described by non-
Cartesian coordinates.

Common non-Cartesian coordinates are path (normal-tangential)
coordinates and polar (R-6) coordinates.

The kinematics of each of these are significantly different from the
rectilinear kinematics.

The kinetics of these coordinate systems are not significantly
different v. rectilinear kinetics.
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Kinematics of Path (normal-
tangential) Coordinates

In many cases, non-rectilinear motion is better described by non-
Cartesian coordinates.

Common ones are path coordinates and polar coordinates.

The kinematics of each of these are significantly different from the
rectilinear kinematics.

The kinetics of these coordinate systems are not significantly
different.
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Normal-Tangential Geometry

- - The particle orbits a center of
curvature, C.

- The distance from C to the
particle is the radius of
curvature, p.

- plisthe path curvature.

- Adistance of ds is traced out by

0 2 movement of p by d@ during dt.
- S$=pb
~ . CENGAGE © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
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n-t Geometry (Cont.)

- Base vectors e, and e, — the unit
—sL tangent and unit normal
: - g is tangent to the path
- e, Is normal to the path and
points toward C.

- e,and e, change

Instantaneously with the

movement of the particle.

e dr
® —_— —
t ds
~ _ CENGAGE © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
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Derivatives of Base Vectors

- e, and e, change with time, so their
derivatives are nonzero.
- @ =0e
- & =—0Oe

= CENGAGE © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
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Velocity (n-t)

- Velocity is always tangent to the path.

. = ve
- Velocity is equal to a magnitude (v) and a direction
(the unit tangent).

- The magnitude of v Is the speed (3).
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Acceleration (n-t)

Acceleration is composed of both a normal
and tangential component:

- a=aqae;+a,e,
Tangential acceleration (a,) Is caused by a
change Iin speed.

Normal acceleration (a,) Is caused by a
change in direction of the particle velocity.
This is also called centripetal acceleration.
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Circular Path Motion (n-t)

If the path is a circle of radius R, equations

simplify:
- v=R6

- a =—=R0

- a =v=R0
6 is called the angular velocity
6 is called the angular rotation
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(a) Velocity (c) Acceleration for decreasing speed

(b) Acceleration for increasing speed (d) Acceleration for constant speed

CENGAGE © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
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Space Motion (n-t)

An osculating plane is formed by the unit
tangent and unit, or principal, normal vectors.

A third vector, the binormal, is perpendicular
to these two.

Path (normal-tangential) coordinates are
complex and not common for 3D motion.
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Polar Geometry

- A particle position is
specified by (R, 6).
- Distance from the origin
and angle from x-axis

- Base vectors are e; and
.

x - Also change with time,
like e, and e,
- © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
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Derivatives of Base Vectors

« e and ey change with time, so their
derivatives are nonzero.
- @& =0e
- & =—be

8
g 8
0 d X 0 * X
= CENGAGE © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
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Polar Velocity

- Velocity vector v is composed of radial and
transverse components.

e V= Vr€p ~+ Vg€pg

- v =R

- v =R6
s~  CENGAGE © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
L

- Learning' accessible website, in whole or in part. 14



CENGAGE

Learning

Polar Acceleration

Acceleration vector a is composed of radial
and transverse components:

d = dr€p ~+ CLQEQ
- a =R-—R6
- a =RO+2R0

6 is the angular acceleration.
If R is constant, a = —RO%e, + Rfeg
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Space Motion

In three-dimensions, polar coordinates
become cylindrical coordinates.

A third base vector is e,, the axial coordinate.
e, =K

3D equations for position, velocity and
acceleration are their 2D equations with the
ze,, ze,, ze, terms added.
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Force-Mass-Acceleration Method

- Step 1: Draw the FBD.

- Step 2: Determine the acceleration of the
particle.

- Step 3: Draw the MAD (acceleration found In
step 2).
- Step 4: Set the sum of the forces from the

FBD equal to the mass-acceleration from the
MAD. Solve for the unknown.

~  CENGAGE © 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly
"~ Learning accessible website, in whole or in part. 17



e ———

Kinematics of FMA Method

« For path (n-t) coordinates, ) F; = ma; and
Y. E, =ma,.

- For cylindrical coordinates, ), Fr = mag,
Y. Fg = mag and ), E, = ma,.

- Steps 3 and 4 of the FMA method are the
same as for before.
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