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Chapter 12

12.1

y=—0.16t" + 4.9t + 0.14t> m
v =17 = —0.64t> + 14.7t* + 0.28t m/s
a=10=—1.92t> +29.4t + 0.28 m/s”

At maximum velocity (a = 0):

—1.92t> +29.4¢t + 0.28 = 0 t=15.322¢

Vmax = —0.64(15.322%) 4 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 V%
=t () () e
A 1 2 2V0
At the end of flight x = 0. —égt +vot=0 .t=— 4
g
(26.8)? 2(26.8)
" Xmax = ————~ = 36.6 St= = 5.46
(e) ~.x 2(9.81) m ¢ 9.81 5 ¢
12.3
r=6(1—¢"*)m
1
v=10=06 <§et/2) =3¢ m/s
1
a=1v=-3 <§et/2> = —1.5¢7? m/s
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(a) Tmax =6m at t =00 <«

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

v=23(0.5)=15m/s <« a=—15(05) = —0.75 m/s’* <

12.4
r=1t"—6t°— 32t m
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—t2—ﬁm v—j:—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 Iﬂ/S <
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12.6

(@) x= vo(t—to+toe'mo) R =x=v0(1 —c'm°) *
Since v » voast -> o, voisthelimiﬁngorm:_l_lql_@g.
\/ Vo—V
(b)a=v=;;-’e"/‘° ¢  But from part (a): vo-v=v0e""° sa=s oto *
12.7
r=3t>—12tm v=3=06t—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 <«
—12
rm_o 40 m
2.0s 6.16 s
12.8
r =4t — 2 mm
2? 16tT — 1662 + 4 Att — 42 + 1
y = — = == mim
12 12 3
When ¢t = 2 s:
v, =% =8 = 8(2) = 16 mm/s
16t3 — 8t 16(2)% — 8(2
vy =7 = = 2) <):37.33mm/s

3 3
v =4 /vi+v2=V16? +37.332 = 40.6 mm/s <

ay =0, = 8 mm/s2

4812 — 8 48(2)% -8
3 3

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

a, =, = = 61.33 mm/s’
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12.9
. . . 1.2
(a)x=R(1+-12-coswt) .‘.v=x=—%Ru)smo)t . .-.a=v=—2Ru) cos wt ¢

_1 =1Rw?
(b) Ivlmu-sz Ialmx ZRw

.. Doubling w would double IvImax and quadruple lalm.

12.10
y=>50—2ts vy =7y =—2m/s ay = Uy =
6 3 6
y 50 —2t (25 — 1) (25 —t)
Att=20s:
3 . .
vx:mzo,u m/s v, = —2m/s v=012i—2j m/s «
6
= o5 a0f 0.048 m/s*  a,=0 a=0.048i m/s° <
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.

0= rli)rgo[?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—-2m v, =& = —4t m/s agE:i)gE:—Zlm/s2
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’ <«
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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=—9.82j m/s* «
(b) V=0 =58+ 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
XP’; dx

y:

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

/1+ dy/dx \/1+ 17/500 \/5002+x2

When z = 100 m:

oy = —200) 5 ge m/s
V5002 + 1002

100(6)

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

= 1.1767 m/s

9
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_dvgdx du, 500xvg

A AT 0 )
_dyydy dv, 5007w

TN T drdt T A T (500 4 22

When x = 100 m:
00(100)(6
500(100)( )3/2 5.883) = —0.013 31 m/s”
(5002 + 1002)

500%(6
ay = (6) 77 (5.883) = 0.0666 m /s’
(5002 4 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;:=-aw2couot=~w2x
vy-jr:-bwcocwt ay-}:-bwzsinmm-wzy

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

12.16
V-
A wt-g

x = R cos wt +Rwt sin wt y = R sin wt - Rwt cos wt

V= x = -Rw sin ot + Rw siowt +Rw’t coswt = sztcoswt
vy=)'v=Rmcoum—Ro)cosun+sztsinwt=Rw2tsinwt
v-vxl+vyj=Rw2t(lcosun+jsinwt) - v=Rokt ¢
— —

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

= AB(i sin wt - j cos wt)

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

10
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12.17

(a) x = R(wt - sinwt) .. v, = x = Rax(1 - cos wt)

y=R( -coswt) .. vy='y=Rwsinwt

wt
vE= vf w’yz = Rzu)z[(l - cos wt)? + sinzu)t] = 2R%0%(1 - cos wt) = 4R%w? sin” 5
.t
. v=2Rw sin 7 y

But BC = 2R sin %‘ - v=wBC - QED.
> X

B “
. 2 . .. 2
()a =x=Rw"sinwt a =y=Ro"coswt \
.'.a=axi+ayj=(Rm2sinu)t)i+(Rm2coswt)j

1 i
B—G) = (R sin wt)i + (R cos wt)j = —8 o BG and a are parallel .. Q.E.D.
[

12.18
h
x =R cos wt y = Rsin ot z=-—t
2n
. . . . . hw
s vx=x=-Rwsmmt vy-y=choswt vl-z=_2n
2 2
hw hw
v2 =v2+ viavi= R2w2 sinzwt + R2w2 coszwt +|—1| = (R(x))2 +|—
Xy z 2% 2n
v=Roy/14+ [h/(ZnR)]z = constant .. QE.D.
ax=;r=—Rw2coswt ay=§r=-Rw2sinmt az='i=0
a2 = a: + a§ + a: = Rzu)4 (coszwt + sinzwt) = Rzm4 s.a= Rw? = constant .. Q.E.D.

Using the given data:

0.75
2(1.2)

2
v=(12)4mA [ 1+ [ ] =1515m/s ¢ a=(1.2)4%)% = 189.5 m/s*> ¢
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12.19

12.20

(a)

(b)

- w4
X = 0.8vot y= 0.6v0t z= -0.04vot
. _ . _ - . _ _ . = 2
SV =X= 0.8vO vy =y= 0.6v0 v,=2 —0.08v0t
. _ . = _ .. - = . 2
S8 =X 0 ay-y—O a, z=--0.08v0
(@) AtpointB: x=4in .. 4= 0.8v0t St 5/V0 SV, = —0.4v0

v-;‘/v +v +v -vd\/ 0.82+0.62+0.42=1.0770v00

a= Iazl = 0.08vo *
(b) Let 0 be the angle between the path and the z-axis at point B.

4v
S.cos=—=—-=-03714 . 0=1118°

.. The angle between the path and the x-y plane is: 0 - 90°=21.8° ¢

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

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

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

and the corresponding unit vector is

48i + 36j + 50k
/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.
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12.21 R
x =R cos wt y =R sin wt z=;sin2wt

.V, = x = -Ro sin wt vy=)'r=Ru)coswt v, =z = Rw cos 2wt

v=»\/v +v +vV -Rw:\/eoswt+sm2wt+c0322wt=kmq/1+ 22wt

2Rw ¢

mu
a =§=—Rm2coum a =y=-R 2 i
. y y ®” sin wt

a=4/a:+a§+a:=sz:\/coszwt+sin2wt+4sin7‘2wt=R(ozq/1 + 4 sinZ2at

. - 2
A= SR ¢

12.22 (a) From geometry: x = 2b cos® B
S v=x=-2b0sing » ¢ b | b
oma
|
=

() ..a=v=-260sin0+6%cosB) > ¢ | x

a = z = —2Rw? sin 2t

12.23
(a) Geometry: y =b tan® .'.v=§=bésw201 .
M) .a=v= b{B sec’® + 20 secO(sech tanf G)]
= b sec?8(B + 20° tanB) T ¢
12.24 .
x = Rcosf v, =& = (—Rsinf)0
y = Rsinf v, =9 = (Rcos0)f
- ‘e Y0
vy, = v yields 0 RCOb 7
= (—Rsinb) Rcos@ = —vp tand
Vo Ug
sec® )

=0, = (— 20V0 = (— 2p
ay = Uy = (—vgsec’ 0) (—vo sec” 0) Feosd - R
With R =6 m, vg = 2.5 m/s and § = 60° we get

vy, =2.5m/s Uy = —2.5tan60° = —4.330 m/s
=—4.33i4+25j m/s <

2. 52 o 2
a,=0 a,= e sec? 60° = —8.333 m/s
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+ 10cos O + 5cos 20 mm

= 125.66 rad/s

V=7 = %0 = (—10sinf — 10sin 26)(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) <

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

b 1000
tanBA—tanBB tan 30° - tan 22

Sy

(b) Differentiate Eq. (a):
. . 2 . . .
x=y0, sec’®, +y tanB, = yb sec’8y +y tanb, (®)
: 2 ; 2
GAsec 0, -0;sec (¢}
tanB, - tanfy

LY==y

2 2 30
0.026)sec? 30° - (0.032)sec” 22
- =85.11
G770 tan 30° - tan 22° s

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

V= \/ ayl= \/549.22 +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 =4t m/s a=10=4m/s
YF=ma +17 T —mg=ma
T =m(g+a) =50(9.81 +4) = 691 N <«

14
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12.28

F:,ukN‘ 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
ZFQC:ma i) —ukN:ma a:_ﬂk_:_,ukg
m
v:/a dt = — gt + Cy
1
Ir = /U dt = —§Mk9t2 +Clt+02

When ¢t = 0 (initial conditions):

1
L= —E,ukth + vt v = —p,gt + vy

When v = 0:
Vo
— gt + g Sot=—
Mg
1 Vo )2 ( Vo > vg
r=—smg|—) +w(—)=
2" <ng ! K9 21,9
27.782
= ——— =60.5 <
2(0.65)(9.81) o
12.29

mg5° yL
X
F =N - %ma

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
m

+ ¢gsin5° = (sin5° — i, cos 5°)g
= (sin5° — 0.65 c0s 5°)9.81 = —5.497 m /s’
v = /a dt = —5.497t + C4

Xr = /’U dt = —2.749t2 + C1t + CQ

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 o —12t

4=—=—"=—12t m/s’
m 0.1

v= [ a,dt = —6t>+C; m/s

x:/vzdt:—2t3+C’1t+C’2m

When ¢ = 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

16
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Distance traveled:

d = 2(139.35) — 128 = 150.7 m <

0 139.35
> , x (m)
128

12.31

_F_0.06y0 _ :
“m T ooz oVem/s

m

dv dv dv
dt=—=—— = C
a 50 /5\[ 5er !
Given v = 0.25 m/s when ¢t = 0.8 s:

2
:5M+C’1 01:0.68

2
= g\/5+0.6 S
= (2.5t — 1.5)> = 6.25t> — 7.5t +2.25 m /s
6.25 , 7.5
x:/v dt = Tt?’ 5 ——1% 4+ 2.25t + Cy

Initial condition: z = 0 when ¢t = 0 S Cy=0
6.25 7.5
Tlimr0s = 2 2 (1.2)° — - (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
x—/ dv—m/ 2dv+C———ln(T—01)2)+C’
— v

Initial condition: v =0 at x = 0:
0= ——I(T)+C C=—"In(T)
2c 2

m m m

r= T )+ D) = m -

o 2¢ a( cv)+20n() 2cn(T—cv2)
17
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Solve for v:

T 2c 2c
S — — — 2= _ ==
(T ch) exp (mx) ['— cv ['exp ( :1:)

(2] ()]

Terminal velocity:

T
Voo = lim v(z) =1/ — <
T—00 C
12.33
F o 4t -4
a:—:—:t—lm/82
m
1
1 1
= dt = —t* — —t* + Cit + C.
/v 6 5 + C1t + Co

When t = 0 (initial condition):
y=0 . .Cy=0 v=-8m/s ..C;=-8m/s
1 1 1
Sy = 6t3—§t2—8tm v = 5152—15—81@[1/3

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

18
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12.34

ZFy=may: +T TcosB-mg=0 HNepr
2Fx=max: % TsinO=ma _—x = G_/'z'a
a ”3
The solution is: 0 = tan™ = ¢ F82 MAD
4
12.35
Assume impending climbing (NB =0).
}:Fy=may: +1 NAcose-mg=0
ZFx=max: e N, 5in6 = ma
The solution is: a = gtanf ¢ MAD
12.36
Y
mg
200" T @’ "
v/ Fi=04N,
‘A FBD 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

19
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1
Initial condition: v = vy when y = h. ... C' = 51}3 + gh

(v* —vg) = g(h —y)

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

N —

12.38
F ma
—_— e ) = [=>—>»
FBD MAD
F F F
F=ma o= =0ca/ vdv = =2 /bdy
m m m
1712 = @ e /b dy = —F—Obe*’”/b +C
2 m m
Fyb
Initial condition : v=0at x =0 O = FO
gt =y (=)
2Fyb
v = 0 (1 —e—=/t)
m
2(7010 N)(2)
— 1 — ¢—055/0.61) — 1346 <
Vle=0.55 m \/ 0.0275/9.81 (1—e ) m/s
12.39
20°
80N 26.7 t
80,
= g
Y X
FBD\N MAD
Y F, 26.7t — 80 sin 20° 80 a
=m Tt — in = —
vz ma i 9.81

9.81
0= 55 (267t — 80sin 20°) = 3.274¢ — 3.355 m/s?

v= /a dt = 1.637t* — 3.355t + C; m/s

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

20
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Initial conditions: x =v=0at t =0 S Ci=0Cy=0

(a) When v = 0:
v=1637t"—3355t=0 t=2049 s
z = 0.5457 (2.049%) — 1.678(2.049%) = —2.35 m <
(b) When x = 0:
r = 05457t —1.678 =0  t=3.075s
v =1.637(3.075%) — 3.355(3.075) = 5.16 m <«
12.40
X
/ ma
(;A\ P=356-89 @/
FBD {,, 0V = MAD
4 3
YF,=ma+ / gP—gmg:ma

AP 3  4356-89t 3
= — — 2(9.81) = 6.70 — 3.146t m /s’

“T5m 577 5222/981 5

v = /a dt = 6.70t — 1.573t> + C}

T = /v dt = 3.35t> — 0.7865¢" + C1t + Cs
Initial conditions: v = —3.05 m/s,z = 0att =0. .. C; = -3.05m/s Cy =0
When z = 0:

3.35t2 — 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
(mA+mB)g
2 Lt
X G B - (mA+mB)a
Nz FBD MAD
21
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YF,=ma+\, (ma+mpg)gsint = (ma+mg)a
a = gsinf

Assume impending slipping between A and B.

LA = T
X F:,USM ma

Ny FBD MAD

YE,=ma+\, (mag+ Na)sin® + pu,Nacost =magsinb
iy =tanf <«

12.42

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

O
201576 N

o A

=F, = 0.3N,
I,

FBD MAD

YF, =0 N4 cos20° — 0.3N 4 sin 20° — 267 cos 20° = 0

Ny =299.73 N
: o o . o 267
YF, =ma, N4 sin 20° + 0.3N 4 cos 20° — 267 sin 20° = ﬁa
267
299.73(sin 20° + 0.3 cos 20°) — 267 sin 20° = 0.81°

a=352m/s <

22
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(b) Assume impending sliding of crate to the right.

Yo
200567 N
b *
F= 03N~
NA
FBD MAD

YF, =0 Ny cos 20° + 0.3N 4 sin 20° — 267 cos 20° = 0

Ny =240.72 N
5 0 oo 267
YF, =ma, N4sin20° — 0.3N 4 cos 20° — 267 sin 20° = —ﬁa
. . 27
240.72 (sin 20° — 0.3 cos 20°) — 267 sin 20° = Tk

a=282m/s° <«

12.43

LT I R

FBD MAD

YF, =0 N —mg=20 N =mg
YF,=0 —0.2N =ma —0.2mg = ma
a=—02g =—1.962 m/s’

1
vdv=adzs §v2 = —1.962/da; = —1.962z 4+ C
e e 1 2 2 /42
Initial condition: v|,_, =6 m/s 5(6 )=C C' =18 m*/s

1
o §u2 = —1.962z + 18
v=0when — 1.9622 +18 =0 r=917Tm <«
23
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12.44

FBD MAD

YE,=0 +1 N-W=0 N=W =13.35kN
YF,=0 + — F — N =ma
F— N  4.45¢792 —(.05(13.35)
T m 13.35/9.81
= 3.27¢7%% — 0.4905 m /s>

a

v = / adt = / (3.27¢7 %" — 0.4905)dt
= —16.35¢ %" — 0.4905t + C m/s

Initial condition: v =0 when t = 0. .-, C'= 16.35 m/s
v =16.35(1 — e *%) — 0.4905¢ m/s
Maximum velocity occurs at ¢t = 4 s (end of powered travel)

Umax = 16.35 [1 — e 2W] —0.4905(4) = 7.04 m/s <

12.45

FBD MAD

YF,=0 mgcos30° — N =0 N = mg cos 30°
YF, =ma mgsin 30° — p, N — kx = ma
k
a = g (sin30° — p; cos30°) — —x
m

25
a = 9.81(sin 30° — 0.3 cos 30°) — 2E% = 2.356 — 10z m/s”

24
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1
vdv=adz 51)2 = /(2.356 — 10z)dz

1
§v2 = 2.356x — bz? + C

Initial condition: v|,_, =0 C=0
v = 0 when 2.356x — 522 = 0 S x=0471m =
12.46

0 ma

| @/P | 1 |

(-

| y [

mgy \UN Lx
FBD MAD
SE =0 5 Psind0°—~N =0 . N = Psind0°

YF, =ma, + 1 P cos40° — mg — pu(Psin40°) = ma

P
a = —/(cos40° — usind0°) — g
m
When motion impends: a =0 and p = pu, = 0.5
P [¢] : o
0= g(cos 40° — 0.5sin40°) — 9.81 P =110.31 N

When collar begins to slide: P =110.31 N and p = p;, = 0.4

110.31
0= —"(cos 40° — 0.45in40°) — 9.81 = 1.418 m/s’ <

12.47
)
YFy=ma,: + | mg—Fp=ma K} - %
. a=g—Fp/m=g—(c/m)v* l 1& mol
where ¢ = 0.209 - £E2 AL

mg [ 600
When a = 0: v = v 1/C 0,200 53.58 m/s ¢
25
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12.48

12.49

Téx
ZFx=max: +]/ mg-kx=ma I—
a=g-—x x l B '
‘m, {’”"
But a=g!=912=9!v Mad
dt dxdt dx £8s, 24D

k 1, k »
= ={lg-—x|dx . -v'sgx-—x"+C
vdv=adx (g - ) zv gx 2mx

k
Initial condition: v=0whenx=0 ... C=0 .. V= 2gx - . x*

When x = 0.3 m: v* = 2(9.81X0.3) - -?% 0.3)2=1.8860 (m/s)®> . v=1373m/s ¢

ZFx=max: +l mg-kx=ma Téx
- 13
La=g-—x —
- o - l
But a i’!_‘_’!j‘l_f‘lv im brm
dt dxdt dx 4
FBD MAD
vdv=adx=(g—-— )dx
.'.-l-vzsgx--}—x2+c=9.81x— x> +C=981x-22.22x* +C
2 2m 2(1.8)

Initial condition: v=0whenx=0.3m .. 0=9.81(0.3) - 22.22(0.3)> + C

1
- C=-09432 (m/s)® .. 5 v2 = 9.81x - 22.22x% - 0.9432

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

9814 9817 - 42222X0.9432) 981 5 3.522
x= 2(22.22) T 4444
The smaller rootis x=0.14149m .. h=03-x=0.3-0.14149=0.1585m ¢

26
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12.50

1000
vp =10 km/h = 1050 = 2.778 m/s

|mg x<—‘

OO, 00 OO0 OO0
lﬁBi)TJV' MAD
k
YF, =ma, — kx = ma a=——x
m
d
a:—vv vdv=adx vdv=——xdx
dx m
Ly ko,
5'1) = 2mx + C
Initial condition: v = vy when z = 0. -Gy =10
k
v? =i — —a?
m
Stopping condition: v = 0 when z = 0.5 m:
k
2778 — ————(0.5) =0 k=556 x10° N/m <«

18 x 103

12.51

YF=ma: +17 —F =ma

“.a=—F/m = —g(Ro/R)? = /N
Buta_ & dvdR_dv ' !
AT TAR At dr” MAD

1
vdv=adR=—g(Re/R) dR . v = gR3/R+C

27
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1
Initial condition: v =vowhen R=Ry, .. C= —gR, ... v? =vi—2gR,(1—Ro/R)
M (R - Rlmax) : V% - 2gR0(1 - RO/Rmax) =0

Ro 6340
o Rpax = = = 6460.3 k
V2 15247 o
2gR, 2(9.81)(6340 x 1000)
2 himax = Rimax — Ro = 6460.3 — 6340 = 120.3 km ¢
12.52
F me
ZF=ma: +T F=ma _‘F
F Vq 2, 212 — |
CENatye] |y =
bt 4 v _dvdy v —R1
dt dydt dy L£&» MAD
Vq 2, 212 12 Vg 2, .21
sovdv=ady=-—— - . o —— - 2
vdv=ady mR[l y(R+y2) :ldy ..zv mR[y (R+y2) ]+C
Initial condition: v =0 wheny =0 .-.C=Yﬂ V= %[y+R ®R +y2)1’2]
m
2Vq Vq Vq
Wh = N: 2=—- - = —_— * = _—
eny=R: v=—2@ ﬁ)k 76— v 1.082/\/ — o
*12.53
YF = ma —T —cpv® = ma
dv 1 mu
= 1)— = —— T 2 — d - d
TV m( epv’) T + cpv? v
mu m T+ cpv?
— d 1 C
. /T+0D1)2 2¢cp cp *
T 2
Initial condition: v = vy when z = 0. . C' = m In + Dl
2CD CpD
ST = In
2cp T 4+ cpv?
11120
M=5el = 1133.54 kg vy = 40.2 m/s
When v = 0:
2 1133.54 = 2002 .287(40.2)?
. mlnT—l—cDUO: 33.5 n 002 4 0.287(40.2) 15 m <
2cp T 2(0.287) 2002
28
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*12.54

22.2

YF, =ma+ )/ 22.2sin30° — 35.6 cos ) = ma
81 '
cLa= 22—2(22.2 sin 30° — 35.6 cos A) = 4.905 — 15.73 cos f m /s’
' p x x
cosf = =
Va2 +1.222 /22 +1.488
dv 15.73z 15.73x
a=v—=4905 - ———— vdr= {4905 - —— | dx
dx Va2 4+ 1.488 ( Va2 + 1.488)
1
§v2 = 4.905z — 15.73V 2 + 1.488 + C
Initial condition v = 0 when x = 0. ... C = 15.73(1.22) = 19.19 (m/s)> When
a = 0(v = Vpax)
15.73x
4.905 — ——==10 S.ox=0401m <«
Va2 +1.488

1
§u3nax = 4.905(0.401) — 15.731/(0.401)2 + 1.488 + 19.19
= 0.959(m/s)*

Umax = /2(10.241) = 1.39 m/s <
*12.55

YSF=ma+ | mg — cpv = ma
dv Cq dv

=gy ="
a7 m" g — (ca/m)v

L {—w] +C0=-"m (—@+v> +C

N ca/m ca/m Cp Cp

a

t =

Initial condition: v =0 when t =0. .. C = m In <—@)
Cp Cp
St= Ty —mg/cD
cp  mg/cqg—v
29
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m
When v = vy, (terminal velocity), a = 0. vy = J

o
When v = 0.9v,, = 0.9@:
Cd
m 1 m m
t=—1In =—Inl10=230— <«
Cq 1-0.9 Cp Cq
W 12.56
7 v 9
a=-7 + T m/s
Letting x1 = x, x5 = v, the equivalent first-order equations and initial conditions are
b=z dp= it 2
1= T2 2 = 16

21(0) =0 22(0) =20 m/s
The MATLAB program that integrates the equations is

function probleml2_56
[t,x] =ode4b5(@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 <«

W 12.57

U2

10

Letting x1 = x, x5 = v, the equivalent first-order equations and initial conditions are

a =
7;’1 = T9 i‘g = — ==

30
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The MATLAB program that integrates the equations is

function problem 1257
[t,x] =oded45(@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 x1 = z, x5 = v, the equivalent first-order equations and initial conditions are

B =2y @9 = (9.81 —3.41 x 10~%23)
21(0)=0  25(0)=0

The MATLAB program that integrates the equations is

function probleml12.58
[t,x] =oded45(@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

31
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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 65 t—6.5
44.83 — 44.53  44.705 — 44.53

t=6.56s <«

W12.59

18.
a= <—147.22 + 50969 > z m/s’

V% 4 0.005806

Letting x1 = x, o = v, the equivalent first-order equations and initial conditions are

18.6969

V2?2 +0.005806

21(0) = 0203 m  25(0) =0

The MATLAB program that integrates the equations is

function probleml12_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 z =0, v = 0.898 m/s <

32
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W12.60 2
a=9.81[1-0.58 x 10~*v* exp(—0.978) x 10~°z] m/s

(a) Letting x; = 2, x5 = v, the equivalent first-order equations and initial conditions
are

=y = —081 (10,58 x 107 age 010 )
r1(0) =9145m  25(0) =0
The MATLAB program that integrates the equations is

function probleml2_60
[t,x] = ode45(@f,(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)))];
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, vp.x = 134.4 m/s <« at z = 4602 m <«
(b) 0
-20

—40
/
-80 /
-100 //

-120

v (m/s)

0
0.896 0.899 0.902 0.905 0.908 0.911 0.914

x (m) x 10°
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W12.61
(a)

mg Y
P =kx \Tx ma
—~— .y —= —_—
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.

YE,=0+17 N—-—mg=20 SN =mg
SF, = ma — —kx — pN sign(v) = ma
k N . k )
a=——x— pu— sign(v) = —— — pug sign(v)
m m m
30
=—16%~ 0.2(9.81) sign(v) = —18.75x — 1.962 sign(v) m/s”> <

(b) With the notation z; = x and x5 = v, the equivalent first-order equations are
i‘l = T2 [tg = —18751'1 —1.962 sign(xg)

subject to the initial conditions x; = 0, 25 = 6 m/s at t = 0.
The corresponding MATLAB program is:

function probleml2 61
[t,x] =ode45(@f,[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(C’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—34 t; —3.4 345 s <
= —3.45s
—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 tos — 1.06
0.20038 — (—0.21421)  0— (0.21421) i
(c)
6
4 N
2 /.
E o )
-2
_4 \
\
L5 o 05 o 0.5 1 15
x (m)
H12.62
(a)
mg Y
hx al Ex _ ] ma
N
FBD MAD
P(t k
SF, = ma — P(t) — kx = ma a:ﬁ——x
m m

25t N when t <1's
P(t)_{ 25 N when t > s

= (12,5t + 12.5) 4 (12.5t — 12.5) sgn (1 —t)
35
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(12.5¢ + 12.5) + (12.5¢t — 12.5) sgn (1 —¢) 25
La = — —X

2 2
=6.25[(t+1)+ (t—1) sgn (1 —t)] — 12.52 m/s* <«

(b) With the notation z; = x and x5 = v, the equivalent first-order equations are

subject to the initial conditions z; = x5, =0 at t = 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),’1linewidth’,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 printouts that span vy, and & yax.

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, vy = 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, x,,q; = 1.554 m <«
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NV N

v (m/s)
¢ o

B N /
N

H12.63
a=24.4— 269" m/s®
With the notation x; = x and x5 = v, the equivalent first-order equations are
T = a2 To = 24.4 — 2.691,

subject to the initial conditions z; = x5, =0 at t = 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 — 1.7412 L7 /s
= =1. s
0.082038 — 0.073106 _ 0.0762 — 0.073106 m
37
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12.64

7 T . x 1 . Vg
= =—i=—11y — ot = ——2
Y= YT T 61° YT e 61
mg
N imvoz/&
FBD MAD
3
YF, = may N —mg = —mzr
02
Contact is lost when N =0: g = 6—2

vo = /61g = \/61(9.81) = 24.5 m/s <

12.65 z = 6.1 cos gt m y=19.62(4 — %) m
& = —3.057 sin gt m/s ¢ =—39.24t m/s

# = —1.52572 cos gt m/s’ jj = —39.24 m/s?

17.8 T s
L= mi = —2 (—1.52572 —):—2.1 TN
ma 9.81( D25m 005215 7.3 0082t
17.8
F,=mj=—(-39.24) = -712 N
v =mi= g1 )
ts) F. (N) F, (N)
0 —-1.34 —=71.2
1 0 —-712 =
2 1.34  —71.2
12.66 Vot vor Vot vgr . Vot
(a) x:vot—rsini VX:X:VO—ECOS§ axzj'(:%sini
R Vot . vor . Vot . Vir o vt
— — T _— * = — —— S1n — ' — —_ — R
y cos SoVy =y = posing oAy =§ =gz
2
a=,/aZ+al= % = constant Q.E.D.
0.556
s (ﬁ) (26.8)% (0.244)
(b) F=ma=—2 : =63.79 N ¢

R? 0.382
38
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12.67

b 2t b - 4t
x = bsin — = - cos —
o ! to
2mh 2t b . 4wt
Vp = —— COS —— vy = ——sin —
to to tO tO
Am?h . 2wt Am2b 4t
Uy = ——5— sl — @y, = ———5—C0os —
At point B:x=0 . t=0
Av2  4n%(1.2) )
a; =0 Sy = — 2 =0 —74.02 m/s
N y
0.2N——1 L,
I |
10.5(9.81) N 10.5(74.02) N
BD MAD
YF, =ma, + 1 —N —0.5(9.81) = —0.5(74.02)
N =3211N

YE, =0 & F—02N =0
F=02N=02(32.11) =642 N <«

12.68 b
. Tt . 3nt . b
x=5(smz+smzt—) .'.vx=x=—(lcos£+-3—1-t-cosiu—t)
0 0 2 4t0 4t0 4t0 4t0
2 2 2
. bfn® m 9r° 3mt b
a =x=---2-(1—2 m:‘-t—+-—zsmzt—)=—l-2-(sin:—t+93in'3£)
610 0 16(0 0 3210 to 4 0
b nt 3mt - b
y=5(cosz-—cosz) vy=y=5(—1sin£+3—nsin§,—“-)
o o 4t0 4t0 4t0 410
- _y__tz( n° osm+9n2 3m) nzb Tt 3mt
A =y=-[-— ot —5cos— =—2(—cos——+9cos-—)
2 16!0 4t0 1610 4t0 32t0 4t0 4t0
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Atpoint A: t= tO

a =--2 (sin X t9sin 3“) 7'(240) (7.071) = -3.635 m/s>
. = —]=- . = -3, S
X 32:3 4 32(12)
‘g ﬁ( cos ~ + 9 cos 3”) 7'(240) (7.071) = -3.635 m/s2
ca = cos il .071) = -3.635 m/s
y 32:5 4 32(12)%

a=4/a:+a§=5.141 m/s? _ -
The FBD and MAD show only forces / \ ﬁa

t. . : ‘ ‘
acting in the plane of the motion. A, f ma
2F = ma: pmg = ma £&s 2L
a_5.141 (asswming cm-
=Em-=—2={. ' ;/ .d.,,
SRPRT pending 31:in7)
12.69
y X
20°
g

From the acceleration diagram of a water droplet:

1y = —gsin20° = —9.81sin20° = —3.355 m/s’
ay = —gcos20° = —9.81 cos 20° = —9.22 m/s”

Initial conditions at ¢t = 0:

r=y=0
vy =6.71cos30° =5.811 m/s v, =6.71sin30° = 3.355 m/s

Integrating and using initial conditions:

v, = —3.355¢ + 5.811 m/s v, = —9.22¢t + 3.355 m/s
r=—1678>+5811tm  y=—461t>+3.355t m

Droplet lands when y = 0:

y=—4.61t>+3355t=0 t=0.7270s
R = 2|i—g7270s = —1.678(0.7270%) 4 5.811(0.7270) = 3.33 m <«

40

(© 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.



12.70
From Egs. (e) of Sample Problem 2.11:

x = (vgcosf)t = (19.8 cos55°) t = 11.36¢t m

y = —%gtz + (vo sin O)t = —%ﬂ + (19.8sin 55°)¢
= —4.905¢* + 16.218¢ m
At point B:
r=1829m  1829=1136t t=161s
h=1yli—161 s = —4.905(1.61%) + 16.218(1.61) = 13.4 m <«
*12.71

From Sample Problem 12.12:

mgt
r=Cie™m 0y oy = Coem = 2 4 0

Vyp = _Cliefct/m v, = _Csiefct/m B @
m m C
c 0.0365 mg 5.34
Co 2 go6705 st 1Y = 2% 463
m  5.34/9.81 i ¢  0.0365 m/s
T = 016—0.0670575 + 02 y = 036—0.06705t . 1463t + 04

v, = —C1 (0.06705¢~*9970)
v, = —Cj3 (0.06705e~207%") — 146.3

vosinf = 21.34sin65° = 19.34 m/s
vg cos ) = 21.34 cos 65° = 9.02 m/s

Initial conditions at ¢t = 0:

r=0 . .Cy=-C

y=0 ..Cp=—-C5

vy = vgcosf - —C1(0.06705) = 9.02 () = —134.5m

vy =vpsing .. —C3(0.06705) — 146.3 = 19.34 C3 = —2470 m

When z = 18.29 m:

18.29 = —134.5¢ 0097 1 1345  +=12.180s
h = y|i—g.180 = —2470e~(C-06709)(2180) _ 146 3(2.180) + (2470) = 16.96 m <«
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12.72
Hyﬁ
x
g
Acceleration
diagram
At t = 0 (initial conditions):
r=0 v, = 200sin30° = 100 m/s
y = 1200 m v, = —200cos 30° = —173.21 m/s
Integrating acceleration and applying initial conditions:

a; =0 ay = —9.81 m/s’
vy, =100 m/s v, = —9.81t — 173.21 m/s
x = 100t m y = —4.905t% — 173.21¢ + 1200 m

When y = 0:
—4.905t% — 173.21t 4+ 1200 = 0 t=15.932s
x =100(5.932) = 593.2 m
d =1200tan 30° — 593.2 =99.6 m <«
12.73

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

x = vgt cos ) = 762t cos O ft
1
y = votsinf — §gt2 = 762t sin § — 4.905t*> m

Setting x = R = 5280 ft and solving for ¢:

1600 2.1

600 = 762t cos 762cosf  cosO >

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

762sin 60 — 4.905t =0 762 sin 0 — 4.905 ( 21 ) =0

cos

2.1
infcost =4.905 | — | =0.013518
sin 6 cos (762)

1
3 sin 20 = 0.013518 sin 26 = 2(0.013518) = 0.027036

1
0= 5 sin~* (0.027036) = 0.775° <
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12.74
From Egs. (e) of Sample Problem 12.11:

1
r=(vgcosf)t y= —§gt2 + (vo sin O)t

(a)

. X
~ 113"

1
y = —5(9.81)752 + (12.85in 28°)t = —4.905t* + 6.009¢

x = (12.8¢c0s28°)t =11.3 m oot

Substituting for ¢:

T \2 T

= 405 (175)" o (575)

4 W00 (15) 00913
= —0.038412% + 0.5318z m <«

(b) Check if ball hits the ceiling.

d
d—i — 0076822+ 05318 =0 =692 m

Ymax = —0.03841(6.92)” + 0.5318(6.92) = 1.84 m

Since Ypar < 7.62 m the ball will not hit the ceiling.
Check if ball clears the net. When z = 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 z =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 Egs. (e) of Sample Problem 12.11:

1
r = (vgcosf)t  y= —Eth + (v sin 6)t

1
= —5(9.81)152 + (vosin 70°)t = —4.905t* + 0.9397vet m
v, =9 = —9.81¢ + 0.9397vy m/s
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When y = ymax

v, =0  —981t+0.9397Tv, =0  t=0.09579v s
Ymax = 8:23 M — 4.905(0.09579v0)? + 0.9397v(0.09579v) = 8.23
0.045035v7 = 8.23 vy =13.52 m/s <«

12.76
Equations (e) of Sample Problem 12.10:
x = (vgcosO)t = (9.14 cos 60°)t = 4.57t m
1 1
y = —=gt* + (vysin )t = —5(9.81)t2 + (9.145in 60°)¢

2
= —4.905¢t> + 7.92t m

vy =& =4.57 m/s vy =9y =—981t+792m/s

At point B:

v
v is parallel to the inclined surface .. £ = tan 30°

Vg
—9.81¢t + 7.92
?;; =tan30° ¢t =0.5379 s
r = 4.57(0.5379) = 2.458 m
y = —4.905(0.5379%) + 7.92(0.5379) = 2.841 m
h = (y — xtan 30°) cos 30° = (2.841 — 2.458 tan 30°) cos 30°
=123 m <«
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12.77

= .+ = C A=
EFX ma: 3 0 ma_ ..ax-O 7'

L
XFy = ma: +1 -F =ma =" -: ;-_;;0—7—--—?
Horizontal motion /7 ~ A MAD
v}(:_"axdt+C1=0+C1 x=fvxdt+C2-_=_231t+C2 T
Initial conditions: x = 0, Vy=VoWhent=0. .. C = Vo ~C=0 .x= Vo't

Vertical motion

qAV qAvV
v=]adt+C =-——1t+C = - ¢
y I y 3 2md 3 y fvydt+C4 4mdt +C3t+C4
Initial conditions: y=0,v_=Qwhent=0. .. C,=C. =0 .- y=—q—‘ﬁt2
y 3 4 - 4md
When particle is at A:
x=L . vot=L .'.t----L/v0
qAV 2 4m( d\2
=—d . -— = - . = — -
y o W07 AV (vo L) .
*
12.78 . 71 Path N7
2Fx=ma: Y -cv. =ma SLa=-—y ”g -
X x x X mxX Ct el
R —x = O
5F =ma: +1 -mg-cv = va =-g-— ' "
y = ma, +T -mg cvy=ma . =-g =Y = cge
(a) Vertical motion £E0 MAL
dv dv
av, c m c
=a =-g-—v somdts———L— o —
dt 0y m Y g+ c/myv, ¢ ln(g+mvy)+cl
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Initial condition: v. = v_sina whent=0. . C, = - El g+ < v, sina
y 0 1 C m 0

m 8% (c/m)vo sina
—In
c g+ (C/m)vy

Sot=

. m c
AtpointA: v. =0 .. t=—In/1+—v_sina] ¢
y c mg 0

(b) Horizontal motion

dv c
—x=a =—-—y oo —dv -‘—"—‘c"dt ._it_ln +C
dd * m x ) v, * m cTm %R th
Initial condition: v, =V, cosa whent=0. .. C,=- In(v,, cosa)
c v
-—t=ln—* < V= (v, cosaye ¢/t
m v, cosa X 0
. -1 V. cosa
Atpoint A:v=v_= (v, cosa) (1 + = v sina) = 0 *
X 0 mg 0 c .
1+—v_sina
mg ©
W12.79
(a)
Y
mg ey may,
Fy(n/) Wy = ma,
F E)(Vy/")
FBD MAD
Uy
YF, =ma, = —Fp— = ma,
v
Fpuo, 0.0005v2 v,
Iy = ——2 2 = 27— _0.00500,
m v 01 v
= —0.0050,/v2 + v2 m/s’ <
Uy
YE, =may, + 1 —FD;—mg:may
Fpu, 0.00050% v,
a,=————9g=—————981 =—-0.005vv, — 9.81
Y m v g 0.1 v 4
= —0.005v,,/v2 + 12 — 9.81 m/s° <«
46

(© 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.



(b) Letting x; =z, 9 =y, x5 = v, and x4 = vy, the equivalent first-order equations
are

T1 = T3 Ty = Ty

i3 = —0.00bz31/ 2% + 23 24 = —0.00524¢/23 + 27 — 9.81

The initial conditions are

:cl(O) =0 %2(0):2111/8
x3(0) = 30 cos 50° = 19.284 m/s x4(0) = 30sin 50° = 22.981 m/s

The following MATLAB program was used to integrate the equations:

function probleml2_79
[t,x] = oded45(@f,(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 z = 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
24.117 —23.944  h —23.944

Linear interpolation for v, and v,:

30.405 — 29.607 30 — 29.607

15.925 — 15.990 v, — 15.990
30.405 — 29.607 30 — 29.607

3.1952 — 3.6997 vy — 3.6997

h=240m <«

v, = 15.958 m/s

vy =3.451 m/s

cov =V15.9582 4 3.4512 = 16.33 m/s <
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12.80

FBD MAD
YF, =ma, 5 F% = ma,
1 = 1 0.005z T 0.5z )
= —F= = — C =05 = <
w= Tt e a O E T e
EFy:mCLy—l—T F%:may
1y 1 0.005y y 0.5y )
W= i o0r @ a s T e S

The initial conditions are:
r=03m y=04m v,=0 v,=-2m/satt=0 <

b) Letting 21 = x, 9 = y, x3 = v, and x4 = v,, the equivalent first-order equations
g Y Yy
are

O.5$1 . 05£L'2

Ty =23  do=x4  Iz= B+ 25" T4 = (22 + 22)32

The MATLAB program for solving the equations is

function probleml12_80
[t,x] = ode45(06f, (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)/4d3
0.5%x(2)/d3];
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 — 0.35879

_ — 0.360
—0.0052884 — 0.0030450 0 — 0.0030450  © m <

Linear interpolation for v,:

o 0.67883 — 0.65959 v, —0.65959
“ 7 —0.0052884 — 0.0030450 0 — 0.0030450

v, = 0.6666 m/s

By inspection v, = —1.6667 m/s.

- v =10.66662 + 1.66672 = 1.795 m/s <
W12.81

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

0.5z

O5y 2
@ty 2"/

2
< -
A

Ay =

The initial conditions are the same as in Problem 12.80:

r=03m y=04m v,=0 v,=-2m/satt=0. «
(b) MATLAB program:

function probleml2_81
[t,x] = ode45(6f, (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)72))"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 —0.25952
—0.0031544 — 0.0085117 0 — 0.0085177

Linear interpolation for v,:
—0.67692 — (—0.63935) v, — (—0.63935)
—0.0031544 — 0.0085117 - 0 — 0.0085177
By inspection, v, = —2.3332 m/s.

r=0257m <«

v, = —0.6668 m/s

v =/0.66682 + 2.33322 = 2.43 m/s <«

mg v, Y L ma,
vy x
(s - ma,

Fy—"Fp(v/v)

H12.82

FBD MAD
v v
YF, =ma, — —Fp—= =ma, —epvt? =2 = ma,
v v
c
a,; = ——Dvmﬁ
CD 0.0317

— = = 0.11398(m - 5)
m  (28.35/1000)(9.81) (m-s)

oL ay = —0.11398v, (v + vz)o'% m/s’ <

1.5V

v
YF,=ma, +1 —Fp—~—mg=ma, —cpv —mg = ma,
Y

Ly = 2,/ — g = 0113980, (v2 + 02)°* — 9.81 m/s"

The initial conditions are:

r=0 y=183m v,=366m/s v,=0 att=0 «

(b) Letting 1 =z, 3 =y, 3 = v, and x4 = vy, the equivalent first-order equations are
T1 = T3 To = X4
iy = —0.11398x5 (23 + 27
xy = —0.11398z4 (23 + z]
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The MATLAB program is

function probleml12_82
[t,x] = oded45(@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)72)));
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 —19.185 R_1948 m <
= =19.48 m
—0.041879 — 0.063629 0 — 0.063629
Linear interpolation for t at y = 0:
.66 — 0.64 —0.64
0.06 = 0.6 _ =06 t=0.652s «

—0.041879 — 0.063629 0 — 0.063629
H12.83

ay = —10 - 0.50, m/s>  a, = —9.81 — 0.5v, m/s”

(a) Letting 1 = 2, 9 = y, 23 = v, and x4 = vy, the equivalent first-order equations
are

jﬁ'l = I3 .j?g = T4 i'g =—-10 — 05.773 i'4 = —-9.81— 051’4
At t = 0 (initial conditions):
ry=29=0 x3=230c0os40° =2298 m/s x4 =30sin40° = 19.284 m/s

MATLAB program:
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function probleml2_83
[t,x] = oded45(@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—5.7152 b= 596 m <
= =526 m
—0.10184 — 0.47141 0 —0.47141
Linear interpolation for ¢ at y =0
3.15 - 3.10 t—3.10
= =3.14
—0.10184 — 0.47141 0 —0.47141 t=3lds <
(b)
15
/
10
€
5
0
0 5 10 15 20

x (ft)
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W12.84
(a)

X mg may
Rﬁ ma,

MAD

Spring force is F' = k(R — L), where R = /22 + y2.

+
YF, =ma, — —F cos0 = ma,

— L
- Eomg o I k(L)

m m m R
10 0.5 0.5 2
= (1-2)e=—a0(1-2
0.25( R) ( R)xm/s
YF,=ma, + 1 —F'sinf — mg — ma,

v m m R m R

— —40 (1 - %) y—9.81 m/s" <

The initial conditions are:
r=05m y=-05m v,=v,=0 att=0 «

b) Letting 1y = z, ©o =y, v3 = v, and x4 = v,, the equivalent first-order equations
)
are

T1 = T3 Ty = Ty

0.5 0.5
x3:—40(1—§)x1 ——40(1 R)x2—981

where R = \/x% + 22.

The MATLAB program is:

function probleml2_84

[t,x] = oded45(@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*xrr*x(2)-9.81];

end

end

-0.4

-0.5

-0.6 \
__-07
< IVAS
>_0.8
-0.9 — \
-1

1.1
-05-04-0.3-0.2-0.1 0 0.1 02 03 04 05
x (m)

W12.85

(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

0.5 2 .
0 — —40(1—§)xm/s if R>0.5m
0 if R<0.5m
0.5 2 .
—40 (1——>y—9.81 m/s” if R>05m
ay = R
~9.81 m/s? if R<0.5m

The initial conditions are:

r=y=05m v,=v,=0 att=0 =
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(b) MATLAB program:

function probleml12_85
[t,x] = ode45(@f,(0:0.02:2),[0.5 0.5 0 01);
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*rr*x(2)-9.81];
end
end
]
0.5 F—N //,
I
e /
" _os
T
15 \_/
204  -02 0 0.2 04 06
x (m)
H12.86
(a)
a, = —apcosf + ar, sinf ay, = —apsinf —agcos — g
Substitute
sinf = %y cos ) = Yo ap = 0.0502
v v

ar, = 0.16wv = 0.16(10)v = 1.6v
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where v = v + v}

a, = —0.0502"% + 1.60-L = —0.0500, + 1.6v, ft/s> <
v v
a, = —0.05022% — 1,602 — 32.2 = —0.05vv, — 1.6v, — 32.2 ft/s° <
v v

The initial conditions at ¢t = 0 are:
r=y=0 v, =60cos60° =30 ft/s v, =60sin60° = 51.96 ft/s

(b) Letting x; = z, 9 =y, x5 = v, and x4 = vy, the equivalent first-order equations
are

T1 =3 Tog = Xy
T3 = —0.0bves + 1624 T4 = —0.0bvey — 1623 — 32.2

MATLAB program:

function probleml2_86
[t,x] = oded45(@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%xv*x(4)-1.6*xx(3)-32.2];
end
end

The two lines of output that span y = 0 are

t x1 x2 x3 x4
1.0400e+000 1.9377e+001 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 ¢ at y = 0:
1.06 — 1.04 ~ t—1.04
—0.19335 — 0.25868 0 — 0.25868
56
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t=1.051s «



Linear interpolation for x at y = 0:

19.388 — 19.377 x —19.377
—0.19335 — 0.25868 0 — 0.25868

10

——

L A\
L/ \

y (ft)

x (ft)

12.87
a (m/s?)
0.915

150 170 190
00 o1 t(s)
0305} ————————————— «I—‘—lz 19

) c) L

v (m/s)
18.29—

219+—fH-——————————— LN

0 120\ ()

0= t(s)

d=2987Tm «
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12.88

t(s)
1(s)
00 20 t(s)
. dx
v = slope of = diagram v|s0s = —| =400 m/s
Y |05
400
a = slope of v diagram a = 20— 20 m/s2

12.89
It is sufficient to consider vertical motion only:
a=—g=-981m/s
Initial conditions:
V|t=0 = vp sin 60° = 0.8660vy m/s Yli=o =0
a (m/s?)

09 Lt (s)

-9.814,

-9.81
v (m/s)
0.8660v,

0.4330v1,
0 tl Z‘(s)

% 7, 10

End conditions (¢; is the time when the ball is at its maximum height):
Vlpet, =0 0.8660vy — 9.81t =0 t1 = 0.08828vy
Ylt=t, = 8023 m 0.4330(0.08828)v; = 8.23 vo=14.Tm/s <
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12.90

0 6 0 (s
2.44(1-6)

L
N
o)
r

From a and v diagrams — 2.44(¢; —6) = —19.51 t1 =140 s «

From z diagram  z[;, = 159.11 m <«

12.91
Horizontal motion (a, = 0) Vertical motion (a, = —9.81 m/s?)
a, (m/s?) a, (m/s?)
0 t
0! —1(s 0 —t
0 ) 9811, )
-9.81
v, (m/s)
240 v, (m/s)
2401, 0 s
05 1) 0 1 1(s)
9.81
4905/ >
x (m) Y (m)
1200 h
% (1) % 510
59
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End condition:

x\t:tl = 1200 m

240t; = 1200

tl =50s

1
h = —[area under v, diagram| = 5(49.05)(5) =122.6 m «

12.92 Horizontal motion: a, = 0 Vertical motion: a, = —9.81 m/s2
ay (r‘n/ s?) a, (m/s?)
0 10
O0 1O—t(s) 0 981 ‘ t(s)
-9.81
vy (m/s)
Vo vy (m/s)
10v,
(1 0 10
0 51 0 STITIRRAS
981l T
x (m) ¥ (m)
10v|-—-——---=== ’ 1610
% w0 % o '©
98.1
~ W —tan200 20 —tan20° vy = 2695 m/s <
Yz [4=10 Yo

R = z|4=10 = 10vy = 2695 m

12.93

h = yli—o = 490.5 m <

Y
A
8

Acceleration
diagram

ay = gsin22.6° = 9.81sin 22.6° = 3.77 m/s”
ay = —gc0s22.6° = —9.81c0s 22.6° = —9.057 m/s>

At t = 0 (initial conditions):

=0

y=20

vy = 79.2¢0822.6° = 73.12 m/s
vy, = 79.25in22.6° = 30.44 m/s
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ax (m/s)
3.77 a (m/s)

0

25.34

6722 '

-9.057

vy, (m/s)
30.44

(s) 0
-30.44
y(m)
51.15

| t(s) 0

vy=0att =1

-9.057t,
=-30.44

».30.44 —9.057t; =0

1(s)

St =3.361s

h=512m <« R=57TTm <« time of flight 6.72 s «
12.94
a. (I‘n/sz) a, (m/s’)
0 ‘
0 ——1(s) 0 —£(s)
0 16.091 ~
ogl 9.81 |
v, (m/s) lvl gm/S)
190.52
3066 \ 110 - 9.817,
% 16.001 ' ® 0
x (m) y (m)
sl ’ (110 - 4.905t )8} ———————
05 16001 '® 05 —10)

End condition: y|;—;, = 500 m.
The larger root is t; = 16.091 s <«
R = $|t:16.091 = 3066 m <«
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12.95 @ lm)s?)

268
Maximum speed is reached when the \ ¢ls)

acceleration becomes zero, i.e. at t = 20 s. 95 T
1 vim/s)
(a) Alzziwfﬁx2®::268nuS 2c8bF——--—== :
V]aos = V]o+A; = 0+26.8 = 26.8 m/s ¢ Az ,
0 A— ¢(9)
2 0 20
(b) Ay = §(26.8)(20) = 357.3 m x(m)

xX|20s = X|o + Ay = 04+357.3 = 357.3 m ¢ 357

€(s)

12.96

Accelerate at the maximum rate (2.01 m/s”) until maximum allowable speed (20.1 m/s)
is reached at time t;. Then maintain this speed until time ¢5. Finally, decelerate at
the maximum rate (1.68 m/sz) until the train stops at time ¢3. The distance traveled
during this time must be 3200 m.

a(m/s?)
20119
2014,

t t
0 2 3

168l —

t(s)

~1.68(1- 1,)

201 f-———

1207
0 10 L Li1!®
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From a and v diagrams:

2.014; =201 m/s . t; =10s

From v and x diagrams:

100.5 4 20.1(ty — 10) + 120.7 = 3200 ..ty = 158.2 s
I3 =1,+12=1582+4+12=17025s <«

12.97
In order to compute the area A3 under the v-diagram, we must analyze the fictitious motion

between 16 s and L (time when the slope of v-diagram becomes zero).

t. -16 16

From similar triangles: = a(m/s?)
0.75 1.75-0.75 P /6 £=2p
tl =28s (7] : ‘2 "".o’ f{f)
1 075y~
A1 =-=(1.75 + 0.75X16) = -20 m/s
2 -175
1
A2 = - E 0.75X28 - 16)=-4.5m/s vim/s)
_ v V. =20
Vlyes = Vo + Ay = vo - 20 s ¢ \
- . — A
But vllss-O o vO-ZOm/s * 0 3 /{.‘ 2'0 s)
Vpge = V]ygy + Ay =0-4.5=-4.5ms #S T
28s 16s 27 T
1 2 x(m)
A, =—(24.5X28) - (4.5X28) + - (12X4.5
3 3( X28) - (4.5X28) 3( ¥(4.5) /387 lmemm e o
i
=138.7 m (see diagram below) !
'
x| =x| +A,=0+138.7=1387m ¢ |
16s 0 3 1
0¥ ——#(s)
- “ /2 .
'43 =3 S. - \‘::] + A
N—2g 26
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12.98

2
a(m/s*) \ g <8Fn=11
00 (s)
1896 M
32 =25 (—t—

v =0 when 40 — 9.6 — 25 — 1.8t; =0 .t =3.0s
After touchdown, the plane travels 203 m <«

12.99

05 0.1 02 0.3 04 1)

o
L
\

!

\

\

\

\

0 01 0.2 03 04 (0

From the v diagram:

U|0_4S =1.2 m/S |

x|p.4s = area under v diagram

_9 [%(0.6)(0.1)] 4+ 4(0.6)(0.1) = 0.28 m <
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12.100

35.6

Jr
SF, = may, > P(t) — 7.12 = 222
may = P(t) 981"

" a=0.276 P(t) — 1.962 m/s’
Consider only one cycle of acceleration.

A = (0.276P, — 1.962(0.2)
= 0.0552P — 0.3924 m/s
Ay = —(1.962)(0.3) = —0.589 m/s

For the average speed to be constant, the
change of speed over the cycle must be zero.

SDAV=A1+ A, =0
.. 0.0552Py — 0.3924 — 0.589 =0
S Pp=178N ¢

V]o.2s = Vo + Ay = 0+ 0.589 = 0.589 m/s

1
Ay = 5(0.589)(0.5) = 0.1473 m
X|0.5s = X|0 + Ag =0+0.1473 =0.1473 m

This is also the distance traveled during the
0.5 second cycle.

Ax ~0.1473

N 0.295 m/s ¢

. Vaver =

0.5
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—x
F=70eN =356 N
Yo-74

alm/is?)

0.276 P,
/962

-
35€

98/9

o
—s9c2l____

v(m/s) E
0.589 :

= - -




12.101

SFy = may : P(t) —7.12 = ﬁa
081 9| 1356w
sa=0.276 P(t) — 1.962 m/s 2o L
0.276(26.7) — 1.962 5.407 m/s? 356

- { —1.96<2 | B { ~1.962 r/n/s2 F=7W‘~=3§.‘M i
A = Az = (5.407)(0.2) = 1.081 m/s £ée p.2V]
Ay = —1.962(0.3) = —0.6589 m/s a(mis?)
Vg = V]y + A1 = 0.61 + 1.081 = 1.691 m/s 5407 .
Vg = V]go + A2 = 1.691 — 0.589 = 1.102 m/s ) A s a5l M o
V]gme = V]s + As = 1.102+ 1.081 = 2.183 m/s ek L% o1

1
Ay = 5(0.61+1.691)(0.2) = 0.23 m

1
As = 5(1.691 + 1.102)(0.3) = 0.419 m

1
Ag = 51102 +2.183)(0.2) = 0.320 m

:X\0+A4:0+0.23:0.23m
X|o5e = X|g g + A5 = 0.23 4 0.419 = 0.649 m
Xy = X[y 5, +As = 0.649 +0.329 = 0.978 m

X‘O.Qs

At t=0.7s:

(a)v=2.18 m/s ¢ (a)x =098 m 4
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12.102
a (m/s?)

038N 010182 _ o o
1.1
0 £(s)
~0.11282
—0.40 —— ————— =

v (m/s)
0.10182F ——— 0.03638
0.03638— LO718
0 £(s)
—-0.011-— _0.3359__ N
y (m)

0.07276|— — — — — —
0.03638- f 1
0 t(s)

From similar triangles on the a-diagram:

b L1 t, = 0.5359
— = =0. S
0.38 78 !

0.
Umax = 0.1018 m/s <« Ymax = 0.0728 m <

12.103
a(m/s?)
18.3
33~ 14 z2
_98(1)9 7777777 981G, —14)| '®
: 723.98 =593
v (m/s)
833—|
59'3/506E;E‘
2l 1792
009111 14 2004 1®)
m
10532 ™
74—~~~
506|—————
0 t(s)

From similar triangles on a-diagram:

o 14
18.3  18.3+9.81

St =9.114 s
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Let t5 be the time when v = 0. Therefore,

59.3 - 9.81(ty —14) =0 .ty =20.04s
Umax = 83.3 m/s < Ymax = 1053 m <« occurring at t = 20.0 s <«
12.104
v = 22" — 82 + 12z mm/s
d
a= vd—v = (22 — 822 + 122)(622 — 16z + 12)
i
ala—s = (2(8) — 8(4) 4 12(2))(6(4) — 16(2) + 12) = 32.0 mm/s* <
12.105

a=At+ B
Whent=0: a=0..B=0
Whent=6s:a=244m/s . 244 = A(6) .. A=0.407 m/s’
s a=0.407t m/s” v:/a dt + C = 0.203t* + C
Whent=0: v=uvy .. C =1y
When t =6 s:v=4.88m/s

-.0.203(36) + vg = 4.88 . vp = —2.43 m/s <

12.106
Car A Car B
a=122m/s’ a=—0.61 m/s’
v =122t Cy m/s v=0.61t+Cs m/s
V=0 =9.15m/s . Cy =9.15m/s | v|=g =183 m/s .. C5 =183 m/s
v=122t+9.15m/s v=—0.61¢+ 183 m/s
x=0.61t*+9.15t + Cy m r = —0.305t* + 18.3t + C4 m
Tlgmo = —122m . Cy=—-122m Zl=o=0..Cy, =0
z =0.61t* 4+ 9.15t — 122 m z = —0.305¢* + 18.3t m

Car A overtakes car B when x4 = xp:

0.61t2 + 9.15¢t — 122 = —0.305¢% + 18.3t
0.915t2 —9.15t — 122 =0 = 17.58s <«

68

(© 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.



12.107

(a)
x = 0.0762t> — 0.229¢ + 0.102 m
Az = x|i_g — z|—o = [0.0762(8) — 0.229(2) + 0.102] — 0.102 = 0.152 m <«
(b)

v =12 =0.229t" — 0.229 m/s v =0whent=10s
x|p=o = 0.102 m z)i=1 = —0.51 m x|i=2 = 0.255 m

—OI.S 1 0. 0.} 02 x (m)

0.255

d=0.152+0.304 = 0.456 m =

12.108 Fall of the stone:

a=9.81m/s’ Sov=9.81t+ C) m/s
SNy = 4905t2 + Clt + 02 m
Whent=0:v=2=0 . .C;=0Cy=0
Let ¢; be the time of fall and & the depth of the well. ", h = 4.905t7 m
Travel of the sound:

Let ¢5 be the time for sound to travel the distance h. .-. h = 341.5¢, m

ti +ta=3 Sta=3—-1
4.905t? = 341.5t,  4.905t2 =341.5(3 —t;)  t; =2.881s
h = yli—o.gs1s = 4.905(2.881)* = 40.7 m «

12.109
a = 3.66t — 1.83t> m/s”
v = /a dt = 1.83t* — 0.61¢> + C; m/s

xr = /v dt = 0.61t3 — 0.153t* + Ot + Cy, m

Whent=0:2=v=0. .C;=0Cy=0
cor=0.61# — 0.153t* m sov =183t — 0.61t> m/s
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(a)
Ar = z|i—5 — 7|—0 = [0.61(5)* — 0.153(5)*] —0 = —19.38 m =
(b) When v =0
1.83t* = 0.61t° = t=3.0s

Tl—o = 0 2|3 = 0.61(3)* — 0.153(3)* = 4.08 m z|—5 = —19.38 m

0 4.08
—19.38 ——»—° x(m)

d=2(4.08) +19.38 =275 m <

12.110
%:—cvz édv:—cdt /—dv——ct+01 —%:—ct—i-C'l
Initial condition :  wv|;—g =244 m/s 244 =-C; .. —% = —2.62t — ﬂlzl
1 1
When v = 122 m/s : S 13 - 202t 1=1.5643 % 107°s -«
1 1 1
Ry B vy
:/%%j_ﬁ“f'Cé = %ln (262t+ﬁ) + O,
Initial condition : Tl—g =0 .. 0= 2—62 In (21114) + Cy

1 1 »

1 1
=—1In(262t+ — 2.
x 26211( 6t+244)+ 098

When v =122 m/s (t = 1.5643 x 107" s) :

1 1
= — .62(1.564 10~ — 2. = 0.264
x 2621n{262( 5643 x 10 )+244]+ 098 = 0.264 m <«
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12.111

v = 22.86e %" m/s

x = / 22.86¢ "%dt = —457.2¢7 "% + C'm
Initial condition : Tlieg =0 .. C =4572ft
r=457.2(1 — e %% m

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

1.52 =22.86e %" t=05421s <
T|y=1.52 m/s = 457.2 [1 - e’0'05(54-21)} — 497 m <

12.112
ma
ma,
mg
FBD MAD

Y F, = ma, a, =0
YF, = ma, ay = —g = —9.81 m/s’

Uy = /axdt =4

Initial condition: v,|—¢ = vg cos 50°

. C1 = vgcosb0° = 0.6428v v, = 0.6428v,
T = /vmdt = 0.6428vot + Cy
Initial condition: z|;—p =0
S Cy=0 x = 0.6428v,t
vy = /aydt =981t + (4
Initial condition: v,|;—¢ = g sin 50°
. O3 = vy sin 50° = 0.7660v, v, = —9.81¢ 4+ 0.7660v,
Yy = /Uydt = —4.905t2 + 0.7660’0()t + 04
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Initial condition: y|—g = 0

.0y =0 y = —4.905t% + 0.7660v,t

At point B:
r=18m .. 0.6428v9t = 18 vot = 28.0 m
y=18m .. —4.905t2+0.7660(28.0) = 18 ¢ =0.8384 s
28.0
- — 334
U= Gageg — oodm/fs <
12.113
6C.7/N
P 6.7/
—==x(?
SF, =0 + 1N+ Psin20° — 66.71 = 0 7\_ e 98 (2/5)w
T R 66.71 x
EF, =ma = Pcos20° +0.2N5=(9.15) N "IN
MA
The solution is: N = 47.52 N P = 56.10 N 4 £80 742
12.114
F=(50-1t)x10° N
50 — ) x 10°
tla=——g= % —9.81 = 25.90 — 0.7143¢ m /s’

a dt = 25.90t — 0.3571t% +

y= [ vdt=12.95t* —0.11903t* + Cit + Cs

I
—~— 3

Initial conditions: y = v =0 when t =0. .. C; = C5 = 0.
Yli—oo = 12.95(20)* — 0.11903(20) = 4230 m «

12.115

4x 1.6e

EFx=max -16e"=02a .. a=-——=-8¢

dv 1
a=va-; svdv=adx .'.fvdv=f—8e4xdx .'.£v2=—2e4x+C

" » 1
Initial condition: v=6 m/s whenx=0 .- 5(6)2 =-2+C .. C=20 (m/s)2

1
Evz =-2¢" +20

In1
Whenv=0: 0=-2¢%420 - e*=10 - x= -5’-4—9 =0.576m ¢
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12.116

k
(a)ZF =ma: +! mg-kv=ma .'.a=g—;v kv
v=v_whena=0. -.g-—v_=0 - |
ma
mg  (10)9.81) ‘”7 a
k-————66—*1635NS/m * FBD D
voo
k dv m k
=oegm v o——oe=dt - lnlg- o =t+C
®)a & m g - (k/m)v k (g m )

m
Initial condition: v=0whent=0. ... C=- I Ing

g m 1 m

m
‘t=—lp—————=—lnp——————=—1In
k g-Gmyv k 1-[kimg)lv k 1-vv_
10 1
Whenv =59 m/s: t= In =250s ¢

1.635 1-(59/60)
12.117
From Egs. (d) and (e) of Sample Problem 12.11:
T = vgt cos = 8t cos 30° = 6.928t

1 1
y = —§gt2 + vt sin ) = —5(9.81)752 + 8t sin 30° = —4.905¢* + 4t

At the landing point

y = —x tan 20° — 4.905t% + 4t = —6.928¢ tan 20°
4905t =6.522 t=1330s <«
9.214
r=06.928(1.330) =9.214m d= =98l m <«
cos 20°
12.118
133N
] Y [ —-0.136a
0 152 .
e T

FBD T N 01704 MAD

When x = 0.1524 m the elongation of the spring and the spring force are
6 =/0.07622 + 0.15242 — 0.0762 = 0.0942 m F = k6 = 875(0.0942) = 82.425 N

0.1524 0.1524
F, — ey N
p=ma eyt = 0A3be e

a=>542 m/s’ <

(82.425) = 0.136a
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12.119

x = b sin 0t . X = bw cos wt - x = -bw? sin wt
.1 .1
y=bemp(-wy2) - y=-_boexp(-ot2) Y=g bw? exp(-wt/2)
(a) Atpoint A x=0 sLoot=0
. . 1 2 1 2
S x=0 L. y=—bw s a=—-bw *
Y=4 il
T
(b)Atpoint B x=b - wt=>

. 2 . 1 2 2
LX=-bw® L y= n bw* exp(-n/4) = 0.11398bw

- a=bw?y[ 12 +0.11398% = 1.006 bw® 8 =650 ¢

- 0=tan"! 0.11398 = 6.50°

12.120
When x =1.52 m
YF, =0 7
’ 0.999 35EN ]__x
N —356 — 89 — ——(89) =
+1 356 — 89 o (89) =0 awv—p l _ 1
N = 458.23 N 154 35%,
SF, = ma 152 70.229 0Z N 9.1
+ 152 356 gIN> IN
e 2(458.23) = 2=
— 151 (89) +0 ( 5% 3) 9.813 FBD MAD
S a=0.105m/s* — ¢
12.121

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

1
x = vot cos b Yy = _59t2 + vpt sin b

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

1
8= —5(9.81)15% + 45t sin40°  t; =6.162 s
. R =45(6.162) cos40° =212 m <«
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(b) Att=06.162 s:

v, =& = vgcosby =45 cos40° = 34.47 m/s
vy =1y = —gt + vpsinfy = —9.81(6.162) + 45sin40° = —31.52 m/s

v =1/34.472 + 31522 = 46.7 m/s <

k mg
(@) 2F =ma: +! mg-kx=ma .'.a=g-;x
a=-d—v-v .'.deV:Iadx -
g !
1.2 k 2 kx Yx na
Vx4 MAD

12.122

2
Initial condition: v=0whenx=0. .. C=0

sLovi=gx-—x"+C
& 2m

Spring force is maximized when x is maximized, i.e. when v = 0.

k » 2mg
. ——— = * = — . = = *
- - o X ax 0 . . X S - kxmax 2mg
. - k mg
(b) v is maximized whena=0. ..g-—x=0 .. x=—

1, mg\ k (mg\2 ,m
.- = —_—f-——] = —_— ., = L 2
"zvmax g(k) Zm(k) g5 - Y ax g«/m/k
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Chapter 13

Dynamics of a
Particle:

Curvilinear
Coordinates



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.

ot is the path curvature.

- Adistance of ds is traced out by
movement of p by d@ during dt.

$ = pb



n-t Geometry (Cont.)

AN MAATT e

Base vectors e, and e, — the unit
tangent and unit normal

- e, 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.

__dr

et_ds



Derivatives of Base Vectors

- e, and e, change with time, so their
derivatives are nonzero.
ét = Hen



Velocity (n-t)

« Velocity is always tangent to the path.
V =ve;

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

- The magnitude of v Is the speed (s).



Acceleration (n-t)

- Acceleration is composed of both a normal
and tangential component:

- Tangential acceleration (a,) is caused by a
change in speed.

- Normal acceleration (a,) is caused by a
change in direction of the particle velocity.
This is also called centripetal acceleration.



Circular Path Motion (n-t)

If the path is a circle of radius R, equations

simplify:
- v=R0
2 :
a, = % = RG?

6 is called the angular velocity
6 is called the angular rotation
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Space Motion (n-t)

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

- Athird vector, the binormal, is perpendicular
to these two.

- Path (normal-tangential) coordinates are
complex and not common for 3D maotion.
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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
€.
- Also change with time,
like e, and e,
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Derivatives of Base Vectors

* egr and ey change with time, so their
derivatives are nonzero.
ér = ey
éy = —Oep

13



Polar Velocity

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

° V =UVgp€p 1+ Vg€y
° UR=R
° UQZRH.
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Polar Acceleration

Acceleration vector a is composed of radial
and transverse components:

a = arpep + agey
. ag =R—R92
° Ag :R9+2R9

6 is the angular acceleration.
If R is constant, a = —RO%ey + Rfey
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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.

16



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.

17



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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