Engi neering Mechanics Dynamics 4th Edition Pytel Sol utions Manual

Chapter 12
12.1
= —0.16t* +4.9t3 + 0.14¢> ft
v o= g =—0.64t>+14.7t* 4 0.28¢ ft /s
a = ©=—192t>+29.4t +0.28 ft /s’

At maximum velocity (a = 0):

—1.92¢%2 +29.4¢t + 0.28 = 0 t=15.322's

Vmax = —0.64(15.322%) 4 14.7(15.322%) + 0.28(15.322)
= 1153 ft/s «

y = —0.16(15.322%) 4+ 4.9(15.3223) 4 0.14(15.322?)
= 8840 ft «

12.2

1 . -
(a)x=--2-gt2+v0t LVEX=-gliy, ¢ Ca=x=-g¢

Whent=0,thenx=0and v= 5 Hence Yo is the initial velocity.

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

v
_— = e
(b)Whenx=xmx, thenv=0. .. gt+vo—0 oot e
2
1 /N2 vy V¥
ox =——g[2) +v[2]=2Le
max  27\g g/ 2
1, 2v0
Attheend of flight x=0. .. -—gt +v0t=0 St=— ¢
2 g
(60 mi/h)(5280 ft/mi)
(c)v0= b =88 fi/s
2
(88) 2(88)
= =1202fte . t=——=547s ¢
*max = 332.2) "} 322 s
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12.65
x = 20 cos gt ft y = 64.4(4 — 1) ft
i =—10msin—¢ ft/s = —128.8¢ ft/s
i = —5m cos ot ft/s* jj = —128.8 ft/s’

. 4 2 ™ s
F, = mi= 393 (—57r cos §t) = —6.130 cos Et b
.. 4
F, = mj= @(—128.8) = —16.00 1Ib
t(s) F, (b) F,(b)
0 —-6.13 —16.0
1 0 -16.0 =
2 6.13 —16.0
12.66
2
_ vot . v.r vot . vor ) vot
(a)x=v0t—rsm? ..vx=x=v0——R—cos-l-l— ..ax=x=—i-smi-
v .t v. I v.t v2r vt
0 . o .. 0 - 0 0
=R-rcos — V. =y=—sin— La =y=-—2>C0os—
y R y" YT RR y= T2 R
2
z, z_Yo_
a=j/a +a" = = constant Q.E.D.
b SR RZ
) 2 1 60 5280 2(0 8)
mv,r {16 32.2 3600)
(b)F=ma= > = 2 =15391b ¢
R 1.25
12.67
. 27t b 47t
T = bsin — y=—-|14cos—
0 4 0
27h 27t b . 4wt
Uy = —— COS — Uy = —— sin —
0 to to to
472h | 2mt 472 47t
Ay = ——5— sin — (y = ——5— COS —
12 to 2 to

At point B: x =0..t=0

4n?b  4m*(1.2)

Soag =0 Sy = . 0.82

= —74.02 m/s’
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02N-—1" yLX

L .F =
| |

1059.81) N 10.5(74.02) N
FBD MAD
SF,=ma, +1  —N—05(9.81)=—0.5(74.02)
N =32.11 N

YF,=0 *, F-02N=0
F=02N =0.2(32.11) =6.42 N «

12.68
x=2(sin4£+sin37m) .‘.vx=i=§(4i:—cosg+%cosi-t2)
0 0 0 0 0 0
. b(®  m 9  3my b/ m 3t
ax=x=—-;(Esm“—{w—lgsm;):-—E(sin4—+9sin—)
0 0 0 0 32to t0 4.tO

b nt 3mt . b
y=—(cos_—cos_) . Vy'—'y:—(-——n—s' m+3—nsm§£)

2 4t Pa
Y 4t0 2 4t0 4t0 4t0 4t0
. b ®  m 9 Iy 2% nt 3mt
ay=y=; ——ZCOS:"t—+——2cos4—t—)=—5(—cosr+9<:os-—)
16 My 16 4 32 Y 4
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Atpoint A: t= to

2 2
11 1 . 3n n°(240)
w2 =-——[sin=+9sin )=~ 22222 (7 71y = _3.635 mys?
% ( 4 4 ) 32(12)
2 2
n n 3n n(240)
~a =—7>|-cos~+9cos—|=- (7.071) = -3.635 m/s”
7" 32 ( 4 ) 32012)?

j

a=ylal+ ai = 5.141 m/s2

The FBD and MAD show only forces

/% _

acting in the plane of the motion. ! g
3F = -p = A7 MA
=ma: pmg=ma &0 4742
a 5141 (asscrming cm- )
U =—=——=0.524 ¢ enoling S/rolin
s g 9.81 peneing 4
12.69
y X
2°
g
From the acceleration diagram of a water droplet:
4y = —gsin20°=—32.2sin20° = —11.013 ft/s’
a, = —gcos20° = —32.2cos20° = —30.26 ft/s’

Initial conditions at t =0 :

z = y=0
vy = 22c0s30° =19.053 ft/s vy = 22sin30° = 11.0 ft/s

Integrating and using initial conditions:

v, = —11013t+19.053 ft/s v, = —30.26t + 11.0 ft/s
r = —5.507t24+19.053t ft  y = —15.13t> 4+ 11.0¢ ft

Droplet lands when y = 0:

y = —1513t2+11.0t6=0 t=0.7270s
R = x|i—o1270s = —5.507(0.72702) 4 19.053(0.7270) = 10.94 ft «
9
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12.70
From Egs. (e) of Sample Problem 2.11:

x = (vgcosf)t = (65cosb5°)t = 37.28¢ ft
1 5 ) 32.2 o .o
y = —igt + (v sinB)t = _Tt + (65sin55°)t
= —16.1¢> + 53.24¢ ft
At point B:
x = 60ft 60 = 37.28¢ t =1.6094 s
h = yli=1.6004s = —16.1(1.6094%) 4 53.24(1.6094) = 44.0 ft <«
*12.71
From Sample Problem 12.12:
t
ro= GGy y=Ceem -y
vy = —C1£6_Ct/m v, = _C3£e—ct/m _ %
c 0.0025 _ mg 1.2
— = - =006708s"" — = = 480.0 ft
m 1.2/32.2 i ¢~ 0.0025 /s
r = 01670.0670875 +Cy y = 03670.0670& — 480t + C,4
v, = —C (0.06708¢-0070%)
v, = —C3(0.06708¢~%7%%") — 480.0
vosing = 70sin65° = 63.44 ft/s
vgpcos = T0cos65° =29.58 ft/s
Initial conditions at ¢ = 0:
0 ..Co=-C4
= 0 04 = —Cg
vy, = wvpcosf .. —C1(0.06708) = 29.58 Cy =—441.0 ft
v, = wvosinf .. —C3(0.06708) —480.0 = 63.44 Cs = —8101 ft
When z = 60 ft:
60 = —441.0e7°0970% 4+ 4410 ¢t=2.180s
h = yli—g1s0 = —8101e~(0-06708)(2:180) _ 480(2.180) 4 (8101) = 55.7 ft <«
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12.72

Y
X
g
Acceleration
diagram
At t =0 (initial conditions):
xr = 0 v, = 200sin30° = 100 m/s
y = 1200 m vy = —200c0s30° = —173.21 m/s

Integrating acceleration and applying initial conditions:

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

When y = 0:

—4.905t* —173.21t + 1200 =0  t=15.932s

x = 100(5.932) = 593.2 m
d = 1200 tan 30° — 593.2 = 99.6 m <

12.73
Egs. (d) and (e) of Sample Problem 12.11:

x = wgtcosf = 2500t cosf ft

y = wotsinf — %th = 2500t sin @ — 16.1¢2 ft

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

5280 2112 S
" 2500cosf  cosf

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

0 2500sin 6 — 16.1 (2'112) =0

5280 = 2500t cos 0 t

2500sin 6 — 16.1¢

cos
2.112
S| s = 16.1( —— ) =0.01 1
sin 6 cos 6 6 <2500) 0.013 60
1
3 sin20 = 0.013 601 sin 20 = 2(0.013 601) = 0.02720

1
o=3 sin~! (0.02720) = 0.779° <
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12.74
From Egs. (e) of Sample Problem 12.11:

1
x = (vgcosh)t y= —igt2+(vosin9)t

(a)
x = (42c0s28°)t=37.08tft  .t= 375.”08 s
1
y = —5(32.2)152 + (425in28°) t = —16.1¢> 4 19.718¢

Substituting for ¢:

—16.1 )2 +19.718 (i)

( x
37.08 37.08
—0.011712% + 0.5318z ft <«

<
Il

(b) Check if ball hits the ceiling.

d
% = —0.023420 +05318 =0 2 =22.71ft
Ymax = —0.01171(22.71)% + 0.5318(22.71) = 6.04 ft

Since ymax < 25 ft, the ball will not hit the ceiling.
Check if ball clears the net. When z = 22 ft:

y = —0.01171(22)? + 0.5318(22) = 6.03 ft

Since y > 5 ft, the ball clears the net. <«
When z = 42 ft:

y = —0.01171(42)? + 0.5318(42) = 1.679 ft
Since y > 0, the ball lands behind the baseline. «

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

1
x = (vgcosh)t y= —§Qt2 + (vosin @)t

1
y = —=(32.2)t + (vosin70°)t = —16.1t> 4+ 0.9397vot ft
2
vy, = Y= —32.2t+0.9397v, ft/s
When y = Ymax
vy, =0 —32.2t4+0.9397vg =0 ¢t =0.02918v s
Ymax = 27 ft — 16.1(0.02918v0)? + 0.9397v((0.02918vg) = 27

0.01371202 =27 vy =44.4 ft/s <
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12.76
Equations (e) of Sample Problem 12.10:

x = (vgcosf)t = (30cos60°)t = 15¢ ft
1 1
y = —§gt2 + (vosin @)t = —5(32.2)1?2 + (30sin 60°)¢

= —16.1t% + 25.98¢ ft

vy =& =15ft/s v, = = —32.2t + 25.98 ft/s

Vv
Biiiﬂo
Yy - .

// I\ h
e |
il 3)0‘)\
Ve
// | y
0° |
| [Xtan 30°
° !
‘ X
*J
At point B:
v is parallel to the inclined surface .. Yy _ tan 30°
Vg
—32.2t + 25.
T2 0300 t=05379s
15
= 15(0.5379) = 8.069 ft
= —16.1(0.5379%) + 25.98(0.5379) = 9.316 ft
h = (y—ztan30°)cos30° = (9.316 — 8.069 tan 30°) cos 30°

4.03 ft «
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X
3F =ma: +1 -F=ma !______é___.-_; r—;n.a;-;_—_‘i
=_E__qAV d_[ - - J!JI::'—" °/-;T3'E
Y m 2md ..__....nI._-._J L._...........;"_.;A
Horizontal motion Yo7 ~ MAD
ve=[adt+C =0+C x=fvxdt+C2-:(-31t+C2
Initial conditions: x = 0, Vy=VoWhent=0. . Ci=v, - C,=0 ..x= Vo't

Vertical motion

= q4v qAv ,
vy‘[aydt+C3__mt+C3 y=j'vydt+C4——mt +C3H~C4

AV
Initial conditions: y=0,v =Owhent=0. .. C,=C,=0 . y=-34Y2
y 3 74 4md
When particle is at A:
x=L .'.v0t=L .'.t=L/v0
—~d 18Y v y?=—d av=42(, 9Y ,
= R v ) = — W AV=—|y =
y 4md V0 q (OL)
*12.78
7/ a
c . | Path |} 779
ZF =ma: ¥ -cv. =ma LA =—-—y 71\ -
X x x x x m X C1 L
e - — Dy =
c ' may
3F =ma: +T -mg-cv =ma ..a =-g-—v c.
y oy y y y my S 7
(a) Vertical motion £Eo MAL
dv c dv m
—t=a =-g-—v smdt=—X— . =Zfpr Sy e
d Y m Y g+(c/m)vy c m Y 1
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Initial condition: vy =v_sino whent=0. .. C1 =- z ln(
c 0

c
0 g+—v sina)
m

m 8 +(c/m)vo sina
s t=—In
c g+(c/m)vy
. m c
Atpoint A: v. =0 .. t=—Inf1+—v_sina) ¢
y c mg ©
(b) Horizontal motion
e sy Ll oty c
" e =" o Vx ..vx vx—--m t ..—;t:lnvx+c2

Initial condition: Vi =V, cosa whent=0. .. C2 =- ln(vo cosa)
c=Zi=In 'z " v_=(v_cosae E/mt
m v, cosa Txo N0
. -1 V. cosQ
Atpoint A: v=v_=(v_ cosa) 1+iv sina| = 0 *
1+—v_sina
mg 0
H12.79
(a)
Y
MYy mey
g G
[ R M)
BD MAD
YF, =ma, T, — FD% = Mmay
Fpo, . 2.,
4y = —Lipve_ QO0050TVs _ o5,
m v 0.1 v
00050, 0 mys?
YF, =ma, +1 —FDUl—mgzmay
v
F . 2
0y = —ipty_ o Q000TYy g1 00500, — 9.81
m v 0.1 v

~0.0050y,/v2 + 12 — 9.81 m/s” <
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b) Letting z1 = x, v2s =y, z3 = v, and x4 = v,,, the equivalent first-order
g Y Y q
equations are
j;l = I3 j32 = T4

&3 = —0.005z3/ 23 + z3 &4 = —0.005z4/23 + 3 — 9.81

The initial conditions are
z1(0) =0 22(0) =2 m/s

x3(0) =30cos50° =19.284 m/s  x4(0) = 30sin50° = 22.981 m/s
The following MATLAB program was used to integrate the equations:

function problem12_79
[t,x] = ode45(@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 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 hA:

30.405 —29.607 30 — 29.607

24.117 — 23.944 ~ h —23.944 h=240m =

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 v, — 3.6997

v =1/15.9582 4 3.4512 = 16.33 m/s <«

vy = 15.958 m/s

vy = 3.451 m/s

16
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H12.80

1 0.005x x 0.5z 2

1 =z 05 / «
T AT 0L @ A VBT g P
YFy=ma, +1 F%:may
1 _y 1 0.005y Yy 0.5y 2
qziFfzi - —=)o—m=— Q
el Y R A (xz_%yQYVQIn/b b

The initial conditions are:

z=03m y=04m v, =0 v,=-2m/s att=0 «

(b) Letting z1 =z, 29 =y, 3 = v, and x4 = vy, the equivalent first-order
equations are

. . . 0.5z . 0.5x9
L1 =3 Lo = X4 T3 = —————=7 Ty = ————=75
(22 + 22)*/? (22 + 23)*/

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 -21);
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

The two output lines spanning y = 0 are shown below.

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
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Linear interpolation for x at y = 0:

0.36213 — 0.35879 x — 0.35879

~0.0052551 — 0.0030450 ~ 0 0.0030450 P00 m <

Linear interpolation for v,:

] 0.67883 — 0.65959 vz — 0.65959
Y7 0.0052884 — 0.0030450 0 — 0.0030450

v, = 0.6666 m/s

By inspection v, = —1.6667 m/s.

-0 =1/0.66662 + 1.66672 = 1.795 m/s <

H12.81
(a) The signs of a, and a, in the solution of Prob. 12.80 must be reversed.
0.5 0.5
ay = — ° m/s> < ay:—iy m/s’ <

(22 +y?)"? (22 +y?)"?

The initial conditions are the same as in Problem 12.80:

z=03m y=04m v,=0 v,=-2m/s att=0.«

(b) MATLAB program:

function probleml2_81
[t,x] = ode45(@f,(0:0.005:0.2),[0.3 0.4 0 -21);
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)/43];
end
end

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 z at y = 0:

0.25623 — 0.25952 o —0.25952
—0.0031544 — 0.0085117 0 — 0.0085177

r=0257Tm <«

18
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Linear interpolation for v,:

—0.67692 — (—0.63935) v, — (—0.63935)
—0.0031544 — 0.0085117 0 — 0.0085177

v, = —0.6668 m/s

By inspection, v, = —2.3332 m/s.

v = 1/0.66682 + 2.33322 = 2.43 m/s <«

H12.82
MW, Y
;g
R (w/v) = MBy
M F (W)
FBD MAD
YF, =ma, T, — FDU—I = may — chl'Sv—z = may
v v
Gy = —C—Dvxx/ﬂ
m
195 0.0012 —0.5
—=————=0. ft -
m ~ (9/16)(32) ~ 00869 (It -s)
S ap = —0.06869v, (v +v2)* fi/s® <
YFy=ma, +1 —FDU—y —mg=may — ch1'5U—y —mg = May
Y

fay = _%’ny — g = —0.06869u, (v2 +v2)"* —32.2 ft/s* «

The initial conditions are:

=0 y=6ft 0v,=1201t/s v,=0 att=0 =

(b) Letting 1 =z, z2 =y, 3 = v, and x4 = vy, the equivalent first-order
equations are

T = 3 Tg = a4
by = —0.06869z3 (22 + a2)"
2y = —0.06869z4 (23 +23)" — 322

The MATLAB program is

19
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function probleml2_82
[t,x] = ode45(ef,(0:0.02:0.7),[0 6 120 0]);
printSol(t,x)
function dxdt = f(t,x)
v25 = sqrt((sqrt(x(3)"2 + x(4)72)));
dxdt = [x(3)
x(4)
-0.06869*x(3)*v25
-0.06869*x(4)*v25-32.2] ;
end
end

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

t x1 x2 x3 x4
6.4000e-001 6.1878e+001 2.6073e-001 7.7840e+001 -1.6851e+001
6.6000e-001 6.3426e+001 -8.0650e-002 7.6894e+001 -1.7286e+001

Linear interpolation for x at y = 0:

63.426 — 61.878 R —61.878 R— 631 ft <
—0.080650 — 0.26073 0 — 0.26072 e
Linear interpolation for ¢ at y = 0:
.66 — 0.64 —0.64
0.66 — 0.6 t—0.6 0655 s <

—0.080650 — 0.26073 0 — 0.26072

H12.83
ay = —10—0.50, m/s>  a, = —9.81 — 0.5v, m/s’

a Lettin, ry =T, Ty = T3 = Vg and Tg = U the equivalent first-order
g ) Y, Yo q
equations are

T1 =23 To = T4 T3 = —10 — 0.523 T4 = —9.81 — 0.524
At t =0 (initial conditions):
1 =29=0 3 =30cos40° =22.98 m/s x4 =30sin40° =19.284 m/s
MATLAB program:

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)

20
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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)]1;
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 z at y = 0:

5.1656 — 5.7152 b—5.7152
= b=526m <«
—0.10184 — 0.47141 0 —0.47141
Linear interpolation for ¢ at y = 0:
15 -3.1 —3.1
3.15 - 3.10 :t30 t— 3145 <
—0.10184 — 0.47141 0 —0.47141
(b)
15
]
10
€
>
5
0
0 5 10 15 20

x (ft)
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H12.84

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

YF, =ma, T, — Fcosf = may

E(R— Lg) x k Ly
T = —_— "0:777:77 177
ta mCOb m R m( R *
10 0.5 0.5 2
= _ 1 - — = 4 1— — <
0.25( R)x O( R)gcm/b «
YFy=ma, +1 —F'sinf —mg = may
o = Fag o KB-L)y k(L _
v m 9= m R I=™m R L

0.5
= —40 (1 - ) y—9.81 m/s® <
R
The initial conditions are:
z=05m y=-05m v,=v,=0 ati=0 «

(b) Letting 1 =z, z2 =y, =3 = v, and x4 = vy, the equivalent first-order
equations are

T = T3 To = T4

0.5 . 0.5
—40 (1 — R) 1 Ty = —40 (1 — R) To — 9.81

where R = \/z% + z3.

The MATLAB program is:

T3

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)’)

function dxdt = f(t,x)
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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
05 N\

\
o ¥t
RN \

-1.1
-0.5 -04 -03 -02-01 0 0.1 02 03 04 05
X (m)

y (m)

H12.85

(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 s
a, = 40(1R)xm/s if R>0.5m
0 if R<05m
0= —40 (1—05>y—9.81 m/s> if R>0.5m <
—9.81 m/s’ if R<0.5m

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

(b) MATLAB program:

function problem12_85
[t,x] = oded45(@f,(0:0.02:2),[0.5 0.5 0 01);
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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
1
0.5 Y
0
E
= \ /
-0.5 \ \
-1
\ /
15 A
0.4 -0.2 0 0.2 0.4 0.6
x (m)
H12.86
(a)
a; = —apcosf + ar, sinf ay = —apsind —ar cosf — g
Substitute
. Uy Vg 9
sinf = —= cosf = — ap = 0.05v
v v
ar, 0.16wv = 0.16(10)v = 1.6v

where v = v2 + vg.
Qy = —0.05022 1+ 1.602% = —0.05vv, + 1.6v, ft/s* <
v v

a, = —0.050% 2% — 1.60°2 — 32.2 = —0.0500, — 1.6v, — 32.2 ft/s° <
: v v
The initial conditions at t = 0 are:

r=y=0 v,; =60cos60°=2301ft/s v, =60sin60° = 51.96 ft/s
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(b) Letting z1 =z, 29 =y, 3 = v, and x4 = vy, the equivalent first-order
equations are

1 = I3 T = x4
I'g = 70.05’0373 + 16I4 j74 = 70.051}.’54 - 16173 —32.2

MATLAB program:

function probleml2_86
[t,x] = ode45(@f,(0:0.02:1.2),[0 0 30 51.96]1);
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 1.9377e+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
= t=1.051s «
—0.19335 — 0.25868 0 — 0.25868
Linear interpolation for x at y = 0:
19.388 —19.377  x —19.377 o= 19.38 ft <

—0.19335 — 0.25868 0 — 0.25868
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(c)

10

x (ft)

12.87

0 150 170 190 t©

SLlr 12

0 t(9

0= t(9

d=9800 ft «
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12.88

£

t(9

% >0 t(9
. dx
v = slope of z diagram v|a0s = — =400 m/s
Ay |50
400
a = slope of v diagram a = 20 = 20 m/s>

12.89

It is sufficient to consider vertical motion only:
a=—g=-3221ft/s
Initial conditions:

v|i=0 = vp sin 60° = 0.8660v, ft/s Yli=o =0
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a(fus)

“t(9
3221,

-322
v (ft/s)

000.4330\()tl e

Oo t, ts

End conditions (¢ is the time when the ball is at its maximum height):

V—y, = 0  0.8660vg—32.2t =0  t; = 0.026 89v,
Yy, = 27ft  0.4330(0.026 89)v2 =27 vy =48.2 ft/s «
28
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12.90

480 ———————————== ‘ 522
|
|
|
% 6 g 1O
From a and v diagrams —8(t; —6) = —64 t1=140s «

522 ft -«

From z diagram x|,

29
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12.91

Horizontal motion (a, = 0) Vertical motion (a, = —9.81 m/s?)
a (m's) a (M's)
0 t
0 -t 0 Lt (9
0 -
981 9.81t,
v, (M's)
240 o Y% (m's)
1 0 5
% £ te 0 X t©
9.81
-906 -\ ——————— =
x(im) y (m)
200 -——————————— h

End condition:

Zlt=t; = 1200 m 240t; = 1200 t1 =50s
1
h = —[area under v, diagram| = 5(49.05)(5) =1226m «
12.92
Horizontal motion: a, = 0 Vertical motion: a, = —32.2 ft/s>
30

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



a(ft's) 3 (ft/s)

\ B 0 10
05 5t 0 = ‘ t(9
-2
% (ft/s)
V% - v (fts)
Vo
0 t(s 09 L9
) 15 te 1610 ©®
3ol T~
x (ft) y (ft)
Ovyf——————————= ’ 1610
00 0 tO O0 0 t©
. 22
_’Ui = tan20° 3—:tan20° vy = 885 ft/b R |
Vz |4=10 Yo

R=zli_10=10vy = 8850 ft «  h=1y|_o = 1610 ft <«

12.93

Y

2269 X

g

Acceleration
diagram

Qg gsin22.6° = 32.2sin22.6° = 12.374 ft/s2
ay = —gcos22.6°=—-32.2c0s22.6° = —29.73 ft/s”

At t =0 (initial conditions):

x = 0 v, = 260 cos 22.6° = 240.0 ft/s
= 0 vy = 260sin22.6° = 99.92 ft /s
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a (f/s) ay (ft/9) t;=3361s

12.374
8318 6.722
00 672 t(9 0 o7 t(9
=-99.92
-29.73
0 s
——— 167.92
240'8 15928 t(9 99‘9c2> t(9
S
X (f) 00— N
1828~~~ =~ y(®
167.920 — = ‘
0 te O t(©

vy=0att=1t. ..99.92-29.73t; =0 ..t =3.361ls

h=1679 ft « R=1893 ft « time of flight =6.72 s «

12.94
a(r‘rVSz) a (ms)
0 t
0 o 1 0 WA
0 16,001 -
g 98 |
v, (m's) \]/y_l(n”ls)
190,52
066 | 110- 981t 110 Ao
% 16001 'O 05 t®
y(m
x(m) e ymo
3066~~~ (110- 4.905t)t, ’
% 16001 'O % 1O

End condition: y|;—¢, =500 m. .. (110 — 4.905¢1)¢; = 500
The larger root is t; = 16.091 s «
R = 1'|t:16.091 = 3066 m «
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12.95

Maximum speed is reached when the a(ft/s?)
acceleration becomes zero, i.e. at t = 20 s.

28
@A, = ! (8.8)20) = 88 fu's \
2 A,
¢ls)

0
Ve = Vlp + A, =0+ 88 =88 fus ¢ 0 £o
v(ft/s)
g8 l—--——-=
2 !
(b) A, = - BB)X20) = 1173 i A, |
0 )
0 20

xIZOS=x|O+A2=0+1173=1173ft0 X(48)

1178 m e —— o
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12.96
5280

2 mi = 2(52 =1 f 4 i/h =45—— =66 f
mi (5280) = 10 560 ft 5 mi/ 53600 66 ft/s

Accelerate at the maximum rate (6.6 ft/s?) until maximum allowable speed (66
ft/s) is reached at time ¢;. Then maintain this speed until time ¢5. Finally,
decelerate at the maximum rate (5.5 ft/s?) until the train stops at time t3. The
distance traveled during this time must be 10 560 ft.

a(f's)
662

t2 tg
b 55, -t,)

t(©

x
=
=

10560 ——————————————==

From a and v diagrams:

6.6t1 = 66ft/s ..t =10s
5.5(t3 — tg) = 66 ft/S cotyg — 1ty = 12's

From v and x diagrams:
330 + 66(t2 — 10) + 396 = 10 560 .. to = 159.0 s

t3=12+12=159.0+12=171.0s «
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12.97

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

t. - 16 16
From similar triangles: - = a(m/s?)
075 1.75-0.75 o 6 £=2p
(4
.t =28s 0 iz o é(s)
| 075ty =2
A1 =-—(1.75+0.75X16) = -20 m/s
2 -175
1
A2 =- E 0.75X28 - 16) = - 4.5 m/s vim/s)
Y6 = Vlo + Ay = Vo~ 20 mis =20 \
= . = A
Butv| . =0 .. v =20ms ¢ % l6_ 28 45
P ——_L
V]pge = Ves + A, =0 - 4.5 =-4.5m/s
x(m)

1
Ay =3 (24.5X28) - (4.5X28) + g (12)4.5)

|
= 138.7 m (see diagram below) '
|
K| =%, + A, =0+1387=1387m ¢ |
16s 0 3 1
PL: i #0s)
. . 7
4 =30 - 33 + =N
N"Z¢ 28

35

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



12.98

v =0 when 40 — 9.6 — 25— 1.8, =0 st =3.0s

After touchdown, the plane travels 203 m <«

12.99

06 01 02 03 o4 te

o
S
\

\

\

\

\

\

|
|
|
|
i
0 01 02 03 o4 'O

From the v diagram:
U|0_4S =12 m/s <
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Zlo.4s = area under v diagram

. QEmmm1ﬂ+qmmun:a%m<

12.100
8
IF, =ma: % PM)-16=— g (%
32.2 b LPe_
- a=4.025 P(t) - 6.44 fy/s? 1 = ;}L a
F=/6U { N=8% 2
Consider only one cycle of acceleration. £80 MAD
A; =(4.025P - 6.44X0.2) = a(fé/s?)
4025 A,
= 0. P -1.2
0.8050 o~ 1.288 ft/s ” ‘.440
A, = ~(6.44X0.3) = -1.932 fys A [—
0 0.2 a5
For the average speed to be constant, the 7 4 ¢
change of speed over the cycle must be zero. —Ct4 _ 2

Av=A1+A2=0
0.8050P0 -1.288-1932=0
PO =4.001b ¢

v,ms = v]o +A, =0+1932=1932fi/s

1
A3 =3 (1.932)(0.5) = 0.4830 ft

X|o.55 = X|o *+ A5 = 0+ 0.4830 = 0.4830 ft

This is also the distance traveled during the 0.5
second cycle.
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12.101

8 Y 184
JF = : X P()-1.6=—
x=ma: 5 PO 322° 1 PLe)
et LD ——
2 8
. a=4.025P(t) - 6.44 ft/s I =—0
5 Flel e 014 it
_ [4.0256) - 6.44 _ (17.71 fYs . ho
= 1-6.44 = 1-6.44 fys? 82 242
A=A, =(17.71X0.2) = 3.542 fuls alft/s?)
A, = ~(6.44)(0.3) = -1.932 ft/s 1727 - - -
' log o8] 731 |
_ - - )
Vjgas = V| + Ay =2 + 3.542 = 5.542 fi/s ) 3 p o7t
v|0.5s = v|0_2s + A, =5542 - 1.932 = 3.610 fu/s
V(fe/s)
v]o 7= v|0 s+ A, =3.610 +3.542 = 7.152 fi/s

1
A4 =3 (2 +5.542)0.2) = 0.754 ft

1
A5 =3 (5.542 + 3.610)0.3) = 1.373 ft

1
A6 =3 (3.610 + 7.152)(0.2) = 1.076 ft

xlm = x| ot A,=0+0754=0754ft

Xoss = Ko ps * Ag = 0.754 4 1373 = 2127 ft

X7 = Ky, + Ag = 2127+ 1076 = 3203 1

Att=07s:
(@v=715fts ¢ (b)x=320ft e
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12.102

a(ms)
O o
11
o) 0 t(9
-0.11282
-040-————————
v (m/s)
010182+ — — — 0.03638
0.03638 —
1.0718
0 t(9
_ooub—-0%9__ N
y(m)
0072716|—— ————=
0 t(9

From similar triangles on the a-diagram:

tq
0.38

vmax

© 2017 Cengage Learning®. May not be scanned, co

1.1

0.78
0.1018 m/s <

t1 = 0.5359 s

39
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12.103

a(ft/s?)
a \3\
273. L 14 t
O Doa,-14 ] 1O
) -18.7 =-194.6
v (ft/s)
27133
1A6———~—
1660 [1208| ©5g8
0 olll 14 2004 1
ft
3456y()
2808 ——
1660} ————-
0 t(9
From similar triangles on a-diagram:
t1 14
_— = . t1=9.111s
60 60182z T Ols
Let to be the time when v = 0. Therefore,
194.6 — 32.2(to — 14) =0 Sty =20.04 s

Umax = 273 ft/s < Ymax = 3460 ft 4 occurring at t = 20.0 s <«

12.104

v =22 — 82 + 122 mm/s
d
= = (20" — 8% + 122) (62 — 162 + 12)
X
ala—n = (2(8) — 8(4) + 12(2)) (6(4) — 16(2) + 12) = 32.0 mm/s” <«

12.105

a=v

a=At+ B
Whent=0:a=0 ..B=0

4
When t =6 ft/s: a =8 ft/s .8=A(6) .. A= 3 ft/s3

4 2
.-.azgtft/s? v:/adt+0:§t2+c

Whent=0:v=v9 ..C =1
When t =6s: v =16 ft/s

2
§(36) +vo=16 ..v9=-80ft/s «
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12.106

Car A Car B
a=4ft/s? a=—2 ft/s?
v=4t+ Cy ft/s v=—2t+Cs ft/s
V|t=o =30 ft/s . Cy =30 ft/s V|t=o = 60 ft/s . C3 =60 ft/s
v=4t+ 30 ft/s v=—2t+60 ft/s
= 2t2 + 30t + Co ft x = —t2 + 60t + Oy ft
Zlp=p = —400 ft . Co = —400ft | 2|;=g=0 . Cy =0
x = 2t% + 30t — 400 ft x = —t2 4+ 60t ft
Car A overtakes car B when x4 = zp:
2t + 30t — 400 = —t2 + 60t
3t —30t —400 = 0 t=17.585 <
12.107
(a)
r = 3t3-9t+4in.
Ax = z|lma — =0 =[3(8) —9(2) + 4] —4=6.0in. «
(b)
v=10=9—9in./s s v=0whent=10s
Z|t=0 = 4 in. Z|t=1 = —2 in. Z|t=2 = 10 in.
2 0, 4 x(in)
- 10
d=6+12=18in. «
12.108
Fall of the stone:
a = 322ft)s> - w=2322+C ft/s
sy = 16182+ Cit 4 Co ft

Whent=0:v=2=0 . .Ci=Cy=0

Let ¢; be the time of fall and h the depth of the well. . h = 16.1¢3 ft
Travel of the sound:

Let to be the time for sound to travel the distance h. ... h = 1120t5 ft

t1+to=3 St =3—1
16.1¢5 = 1120t 16.1¢7 = 1120(3 —¢;) ¢, = 2.881 s
h = y|i—o.881s = 16.1(2.881)? = 133.6 ft «
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12.109

12t — 62 ft/s”

S
Il

v o= /adt:6t2—2t3+01ft/s
r = /vdt:2t3—0.5t4+01t+6’2ft

Whent=0: z2=v=0. .C;=Cy=0

o =262 — 0.5t ft cov=6t2 —2t3 ft /s

(a)
Az = x4—5 — zlt=0 = [2(5)® — 0.5(5)*] — 0= —62.5 ft <«

(b) When v = 0:
6t> —2t>=0 t=30s
Tlimo =0 zfi—3 = 2(3)> —0.5(3)* = 13.5 ft z|—5 = —62.5 ft

-62.5 0 >—|13'5—x (ft)

¥

d=2(13.5) + 62.5 = 89.5 ft <

12.110
dv 9 1 1 1
E:—cv ﬁd'v:—cdt /ﬁdv:—ct—i—Cl —;:—ct—&—C’l
Initial conditio | 800 ft/s C ! 0.8¢ !
NnitlL naition: -0 — e = — L—— = —U. —_
Ylt=0 " 800 1Ty 800
1 1
Wh =400 ft/s: — — — = —0.8¢ t =1.5625 x 1073
en v /s 500 ~ 400 X s <«
! 0.8 + L !
1oL 08— =t
v 300 0.8t + 1/800
dt 1 1
- S — =~ In(0.8t+—
v /0.8t+1/800 =55 (08 * 800) + 2
1 1
Initial condition: =0 0=—In(—)+cC
nitial condition x|t=0 08 n <800> + Co
1 1
Cy = ——1In|— | =28356ft""
2 0.8 " <800
v = S in(08t+—) 48356
T08 ' 800 '
42
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When v = 400 ft/s (¢t =1.5625x 107" s):

1 1
G5l {0.8(1.5625 x 1073) + } +8.356 = 0.867 ft <«

800
12.111
v = T5e 0% ft/s
= / 75¢= 0%t dt = —1500e %% + C ft
Initial condition: zli=0 =0 .. C =1500 ft
r = 1500(1 — 7205 ft

Setting v = 5 ft/s and solving for ¢:
5="T5c"%"  ¢t=54165 <

&) y—s 115 = 1500 |1 — e*o-°5<54-16>} — 1400 ft <

12.112
By
May
ng
FBD MAD
YF, = ma, a; =0
YF, = may ay =—g=—9.81 m/s’

vgg:/amdt:Cl

Initial condition: v|t=g = vg cos 50°

.. C1 = vg cos 50° = 0.6428v vy = 0.6428v¢

T = /vwdt = 0.6428vgt + Cy
Initial condition: z|t—g =0

Cy=0 z = 0.6428v,t

vy = /aydt = —9.81t + C3
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Initial condition: vy|;—o = vg sin 50°
. C3 = 19 sin 50° = 0.7660v, vy = —9.81t + 0.7660v¢
y = / vydt = —4.905t% + 0.7660v0t + C,4

Initial condition: y|¢=o =0

S Cy=0  y=—4.905t% 4 0.7660v0t

At point B:

r = 18m .. 0.6428v¢t = 18 vot = 28.0 m

= 18m . —4.905t2 +0.7660(28.0) = 18 = 0.8384 s
28.0

Vg = 0.8384 =334 Hl/b |

12.113
/52
r /5
3F =0 +7T N+Psin20°-15=0 yL_ e 32.2 (30) 2
1
5F =ma Pc0320°+0.2N=§2—52-(30) 02N
The solutionis: N=10.691b P=12.601b ¢ £80 442
12.114
F=(50—1t)x10° N
_F (50 —1t)x 103 B )

v o= /a dt = 25.90t — 0.3571¢% + C
y = /u dt = 12.95t% — 0.11903t> + C1t + C

Initial conditions: y =v =0 whent=0. ..C;=Cs=0.

Yli=20 = 12.95(20)% — 0.11903(20)% = 4230 m <
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12.115

ZFx =ma_ -1.66*=022 . a=-—"—"—= —8e%%

dv 4 1
a=v— - vdv=adx .. [vdv=[-8¢"* =yt =2
. adx fv v f 8¢ dx 2v 2e " +C

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

1
;_vz =-2¢"* + 20

In 10
e =

When v = 0: 0 =-2¢** +20 =10 . x=——=05%m ¢

12.116
k
(a)XF =ma: +! mg-kv=ma .'.a=g—;v 11“’
v=v_whena=0. -.g-—v_=0 - |
m ma
k=f'§=(-m—);%@=1.635 N-s/m ¢ ,_-59; MAD
voo

_d_v_ __k_v . —ﬂ—=dt . —Eln(g——k—v)=t+c

(b)a_dt_g m T g - (k/m)v Tk m

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

ml g rnl 1 mln 1

t=—lp———=—l————==—

Kk Cg-(gmy k 1-[kKmplv k 1-vi_
1

250s ¢

= s t= in =
When v =39 m/s: 1= s P 1 - (59/60)

12.117
From Egs. (d) and (e) of Sample Problem12.11:

x = wotcosh = 8tcos30° = 6.928¢

1 1
Y —§gt2 + vgtsinf = —5(9.81)1&2 + 8tsin30° = —4.905t% + 4t
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At the landing point

y = —xtan20° — 4.905t% + 4t = —6.928¢ tan 20°
4.905t = 6.522 t=1.330s <
9.214
r = 6928(1.330)=9214m d= =98l m «
cos 20°
12.118
03lb ¥
v\ F X _*@a
\%3 32.2
5
moly  /® MAD

When x = 6 in., the elongation of the spring and the spring force are

§=132+62-3=3708in. F =ks=>5(3.708) = 18.540 Ib

SE, = ma \/%F - 302'2a \/%(18.540) - ?%a
a = 1780 ft/s*> <
12.119
x = b sin wt . X = bw cos wt -, X = ~bw?’ sin wt
y = b exp(-w/2) Ly=- % bw exp(-wt/2) Ly= % bw? exp(-wt/2)
(a) Atpoint A x=0 Lot=0
- - 1 1
L x=0 .'.y=zbu)2 .'.a=Zbu)2T .
() Atpoint B x=b .. wt=§
L Xx=-bo® Y= % b’ exp(-n/4) = 0.11398bw’

- a=bw?4/ 12 +0.11398% = 1.006 bw® 8 =650 ¢

- 0=tan"! 0.11398 = 6.50°
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12.120

1
When x = 6 ft: ou x
ZF =0 -
: 2af§ 1 = [
T N-80-20- 2 20)=0 Azé'oﬂ % 0 4
+ -80-20-—— =
6.047 ¢ loss - 0ZN 52z
- N=102481b 2026° N
ZF =ma £80 AL
x
+ 6 80
- ——(20) + 0.2(102.48) = ——a
> " goar PO+ 0K )= 522
- a=0262fys> > ¢
12.121
From Egs. (d) and (e) of Sample Problem 12.11:
1 5 .
T = wvot cos Oy Y= —§gt + vot sin b
(a) Let ¢t =t; when the ball hits the fairway at y = -8 m, z = R.
1
-8 = —5(9.81){{ +45t;8in40° 1, =6.162 s
R =45(6.162) cos40° = 212 m <«
(b) Att=6.162s:
vy = @& =wvpcosbfy=45c0s40° =34.47 m/s
vy = y=—gt+uvysinfy=—-9.81(6.162) + 45sin40° = —31.52 m/s

v=1/34.472+31.522 =46.7 m/s <«
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12.122

k mg
(a) ZF =ma: +|! mg-kx=ma .'.a=g—;x

vdv adx =
J ) 1, Vma

.oV -gx-—z-;x +C £x

"2 F80 MAD
Initial condition: v=0whenx=0. .. C=0

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

k 2 ] _ng ) _ _
gxmax—E;xmax=0 T — k ..Fmax-kx =2mg ¢
. . k mg
(b) v is maximized whena=0. .. g-—x=0 .. x=—

12 mg\ k (mg\2 ,m
: = =) =g~ v =g\ mk e
"2 max g(k) Zm(k) £ Vo BNE
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12.3
z = 6 (1 - e_t/2> m
v = =6 (;e_tm) =3e 2 m/s

1
a = v=-3 <e_t/2> = —1.5¢7"2 m/s>

2
(2) Tmax = O6matt=o00 <«
Umax = 3 m/sand |af,, =15 m/s® both occurring at t =0 <
(b) Whenz = 3m: 3=06(1—e"?) e 2 =05
t = —2In(0.5) =1.3863s <«
v = 3(05)=15m/s « a=—15(0.5)=—-075m/s’° <
12.4
r = 3 -6t 32t in.
= &=3t"—12t—-321in./s
a = ©=6t—12in./s’
Att=10s:
r = 10°—6(10%) — 32(10) = 80 in. <
= 3(10%) — 12(10) — 32 = 148 in./s <
a = 6(10)—12=48in./s’ <«

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

= 3t°-12t-32=0 t=5830s
r = b5.830% —6(5.830%) — 32(5.830) = —192.3 in.

At t = 10 s the distance travelled is

5 =192.3+ (193.3 + 80) = 466 in. «

-192.3in. 0 )
< 80in.
583s 10s
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12.5

t? t?
(a) x:tz—%f‘c v:9b=2t—% t/s v =0 when ¢ = 60 s
603

max = 602 — — = 1200 ft «
v 90

t
(b) a:i):2—1—5ft/s2 a=0whent=30s

302
VUmax — 2(30) - % =30 ft/S <«

12.6
(a)x=vo(t—to+toe'mo) v=x=v0(1-e'm°) *
Since v»voast»w,voisthelimiﬁngorm'ml_m.

V,—V

o *

v
(b)a=v=;9e’m°0 But from part (a): v, -~ V=¥, e a=
0 0

12.7
r=3t"—12tin. w=g4=06t—12in./s
(a) The bead leaves the wire when x = 40 in.
3t 12t =40 t=6.165 <

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

= 6t—10 t=20s
r = 3(2.0%) —12(2.0) = —12.0 in.

The distance travelled is

s =2(12) + 40 = 64.0 in. «

-12in. O 40jn.
20s 6.16s
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12.8

r = 4t —2mm
- x2_16t4—16t2+4_4t4—4t2+1mm
T 12 - 3
When t =2 s:
vy = & =8t=8(2)=16mm/s
16t3 — 8t 16(2)% —8(2
vy = Y= = @) ():37.33mm/s

3

3
v o= y/vi+vl=1+/162+37.332=40.6 mm/s <«

Ay = Uy =28 mrn/s2
48t% — 48(2)? —
ay = Uy = 5 3 5 _ il )3 5 _ 61.33 mm/s’

o = \Jo2+a3= VB 16138 =619 mm/s” «
12.9
. . . 1.2
(a)x=R(l+-;-coswt) .-.v=x=—-12-Rwsmwt . .'.a=v=—2Rm cos wt ¢

1 _lp,?
() Mmax =—2-Rw lalm-sz

. Doubling w would double Ivlmax and quadruple lalw.

12.10
y=>50—2ts vy =9y =—-21in./s ay =0, =0
1’29: 6 in. vm:x':%in./s az:vm:L3
y 50—2¢ (25 —t) (25 —t)
Att=20s:
3 . . s o
Vg = m:o.u in./s vy = —2in./s v=0.12i—2jin./s «
6
“ = a0 0.048 in./s> @, =0 a=0.048iin./s° <«
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12.11
2 1)+ 2
(@v = Zgro(r(/r -D+yy
. . 2
Differentiate with respect to time: 2vv = 2g1'0(— r(/rz)r or 2va= —Zg(tolr) v

a=-gh ¢

(b) A is the escape velocity if v > 0 whenr > .

2
0= lim [2gfi-D+v5] -~ 0=2g@-D+vg o= X
I —> o

(c) For earth: v = ﬁ<32.2x3960 x 5280) = 36 700 ft/s ¢

12.12
z = 15—22m vy =& = —4t m/s aw:®$:—4m/s2
y = 15-10t+t*m wv,=9=-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? <

12.13
T 58t m vy =& =58 m/s Ay =V, =0
y = T8—4912m v, =§=78-982%tm/s a, =10, =—9.82m/s

(a) a=—9.82j m/s? «
(b)  V|t—o =58+ 78j m/s «
(c) y = h when v, = 0:

v, = T8—9.82t=0 t=79435s
h = 78(7.943) — 4.91(7.943%) = 310 m <«

(d) 2 = L when y = —140 m:

y = T8t—4912=-140 t=17514s
L = 58(17.514) = 1016 m <«
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12.14

_ a? dy «x
Y=1000 dz 500
(Y
K‘N\& 0
sl
1
! Yo 5000
vy = g _ B
\/W V1 (2/500)2 /5002 + 22
dy/dz  x/500 v

Uy = o = =
|+ (dy/de)?  V1+@/500)2  V500? + 22

When z = 100 m:

500(6
Vg = __o006) =5.883 m/s
V5002 + 1002
100(6
o, = =00 _ 1767 mys
V5002 + 1002
v = 588i+1.177jm/s «
L, _dvdr _dv,  500mw
T dedt dx T (5002+$2)3/2 v
Cdvyde  dv, 5007,

b = W= dx dt ~ dx Ve = (5002+x2)3/2v1

When z = 100 m:

500(100)(6
4, = —%(5.883) = —0.013 31 m/s?
(5002 + 1002)
5002(6
ay = #3/2(5.883) = 0.0666 m /s’
(5002 + 1002)
a = —0.013 32i+ 0.666j m/s° <
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12.15

(8) x = a cos wt y = bsin wt b) H
2 2 b r
x 2. .2 f
.'.—2+—2-oocwt+unox-1 i T - A
a b b On
which is the equation of ellipse .. QE.D. ]
|2 17 {
(b)v‘-i-—awainwt alsi'r:-wzcoswts—wzx
vy-'ys—bwcosml ay-}:—bmzsinww-wzy
na=aita) =—w¥(xd +y)) = -0’r .. aandr are collincar .. Q.E.D.
12.16
A X
wt-
x = R cos wt +Rwt sin wt y = R sin wt - Rwt cos wt A —A <

LV = x = -Rw sin wt + Ro sinwt +Rw’t coswt = Rw’t coswt

vy=)}=chowt—Ru)co-un+sztsinmt=Rw2tsinun

v=vxl+vy|=Ru)2t(icoswt+jsinwt) - v=Ro’ ¢

— —

AB = AB[1 cos(wt - ®/2) + j sin(wt - #/2)]
-A—B(isinwt-jcosmt)

By inspection: v. AB=0 .. v is perpendicular to AB .-, Q.E.D.
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12.17

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

y=R(1 ~coswt) .. vy=jr=Rwsinmt

V= vf +v§ = szz[(l - cos wt)? + sinzu)t] = 2R%02(1 - cos wt) = 4R%w? sin 5

wt
.. v=2Rw sin 7

— t
But BC = 2R sin % ~v=wBC . QED.

(b)ax=3i=Rw2sinwt ay=')}=Rm2cosu)t
na=aita] = (Rw? sin wt)i + Rw’ cos w)j

— 1
BG =(Rsinwt)i+(Rcos(m)j=—2a
W

—
.. BG and a are parallel

2 Wt

7

Py

c

. QED.

12.18
) h
x =R cos wt y =R sin ot zZ=~-—@t
2n
. . . . hw
..vx=x=-Ru)smmt vy-y=Rmcoswt vz-z--zn
wz

2 2

242 wt+R2w2coswt+

v2=v2+v +V =R2(nzsin
x Yy z
. 2 .
~v=Rop/1+ [h/(ZnR):l =constant .. Q.E.D.
ax=;r=—Rw2cosmt ay=3r=—Rw2sinwt
a2 = ai + a: + a: = R2m4 (cosz(nt + sinzwt) = Rzm4
Using the given data:

0.75
2n(1.2)

v=(1.2 X4n) 1+ [ :[2 =1515m/s ¢

55

a=z=0
z

- a=Rw? = constant .- Q.E.D.

a=(1.2)X4m)% = 189.5 m/s> ¢
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12.19

- 2L
x= 0.8v0t y= 0.6v0t z= -0.04v0t
. . _ - . - _ . 2
SV =X= 0.8vo vy =y= 0.6v0 v,=z= —0.08v0t
. _ .- = _ . _ = 3 = 2
A =X 0 ay-y-O 3=z -0.08vo
(a) AtpointB: x=4in .. 4= 0.8v0t st= 5/v0 oV, = —().4v0

.'.v=,\/v2+v2+v2 = d\/ 0.8 +0.62 + 0.42=1.0770v,_ ¢
x y z 0
2
a= Iazl = 0.08v0 *

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

cosd = 1K ~04v -0.3714 0=111.8°
" T 1.0770v, T

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

12.20

@) r=0Gt+401+ (4 + 30§ + (-6t + 9k ft
L V=r=(6t+4)i+(-8t+3)j-6k fys ¢
. a=v=6i-8j fi/s> ¢

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

i J k

6t+4 -8t+3 -6

6 -8 0

and the corresponding unit vector is
_ . _48i+36j + 50k

= ,\/—TT—Z__i = +(0.615i + 0.461j + 0.640k)
+36° + 50

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.

vxas= = -48i - 36j - S0k
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12.21
. R
x =R cos wt y =Rsinwt z=ism2mt

" v =x=-Rosinat vy=§'=Rmcoswt v, =2 = R cos 2wt

v=«/v +v +vV -Rw;\/eos wt+sm2wt+cm22wt=km4/1+ 22mt

o — 2Rw ¢
= x = -Ro’ cosut 3 =y-—Rw sin wt a=z=- -2Rw? sin 2wt
q/a +a +a -Rmz;\/coa Wt + sin wt+4sm22wt Rw »\/1+4sm220)t
T SRw> ¢
12.22

(a) From geometry: x = 2b cosd

. - 8
S v=x=-2b0sind — ¢ 3 | b
o 5L B e

(®) .. a=v=-26Bsin6+8%cosB) - ¢ | X Ta

12.23

(@) Geometry: y=btan® .. v=y=bdsec’fT ¢

®) .. a=§'=b[ésec26+2(')secﬂ(swetm66)]
= bsec’(® + 26% tanB) T ¢

12.24
x = Rcosf vy =& = (—Rsin6) 0
= Rsind vy =9 = (Rcos0)f
vy = wg Yyields 6= R:S 7
s
D Yo _ _
vy = (—Rsinf) Toosd vo tan 6
57
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. 2 G
Uy = Vg = (fvo sec? 6‘) 0= (*’UO sec? 9) R:0050 = 7%0 sec? 0
With R =6 ft, vo = 2.5 ft/s and 6 = 60° we get
vy = 2.5ft/s v, = —2.5tan 60° = —4.330 ft/s
v = —4.33i+2.5jft/s «
252 .
ay = 0  a,= 775 sec® 60° = —8.333 ft /s’
a = —833ift/s’ =
12.25
b 1200 r'ev o 27 rad o 1.0 min — 125.66 rad/s
1.0 min 1.0 rev 60 s
r = 55+ 10cosf + 5cos20 mm
dr .
v o= = d—ga = (—10sin0 — 10sin 26) (125.66) mm/s
. dv , 2 2
a = v=_50= (—10cos 6 — 20 cos 20)(125.66)° mm/s
0] o = 30(125.66)2 = 474 000 mm/s2 =474 m/s2 (at 6 =0) «
*12.26
(a) Geometry: x =y tan8 A=Y tanOB +b..iieiine, (a)
oy b 1000 =5770m ¢

tanOA - meB tan 30° - tan 22°
(b) Differentiate Eq. (a):
. . 2 . - . .
x=y0, sec 6A+ytan6A—yOBsec203+ytanBB (b)

O 2 ‘ 2
8, sec’0, - 8 sec8,
tan6, - tand

Sy=-y

2 2
(0.026)sec” 30° ~ (0.032)sec” 22°
= =85.11
~G770) tan 30° ~ tan 22° 511 m/s

From Eq. (b): x = (5770)(0.026)30‘:2 30° + (85.11)tan 30° = 249.2 m/s

v \/ 2+y= \ﬁw.zz +85.112 =263 m/s ¢

.1 85.11

=18.86° ¢
249.2 8

(¢) - a=tan /%) = tan
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12.27

T
TITH
_ |
ngy
FBD MAD
v =4t m/s a=9=4m/s’

YE=ma +7 T —mg=ma
T=m(g+a)=5009.81+4) =691 N «

12.28
gy y
L«
= m
F=mN ‘ FBD MAD
N
1000 m/km
XF, = 0 +17 N—-mg=20 SN =mg
N
YF, = ma T, — N =ma .'.a:—%:—ukg
v o= /adt:—,ukgt—i—C’l
1
r = /v dt:—§ukgt2+01t+02

When ¢ = 0 (initial conditions):

z=0 ,',02:0 vV =179 ,’,01:’1}0

1
.'.x:ffukgtervgt V= —gt + vg

2
When v = 0:
Vo
—Hpgt +vo =0 St=—
127%)
2
o () + 0 (i) =
T = —cmg|l— | tvw|— )=
2" (ukg wng)  2m9
27.782
=605 m <«

2(0.65)(9.81)
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12.29

Y,
my5° LX
FBD /N MAD

vo =100 km/h = 27.78 m/s

YF, = 0 +7 N —mgcosb® =0 .. N =mgcos5®
YF, = ma T — N + mgsin5° = ma
N
a = - + gsin5° = (sin5° — py, cos 5%)g
m

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

vo= /adt:—5.497t—|—01

x /v dt = —2.749t> + Cyt + Cs

When ¢ = 0 (initial conditions):

=0 .. Cy=0 v=wvy ..C1=v9=2778 m/s

x = —2.749t% +27.78 m
= 5497t +27.78 m/s

When v = 0:
—5.497t 4+ 27.78 =0 .t =5.054 s
T = —2.74:9(5.054:)2 +27.78(5.054) =702 m <«
12.30
—1.2¢ 9
= = ——---- = —12 S
a 01 t m/s
—6t> + C; m/s

4
I

— 3™
I

T vpdt = =262 + Cit + Csy m

When ¢t = 0 (initial conditions

):
z=0 .Cy=0 v=64m/s . C;=064m/s
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r=—2t3 464t m v = —6t% 4+ 64 m/s

When t =4 s:
r=—2(4)> +64(4) = 128 m

When v =0:
—6t24+64=0 t=3.266s

r = —2(3.266) + 64(3.266) = 139.35 m

Distance traveled:

d =2(139.35) — 128 = 150.7 m <

0 139.35
— X (m)
128
12.31
_F 006y _ )
@ = =goig —ovvm/s

dv dv dv
dt = ;—m t= /5\/» \f“FCl

Given v = 0.25 m/s when ¢t = 0.8 s:

2
:Sv025+01 Ci1=06s

2
t = f\/ﬂ—|—0.6 S
v = (2.5t—1.5)" =6.25t> — 7.5t + 2.25 m/s
2
Tz = / dt = 6 08 725t2+225t+02
Initial condition: £ = 0 when ¢t =0 .Cy=0
6.25 7.5
T|im1.0s = 3 2 (1.2)% - - (1.2%) +2.25(1.2) =0.90 m <«
12.32
I _
O/2—e = | —-M
FBD MAD
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T — cv?

m

v m 9
— ’U2dv+C’:f2—cln(chv )+C’

ma:TfFD:chv2 a=

v
— 7di
IL‘—/ ’U—m/

Initial condition: v =0 at z = 0:

m m
0 5 n(T)+C C 5 n(7T)
m m m T

=——In(T—cv?)+ —In(T) = 1

o 2¢ n )+ 2¢ n(T) 2" (T — cv?)

Solve for v:
T 2c 9 2c
m = exp <mx) T*C'U —TeXp (m.'.l?)

T
Voo = lim v(z) = <
xr— 00 C
12.33
F o4t —-4
a = — 7—t—1m/32
m
/ 77t2—t+01
Lo
vdt = it +Clt+02

When ¢t = 0 (initial condition):
y=0 .Cy=0 v=-8m/s .. .Ci=-8m/s

R N _ 1y
..y—6t 2t 8t m v—2t t—8m/s

When t =8 s: 1 1
v=75 (8)° — 5 (8)> —8(8) = —10.67 m
When v = 0: )
§t2—t—8=0 t=>5.123s
1 5 1
= (5.123)° — 5 (5.123)* — 8(5.123) = —31.70 m
Distance traveled:
d=2(31.70) — 10.67 = 52.7 m <
-31.70
. _— O _ym
-10.67
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12.34

ZFy=may: +T Tcos®-mg=0 Iep7

}:Fx =ma;: % TsinB=ma —_x

=29
mg

The solution is: @ = un'l 2 * FBo MAD

12.35

Assume impending climbing (NB =0).
2Fy=may: +1 NAcose-mg=0
IF, = ma_: g N, 5in6 = ma

The solution is: a =g tan® ¢

Y]
ng
@@W X = 8
N]\F = 04N,
MAD

FBD

12.36

Assume impending sliding (F4 = 0.4N4)
YF,=0 +1 Ny cos20° — 0.4N4sin20° —mg =0
Ny = 1.2455 mg
YF, =ma, T 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 m
X

FBD = MAD

3
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1
Initial condition: v = vg when y = h. .©. C = 51}3 + gh

% (v* —v3) = g(h —y)

At impact y =0

g ; (v2—v3) =gh ..v=+/v]+2gh <

12.38
F ma
— ) = [o>—»
FBD MAD
F  F F
F = ma a=—=-2¢ /b vdo= """y
m m m
11)2 - b e/ do = —@efm/b +C
2 m m
Initial condition : w=0atz=0 s C= @
m
1,  Fpb —a/b
Rl ety

2Fpb
= — _J'/b
v \/ m (1 c )

2(1576)(2)
= 1 — e=1:8/20) = 4270 ft
Vo151 \/6.62>< 1057322 (1 7€ ) = 4270 ft/s <

12.39

2°

181b &

g6

FBD\N y\/x

MAD
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18

>F, = t —18sin20° = ——
ma 6 8sin 20 32.211
32.2 . ° 2

a = T8(6t — 18sin20°) = 10.733t — 11.013 ft/s
v o= /a dt = 5.367t* — 11.013t + Cy ft /s
r = /v dt = 1.789t* — 5.507t + C1t + Co ft

Initial conditions: t =v=0att=0 S Ci=0,=0

(a) When v = 0:

v = 53677 —11.013t=0 t=2.052s
z = 1.789(2.052%) — 5.507(2.052%) = —7.73 ft <

(b) When z = 0:

= 1.789t3 — 55072 =0 t=3.078s
5.367(3.078%) — 11.013(3.078) = 16.95 ft «

12.40

Z Sp=g-2 @/m

N =
FBD g MAD

4 3
YF,=ma + / gP—gmg:ma

4P 3 48-2 3

— 2L 2y =22_"2"_ 2(32.2) = 21.90 — 10.304¢ ft /s>
=5 5 T 55ma 500Y /s

<
|

/a dt = 21.90t — 5.152t> + C}

8
I

/v dt = 10.95¢% — 1.7173t> + C1t + Co

Initial conditions: v = —10 ft/s,z =0at¢t=0. ...C;=-101ft/s Cy=0
When z =0:

10.95¢% — 1.7173t> — 10t = 0 t=1.1049 s «

v =21.90(1.1049 ) — 5.152(1.1049 )> — 10 = 7.91 ft/s <
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12.41
(M+m)g

4 1A
xNg9 B ~ (m+np)a
Ns FBD MAD

YF,=ma +\, (ma+mp)gsind = (ma +mp)a
a = gsinf

Assume impending slipping between A and B.

Mg

y _

<x [j;gz,,;\k E@\m\a
N FBD MAD

YSF,=ma +\, (mag — Na)sinf + p,Nacosf =magsiné
ey =tand «

12.42

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

y 2(’Taolb
60
X , —a
NA
HBD MAD

YF, = 0 N4 cos20° — 0.3N 4 sin 20° — 60 cos20° =0

Ny =67351b
YF, = ma, N4 sin 20° 4+ 0.3N 4 cos 20° — 60 sin 20° = 362—()261

67.35(sin 20° 4 0.3 c0s 20°) — 60sin 20° = 362—02a

a=11.54ft/s® <
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(b) Assume impending sliding of crate to the right.

%mlb
R

X
a_g) aA‘/
=03y}
NA
FBD MAD
YXF, = 0 N4 cos20° + 0.3N 4 sin 20° — 60 cos20° =0
N4 =54.09 1b
YF, = ma, N4 sin20° — 0.3N 4 cos 20° — 60sin 20° = —32—02a
60
54.09 (sin 20° — 0.3 cos 20°) — 60sin 20° = ~335%
a=927ft/s° <
12.43
|rrg
' =] —em
4
02N
N
FBD MAD
XFy = 0 N—-mg=0 N =mg
YF, = 0 —0.2N =ma —0.2mg = ma
a = —02g=-1962m/s’

1
vdv=adx 5112 = —1.962/dx =-1.962z + C
1
Initial condition: v|,_, =6 m/s 5(62) =C C =18 m?/s?

v? = —1.962z + 18

1
2
0 when —1.9622+18=0 2=917m <

v =
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12.44

w
- -
- N/ X7
N
FBD MAD
YF, = 0 +1 N-W=0 N=W=3000Ib
YF, = 0 + = F—pN=ma
. o~ FomN _ 1000e~%-2 — 0.05(3000)
B m 3000/32.2

= 10.733¢%% — 1.61 ft/s°

v o= /a dt = /(10.7336_0'2t — 1.61)dt
= —53.67e "% —1.61t + C ft/s

Initial condition: v =0 when ¢t = 0. .. C = 53.67 ft/s
v =>53.67(1—e ") — 1.61t ft/s

Maximum velocity occurs at ¢ = 4 s (end of powered travel)

Venax = 53.67 [1 _ e—0-2<4>} ~1.61(4) = 23.1 ft/s <

12.45
MY
ng‘N\
FBD MAD
XF, = 0 mgcos30° — N =0 N = mgcos 30°
YF, = ma mgsin30° — p, N — kx = ma
k
= g(sin30° -, cos30°) — —
a g (sin fey, cos 30°) T
25
a = 9.81(sin30° — 0.3c0330°) — & = 2.356 — 102 m/s”
68
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1
vdv = adz 5712 = /(2.356 — 10z)dx

1
502 = 2.356z — 52 + C
Initial condition: w|,_, =0 SC=0
v =0 when 2.356z —52° =0 . 2=047lm <«
12.46
nma
T iO;P T T T
(=
I y [
gy 1/MN LX
FBD MAD
LF, = 0 *, Psin40° - N =0 .. N = Psin40°
YF, = ma, +17 P cos40° — mg — p(Psin40°) = ma

P
a = — (cos40° — psin40°) — g
m
When motion impends: ¢ =0 and p = pg; = 0.5
P o : o
0= 5 (cos40° — 0.5sin40°) — 9.81 P=11031 N

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

a= 110.51 (cos40° — 0.4sin40°) — 9.81 = 1.418 m/s° <
12.47
£
ZFx =ma;: +l mg- F,=ma K} -
s a=g-F/m=g- (my L l mnl
+x 7F WAD
where ¢ = 0.00436 L82 ==

mg 135
=0 v=v =A]—= =175.96 *
Whena=0: v=v r\/ < '\/0.00436 fi/s
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12.48

féx
}ZFx=ma‘: +] mg-kx=ma I—
sLa=g-—x x ' N l
m *m; yma
But a—g!-d-lg-élv Mad
“dt dxdi dx £82

k 1, k 2
svdv=adx={g-—x|dx .. -V =gx-—x"+C
vdv=a (g - ) 2v g
- . . L2 k 2
Initial condition: v=0whenx=0 ... C=0 .. v =ng—;x

When x = 0.3 m: V= 2(9.81X0.3) - ;8—% ((').3)2 = 1.8860 (m/s)2 S v=1373m/s ¢

12.49
)'.‘Fx=ma‘: +l mg-kx=ma Téz
k
La=g-—x T —
- N . l
But a g‘-’--Slldl—fl—v-v im brm
dt dxdt dx 7

FBO MAD

1, k 5 80 2
SV =gx-—x"+C=981x~ +C=981x-2222x"+C
2" TETRT a8 X X

Initial condition: v=0whenx=03m .. 0=9.81(0.3) - 22.22(0.3)* + C

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

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

9.81:£/ 9.81)% - 422.22X0.943) 981 £ 3.522
x= 2(22.22) T 4444
The smallerrootis x=0.14149m .. h=03-x=0.3-0.14149=0.1585m ¢
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12.50
1000

\ng xo—‘

OO0, 00 OO0 0O
FBD TN MAD
k
YF, = may, — kx = ma a=——=x
m
a = @v vdv=adr vdv=——x dx
dx m
1o, Kk ,
3V T Tt TC
Initial condition: v = vg when z = 0. S CL= %v%
k
L2 .2 R o9
LU _UO ma?
Stopping condition: v = 0 when z = 0.5 m:
k
2.778 18 % 103 (0.5) 0 k=556 x10° N/m <«
12.51
ma
ZF=ma: +T -F=ma
. = - = - 2 -
s a=-F/m g(Ro/R) — // \\\
/ \
|
Buta_gx_dvdk dv !
dt dRdt dR MAL
- vdv=adR =-gR /R’ dR .-.1v2=gR§/R+c
2
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Initial condition: v = Yo whenR = RO oC=- v - gRo v = v - ZgRO(l ROIR)

Whenv=0Q@®R=R__): vg-zgxo(l-ko/km)w

“R 0 3960 4034.9 mi
o = = = .y 1
max v(Z) 5000%

9 1-
ZSRO 2(32.2)%(3960 x 5280)

hmax = Rm - Ro= 4034.9 - 3960 =749 mi ¢

12.52
F ma
ZF=ma: +T F=ma —F
F Vq 2, 2-12 |
S.as—= 1-v(R°+ - |
2 m mR[ =¥ ) ] \ ﬂ
But dv dvdy dv —AR "‘
Tdt dydt dy £8s HAD
Vq 2, 212 12 Vg
svdv=ad =-——[1— + }1 .= =.._..[ - (r2 172
y =R yR yz) y 2V x| R +y +C
Initial condition: v=0wheny =0 .'.C=E v2=&[y+R—(R2+y2)m:l
m mR
Wheny =R: v2=zy-g(2-ﬁ)R-ll716Y3 v=10824/ Y9 4
’ mR o m
*12.53
YF =ma —T —cpv” =ma
B dv__i 9 _ mu B
a=vo m(T+ch) T+CDU2dv—d:c
_ muv m T + cpv?
. /T+0Dv2 _El cp ¢
Initial condition: v = vy when x =0 C:ﬂ T+ cpvg
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2500 5280

m=oy = 77.64 slugs vo = (90) 3600 132 ft /s
When v = 0:
m . T+cpvd  T7.64 450+ 0.006(132)2
=1 = 1 = 1352 ft «
YTy T T 2(0.006) 450
*12.54
5Ib
4
8Ib D7
BD \N MAD
YF,=ma + )/ 5sin30°—8(:os€—ia
v 322
32.2
s.a= =2 (55in30° — 8 cosf) = 16.1 — 51.52 cos § ft /s
cosf = * = x
Va?+42 22+ 16
dv 51.52x 51.52
a=v—=161— ———  pdvo=(161—- ————
dz Va2 +16 ( m)

1
51)2 =16.1z — 51.52/22 + 16 + C

Initial condition: v =0 when z =0. .. C =51.51(4) = 206.0 (ft/s)?
When a =0 (v = Vpax):

51.52
161 — —=22% 0 - z=13159ft <«

V2116

1
SUmax = 16.1(1.3159) — 51.521/(1.3159)2 + 16 + 206.0
= 10.241 (ft/s)?

Umax = /2(10.241) = 4.53 ft/s «
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*12.55

YF=ma +] mg — cpv = ma
d d
a:—vzg—c—dv dt= —2
dt m g— (ca/m)v
1 _
ca/m ca/m cp €D
Initial condition: v =0 when t =0. .. C = m In <_mg)
CpD CpD
oMy _mafen
cp  mg/ca—v
When v = vy, (terminal velocity), a =0. .. ve = mg
Ca
When v = 0.9v, = 0.9@:
cd
m 1 m m
t=—1 = —Inl0=230— <«
Cq . 1-0.9 Cp . Cd
W12.56
7 v 2
a = —1 + E m/s
Letting 1 = z, z2 = v, the equivalent first-order equations and initial conditions
are
. . 7 i)
1 =2 G0 =——+ —
e T 416

21(0) =0 x2(0) =20 m/s
The MATLAB program that integrates the equations is

function probleml2_56
[t,x] =ode45(@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 <«
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W12.57

2

v
“="1p
Letting 1 = z, x2 = v, the equivalent first-order equations and initial conditions
are
. . a3
1 = T2 T = —TO

331(0) =0 322(0) = 20 in.
The MATLAB program that integrates the equations is

function probleml12_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 in./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 in./s, ¢ = 0.500 s <«

H12.58

Letting 1 = z, z2 = v, the equivalent first-order equations and initial conditions
are
iy =1y dp=32.2(1—32.3 x 107%23)

z1(0) =0 x22(0) =0
The MATLAB program that integrates the equations is

function probleml2_58
[t,x] =ode45(ef,(0:0.1:7),[0 01);
printSol(t,x)
function dxdt = f(t,x)
dxdt = [x(2)
32.2%(1-32.3e-6%x(2)"2)];
end
end

The 2 lines of output that span the instant where v = 100 mi/h = 146.67 ft/s
are
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t x1 X2
6.5000e+000 5.6244e+002 1.4612e+002
6.6000e+000 5.7710e+002 1.4710e+002

Linear interpolation:

6.6 — 6.5 t—6.5

= t=6.56
147.10 — 146.12  146.67 — 146.12 5 4
H12.59
a = —5796 <1 - 5) z in. /s>
22 +9
Letting 1 = z, zo = v, the equivalent first-order equations and initial conditions
are

3.31 = T2 S.Cg =-5796(1— L T1
Vai+9
x1(0) = 8 in. 22(0) =0
The MATLAB program that integrates the equations is

function probleml2_59
[t,x] =ode45(@f, (0:0.001:0.042),[8 01);
printSol(t,x)
function dxdt = f(t,x)
dxdt = [x(2)
-5796*(1 - 5/sqrt(x(1)°2 + 9))*x(1)];
end
end

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

t x1 x2
3.9000e-002 3.7400e-002 -2.2275e+002
4.0000e-002 -1.8542e-001 -2.2304e+002

By inspection, when z = 0, v = 223 in./s <«

H12.60
a=-32.2[1-6.24 x 10~ *? exp(—3.211 x 107°z)] ft/s?

(a) Letting 1 = x, 2 = v, the equivalent first-order equations and initial
conditions are

=y =322 (1- 624 x 107 age B0 )

T (0) = 30 000 ft l‘g(O) =0
The MATLAB program that integrates the equations is

76

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



function probleml2_60
[t,x] = ode45(@f, (0:0.2:10), [30000 0]);
printSol(t,x)
axes(’fontsize’,14)
plot(x(:,1),x(:,2),’linewidth’,1.5)
grid on
xlabel(’x (ft)’); ylabel(’v (ft/s)’)
function dxdt = f£(t,x)
dxdt = [x(2)
-32.2*%(1-6.24e-4*x(2) "2xexp(-3.211e-5*x(1)))];
end
end

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

t x1 x2
7.4000e+000 2.9612e+004 -6.4384e+001
7.6000e+000 2.9599e+004 -6.4385e+001
7.8000e+000 2.9586e+004 -6.4384e+001

By inspection, vynax = 64.4 ft/s €4 at z =29 600 {t <«

(b)

-60

-70

294 295 296 297 298 299 3
X (ft «10°
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H12.61

(a)
mg Y,
P=kx %X ma
—————| Y = —_—
F=nN
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.

¥F, = 0 41 N—-mg=20 N =mg

LF, = ma T — kx — puN sign(v) = ma
k N . k .

a=——z— p— sign(v) = —— — pug sign(v)

m m m

30

= — 1% 0-2(981) sign(v) = ~18.75z — 1.962 sign(v) m/s’ <

(b) With the notation 7 = x and x5 = v, the equivalent first-order equations
are
.’i?l = X2 .’I',‘g = —18.753’31 —1.962 Sign(mg)

subject to the initial conditions 1 =0, x5 = 6 m/s at ¢t = 0.
The corresponding MATLAB program is:

function probleml2_61
[t,x] =ode45(@f,[0:0.02:1.2],[0 61);
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 < ¢ < 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 t1 —34

—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 to — 1.06
= to = 1.070
0.20038 — (—0.21421)  0— (—0.21421) 5
(c)
6
4 N
2 /.
’U? \
€0
> /
-2 \ /
-4
~—_
85 1 o5 0 05 1 15
x (m)
H12.62
(a)
L
kx Pt) —X — | m
N
D MAD
P(t k
YF,=ma T P(t) — kx = ma azﬁf—x
m m

25t N whent <1s
P(t) = {25Nwhent21s

(12.5¢ + 12.5) + (12.5¢ — 12.5) sgn (1 — )
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,_ (1256 4+125) + (125t —125) sgn (1 =) 25

2 2
= 6.25[(t+1)+ (t—1) sgn (1 —1t)] — 12.5z m/s* <

(b) With the notation 7 = x and z3 = v, the equivalent first-order equations
are
T = Xy T2 =6.25[(t+ 1)+ (t —1) sgn (1 —¢)] — 12.52

subject to the initial conditions 1 = x93 =0 at ¢t = 0.
The corresponding MATLAB program is:

function probleml2_62
[t,x] = ode45(ef,(0:0.05:3),[0 01);
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)) - 12.5xx(1)];
end
end

Below are partial printouts that span vy.x and Tpax.

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, vmayx = 2.00 m/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, Zpax = 1.554 m <«
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(c)

N

05
3 ( \
e 0
= \ |
-0.5
* \ 7/
-1.5
-2
0 0.5 1 1.5 2

x (m)

H12.63
a = 80— 160" ft /s

With the notation ;1 = x and z2 = v, the equivalent first-order equations are

.1'71 = T2 .%"2 =80 — 16:131

subject to the initial conditions 1 = x93 =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 =
dxdt = [x(2)
80 - 16%x(2)"1.5];

f(t,x)

end
end

Only the 4 lines of output that span z = 0.25 ft are shown below.

t
1.0500e-001
1.1000e-001
1.1500e-001
1.2000e-001

x1
2.2384e-001
2.3822e-001
2.5263e-001
2.6709e-001

2.8876 — 2.8794

x2
2.8693e+000
2.8794e+000
2.8876e+000
2.8944e+000

Use linear interpolation to find v at x = 0.25 ft:

v — 2.8794

0.25263 — 0.23822  0.25 — 0.23822
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S SOV}
Y=7200 Y7 200" T T200° YT 700" 200
ny

RBD MAD
g
Contact is lost when N = 0: = i
7 97 %00

vo = /200g = 1/200(32.2) = 80.3 ft/s <
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Chapter 12

Dynamics of a
Particle:
Rectangular
Coordinates



Kinematics

We examine a single particle relative to fixed Cartesian
coordinates.
Position, velocity and acceleration can be broken down into their
three base directions x, y and z.

- These are represented by the unit vectors i, j and k.
So any v, for example, is v,i + v,j + v,k. The same is true for a and
r.
A special case: plane motion. This is movement through the x and
y only (Az = 0).

- There are two angles of interest, 6 and 3.

- Theta is the angle between the x-axis and the velocity vector and is
always tangent to the path.

- Beta is the angle between the x-axis and the acceleration vector and
does not have to be tangent to the path.

A further simplification, rectilinear motion, is movement in one
dimension. For example, a = aj.

AN MAAT P mimmem b ommimemtem B A mi s mmb im mmmmimad mmmtma i e Al ] mn mmmbmd b e el llaBiabl



Force-Mass-Acceleration

Equations of motion of the particle are } F, = ma, where i is X, y or
Z.

Uses two diagrams: Free-body (FBD) and mass-acceleration
(MAD).
Free-body diagrams are the same as in statics.

Review: An FBD shows an object with all forces acting on it
indicated.

Mass-acceleration diagrams display the inertia vector of an object.

Step 1: Draw the FBD, as in statics.
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.
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Rectilinear Motion Dynamics

Movement in a straight line only, so > F = ma in that direction
and > F = 0 in the others.

Acceleration is a function of position (x), velocity (v) and
time (t).

Frequently we can only find an analytical solution to the 2nd
order ODE that results because the ODE is nonlinear.

There are three cases where the ODE can be integrated
because it is explicit in one variable only (X, v or t). These
can be solved analytically if initial conditions are known.

- Initial conditions are usually — but do not have to be — where
the particle is at t, or when the patrticle is at x = 0.



Curvilinear Motion

« Curvilinear motion is motion along a path that is not
rectilinear.

« Superposition occurs when the accelerations in the three
Cartesian directions are not “coupled”: they are dependent
on velocities and positions that are independent of each
other.

- Another way of saying this: the acceleration in any one
direction can be changed without altering the others.

 In general curvilinear motion, the equations may be coupled.

- For example, both a, and a, may be functions of the same
equation for v.

- In this case, analytical solutions are impossible and
numerical methods must be resorted to.
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Area Method of Motion Analysis

- By plotting the acceleration of a particle as a function of
time, we are graphically solving the equation [ a dt. The

area under the curve between t, and t is the velocity of the
particle at t.

« Performing the same operation with velocity as a function of
time solves [ v dt for the position.

- Note that if the acceleration or velocity go negative, the area
beneath the x-axis is negative and subtracted from the total.
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