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Chapter 11
11.1
24 1b
= —— = 4511 slugs <
(@) m 5.32 ft /s> ses
(b) W = mg=4.511(32.2) = 145.31b <«
11.2
W = éwRthg = g(0.0752)(0.125)(2700)(9.81) =19.503 N
0.2284 1b
= (19.503 N) (10N> =4.451b <
11.3

100 x 103N 0.22481b 1.0 m2
X X
m2 10N 1550 in.?

(a) 100 kN/m?2 = = 14.50 1b/in.2 <

30 m o 3.281ft 1.0mi 3600 s

b - — 67.1 mi/h
(b) 30 m/s Tom “5os0f < Ton - Ortmi/h<
14.593 k
(c) 800 slugs = 800 slugs x — > & — 11,67 x 10> kg = 11.67 Mg <
1.0 slug
201b  4.448 N 1.0 ft?

(d) 20 Ib/ft2 = — 958 N/m? <

w2 101 0.092 903 04 m?

11.4

0.06853 slugs  10.764 ft?
1.0 kg 1.0 m?2

I=20kg -m?=20kg-m?x = 14.75 slugs - ft*

But 1.0 slug = 1.0 1b-s? /ft

b -s?

ft> = 14.75 1b - ft - s> <«
ft

I =14.75

11.5
KE = 1mv2 + 1mkzw2
2 2
Since the dimensions of each term must be the same, we have

[KE] = [M] Lﬁ] = [M] [k*] {le}
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Therefore,

4 =[]
(a) In the ST system
el =[5 -2 < Wem <

(b) 1In the US system

[KE] = [M] [52} - [FLTT Hi] —[FL]=1b-f <

k] = ft «

11.6

i [ | = | 7] |59 F] = | 7] =10 ezo
11.7
(a)

a- (2] w-[3)E) m-[5]-
(b) Substituting [F] = [ML/T?] into the result of part (a):

- 7] [] =[]

11.8
o ot -[22] 2]
wuw=ﬁﬂmﬂm<

© =[] [£] - 171
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11.9

Rewrite the equation as y = 1.0 22

] =[1.0] [z*]  [L]=[1.0][L?]  [1.0]= [H

y = 22 can be dimensionally correct only if the units of the implied constant

1.0 are in.”!. <

11.10

@ (1= [mre) = || (7] = (7] <
(b) (1] = [mR?] = [M1?] <

11.11

11.12

d’x dx
ﬁ +c$ + kx = Pysinwt

[2]- ][]

Therefore, the dimension of each term in the expression is [F].

a5 | -u|z| - =]
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11.13
. mamp _ FR? [P [2?]
F=a R? Cmamy ¢l = [M2)
N U I %
(a) [G]= [FTQ/L]Q - {FT‘*] <
_ mpjreer] ozt
®) (6= S = ]
11.14

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

m-cla [ -] [B]e @-maeen <

11.15
2 2
_ m- TN -8
F = Gﬁ—(6.67x10 )@_Q.GGSXIO N
W = mg=28(9.81) =78.48 N
F 2.668 x 1078
Wx 00% 7848 x 100% =3.40 x 107° % =
11.16
2 2
_ _sy (2/32.2)7 ~11
F=Gpr = (344 x107°) (16/12)2 =746 x10"" b <
11.17
2 1 2 1 6
— WR _ (3000) (6378 + 1600)* x 10 — 479 ks <
GM, (6.67 x 10~11) (5.9742 x 1024)
11.18
GM,, GM.
9m = R2 ge = R2
2 2
9m My, [ Re 0.073483 /6378 1
— = — | =—— (== ] =0.1656 = - Q.E.D
Je M, (Rm) 5.9742 1738 6 Q
4
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11.19
0.06853 slugs
1.0 kg

281 f
S2LI 5008 x 10° £
m

M, = 5.9742 x 10** kg x = 0.4094 x 10%* slugs

R, = 6378 x 10° m x

24
—— MemQ 54 x 10-5(0:4094 x 10 )(150/:22.2) C3talb <
(2R.) (2 x 20.93 x 106)
11.20
M, 1.9891 x 10%°) (1.0
F=G—" =667x10" ( ) (19 _ 00503 N <
R (149.6 x 10°)
11.21
M.m Mym M, M.
G e — G S e — S
T -T T -Tr
2 R 2 2 R 2
M, r?
M,  R2—2Rr+r2
59742 x 10%* r?
1.9891 x 1030~ (149.6 x 109)2 — 2(149.6 x 109)r + r2
0 = 2238 x10%% —2.992 x 10*r — 3.3294 x 10°72

r =259 x 10 m = 259 x 10® km <«

5
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Chapter 12
12.1
= —0.16t" +4.9t3 + 0.14¢> ft
v = §=—0.64t> 4+ 14.7t* + 0.28t 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+vot LVEX=-gtiy, ¢ Sa=x=-g+¢
When t =0, then x = 0 and V=V, Hence voisthc 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, 2v,
Attheend of flight x=0. .. --gt°+vt=0 . t=— ¢
2 0 g
(60 mi/h)(5280 ft/mi)
(c)v0= 3600 /B = 88 1/s
2
(88) 2(88)
= =1202fte . t=——=547s ¢
*max = 332.2) "} 322 s

6
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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
# = —5m% cos §t ft/s* jj = —128.8 ft/s’
F, = mi= i (—57r2 cos Et) = —6.130 cos Et Ib
S - 322 27/ 7 2
.. 4
Fy, = mj= 55(~1288) = ~16.00 b
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=vot—rsm—R— ..vx=x=v0——R—cos-l—{ ..ax=x=Ei-sm-E-
v .t v I v t v2r v t
0 . 0 .. 0 - 0 0
=R-rcos— V. =y=—sin— a =y=-—-¢c0s —
y R y=Y R R y =Y =22 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 —— vy = ——sin —
0 to to 0
472h | 2mt 472 47t
Uy = ——5— sin — ay = ——5— COS —
12 to 2 to

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

Aw?b  An?(1.2)

Soag =0 Sy = . 0.82

= —74.02 m/s’
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Y Fy = may

YF,=0 T,

1059.81) N
FBD

+1

N =32.11N

—N —0.5(9.81)

10.5(74.02) N

MAD

—0.5(74.02)

F—-02N=0

F=02N=02(3211) =642 N <

12.68
b(. mt . 3t
X = sm4—+sm4—)
Y Y
a =k b( Jtz
=X=-—|—=Ss
X 2
2 16t0
y b( it Bm)
=~|cos — - cos —
2 4t0 4t0
a =y b( 1:2
=y=— - —
y 2
2 16!0

v =x b(ncosm+31t 3t
x = X=5| 7 cos—+—cos ——)
2 4t0 4t0 4t0 4t0
m o’ 3wy n%b( m 3t
4-{‘+‘—Slnj‘: =——E(sm4—+9sm—)
0 16t 0 32‘0 tO 4t0
V"'i’ b( ﬁsinm+37t 31It)
=y=—|—-— — 4+ —sin —
y
2\ 4, 4, 4, 4,
at 9n° 3ty b it 3nt
S:"t—'*'"—zcoszt— =—E(—cos-——+9cos——-)
o 16t o/ 32t 4, 4,
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Atpoint A: t= to

2 2
11 1 . 3n n°(240)
" a_=-—|sin=+9sin =)=~ (7.071) = -3.635 m/s>
X 32:3 ( 4 ) 32(12)2
2 2
b 1 3x n°(240)
s a =——(-cos = +9cos —) =~ (7.071) = -3.635 m/s>
y 32:3 ( 4 ) 32(12)2

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

acting in the plane of the motion. ! me !
3F = -p = A7 MA
=ma: pmg=ma FED 4740
a 5141 (asswming im- )
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’
ay = —gcos20° = —32.2c0s20° = —30.26 ft /s’

Initial conditions at t =0 :

z = y=0
vy = 22co0s30° =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, , 322, o
y = —§gt + (vosin @)t = _Tt + (65sin55°)t
= —16.1t> + 53.24¢ ft
At point B:
z 60 ft 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 = _Clie—ct/m v, = _Cgﬁe—ct/m _mg
m m C
c 0.0025 _ mg 1.2
— = /= =0.06708s! = = 480.0 ft
m 1.2/32.2 ® ¢ 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 t = 0:
0 02 = —01
= 0 04 = —03
vy, = wocosf .. —C1(0.06708) =29.58  C; = —441.0 ft
v, = wgsin® . —C3(0.06708) —480.0 = 63.44  Cs = —8101 ft
When z = 60 ft:
60 = —441.0e7%06798 L4410 +=2180s
h = ylimz.180 = —8101¢~(0-06708)(2-180) _ 4g8(2.180) + (8101) = 55.7 ft

10
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12.72

Y,
Hﬁx
g

Acceleration
diagram
At t =0 (initial conditions):
x = 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, = —9.81t — 173.21 m/s
z=100t m  y= —4.905t> — 173.21t + 1200 m

When y = 0:

—4.905¢ — 173.21¢t + 1200 =0  t=5.932s

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:

r = wotcost = 2500t cos b 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 2500sin6 — 16.1 <2'112) =0

5280 = 2500t cos 6 t

2500sin6 — 16.1¢

cos
2.112
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° <

11
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From Egs. (e) of Sample Problem 12.11:
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1
x = (vgcosh)t y:—igt2+(vosin0)t
()
x
= (42 28°)t = 37.08¢ ft =
x (42 cos 28°) 37.08 S 3708 °
1
y = —5(32.2)152 + (425in28°) t = —16.1¢> 4 19.718¢

Substituting for ¢:

—16.1

( z
37.08

(b) Check if ball hits the ceiling.

2
) 119.718 (
—0.011712% + 0.5318z ft <«

T

37.08

)

x=22.71ft

W 0.023420 105318 = 0
dx
Ymae = —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) =
Since y > 0, the ball lands behind the baseline. «

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

x = (vgcosh)t

y = —%(32.2)t2 + (v sin 70°)t = —16.1
vy = y=—322t+0.9397v ft/s
When ¥y = ymax
vy, =0 —32.2t+0.93970y =0 ¢t
Ymax = 27 It — 16.1(0.02918v)? 4 0.9397

0.01371203 = 27

12

1.679 ft

1
Yy = —§Qt2 + (’UO sinﬁ)t

t2 4+ 0.9397vot ft

= 0.02918vg s
v0(0.02918vy) = 27

vg =44.4 ft/s <
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12.76
Equations (e) of Sample Problem 12.10:
x = (vgcosf)t = (30cos60°)t = 15¢ ft
y = —%gtz + (vosin )t = —%(32.2)152 + (30sin 60°)¢

= —16.1t% + 25.98¢ ft

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

|
(0]
D | Ixtan 30°
|
|

At point B:

v
v is parallel to the inclined surface .. £ = tan30°
Vg

—32.2t +25.98

R tan 30 t =0.5379 s

= 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°
= 4.03ft «

13
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12.77
= .+ = =
2F ma: 3 ()-max a =0 yl /
= -F=zma = [~—TT===="" T === 1
3F =ma: +1 -F=ma r _: ;— 070’ L l
- - _— fema -
__F__qav 0,-[ !""’ : o—i
Y m  2md I I L _ x|
Horizontal i ~ A4 A
zontal motion V77 MAD
ve=[adt+C =0+C x=[v dt+C,=Ct+C,
Initial conditions: x = 0, V=Y whent=0. .. C1 =v, - C2 =0 .~ x= Vo't

Vertical motion

qAvV qAV
v=ladt+C =-——1t+C = =207 2

Initial conditions: y=0,v_=Owhent=0. .. C,=C =0 .- y=--q—A-Xt2
y 3 4 ' 4md
When particle is at A:
x=L v0t=L .'.t=L/v0
qAV 2 4m( d\2
=-d .- =- “AV=—/(v -
y g L= AV (vo L) .
*12.78
/| p ma,
ath
2Fx=ma: X -cv.=ma soa =—£v 77\ . 7
x X x x mx Ct. Rt
o ——x = ma
3F =ma: +T -mg- = na =-g-— ' "
y = may T -mg cvy=ma  a =-g =Yy = cie
(a) Vertical motion 2% _"_’if
dv dv
avy c m c
=a =-g-—vVv oo-dts ——Y— So-t=— —
da Y m Y g+(c/m)vy ' c ln(g+mvy)+C1

14
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Initial condition: vy =V, sina whent=0. .-. C1 =z ln(g + < v sina)
c m ©
m 8+ (c/m)v0 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
& =a =- z \/ L —d z d c
& e =" o Vx ..vx vx—--m t ..—;t:lnvx+c2
Initial condition: Vi =V, cosa whent=0. .. C2 =- ln(vo cosa)
c Ve
So=—t=In SV o=(v cosa)e'("/m)t
m v, cosa x 0
. -1 v cosa
Atpoint A:v=v_=(v_cosa)|1 +iv sina)] =—2—
1+— v, sina
mg
W12.79
(a)
Y
MYy mey
e
[ R M)
BD MAD
YF, =ma, T, —FD%C:maw
F . ?
ap = —Ipve_ DO00UTVs o5,
m v 0.1 v
= —0.005v,,/v2 + 2 m/5" <
YF, =ma, +1 —Fvay—mgszy
v
F : ?
0y = —ipty_ o Q000TYy g1 00500, — 9.81
m v 0.1 v

= —0.005v,,/v2 + 22 — 9.81 m/s" <

15
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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
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W12.80
(a)

0.5z 2

@)’

YFy=ma, +1 F% = may

1 __y 1 0.005y Y 0.5y 9
mod 001 & d B (g2 442 m/s" <

ay:

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 . 0.524
T1 =3 To = T4 T3 = ————"=73 Ty = ———"773
(a3 +a3)"? (a3 +a3)""
The MATLAB program for solving the equations is
function probleml2_80
[t,x] = ode45(@f,(0:0.005:0.25),[0.3 0.4 0 -2]);
printSol(t,x)
function dxdt = f(t,x)
d3 = (sqrt(x(1)°2 + x(2)°2))"3;
dxdt = [x(3)
x(4)
0.5*x(1)/d3
0.5*x(2)/d3];
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,:

Y 0.67883 —0.65959 v, — 0.65959
¥ -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 -2]);
printSol(t,x)
function dxdt = f(t,x)
d3 = (sqrt(x(1)°2 + x(2)°2))"3;
dxdt = [x(3)
x(4)
-0.5%x(1)/d3
-0.5%x(2)/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 <«
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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
Mm%, Y
g
Fo (w/V) = By
R (W)
FBD MAD
YF, =ma, T, — FDU—I = may — chl'sv—z = may
v v
SOy = —C—Dvwx/ﬂ
m
CD 0.0012 —0.5
— = —————— = 0.06869 (ft -
m . (9/16)(32.2) (f-s)
L ap = —0.068690, (v +02)" fi/s? <
YF,=may +1 —FDU—y —mg = may —ch1'5U—y —mg = may
Y 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 = I3 Tg = a4
b5 = —0.06869z5 (22 +a3)"
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_631ft <
—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)
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grid on
xlabel(’x (ft)’); ylabel(’y (£t)’)
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 z at y = 0:

5.1656 — 5.7152 b—5.7152

= =52
—0.10184 — 0.47141 0 —0.47141 b=526m <
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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W12.84
(a)

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

namics-pytel-kiusalaas/
944 (Telegram, WhatsApp, Eitaa)

YF, =ma, T, — Fcosf = may
k(R*Lo)IIZ k LO
;o= —cosh= 2T By 20
¢ mCOS m R m R *
10 0.5 0.5 2
= —(1-— =—40(1—- — 3
0.25( R)x ( R)“l/b b
YFy=ma, +1 —F'sinf —mg = may
B . _ k(R—-Lo)y _k Ly
o= mpmlg= e g me = (TR )
0.5
= —40 (1—R>y—9.81 m/s’ <
The initial conditions are:
z=05m y=-05m v,=v,=0 ati=0 «

b) Letting 1 =z, 2 =y, =3 = v, and x4 = v,, the equivalent first-order
y

equations are

1 = w3 To = T4
0.5
.73‘3 = —40 (1 — R) X j,‘4 =—40 (1

where R = \/a? + 22.

The MATLAB program is:

function probleml2_84
[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)

22

0R5> To — 9.81
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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

944 (Telegram, WhatsApp, Eitaa)

-0.4

-0.6

-0.7

y (m)

-0.8

2

-0.9

-1.1
-0.5 -04 -0.3 -0.2 -0.1
X (m)

H12.85

0 01 02 03 04 05

(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
ax_{ 40<1R)xm/s
0

if R>0.5m
ifR<05m

{ —40 (1 - 0‘5> y—9.81m/s*> if R>05m
ay = R

—9.81 m/s’

The initial conditions are:

if R<05m

r=y=05m v,=v,=0 att=0 «

(b) MATLAB program:

function problem12_85
[t,x] =

23

ode45(@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
ap, = 0.16wv = 0.16(10)v = 1.6v

where v = v2 + vg.
ay = —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

24
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(b) Letting z1 =z, 29 =y, 3 = v, and x4 = vy, the equivalent first-order

equations are

Ty = I3 Ty =4

—0.05vx3 4+ 1624

Tz =

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

x1 x2
1.9377e+001 2.5868e-001
1.9388e+001 -1.9335e-001

t x3

1.0400e+000
1.0600e+000

Linear interpolation for ¢ at y = 0:

1.06 — 1.04 _t—1.04
—0.19335 — 0.25868 0 — 0.25868

Linear interpolation for x at y = 0:

19.388 —19.377 = —19.377
—0.19335 — 0.25868 0 — 0.25868
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r=19.38ft «
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