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Chapter 9, Solution 1.

First note: y= ux + b,
a
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Chapter 9, Solution 2.
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Chapter 9, Solution 3.

First note: Atx=0: 0=k(b+ c)2
or c=-b

At x = a: a=k(2b—b)2
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Chapter 9, Solution 4.
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Chapter 9, Solution 5.

. b, —b
First note: y=-=2—1x+bp
a

Have I = jysz
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= jo Io ydydx
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Chapter 9, Solution 6.
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Chapter 9, Solution 7.

First note: Atx=0: 0=k(b+ c)2

or c=-b

or k=—

Have I, = .[ysz

_ b%{E(zb)s - %(2[))4 + %bz (2b)3} - EbS - %b(b“) + %bz (bﬂ}
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Chapter 9, Solution 8.
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Have y=hk?+c¢
At x=0, y=b b=k0)+c
or c=b
At x=2a, y=0 0=kQa)+b
b
or k= ——
4q°
_ b 2 2
Then y—4—az(4a —x)
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Now dlngydx
1o 2 2y
=— 4 x| dx
364a6( )
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Then

= [dI,
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12, 1
+—a'(32-1)——(128 -1
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3
= eh 104372 12—7j = 0.043006ab’
192 5 7
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Chapter 9, Solution 9.

2 2
J x—2+y—2=1
a b
2
X=a I—Z—z
dA = xdy

dl, = y2dA = y*xdy

/ 2
I, = Idlx = Jfbxyzdy = ajfbyz 1—)b/—2dy

Set: y = bsinf dy = bcos8d@

V2
I, = af2 b*sin> 61 - sin> @ beosOd
T2

V4 V3
= ab’ [2 sin’ @cos’ 6dO = ab’ | 2,,lsin2 26d6

2 2
. z
= lab3 jzﬂl(l — cos46)d6 = lab3 {6’ - lsin4¢9}2
AR 8 4 K
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1 3| T T T 3 1 3
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Chapter 9, Solution 10.
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At x=2a,y=>0b
or k= z—?
Then x = z—?f
b

or y = X

(2a)’

3

Now dl, = ly3afx = lb—xabc

3 3 2a

3 3
Then I, = J'd]x = lb_ 2a - lb_lx
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Chapter 9, Solution 11.

First note: Atx=a: b= k(l - e_“a)
or k = b 7
1—¢e
Have I = .[ysz

a

3 =x =2x =3x
b _1j {x—3(—a)e“ +3(—£j a —(—ﬁe a ﬂ
1-e 2 3
0
3
= l b — a+3ae”! —1.5ae7 + lae_3 —13a—-1.5a+ la
3\1-e 3 3

3
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3 (1 _ e—l) 6
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Chapter 9, Solution 12.

l_-j 2 2
a b

2
: )(_ a
b ’/w }3 dA = 2ydx

R
dx

dl, = x%dA = 2x*ydx

f 2
I, = jdly = j(;lezydx = 2bj:x2 1—%dx

Set: X = asin@ dx = acos@db

T
I, = 2b[?a’sin’ Oy1 - sin’ 6 acos 0 dO

V2 T

= 20% [ 2 sin §cos> 0d0 = 2a%b [ Lsin?2046
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Chapter 9, Solution 13.

Y - _di B
P T At x=2a, y=b: 2a=kb
K - b
l Then X = z—?f
e e e ¥ . b 1
or y = - x3
(2a)?
Now I, = [x’dA  dA = ydx
1
Then I, = jzax2 b X3 dx

= 2.16194°b

or I, =2.16a’h 4
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Chapter 9, Solution 14.

First note: At x=a: b= k(l - e_"a)
or k = L_l
l1-e
Have Iy = szdA

0
b 3 3 -1 a* a 3
= T\ za +ae —2+2—+2 —(a ><2)
1—-e a a
3
= abl(lJrS‘l 2)
1—-e 7\ 3
=0.273a’b
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Chapter 9, Solution 15.
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Chapter 9, Solution 16.

First note: At x=a: 2b = k\/;
2b
or k=—
Ja
Straight line: » éx
a
1
Now: A=2 :(ﬁxz - 2x]dx
a a
% a
_oplAx2 1 o
3Ja  2a
0
= Eab
3
Have 1. = Jysz
% 5
= 2[5 2*/5 y2dydx
2 48 3 b,
Ef(— )
3
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And k, = /]—x
A
ﬁ ab’
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Bl ab
3

1. =2ab3 |
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Chapter 9, Solution 17.

Bl B e
x dx
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Then V= %x“ and Yy = ilx4
a at
x 1
a 4 X4
Now A= I(yz—yl)dxzbjo - |dx
gt a
axb 1] 3
b= -2 =Zab
540 Sa 5
0
Now I, = szdA dA = (y, — y)dx
u 1
Then ly = '[0 x? [ilx“ —%xd'jdx
a* a
9
a xz x6
= b.[o T T |dx
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13 a
_ 4 x4 1x’
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13 a4 7 a 0
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791
7 22
Now ko =,2%=|2—= {éa = 0.52414a
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Chapter 9, Solution 18.

First note: At x=a: 2b = k\/g
2b 2b
or k=— sy, = ——Ax
Ja T
. . b
Straight line: y=—x
a
1
Now: A= 2jg(£x2 — éx dx
a a

Have I = J x2dA
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And ko=,

=a,|— k, =0.621a 4
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Chapter 9, Solution 19.

First note: At x=0: b =c cos(0)
or c=b
At x =2a: b = bsink(2a)
or 2ka= z
2
.
da
Then A= J‘za(bsinlx - bcosﬂdex
a 4a da
4a T da . & 2
=b| ——cos—x — —sin—ux
T 4a T da "
4ab 1 1
. ﬁ ) (ﬁ B ﬂ
= 4;“[)(\/5 _ 1)
T
Have 1. = jysz

Pl 4a =« a s 4a . 7
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I = 2 (sﬁ - 4)
o
=0.217ab’

And k.=

I.=0217ab* 4
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Chapter 9, Solution 20.

First note: At x=0: b =c cos(0)
or c=b

At x =2a: b = bsink(2a)

or 2ka = z
2
P
4a
Then A= jza bsinlx - bcoszx dx
a 4a 4a

da T da . & jza
=b| ——cos—x — —sin—x
T 4a T 4a Y

Have I y = szdA

o psinx

=[] 4 xPdydx

bcos—x
4a

= j2ax2 bsinix - bcoslx dx
a 4a 4a
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2x . 2 x?

=bq| —sin—x+——5C0S—x — ~——<COS—X
T 4a T 4a (ﬂj 4a
4a 4a 4a

2a

2

2x 2 . T . T
—|——500s——x — ———sin—x + —sin—x
T 4a V.4 4a (ﬂ-j 461
4a 4a 4a
64a’b|( . 7 V.4 V4 . T T 7’ >
Iy = 3 sin—x —cos—x || —x |+|sin—x +cos—x || 2 — 5 X
T 4a da 2a 4a 4a 16a
64a’h n? 11 7
= Wz)+ () 2—-——||—-||—=+—F|2—-—
v % s ofa- || (s 5 ﬂ}

=1.482284°b 1,=1482a’ 4

2a

a

And k A

1.482284°b

b2 1)

T

=1.676a k, =1.676a |
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Chapter 9, Solution 21.

(a)

(b)

Q

|
G, —

— G —

S

AN,

A

dl.=—a

X

1

x:EO

3dx

613 2a 1
dxza[ ]0 :€a4

dly = x2dA = x* (adx)

3 2a
1y=afsax2dx:a{x?} =§a4

1
J021x+ly=

0 3
4, 8 4 17 4
3 6
17 4
6 Haz
2> 12

4
.]0256144

2
koza 54

17

JOZ?GA“

17
k,=a,/— 4
o 12
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Chapter 9, Solution 22.

|'ﬁ
= Sab
ST X
b
A ®
Have: Jp=1,+1,
Where: I, = [y*dA
a 2b
= 2.[0 -[_é y2dydx
i 3
2 ca 3 b
== 2b) —| ——x | |dx
2 15| o -2+ ] }
4\
= gb3 8x + x_3J
4a
0
= Eabz’
2
And I, = szdA
=2 Oa 22 x*dydx

Have: A = (2a)(3b) - %(2a)(b)
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Then: Jp = %ab3 + Ea3b
11 2 2
JP :zab((l +3b )4
J
Also: kp = 713

11
= 5( 2+3132)<
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Chapter 9, Solution 23.

Y Y
5 b »: At x=a, y=2b 2b=ma
or m—%
MY a
Then ylzﬁx
a
P = Yy At x=0,y=b b=k(0)+c or c=b
At x=a, y=2b 2b=ka’*+b
b
or k= —
a2
b » by, o
Then =—=x"+b=—|x"+a
b %) 02 az( )
al by o2 o\ 2b
Now A= —y)dx = —(x"+a")——x|dx
o = s = 1| (2 + o) =2
= {%(lf + azxj - éxz}
a \3 a |,
=%(—a3+a3] —a* =—ab
a a
Now I, = szdA = J'gxz(y2 — ) dx
= ngz[_z(xz +a2)—7x}dx
4
][l L) 2
a|\5 3 a 4
0
b(a> 1 5) 2ba* 1 ;
=—2—+—a _=
a{5 3 a 4 30
continued
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And I = jd]x = J lyg —lyfjdx
3 3
1ol b 5 5,3 86
=gfo{y(x +al) =T
3
= %b—3 _[g[%()ﬁ +3x%? +3x%a* + a6) - 8x3}dx
a a
3[ 7 “
I, = lb—3 % x—+§a2x5 +§a4x3 +ax —§x4
3ala\7 3 4 0
3[ 7
:lb_3 L3 a—+§a7+a7+a7 —2a* =£ab3
345147 5 105
, 26 5 1 4
Finall Jp=I1_+1 =—ab” +—a’b
Y P T 05 30
or Jp = "—b(7a2 +520°) 4
210
5 "—bo(hﬁ + 5267
And kP = 1,7}) = 1
—ab
3
2 2
or kp = Ta ;—052b <
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Chapter 9, Solution 24.

First note:  x = +/r> — y?

!

I

Pt—x I, = _[ysz =2[, Jovrz e y2dxdy
2

=2I;y2 /rz_yzdy

Let y =rsind

Jp=1,+1,

Then dy =rcosfdo, y=r: 49:%;

Thus I, = ZJ'E r*sin” @(rcos@)(rcos0d0)
6

Now sin20 = 2sinfcos® thus sin’@cos’ O = %sin2 20

I, =14 [%sin? 2046
2 76

2N

—lr4 6 sin4d
2 2 8

r _—— — —_— —
2

4 12 8 2

214(75 T 1 \/§J

_ﬁ(LﬁJ

C4(3 8
2 rNrP=y 2
I, = Jx dA = 2_“,27. x“dxdy
3

=§f§r(r2 - yz)gdy
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Let y =rsinf
Then 1 =gj'%(r3cos3¢9)(rcosé?d€)
173k
Now cos49=00529(1—sin29)=cos29—%sin220
Thus =2 ,?[cos2 6 - Lsin? 29) do
3 3 4
r
—zr4 Q+sin2¢9 _1(6 sind0) |2
3 2 4 4\ 2 8 z
6
lufz 1 oz [z 1 B3 Lo 1 1 B
3 2 4 2 6 2 2 4 6 4 4 2
Az 33
413 8
4 4
Then JP—r_ Z+£ r_z_ﬂ
413 8 413 8
4
=—(8;z—3ﬁ)
Jp=0415-" 4
Now A=2j'£xdy
2
=[NP = ydy
2
continued
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Let

Have

y =rsinf

T
A= 2.[73 (rcos®)(rcos8do)
6

V3
i 2
_ 2r2(9+ sm2¢9J
2 4 T
6
o7z 1 3
2 6 2 2

I
|
S
B
o
=

kP = 0.822]" 4
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Chapter 9, Solution 25.

7|
@ | ® (a) Have Jp =1y = [r2dd
L Where dd =2 iy
0 == 2
r @ 4 Then Jo = £2r2(3—ﬂrjdr
_ RY/4 4 2 _ kY4 4 4
=5, _?(R2 - R')
3T (4 o4
Jo =R - k) <
(b) Now Ix = ([x)l + (Ix)z + (]x)3
By inspection (1), = (1,), = (1),
so that 1, =3(1,),
Similarly, 1,=(1,) +(1,), +(1,), =3(1,)
Symmetry implies (1), = (Iy)1
Then I, =1,
Now Jo=1,+1,
_ _ JO _ 3z 4 4
Then lx_Iy_T_E(RZ—Rl)
R 4
or I, =1, _E(R2 - R') <
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Chapter 9, Solution 26.
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(a) From Problem 9.25 Jo = %(R; -
And A= [dA= R23—”rdr = 3—”(R2 - Rz)
R, B 4 2 1
37 ( pa 2 2\( p2 2
> Jo ?(&_Rl) (R2+Rl)(R2_Rl) 1
Then ky = 7 = i — - _ L
2 (p2 _ p2 2Ry — R
4 (Rz Rl) ( 2
t
Then R, =R, + 5 and
1 tY
And kG =— [Rm + —j + [Rm
2 2
For t0 R,R, k¥ R}
Or ko O R, 4
R, —k R =
(b) Have % error = ——2 x100% =
ko \/
R
T P
4\ R,
= 1 =
L
4\ R,
continued
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1- ﬂ4—l
¥ 4 100%

Then L =1 %error =
R, 1
1+—
4
or % error = —10.56% 4
2
1 - \jl i zltuj
L =—: %error = ——————-—x100%
R, 4 1017
I+~
it
or % error = —0.772% 4
2
1 - \/1 ¥ luj
L =—: %error = x 100%
R, 16 1/ 1)
1+~ —
4(16)
or % error = —0.0488% <«
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Chapter 9, Solution 27.

T
Have: A= 2'[04 (;1 €20 Ird@

z
4

= _[0 a’® cos’ 20d6

2(0 sin46’j
=a |-+
2 8

T
:—a2
8

Have: Jo= _[rsz

4
4

0

T
= 2]04 500529;’2 (rdrd6)

1 r
= 5 104 a* cos* 26046

Now: cos* 20 = cos? 249(1 — sin? 20)

=cos’ 260 — isin2 460

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.

1 4.5 1.
Then: Jo = 5614 i (cos2 20 - Zsm2 46’) de
z
1 4/(6 sindd 1(6 sin8@) |4
=—a"|| =+ -—=-
2 2 8 4\ 2 16
1 47 1 &
=—a —_—— JR—
4 4 44
kY4 4
Jo="—a" 4
?" 64
continued
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And:

kOZ%\/g<
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Chapter 9, Solution 28.

Y
N d By observation
Y
\,l or
Now
x
v And
> s
i Then
i/
?
From above
= o
Now
And
Then

dA = xdy = (Zb—hyjdy

b
dl. = y*dAd = —y’d
P =Y T

h b

I.=[dI. =2[—’d
. = Jdl, vV b
h
4
_byp Ly
W4l 4
_ 2
YT

d4d = (h-y)dc = (h —%hxjdx
= %(b — 2x)dx
h
dl, = x2dA = ng(b — 2x)dx

b
3h
1, = [dl, = 2[02?2(1) — 2x)dx

b
2

continued
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Now Jo=1,+1, = Yo+ Ly
4 48
or Jy =
5 @(12;12 +5)
And k2 =20 = = (1207 + 5’
4 Lon

b’;(lzh2 + b2)<

or ky=

12h% + b2
24

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 29.

(_,‘
L s
| s > First the circular area is divided into an increasing number of identical
/ 1. circular sectors. The sectors can be approximated by isosceles triangles.
{ For a large number of sectors the approximate dimensions of one of the
O Y. isosceles triangles are as shown.
For an isosceles triangle (see Problem 9.28)
_ bh 2 .2
Jo = —8(12h +57)
Then with b=rA0l and h=r
O
1 2 2
KBS (AJo) o [ E(rA@)(r)[Dr +(ra0) |

-L = 4i8r4m9[(12 + Aez)}

dJ AJ,
LJ— CAd Now 2% iy {LJ = lim {ir“[lz + (Aeﬂ}

d®  A6-0 AG AG—0 | 48
_ 14
4
oz 1 4 1 4 2
Then (JO)CiI‘ClC = J-dJOsector = ,[() Zr de = Zr [0]0

T
or (Jo)circle = 51"4 4
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Chapter 9, Solution 30.

AREA A

From the solution to sample Problem 9.2, the centroidal polar moment of
inertia of a circular area is

The area of the circle is

A, = 7r?

CIr
So that [Jc (A)]Cir = ;;;

Two methods of solution will be presented. However, both methods
depend upon the observation that as a given element of area d4 is moved

closer to some point C, The value of J will be decreased (J, = _[rsz ;

as r decreases, so must J).

Solution 1

Imagine taking the area A and drawing it into a thin strip of negligible
width and of sufficient length so that its area is equal to 4. To minimize
the value of (J.) - the area would have to be distributed as closely as

possible about C. This is accomplished by winding the strip into a tightly
wound roll with C as its center; any voids in the roll would place the
corresponding area farther from C than is necessary, thus increasing the

value of (JC) - (The process is analogous to rewinding a length of tape

back into a roll.) Since the shape of the roll is circular, with the centroid
of its area at C, it follows that

2
(Je), = ;—” Q.E.D. <

where the equality applies when the original area is circular.

continued
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Solution 2

Consider an area A4, with its centroid at point C, and a circular area of area
A, with its center (and centroid) at point C. Without loss of generality,
assume that

It then follows that
(‘]C)A = (Jc)cir + [JC(AI) ~Jo(4) +Jc(4) - JC(A4):|
Now observe that
Jo(4)—Je(4)20
Jo(A3)=Jc(44) 20

since as a given area is moved farther away from C its polar moment of
inertia with respect to C must increase.

(JC)A 2 (Jc)cir

e
or (J¢), 2 gy QE.D. «
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Chapter 9, Solution 31.

—~ I__\Dmm y
-~
Somm 10 men
{
1)@/9 74 x l
N
% Somm
N
- 12vmm
Gomm r

Area: A = 2[(10 mm)(40 mm) ]+ (90 mm)(10 mm) = 1700 mm*
Part ©: I, =1 + Ad* = é(lo mm)(40 mm)’ + (10 mm)(40 mm)(25 mm)’

=303.3x10° mm*

Part @: [ =1, = %(90 mm)(10 mm)3 =7.50x 10> mm*

Part ®: (Same as Part ©®) /, = 303.3x 10°> mm*
Thus for entire area:
I, =(303.3 +7.50 + 303.3)x 10’ = 614.2x 10’ mm*
I, = 614x10° mm* «

2ol _ 614.2 x10° mm*

P= - =361.27 mm’
mm

k, =19.01 mm <«
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Chapter 9, Solution 32.

®

Have A= 4 -4, - 4
=[(12)(8) = (5)(4) - (2)(6) ] in®

= 64 in®

Have [, = (Ix)l - (IX)z - (Ix)3

{2 - [ew ][ |

= (512 - 26.667 - 36) in*

= 44933 in*

And &, = e
A

44933 in*
64 in?

= 2.651n.

I, = 449 in* <

k. = 2.65in. 4

X
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Chapter 9, Solution 33.

el b
Som"ﬂ omm
NS¢
r et x T
*

z 1 :\|

Somm

o ;_l—no_ml

Area: 4 =2[(10 mm)(40 mm) | + (90 mm)(10 mm) = 1700 mm”

Ay ///

Part ®: I, = I_y + Ad? = 5(40 mm)(10 mm)3 + (40 mm)(10 mm)(40 mrn)2
=643.3x10°> mm*

Part @: Iy

=1, = é(lo mm)(90 mm)’ = 607.5x10° mm*
Part ®: (Same as Part ®) /, = 643.3x10° mm*

Thus for entire area:

I, = (643.3 +607.5 + 643.3) x 10’ mm*

= 1.894x10° mm* I, =1.894x10° mm* «

I 6 4
K== 1.894x10 o 11142 mm’
A 1700 mm

k, = 33.4mm <
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Chapter 9, Solution 34.

® ®
®©

Have A=4 -4, 4
=[(12)(8) - (5)(4) - (2)(6)] in®
= 64 in’

Have 1, =(1,) —(1,), —(Iy)3

=[(1152) - (41.667 + 5) — (4 +192) ] in*

= 909.33 in*
I
And ky =,/
A
~1909.33 in*
64 in’
=3.77 in.

1, =909 in* «

k, =3.77in. 4
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Chapter 9, Solution 35.

Also

Y
o 10020,
’ - [l(Za)(4a)3} ¥ [—(a)(w)ﬂ
(2) & + {%a‘* - %az (;‘_ij] + 2 (3" - :_ij}
a

128 4 27 4 T 4 Or 4 4
=|—a |t|—a |[+| ———+—+2+—|a
3 3 16 97 4 o

161
—+
5

i)a“ = 60.93164"
16

or I =60.9a" 4

_ B(M)(ZG)}} . {%(361)(61)3} N [la“}

16
(32
—+
3

1+ 2 4% = 11.86304*
16

or I, =11.86a" 4
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Chapter 9, Solution 36.

Y
— = Have 1= (1), - (L), - (1),
[ -] (5
l @'
L N, | (ggj(zzj

9 3Y, (z 8 .
=|=+= -l =——+2r——+—|a

2 2 8 9r 7
_(rz_38 Z_i+i 4 _ 1()_% 4

8 9¢€ 2 3 Orx
=1.3606a"

or I, =136la" <4
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Chapter 9, Solution 37.

I =22x10° mm* =T + 4(25 mm)’
Ipy = 4x10° mm* = T + 4(35 mm)’
Iy =Ly = (4=22)x10° = 4(35° - 25)
1.8 x10° = 4(600) A =3000 mm* <4
Then 1, =22x10° mm* =T + (3000 mm?)(25 mm)’

7 =325%10° mm* 7 =325%10° mm* <
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Chapter 9, Solution 38.

Given: 4 = 6000 mm?

I 3
d) =S50 mm
A A
dz = lo myy
B Y Bl

Ly =18x10° mm* =T + (6000 mm?)(50 mm)’
I =3x10° mm*
2

Iy =T + Ad* =3x10° mm* + (6000 mm”)(60 mm)

=24.6 x10° mm* I = 24.6x10° mm* <«
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Chapter 9, Solution 39.

Have J,=J,+ Ad? d, = 2a
Then  J, —J, = A(3a’ - d3)

Substituting 256 in* 190 in* = (24 inz)[3a2 -2 in.)z]

And 256 in* = Jo + (24 n)  4(1.500 in.)’ |

a =1.500 in. <

Je =40.0in* <
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Chapter 9, Solution 40.

Have J,=J,+ Ad?

Jp=Jc+A(d3 +a?)

Then 3(7C+Ad12) =7C+A(d12 +a2)
or a’ = ZJ—C + 2d}
_ o325t (2.5in.)’
30 in’ o
a = 4.00 in. 4
(b) Have  Jy=525in*+(30in?) (25 in)} + (400 in)’ |
Jy =720 in* <
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Chapter 9, Solution 41.

Determination of centroid:

Ii—- in — ¥ =0 by symmetry.
0.7% \n. Q/Z/_?_ 'I'
g‘z 275 n Part Area x (in.) )_CA(in3)
x N l 1 3(0.75) =225 | 15 3.375
]-\\‘ T _ 2 6(0.75) = 4.50 | 0.375 1.6875
| 3.75 0,
N 1 3 3(0.75) = 225 | 13 3375
o LGP s 9.00 8.4375
7 - -
’ =24 SBTM_ 0375 in.
A 9.00 in

Determination of 7_:

Part @: 1, = é(3 in.)(0.75 in.)’ + (3in.)(0.75 in.)(3.375 in.)" = 25.734 in*
Part @: I, = %(0.75 in.)(6 in.)3 =13.50 in*

Part ®: (Same as Part @) I_ = 25.734 in*
Entire Section: 7. = (25.734 +13.50 + 25.734) in*

X

= 64.97 in* I, =650in" «
Determination of ]_y:
Part ©: 1, = %(0.75 in)(3in.)" +(0.75 in.)(3 in.)[ (1.5 - 0.9375) in.]2
= 2.3994 in*
Part @: T, = é(6 in)(0.75 in.) + (6 in.)(0.75 in)[ (0.9375 - 0.375) in.
= 1.6348 in*
Part ®: (Same as Part ®) 7, = 2.3994 in*

Entire Section: 1, = (2.3994 + 1.6348 + 2.3994) in*

= 6.434 in* I, =643in" <
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Chapter 9, Solution 42.

Locate centroid
¥ =52.5mm 4 = (84 mm)(105 mm)

= 8820 mm?
X ¥, =90 mm 4, = —%(42 mm (45 mm)
| g
= —945 mm?
Then y = iy
ZAI'
(52.5 mm)(8820 mm”) + (90 mm)(~945 mm” )

8820 mm? — 945 mm?
=48.0 mm

Have L= (1), - (1),

_ {%(84 mm)(105 mm)” + (8820 mm?)(52.5 mm — 48.0 mm)ﬂ

- {%(42 mm)(45 mm)’ + (945 mm?)(90.0 mm — 48.0 mm)z}

=[ (8103375 + 178605) — (106312.5 + 1666980) | mm*

1. =6.51x10° mm* «

And ], = (Iy)1 - (Iy)z

= [%(105 mm) (84 mm)ﬂ - 2[%(45 mm)(21 mm)ﬂ

= [ 5186160 — 2(34728.75) | mm*
I, =5.12x10° mm* «
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Chapter 9, Solution 43.

Locate centroid:

X =8in. y =3in. 4 =(16)(6) = 96 in’

X, =-15in. y, =2in. 4, =(3)(4)=12in’

% =14in. 3 =-525in. 4 = (4)(10.5) = 42 in

_ X
X =—
A
8(96) —1.5(12) +14(42) ] in?
=[( ) (12) + 14( )Jm =8.92 in.
(96 +12 + 42) in*
7
Y
3(96) + 2(12) — 5.25(42) | in®
:[( ) +2(12) ( )]m = 0.610 in.

(96 +12 + 42) in*

L= (1) + (1,)+ (1)

1

= [6(16)(6)3 +(96)(3 - 0.610)2} in® + [%(3)(4)3 +(12)(2 - 0.610)2} in‘
1 3 20. 4
+ [5(4)(10.5) +(42)(-5.25 - 0.610) }n
= [ (288 + 548.36) + (16 + 23.185) + (385.875 + 1442.26) ] in*

=2703.7 in*
I, = 2700 in* «

I, = (Iyl) * (]yz) * (]ys)
= L (6)(16)" + (96)(8 - 8.92)" | in* +| L (4)(3)" + (12)(~1.5 - 8.92)" | in*
| 55006 + 06)(s - 892) [ +| L)) + (1215827
+ [é(lo.s)uf +(42)(14 - 8.92)2} in*
= [ (2048 + 81.254) + (9 +1302.92) + (56 + 1083.87) | in*

= 4581.0 in*

I, =4580in" 4
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Chapter 9, Solution 44.

Locate centroid:

3 X =20mm y =45mm 4 = (40 mm)(90 mm)
= 3600 mm>
!® X X =50mm y, =51mm 4 —1(48mm)(30mm)
0) e _ 2 = Y2 = 275
3 = 720 mm?
—
x

Then x = %
24

(20 mm)(3600 mm?) + (50 mm)(720 mm?” )
3600 mm* + 720 mm®
= 25.0 mm
Z)_/_iAi
YA,

(45 mm)(3600 mmz) + (51 mm)(720 mmz)
3600 mm? + 720 mm?
= 46.0 mm

Now I, =(1,), +(I,),

X

And Yy =

= [é(40 mm (90 mm)3 + (3600 mmz)(l mm)z}
+[%(30 mm)(24 mm)’ + %(720 mm?® )(59 mm — 46.0 mm)ﬂ
+[%(30 mm) (24 mm)3 + %(720 mmz)(46.0 mm — 43 mm)z}

- [(2.430 x10° +3600) + (11.520 X 10° + 60.840 x 10°) + (11.520  10° + 3240)} mm*

I, =2.52%x10° mm* <«

continued
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And =

y = (1)
_ [L (90 mm (40 mm)3 + (3600 mmz)(S mm)ﬂ

+
1

% (48 mm)(30 mm)3 + (720 mmz)(ZS mm)z}

[(480 x10° +90 % 10°) + (36 x 10° + 450 103)} mm

4

I, =1.056x10° mm* «
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Chapter 9, Solution 45.

7

Dimensions in mm

Determination of centroid, C:

Par y mm

— 3
Area mm? yA mm ¥

1

5 (160)(80) = 640 % 170.67 x 10°

—%(80)(60) = —24 20 ~-48.0x10°

3

(a) Polar moment of inertia with respect to point O, J:

Part @: I, = %(160 mm)(80 mm)3 = 6.8267 x 10° mm
I, = 2[%(80 mm)(80 mm)ﬂ = 6.8267 x 10° mm*

Jo =1, +1, = (68267 +6.8267)x 10° = 13.653 x 10° mm"*

Part @: I = %(80 mm)(60 mm)’ = 1.440 % 10° mm*
I, = 2{%(60 mm ) (40 mm)ﬂ = 0.640 x 10° mm*

Jo =1, +1, = (1.440 + 0.640) x 10° = 2.080 x 10° mm*

>y

A4

12267 x10° mm’
4000 mm’

= 30.667 mm

4
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Entire Section:

Jo = (o)~ (Jo,) = [13.653 x 10° — 2.080 x 106J mm*

=11.573 x10® mm* Jy =11.57x10° mm* <«

(b) Polar moment of inertia with respect to centroid, J:
Jo =Jc+ Ay’
11573 10° mm* = J + (4000 mm?)(30.667 mm)’

Jo =7.8116x10° mm* Jo =7.81x10° mm* «
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Chapter 9, Solution 46.

Locate centroid:

By symmetry, y =0

All dimensions in mm Xy =

60 40 3
- [o(a)ooﬁ) + 0 (-1012.57) - ﬂ(—4soﬂ)} mm
oA (60007 — 1012.57 — 45077) mm>
(a) Have J,=(Jo), = (Jo), = (Jo)

= 71'(20 400 000 —1 025 156 — 202 500) mm*

= 60232000 mm*

or
(b)  Have J,=J+ Ax°

With 4= (60007 — 1012.57 — 4507) mm>
= 4537.57 mm’
Then  Je =60 232 000 mm* — (4537.57 mm?)(~2.9990 mm )’

=60 232 000 mm* — 128209 mm*
=60 104 000 mm*

or

7(100)(60)(100” + 602)} mm* - Bn(45)4} mm* -

X =0 4 = (100 mm)(60 mm) = 60007 mm*
_  4(45mm) 60
X, =———>=—mm

3z V3

4 = —%(45mm)2 = ~1012.57 mm’

4 = —%(30 mm)’ = —4507 mm”

=-2.9990 mm

Bn(m)“} mm*

Jp =60.2x10° mm* <

Je=60.1%10° mm* <«
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Chapter 9, Solution 47.

| S Locate centroid:

=1373.87 in* + 1382.4 in* — 86.4 in*
=2669.9 in*

Now  Jo =1, +1,=89433in* +2669.9 in*
=3564.2 in*
(b)  Have J,=J.+ Ad>  where d* =x* +3?
Then  Jp =35642in* ~ (80in’)| (4360 in)* + (1487 in.)’ |
=3564.2 in* —1697.66 in*
=1866.54 in*

S
&l F _ X =4in. 3 =-115in. 4 =(16)(2.3)=36.8in>
.{ _ @\ X,=4in. y,=32in. Ay = l(12)(9.6) =57.6in>
’-@ " 2
Y o O N x 1
= 0) j 5 =2in. y;=16in A = 5(6)(4.8) =-14.4in?
T o vin e Gin. N
< 4(36.8) + 4(57.6) + 2(-14.4) | in® in3
f:ZxA:[( ) +4(57.6) + 2( '2):'“1 :_348.§1;1 4360 in.
YA (36.8 +57.6 —14.4) in 80 in
~1.15(36.8) + 3.2(57.6) + 1.6(=14.4) | in® i3
5o _[F115(36.8) +3.2( . 2) (-14.4) ] in IRILCL T,
>A 80 in 80 in
(a) Have I, = (]x)l + (Ix)2 - (]x)3
= %(16)(2.3)3 in* + %(12)(9.6)3 in* — é(6)(4.8)3 in‘
= 64.891in* + 884.736 in* — 55.296 in*
=894.33 in*
]J’ = (Iy)l + (Iy)z - ([y)3
_ [é(zs)(mf " 2.3(16)(4)2}114 " é(9.6)(12)3 in* - 5(4.8)(6)3 in

Jy =3560in* <«

Jo=1867 in* 4
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Chapter 9, Solution 48.

Locate centroid:

_  4(12in) T2
l‘ﬁ b2 . | 2( m)
o) - 16 in. =727 in?
@1 ] Y
ZECN A — %= 4in 4, =—(12in)(8in)
=-96 in
Iy
Th ==L
en y 4
16 . .2 . 2
—in. |[72 + (4 1in.)(-96
(S infran i)« o)
727 in® — 96 in*
= 5.8989 in.
(a) Have Jo=1,+1,

Where I, = (Ix)l - (Ix)z

_ [5(12 in)* —L(12n) (8 in.)ﬂ
8 3

=6095.0 in*

And 1, = (Iy)l - (IY)Z
_ [%(12 in)* - L(8in)(12 m.)ﬂ
=6991.0 in*

Then Jo =(6095.0 + 6991.0) in*
=13086.0 in* Jo =13.09%10" in* «

() Have Jo=Jc+ 47

13086.0 in* = J. +| (727 - 96) in” |(5.8989 in.)’

Jo =8.555%10 in*
Jo=8.56x10 in* <«
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Chapter 9, Solution 49.

= 2[17.4 in* + 4.8455 in“] = 44.491 in*

From Fig. 9.13A

Area = A = 4.75 in®
I,=174in*

_ . 4
Iy» =6.27 in

21y + 4d?]=2[17.4in* + (475 in%)(3.00 - 1.990)” in? |

I, =445 in* <
. 4
i = e L BBy (o342 k, =2.16 in. 4
A4 2(4750n%)
1,=2[1,+4d"] = 2[6 27 in* +(4.75n”)(2.25 - 0 987)2in2}
L=2[1, : : 25-0.
=2[6.27 in* +7.5771in* | = 27.694 in’*
1,=277in" 4
I in*
K=o 2RO g 9159 2 k, =1.707 in. 4
A4 2(475in7)
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Chapter 9, Solution 50.

E 9 Data for C250 x 30:
ot A'=3780 mm’
T . /I i [ X I, =32.6x10° mm*
’
254 %-L—ﬁ“ - I, =1.14x10° mm*
e
w'{v'_/_;_ 77N~ i
53 83 (From Fig, 9.138)
Total Area, 4=2|3780 mm’ + (10 mm) (375 mm) | =15.06 x 10’ mm’

- 1 3 2
I = 2[32.6 x10° mm4] + 2[6(375 mm)(10 mm)” + (375 mm)(10 mm)(132 mm) :l

=65.2x10° mm* +130.74 x 10° mm*
=195.94x10° mm* or 1, =195.9x10° mm* <«

7 6 4 _
j2 = e J199AXN0T MM _ 5601 5010° mm? or k, =114.0 mm <
A 15.06 x10° mm

I,= 2[1.14 x10° mm* + (3780 mm?)(115.3 mm)z} + 2[%(10 mm) (375 mm)ﬂ
=102.783 x 10° mm* + 87.891 x 10° mm*
=190.674 x 10® mm*
or 1, =190.7 X 10° mm* «

6 4 -
- 190674107 mm " _ 1) 6615 10° mm? or ky =112.5 mm <
15.06 X 10° mm* ’

7.2
ky

Nl
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Chapter 9, Solution 51.

9 S10 %35
e
N — %
Shape L Clo 7\'2_0-—/
S10 x 35: A=103in>  C10x 20: A =5.88 in’
I, =147 in* I, =789 in*
_ -4 _ .4
Iy—8.361n Iy—2.811n

Combined section:
A= Ag+24: =103in” +2(5.88in?) = 22.06 in’
I, = (1) +2(I,). =147 in* + 2(78.9 in") = 304.8 in*
or 1, =305in" <

I, = (]y)s + 2[(]y)c * ACdzJ

2
=836 in* + 2[2.81 in* + (5.88 inz)(4'9244 in. + 2.739 in. — 0.606 in.) }

= (8.36 + 5.62 + 249.38) in* = 263.36 in*

or I,=263in" <

p— T 1 4 -

k- /lj - /% or K, =3.72in. 4
. m

[ esen _

b=y - % - k, = 3.46 in. 4
. m
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Chapter 9, Solution 52.

A (%+ 15.3) Tam Channel: A = 3780 mm?
=1 I, =32.6x10° mm*
J: I_y=1.14><106mm4

kS I I I,
: L Now I, = Z(Ix)c + (Ix)plale

|

3

=2(32.6x10° mm*) + 4 (300 mm)
12

- (65.2 x10° + 2.25d x 106) mm?*
And

Iy - Z(Iy )channel + (Iy )plate

2 3
300 mm)d
2{1.14><106 mm* + (3780 mmz)[§+ 15.3 mmj }—( = )

= [(2.28 x10° +1890d> + 115.668 x 10°d + 1.7697 x 10") + 25d3] mm*

= (25d3 +1890d% +115.67 x 10°d + 4.0497 x 10") mm*
Given I = 167y
Then 65.2x10°% + 2.25d x 10°

= 16(25d3 +1890d% + 115.67 x 10°d + 4.0497 x 10")

or 25d° +1890d? — 24955d — 25300 = 0
Solving numerically d =12.2935 mm

or d =1229 mm 4
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Chapter 9, Solution 53.

Locate centroid:

’

E X, =153 mm y, =127 mm A, = 3780 mm?
—
X, =-214mm Yy, =76 mm — 21.4 mm A, =932 mm?
Ml 3
| = 54.6
@ ) mm
==1|<
@ X =-214mm y; =76 mm + 21.4 mm A; =932 mm?
L
® =97.4 mm
Then X= 5
ZAi
(153 mm) (3780 mm?) + 2| (~21.4 mm) (932 mm? ) |
B 3780 mm? + 2(932 mm?)
=3.1794 mm
And y= 2k
ZAi
(127 mm)(3780 mm?) + (76 mm)(2 x 932 mm? )
B 3780 mm? +2(932 mm?
=110.157 mm
Now L= (1), + (1), + (L),
= [32.6 x10° mm* + (3780 mm?)(127 mm — 110.157 mm)z}
+ [0.517 x10° mm* + (932 mm?)(110.157 mm — 54.6 mm)z}
+ [0.517 x10° mm* + (932 mm?)(110.157 mm ~ 97.4 mm)z]
continued
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= [(32.6 x10° +1.07234 x 10") (0 17 x 10° + 2.8767 x 10")
+(0.517x10° + 0.151675 10 )]

=37.7%10° mm* <

And I_y ([y)1 + ([y)z + (1y>3
= 1.1410° mm* + (3780 mm? ) (15.3 mm — 3.1794 mm)’ |

+2[0.517 x10° mm* + (932 mm*)(3.1794 mm + 21.4 mm)z}

= [(1.14>< 10° +0.55532x10°) + 2(0.517 x 10° + 0.56306 x 106” mm*

I, =3.86x10° mm* «
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Chapter 9, Solution 54.

i 0842 im.
.}

e Tl

+
Cs

O

15.51n

|

Angle: L3x3x%x- P o,?;s? in

4

A =1.441in> I =1 =124in*

L6><4><l:
2

A=475i*  I.=627in* I, =174in"

Plate: A

(27in.)(0.8in.) = 21.6 in>

~
Il

x %(O-Sin.)(m in.)’ =13122in*

I, %(27 in.)(0.8in.)’ = 1.152in*

continued
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Centroid: X=0
7=z
54

_2[(144in%)(27in. - 0.84in.) |+ 2[ (4.75in%)(0987in.) |+ (21.6in?)(13.5 in.

or Y =
2(1.44in? + 475 in%) + 216 in’
.3
= 37631 _ 1) 6745 in,
33.98in

Now Io=2(1,), +2(1,), + (1,),

= 2[6.27 +475(11.075 - 0987)" |in* + 2[ 124+ 1.44(27 - 0842 - 11.075)’ [in*
+[1312.2 +21.6(13.5 - 11.075)2} in‘

= 2(489.67)in* +2(328.84)in* +1439.22in* = 3076.24 in"
or 1. =3076in* <

Also (1) = 2(1,), +2(1,), + (1),

2(17.4+475(04 +1.99)" |in® + 2] 124+ 144(0.4 + 0.842) [in’ +1.152in’*
7.

2(44.532)in* + 2(3.4613) in* +1.152 in*

=97.139in*

or I, =97.1in" 4
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Chapter 9, Solution 55.

[~ 19.00mm
I

- o] l?m i
Angle: = e
I.=3.93x10° mm*
Ty =1.06 x 10° mm*

= (200 mm)(10 mm) = 2000 mm”

Plate:
I, = L(200 mm) (10 mm)3 =0.01667 x 10° mm
T, = (10 mm)(200 mm)’ = 6.6667 x 10 mm
Centroid X=0
7=y
4
_ 2(2420mm?)(44.4 mm) + 2000 mm’ (-5 mm) 204896 mm
Y = -
. [2(2420) + 2000 | mm® 6840 mm*
= 29.9556 mm
Now - 2(1x )angle ( )p]ate
2[3 93 10° + (2420) (44.4 - 29.9556)" | mm*

+{0.01667 x 10° + (2000)(29.9556 + 5)2] mm*

2(44349X106)mm + 2.4605 x 10° mm*
=11.3303 x 10® mm*
or 1. =11.33x10° mm* «

continued
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Also I, = 2(1y)ang1e + (ly)plate
Where (7,) . =1.06x10° mm* + (2420 mm?)(b - 19.0 mm)’
angle

= [1.06 x10° + (2420) (6 - 385 + 361) | mm*

= [2420b2 —91960b +1.93362 x 106] mm*
and (7,)  =6.6667x10° mm*

plate

Now I, =3(I,)
Then 2[ 24206% - 919606 +1.93362x 10° | mm* + 6.6667 x 10° mm* = 3[(11.33 x10°) mmq
or 2420b% — 919606 + 1.93362 x 10° —13.662 x10° = 0

b* — 38.0b — 4846.5 = 0
b =91.16 mm

or b =91.2mm 4
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Chapter 9, Solution 56.

l 3

c ‘ETI/”/A

%]0.C 3
Ch 10-9 ~_ ’/L(oxek.ﬁ

X

P —
|| E—
(@ F——a— a5,

x, =178 in. A, =8.44 in’
xc = —0.499 in. Ae =3.09 in?
a . - 2
Xp = (6 - Ej in. Ap =(0.75a) in
From the condition X = % =0 or 2x4=0

(1.78 in)(8.44 in®) - (0.499 in.)(3.09 in® ) + {(6 - gj in}(O]Sa in*) =0

or a’> —12a -35.950=0 a =14.4823 in.
or a=14.48in. 4

and  A4p =(0.75 in.)(14.4823 in.) = 10.8617 in®

(b)  Locate centroid

. .2y (6. L, ‘ -
o (1.78 in)(8.44 in )+(2 1n.)(3.09 in?) - (0.375in.)(10.8617 in”)
" (8.4 +3.09 +10.8617) in’

=0.90302 in.

continued
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Now L= (L), + (L) + (L),
= 28.2in" + (8.4 in%)(1.78 in. - 090302 in.)" |
+[1521n* + (3,09 n%)(3.0 in. - 0.90302 i)’ |

+ {5(14.4823 in)(0.75 in.)’ + (10.8617 in®) (0.375 in. + 0.90302 in.)z}

=[(28.2+6.4912) + (152 +13.5877) + (0.5091 + 17.7408) ] in*
=81.729 in*
or I,=81.7in" <
and 1, =(1,), + (). + (1),
=282 + (844 n%) (178 in)* | +[ 0866 in* + (3.09 in?) (0.499 in.)? |

. 2
+ [%(0.75 in.)(14.4823 in.)’ + (10.8617 inz)(6 in. - %] ]
=[(28.2 +26.741) + (0.866 + 0.7694) + (189.842 + 16.7319) ] in*

=263.15 in*

or Ty =263 in* <
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Chapter 9, Solution 57.

From Sec. 9.2: R= 7IydA
My = VIysz
Let y, = Distance of center of pressure from A4’

We must have

My _ 7jy2dA _
R y[ydd A

Ryp =M, Yp =

For a triangular panel:

Thus 12 1

yp=—h4

DN | =—
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Chapter 9, Solution 58.

5 I\
Cr
4 H 3
From Sec. 9.2: R= ;/_[ydA
My = }’fysz

Let y, = Distance of center of pressure from AA".

We must have

R = M ‘e = = =
Vp A4 yp R ;/JydA 74
© e T o3
For a semiellipse Iy = Eab
5=2 4T
RY/4
%ab3
Th =—2—
) " (G)
— || —ab
3T )\ 2
3z
or =—hrd
yp 16
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Chapter 9, Solution 59.

— A
N/
I-—b --\‘
RN =4
M,y = 7[)’25]14

Let y, = Distance of center of pressure from AA4":

We must have

2
M,, rlyda 1,,
Ryp =My yp= I?A:}/J-fydAZ;/Z

Divide Trapezoid as shown:

1 5, 1,5 1 5 1 3
Iov=—(a=b) + bl =——ah® + Lbn
ar = yla=b)h 3 2 Ty

_ 1 [1 1 1 ., 1, .,
A=y A + v A4, =—h| —(a—bh |+ —h(bh)=—ah> + —bh
YA= Y4 + Y4, 3 [2(5’ ) } 5 ( ) 6" 3

7 L bh3

AA _

a+3b
yP:_A:112 P = a4
y gah +§bh2 a
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Chapter 9, Solution 60.

From Sec. 9.2: R= 7/_[ydA
M,y = 7_[)’26114

Let y, = Distance of center of pressure from A4".

We must have

Myy _ y[y*da _ L
R y[ydd v

Ryp =M Yp =

where Ly = (Law), + (Lag ),

W el

Then

or yp =1.224r 4
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Chapter 9, Solution 61.

A f T A" Using equation developed on page 491 of text:
e - 1 IAA' — p—
3 3"3m Yp === R =yyd = pgyd
yvd 4
4 Lt Then R =920 "€ x9.81™ 53 mx (0.55% 0.25)m?
+P m N
=37229 N
and I, = %(o.ss m)(0.25 m)’ + (0.5 m)(0.25 m)(3 m)’
=1.238216 m*
and y4 =(3m)(0.55m)(0.25 m) = 0.4125 m’
FBD Cover: 4
Then yp = 128OM 5601736 m
0.4125m
Symmetry implies F,=Fp and Fo = Fp,.
Equilibrium:

+) =Mcp = 0: —(0.125 - 0.001736) m x (3722.9 N)

+(0.25 m)(2F,) = 0

F,=917.80 N or F,=F, =918N «
HU¥F =0 —2(917.80 N) +3722.9 N = 2F. = 0
Fp. = 943.65N or Fp. = F, =944 N«
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Chapter 9, Solution 62.

Using equations developed on page 491 of text:
1 Iy _
= x _ s’ R = vvA
Yp 54 34 vy
Now yA =2Xy4

=(h+17 in.)(%x 120 in. x 51 in.)

d = (h+79in) (h+ 34 in.)[% X84 in.x 51 in.j
= (5202h + 124848) in’
= (36.125h + 72.25) ft’
Then, R = yyd = (62.4 Ib/ft*)(36.125h + 72.75) ft’
=22542(h+2)Ib

Also, Iy = (Iy), + (1y),
1(120 V(51 .Y [1(120 .\(51 )] 17)?
= | ==t || = ft| 4| o = || = ft|||h+r—]| 2
36\ 12 12 2\ 12 12 )] 12
1(84 (51 .Y [1(84 (51 .Y 34
sret) CUREEN G G
36112 )12 2012 )Lz )] 12

= [21.324 + 21.25[;12 + %h + %) +14.9266 + 14.875[}12 + %h + @H ft*

144

- (36.125/12 +144.5h + 198.311) ft*

continued
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~

(36.125h2 +144.5h + 198.311)ft4
Then yp === 3
4 (36.125h + 72.25) fi

h? + 4h + 5.4896 i
h+2

FBD of Gate: For gate to open:
+)EM 1y =00 =My +(yp —h)R =0

A }
2
T h 2(8000 1b-1t) — | [ ZHHE3A8I0 g rasan(n42) 6] = 0
I I ' h+2
A6 | | Mopey
or  2h—1.60826 =0 h = 0.80413 fi
Thus  d=h+ 2 fi = (0.80413 +7—9j fi
R 12 12
— 7.3875 fi or d=7391f 4
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Chapter 9, Solution 63.

XgrdV
Have X = —J.xEL
jdV
where dV = ydA and Xgp =X
Now y= ﬂx = lx
300 5
jx[;x)d/l
Then X=—> 7

where (1) , 1s the moment of inertia of the area with respect to the z axis, and X is analogous to y,,

Now (L), = %(240 mm)(300 mm)’ + %[(240 mm)(300 mm)](200 mm)’
=1.620 x 10’ mm*

and X4 = (200 mm)E(zm mm) (300 mm)} = 7.20 x 10® mm’

1.620 x 10° mm*
7.20 x 10° mm>

Then X =

or x =225mm 4
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Chapter 9, Solution 64.

x, of the volume is defined by

XV = [xpdV

>

Selecting the element of volume shown

dV = ydA = kxdA
V = k[xdA = kx4
Where X, = coordinate of the centroid of area 4

XV = [XpdV = [x(kedA) = k [x*dA = kI,

v

Where I, = moment of inertia of area with respect to z-axis.
_ ki, 1, L
Thus X, = —— = —% which is the same as for center of pressure.
kx4 x,A4

For circular area:

I, =1+ Aa* = —ma* + (ﬂ'az)az =—7ra
X,=a
A=ra
o G
Thus X, = =

Eal
Il

Zad
4
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Chapter 9, Solution 65.

The pressure p at an arbitrary depth (ysin®) is
p =y(ysinb)
so that the hydrostatic force dF’ exerted on an infinitesimal area d4 is
dF = (yysin®)dA
Equivalence of the force P and the system of infinitesimal forces dF requires

XF: P= _"dF = I}/ysinﬂdA = 75in0fydA

requires
IM,: -yP - M, = |(-ydF)
Now —[ydF = —[y(yysin@)d4 = —ysin@ [y*dA
= —(ysin®)1,
Then ~YyP - M, =—(ysin8)I,
or M, = (ysin@)I, — y(yAysin®b)
= ysind (1, - 47°)
M, XP+ M, = [xdF
Now [xdF = [x(yysin@)dA = ysin® [xydA

= (ysin®)1,, (Equation 9.12)

or P=yAysinf 4

Equivalence of the force and couple (P, M, + My»)and the system of infinitesimal hydrostatic forces

or M, =yl sinf <4
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Then XP + M, = (ysin@)1,,
or M, = (ysin)I,, —x(yAysin6)
= ysin6(1,, — AxXy)

or, using Equation 9.13, or M, = }/]_x»y/ sin6 4
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Chapter 9, Solution 66.

The pressure p at an arbitrary depth (ysin®) is
p=7y(ysind)
so that the hydrostatic force dP exerted on an infinitesimal area d4 is
dP = (yysin6)dA4
The magnitude P of the resultant force acting on the plane area is then
P = [dP = [yysin@dA = ysin6 [ydA
= ysing(yA)
Now p = yysin@ . P=p4A4

Next observe that the resultant P is equivalent to the system of infinitesimal forces dP. Equivalence then
requires

IM,: —ypP =—[ydP

Now [ydP = [y(yysin@)dA = ysin@[y*dA
= (ysin0)I,
Then ypP = (ysin®)1,
(7sin@)1,
or =M 7 x
ysin@(yA)
1
or yp = Ax_ <
IM,: xpP = [xdP
Now [xdP = [x(yysin@)dA = ysin6 [xydA
= (7sin@)1,, (Equation 9.12)
continued
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the depth.

~ (vp =) = f(depth)

Then xpP = (ysin@)1,,
sin@) 1
or Xp = —(7, )_xy
ysin@(yA)
1
or xp =—= 4
Ay
Now I, =1, + 47"
From above I, =(4y)yp
By definition I, =kA
Substituting (AV)yp = kpA+ AV*
ky
Rearranging yields yp—y =24
y

Although £ .is not a function of the depth of the area (it depends only on the shape of 4), ¥ is dependent on
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Chapter 9, Solution 67.

|

— ¢

\E e
A

2
. x
First note =a,l - —
4 4a®
= 1 4a* — x*
2
Have dl,, = dl s + Xy Yy dA
where dl sy =0 (symmetry) Xp =X
Vg ==Y = 1 4a* — x*
EL 2
dA —ydxzé 4a® — x* dx
Then Ixy = Id]xy = Ozax(i\/4a2 - xzj %\/402 —xzjdx
1 1 2a
== 26’(4(12 - x3)dx = —|2a%* x*
80 8 0
4
a 2 1,4
=—2(2) ——(2
SPOEREN

1 4
or I =—a" 4
R
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Chapter 9, Solution 68.

First note: Atx=a: b=kd
b b ;
or k = —; =—x
a 7 a
Now I, = IxydA

|
—
S o
—
w‘b‘&
xw
s
s
=

_1 a b2 2 6 d
== —?x X
2 a
_bfla 1
22 8" )|
:iazbz
16
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Chapter 9, Solution 69.

Have I, = [xydA

ﬁ) 5 '[Zx xydydx
b

1 0 o,
:E'[‘bx —b—zx dx

0
R
YR
—b
:lbzhz
8
JALYCTER
Vo8
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Chapter 9, Solution 70.

Firstnote: At x =a: b = ke®

or k =—; yzéeg
e e

Now [, = _[xydA

X

L;I j();e xydydx

16 4 2
=Ee—zjoxe“dx

Il
N | =
m|@
(3] (3]
I
7\
o [
| o
[\S]
VR
Q|
=
|
—_
N—

|
& |
1
[
(3]
—_
-
SN—
|
A~
-
SN—
—_
|
L
N—
| I

_ 272
L, =0.14194°* <
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Chapter 9, Solution 71.

@ Have I, = (Ixy)l - (lxy)z B (]xY)3
@ @ - _Where (Ixy)l =0

and I, =1, + AXy for areas @ and @
Now % =-15mm 3 =10mm 4, = (50 mm)(20 mm)
= 1000 mm?*
¥; =15 mm y; =—10mm 4; = (50 mm)(20 mm)
= 1000 mm?*
Then T, = ~(1000 mm?)(~15 mm)(10 mm)
~(1000 mm)(15 mm)(-10 mm)
=300 x 10> mm*

I, =300x10° mm* <
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Chapter 9, Solution 72.

Y'—e—-‘)fn—)r _
1 ! [.5 in
| o @t
o

L—qf’i-—-a-

Note: Orientation of 4; corresponding to a 180° rotation of the axes. Equation 9.20 then yields

1., =1

Xy xy
. Symmetry implies ([W)1 =
Using Sample Problem 9.6 (Tx,y,)2 = —71—2(9 in.)2 (45 in.)2 = —-22.78125 in*
and X,=9in. Y =15in. 4 = %(9 in.)(4.5 in.) = 20.25 in*
Similarly, (Ty), = —%(9 in.)’ (4.5in.)> = —22.78125 in*
and X;=-9in. Y, =-15in. 4= %(9in.)(4.5 in.) = 20.25 in’
_ 0
Then Ty =l0) +(1y), + (1,),  with (1), =(1,),
and I,=I,+Xy4
Therefore, I, =2[-22.78125 + (9)(1.5)(20.25) |in*

=501.1875 in*

or I, =501in* <
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Chapter 9, Solution 73.

6d mm

&0 mm

=0

X
401207 o
EXY
Have
For each semicircle and Txfy/ = 0 (symmetry)
Thus I,=3xy4
A, mm? X, mm y, mm Axy, mm*
1 2 (120)* = 72007 ~60 100 69.12 x 10°
2 V4
160
2 %(120)2 = 72007 60 — 69.12x 10°
)y 138.24 x 10°

or I,,, = 138.2x10° mm* «
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Chapter 9, Solution 74.

}D b 33-25.1=12.9 mm

@

bV

F N

n
(3]
]
w
ro
P

+(44.¢)=(12.6-6.4)

=6 mm

Have Ly =(1,) +(1y),
For each rectangle I, = Tx/yf +Axy and Txfy/ = 0 (symmetry)
Thus I, =%xy4
A, mm> X, mm y, mm AX y, mm*

1 76(6.4) = 486.4 -12.9 9.4 —58 980.86

2 44.6(6.4) = 285.44 21.9 -16.1 —100 643.29

z ~159 624.15

or I,,, = =0.1596 x 10° mm* «
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Chapter 9, Solution 75.

Y lke—69mm —>
3
@\ 25 mm
y ==
/ \(:2/"
25 mm

le- 69 Mm—s
Have ]_xy = (Tx)’)l + (IxJ’)z + (]xy)3
Now symmetry implies (Txy )1 =0
and for the other rectangles I, = I_X»yf +XxyA where Txfy/ = 0 (symmetry)
Thus I, = (xy4), + (X y4),

= (—69 mm)(-25 mm)[(12 mm) (38 mm)]
+ (69 mm)/(25 mm)[(lZ mm) (38 mm)}
= (786 600 + 786 600) mm* = 1573 200 mm*

or 7,,, = 1.573x10° mm* <
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Chapter 9, Solution 76.

6in. [ __f_,__l"h
=

2 -y
’ - a‘é)
Symmetry implies (lxy)1 =0
Using Sample Problem 9.6 and Equation 9.20, note that the orientation of A, corresponds to a
90° rotation of the axes; thus (Txy) = L192h2
272
Also, the orientation of Az corresponds to a 270° rotation of the axes; thus (Tx,y,)3 = 71—2b2h2
Then (Toy), = L 0in)(6in) =405 in*
W)y =25 . . .
and X, =-6in, ¥ =2in, 4 = %(9 in.)(6 in.) = 27 in*
_ e B 4
Also (Ixfyf)3 = (Ix'y’)2 =40.5in
and X =6in, y,=-2in, A = 4, =27 in’
_ 0 . - __
Now IW - %1 h (]W )2 a (IXY)3 and IXJ’ = [X'y' + xyA (]W )2 - (]Xy)3
Then I, = =2[40.5in" + (6 in)(~2n)(27 in?)
= -2(40.5 - 324) in* or I,,, = 567 in* 4
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Chapter 9, Solution 77.

@ o _-L— @ 0.6l |
ot sl [ .
= I
' 5.8,
L
2.'«1.__34 - loSin.
Ha =
IS ;
\Where Tx,y, =0 for each rectangle
Then L, =(1y) +(1y), + (Ly), =¥ 74
Section @: X =—(8.92in.—8in.)=-0.92 in.
¥, =3in.—0.61in.=2.39 in.
4 =(16in.)(6 in.) = 96 in’
Section @: =(-8.92in.—1.5in.) = -10.42 in.
)7 =2in.— 0.61in. =1.39 in.
=(3in.)(4in.) = 12 in*
Section ®: % =(16in.—8.92in.) — 2 in. = 5.08 in.

y3 =—(0.61in. +5.25in.) = —5.86 in.
4y = (4in.)(10.5 in.) = 42 in*

Then I, =|(-0.92in)(239n)(96 in?) | + | (~1042in)(1.39 in) (12 n?)

+| (5.08n)(~5.86 in) (42 in?)

—(211.08 +173.806 + 1250.29)in
=-1635.18 in*

_ 4
I, =-1635in* <
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Chapter 9, Solution 78.

Y 0.75-0.25 =0.579 iy
—> -
{5=0.75 /®
= 0.75n
B e + ‘/.% (5-0.5) - (1-15-0.5)
= [.00 (n
4 2.
Q .75 —0.25 = 1.50 In
' X i
Have Ixy = (]xy)l + (IXJ’)z

For each rectangle

I, = Tx/yf +Xx yA and _x,y, = 0 (symmetry)
Then I, =Xxy4 = (=075 in.)(~1.5 in.)[ (3 in.)(0.5 in.) |
+(0.5in.)(1.00 in.)[ (4.5 in.) (0.5 in.) |

= (1.6875 + 1.125)in* = 2.8125 in*

or I, = 2.8l in «
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Chapter 9, Solution 79.

X‘ From Figure 9.12: I. = —(2(1)(51)3

From Problem 9.67: I

2 28 2 16
Now use Equations (9.18), (9.19), and (9.20).

Equation (9.18):

16

Equation (9.19):

= —7T 4
16

Equation (9.20): 1,/ %(Ix - [y)sin 20 + 1, cos20

= —ilz'a4 sin 26 + la4 cos 26
16 2

First note l(Ix + Iy) _1 Zat+Zat| = El
2 2

1 1 .
I, = E(Ix +1,)+ E(Ix —1,)cos20 — I,,5in26
= irm“ - %ﬁa“ cos26 — l014 sin 260
1 . I .+1 ! 1. -1 20 + 1_,sin26
y’_E(x+ y)_g(x_ y)cos + Ly sin

a’ + iﬁa4 cos20 + la4 sin 26
16 2
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Chapter 9, Solution 80.

=2

)

n

B \N

IFrom the solution to Problew v. /2
- 4
Ixy = 501.1875 in

A, = 4y = 20.25 in?

First compute the moment of inertia
L= (L), + (L), + (1), with (L), = (1),

- %(12 in.)(9 in.)S} ¥ 2[%(9 in)(4.5 in.)ﬂ
= (729 +136.6875) in* = 865.6875 in*

and I,=(1,) +(1,),+(1,), with (1) =(1,),

[é@ in)(12 in.)ﬂ + 2[%(4.5 in)(9 in.)’ + (2025 in”)(9 in.)z}

= (1296 +182.25 + 3280.5)in* = 4758.75 in*

L+1, I.-1I

From Equation 9.18 I, = St Y cos26 — I,,,sin 260
. 4 .4 -4 . 4
_ 865.6875 in 2+ 4758.75 in . 865.6875 in - 4758.75 in cos[2(—45°)]

—~501.1875 in*sin[ 2(—45°)]
= (2812.21875 + 501.1875)in"* = 3313.4063 in*
or I, =331x10° in* <
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o - I +I, I -1 _
Similarly I, = 2 — Y0820 + I,5in26
y 2 2 Y
= (2812.21875 — 501.1875)in* = 2311.0313 in*
or I, =2.31x10’ in* <
. IL-I, . _
and Loy = 5 sin26 + [, cos26

_865.6875 in* — 4758.75 in*
2

sin[2(—45°)}
+501.1875cos| 2(—45°) |
= (-1946.53125)(-1)in* = 1946.53125 in*

or I,y =1.947x10 in" <
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Chapter 9, Solution 81.

From Problem 9.73,

Have

and

Then

and

(/" A
O : 7 =

+ 4 (120)

N 22 mm
Y (o) £
I L
_(51'— "M &=-30 TR
: 60 MM ac/

I, =13824x10° mm*

I, = (Ix)1 + (]x)z (Ix)1 = (IX)z
- 2{%(120 mm)“}

= 51.847 x10® mm*

Ty = (]J’)l + (IJ’)Q (IY)l - (1)’)2
= 2[%(120 mm)* + %(120 mm)’ (60 mm)z}
=103.687 x 10° mm*

I. = 2(25.92;z>< 106) = 51.847 x 10® mm*

T, = 2(51.847x10°) = 103.687 x 10° mm*

1

I.+1,)=7776m x10° mm*
2( x y)

YT 2T = 225927 x 10° mm*
2( X Y)
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Now, from Equations 9.18, 9.19, and 9.20

Equation 9.18: I, = %(l_x + I_y) + %(I_X - I_y)00526’ - l_xy sin260

=[77.767 x 10° = 25.927 x 10° cos (~60°) — 138.24 x 10° sin (~60°) | mm*

=323.29 x10® mm*

or I, =323x10° mm* «

Equation 9.19: Tyr = %(l_x + Ty) - %(I_X - l_y)cos26? + [_xy sin260

=[77.767 x10° + 25.927 x 10° cos (~60°) + 138.24 x 10° sin (~60°) |mm*
=165.29 x 10° mm*

or I,, =165.29 x10° mm* «

Equation 9.20: Ly = %(Tx - I_y)sin 260 + I_xy cos26

= [—25,927[ x 10°sin (=60°) +138.24 x 10° cos(—éoO)]mm“

=139.64 x 10® mm*

or Ty =139.6 x10* mm* «
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Chapter 9, Solution 82.

7
Z5mm
T @
569 v~

From Problem 9.75 Txy =1.5732x10°® mm*
Now Tx = (Ix)l + (Ix)z + (]x)3
where (1,), = %(150 mm)(12 mm)’ = 21 600 mm*
and (1,), = (1,), = %(12 mm)(38 mm)’ + [ (12 mm)(38 mm)](25 mm)’
= 339 872 mm*

Then I, =[21600 +2(339 872) jmm* = 701 344 mm* = 0.70134 x 10° mm*
Also I,=(1,) +(1,), +(1,),
where (1), = %(12 mm) (150 mm)’ = 3.375 x 10° mm*

1 3 2
and (Iy)2 = (Iy)3 = 5(38 mm)(12 mm)” + [(12 mm)(38 mm)](69 mm)

= 2.1765x10°® mm*

Then I, =[(3375+2(2.1765) | x 10° mm* = 7.728 x 10° mm*
Now l(Tx +1,) = 42146 x 10° mm*

2 y
and l(Tx ~1,) =-3.5133x10° mm*

2
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Using Equations 9.18, 9.19, and 9.20
From Equation 9.18:

- I+ -1 - .
I, = *cos26 — I, sin20
2 2

p

[4.2147 x10° + (—3.5133 x 10°)cos (120°) — 1.5732 x 10° sin(120°)]mm4

= 4.6089 x 10° mm*

or I, = 4.61x10° mm* «
From Equation 9.19:

_  I.+1 I -1 _
I, = rry_ = ycos2¢9+1xysin20
2 2

[4.2147 x 100 - (-3.5133 10")cos(120°) +1.5732x10° sin(l20°)}mm4

= 3.8205 x 10° mm*

or I, =3.82x10° mm* <
From Equation 9.20:

T,
Ly = 5 sin26 + 1, cos 26

= [—3.5133 x 10°sin (120°) +1.5732 x 10° cos.(lzoo)]mm4

= -3.8292 x 10° mm*

or I,y = —3.83x10° mm* <
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Chapter 9, Solution 83.

L16x5(x6.4 x

From Problem 9.74

T _ 6 4
T, = —0.1596 x 10° mm

From Figure 9.13
I, =0.166 x 10° mm*

I, =0453x10° mm*
Now l(Tx +1,) = 0.3095 x 10° mm*
2 y

LT 7)) = —0.1435 % 10° mm*
2( X Y)

Using Equations (9.18), (9.19), and (9.20)
Equation (9.18):

1

I, = X

+1, I -1 _
Y4 Y c0s26 — I_ sin 28
2 2 v

= [0.3005 x10° + (~0.1435 x 10° ) cos(-90°) — (~0.1596 x 10°)sin (~90°) [mm*

= 0.1499 x 10° mm*

or I, =0.1499 x 10° mm* <
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Equation (9.19):

- I+1, I -1 -
I, = L - 2. c0s26 + I, sin20
2 2 7

= |0.3095 x 10° — (~0.1435 x 10°) cos (~90°) + (01596 x 10° )sin (~90°) | mm*

= 0.4691 x 10° mm*
or I, = 0.469 x 10° mm* «

Equation (9.20):

- I.—1 _
Loy =— 5 sin 260 + I, cos 20

= [_0.1435 x 10°sin (=90°) + 0.1596 x 10° cos(—90°)]mm4

=0.1435x10° mm*
or Ty = 0.1435%x10° mm* <
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Chapter 9, Solution 84.

o
q _
=
| 6:+3d°
ol
—— b
From Problem 9.78
_— w
I, = 2.8125 in
From Figure 9.13
I,=945in*, 1, =258in"
1 - . 4
Now E(Ix +1,) = 6.015 in
- -\ 4
E(Ix ~1,)=3435in

Using Equations (9.18), (9.19), and (9.20)

Equation (9.18) T. L+l Lo, 20 - T_,sin20
uation (~. . r = + COoS - Sin
q X 2 2 xy
= [6.015 + 3.435c0s(60°) — 2.8125sin(60°) |in* = 5.2968 in*
. - _ L+, -1 .
Equation (9.19): I, = 3 z *c0s26 + 1, sin 20
= [6.015 - 3.435c05(60°) + 2.8125sin(60°) |in* = 6.7332 in*
| R A
Equation (9.20): Loy = Lsin 26 + 1, cos 260

= [3.435sin(60°) + 2.8125cos(60°) Jin* = 4.3810 in*

or I, =530in" «

or I, = 6.73in* <4

or Iy = 438in* «
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Chapter 9, Solution 85.
From Problem 9.79: I,==d* I, =24
8 )
1 4
Problem 9.67: I, =—a
2
2 la4
, 21 2
Now, Equation (9.25): tan20, = ——2>— = — — —
I, -1, AT A
8 2
L 0.84883
3z
220.326°

20, =40.326°  and
or 6, =20.2°and 110.2° 4

2
_ [x+]y i\/(lx_]yJ +[§y

Also, Equation (9.27): I ¢ min = 5 5

Then

[ 5G]

= (0.981748 + 0.772644)a"

or I, =1.754a" 4

and I, =0.2094" 4

By inspection, the a axis corresponds to /i, and the b axis corresponds to

Imax~
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Chapter 9, Solution 86.

From the solutions to Problem 9.72 and 9.80

= VR P 4
I,, = 501.1875 in E(Ix +1,) = 2812.21875 in
1= - 4
5(1,5 —1,) = —1946.53125 in
21,
Then Equation (9.25): tan20, = —=—2— = — SOLI8TS 0.257477
I,—1,  —1946.53125

or 26, =14.4387° and 194.4387°

or 6, = 7.22°and 97.2° 4

- - - — \2
T .= Ix * Y + ﬁ + 7
max, min 2 b Xy

Equation (9.27):

= 281221875 + |[(~1946.53125)" + (501.1875)’

= (2812.21875 = 2010.0181)in4

b p—
y 97.2° or I =482x10° in* «
and 1., =802 in* 4
l \"”E—a_
’ 7
7.21° *

S

By inspection, the a axis corresponds to

and the b axis corresponds to /..
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Chapter 9, Solution 87.

From Problems 9.73 and 9.81

I, = 51.847 x10° mm*
I, =103.687 x 10° mm*

I, =13824x10° mm*

27 2(138.24 x 106)
Equation (9.25): tan26, = —=—2— = — c -
I,—1,  51.847x10° —103.687 x 10
= 1.69765

26, = 59.500° and 239.500°
or 6, =29.7°and 119.7° <

- =2
_ 1, = I, -1, —
Then Lo min = E(Ix +1,)+ (T] +1,
(51.84 +103.68) 7 x 10° (51.84 —103.68)7 x 10° ’ 6\2
= + + (13824 x10°)
2 2
= (244.29 £160.44) x 10° mm*
= _
1WA or I =405x10° mm* «

and 7, =83.9x10° mm* <

Note: By inspection the a axis corresponds to /,;, and the b axis corresponds to /..
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Chapter 9, Solution 88.

From Problems 9.75 and 9.82
I, =0.70134 x 10° mm*

I, =7.728%10° mm*

T 6 4
Ixy =1.5732%x10” mm

Then l(ix +1,) = 42147 x 10° mm*
2 y

LT 7)) = 535133 % 10° mm*
Z(X y)

27 2(1.5732x10°)
Equation (9.25): tan20 = ——2— = — c c
I, —]y 0.70134 x10° — 7.728 x 10
= 0.44778
Then 26, = 24.12° and 204.12°

or 8, =12.06°and 102.1° 4

Also, Equation (9.27): I, ==

max, min

2 2
= 42147 x10° + \/(—3.5133 x 10") + (1.5732 X 106)
= (4.2147 £ 3.8494) x 10° mm"*
or I, =8.06x10° mm* <

and 1, = 0.365x10° mm* <

By inspection, the a axis corresponds to /. and the b axis corresponds to /.
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Chapter 9, Solution 89.

Then

Equation (9.25):

Then

or

Also, Equation (9.27):

/k [AAS]

1)

From Problems 9.74 and 9.83

I, =0.166 x10° mm*
I, = 0.453%10° mm*

I, = —0.1596 x 10° mm*

%(TX +1,) = 0.3095 x 10° mm*
%(Tx ~17,) = ~0.1435x10° mm*
» 27, 2(-0.1596 x10°)
tan 26, = — ==

I,—1,  (0.166 - 0.453)x10°

20, = -48.041° and  131.96°

— — — — \2
_ (T, +1,) =T _
Imax,min = - ) x { yJ +12

=-1.1122

6, = —-24.0° and 66.0° 4

= 0.3095 x 10° + \/(—0.1435 X 106)2 + (—0.1596 % 106)2

= (0.3095 £ 0.21463) x 10° mm*

or

By inspection, the a axis corresponds to 7, ;

. and the b axis corresponds to 1/,

I =0.524x10° mm* <

I = 0.0949 x 10° mm* <«

max-*
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Chapter 9, Solution 90.

From Problems 9.78 and 9.84

o
I, =2.81lin
I, =9.45in*
. »
I, = 2.58 in
[ .
Then E(Ix +1,) = 6.015in*

%(TX ~1,) = 3435 in*

, 21, 2(2.81)
Equation (9.25): tan26, = ———= = — = —0.8180
I.-1, 945-258
Then 26, = -39.2849° and 140.7151°
or 6, =—-19.64° and 70.36° <
T (Tx + Ty) Tx -1, ’ 2
Also, Equation (9.27): Lo min = 5 + 5 =+

= 6.015 + +/3.435% — 2.81%

Vi b = (6.015 £ 4.438)in*
7& or I, =10.45in" «

10.36° _
\ and 1, =1.577 in* «
| A X
-19.64
— | <
a

Note: By inspection, the a axis corresponds to /..., and the b axis corresponds to /.
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Chapter 9, Solution 91.

\.\

S ) From Problem 9.79: I = 4

A 8

B

V4
X I, ==a%

(®) y =3
Problem 9.67: IW = la4

2

X £a4, la4 and Y £a4, —la4
8 2 2 2

Now I, = l(lx 1) = Zad 2ot | = 2 et = 0.981750°
2 ) R 16

av

2 2 2
1. -1
al’ld R = X Y + ]2 = l(£a4 _£a4j + la“')
2 i 2\ 8 2 2

= 0.772644*

The Mohr’s circle is then drawn as shown.

21
tan26, = ——=
I, -1,
2 la4j
- \2 )
T T
8 2
= 0.84883
or 26, = 40.326°

continued
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Then

(@)

(b)

o = 90° — 40.326°
= 49.674°

B = 180° — (40.326° + 60°)

= 79.674°

I, =1I,,— Rcosa = 0.98175a"* — 0.77264a" c0s 49.674°

y

Iy = —Rsina = —0.77264a" sin 49.674°

or I, =0.4824" <4

I, =1, +Rcosa = 0.98175a* + 0.77264a* cos49.674°

or [, = 1.4824" 4

or I,y =—0.589a" 4

I, = I, + Rcos 3 =0.98175a" +0.77264a" cos 79.674°

y

I, = Rsinf§ = 0.77264a" sin 79.674°

or I, =1.120a" 4

I, =1,,—Rcosf =0.98175a* — 0.77264a" c0s 79.674°

or I, = 0.843a" 4

or I, = 0.760a"* 4
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Chapter 9, Solution 92.

From the solution to

Problem 9.72:

Problem 9.80:

. »
I, =501.1875 in
I, = 865.6875 in*

I, = 4758.75 in*

Now l(Tx +1,) = 2812.21875 in*

2

1 - 4

E(Ix —1,) = —1946.53125 in
The Mohr’s circle is defined by the points X and Y where

x: (I.1,)  v: (I,.-1,)
Now Iy = l(Tx +1,) = 2812.2 in*
2
I.-7,V
and  R= [ X yj +12 = \/(—1946.53125)2 +501.1875% in*
2 V
=2010.0 in*
I,
Also, tan26, = —>—— = S01.1875 _ 0.2575
.~ 1| 194653125
2
or 26,, = 14.4387°
Then o = 180° — (14.4387° + 90°) = 75.561°
Then I, =1, * Rcosar = 2812.2 + 2010.0c0s 75.561°
or I, =3.31x10° in* «
and I, =231x10’ in* <

and Iy = Rsina = 2010.0sin75.561°

or Iy, =1.947x10° in* «
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Chapter 9, Solution 93.

it From Problems 9.73 and 9.81

e I

/ W\ T, = 13824 x10° mm*

28, % ‘wl

\Z/B/ DTy T, = 51.847 x10° mm*
—y

¥ =162.86 x 10° mm*

I, =103.687 x10° mm*
= 325.72x10° mm*

Now Lo = %(I_x + Ty)

= 24429 x10°® mm*

— —\2
. (gj LT
2 4

=160.4405 x 10° mm*

From Problem 9.87 26, = 59.5°
Then o =180 - 60° — 26, = 60.5°
Then I, =1, + Rcosar = (244.29 + 160.4405c0s60.5°) x 10°

=323.29x10° mm"*
or I, =323x10° mm* <
I, =1, — Rcosa = (244.24 — 160.4405c0s 60.5°) x 10°

=165.29 x 10° mm*

or I, =165.3x10° mm* «
I = Rsinar = 160.44 x10°sin 60.5° = 139.6 x 10° mm* <
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Chapter 9, Solution 94.

y From Problems 9.75 and 9.82
<‘.'. I, =0.70134 x 10° mm*
N \J\“D I, I 7, = 7.728x 10° mm*
\ I, =1.5732x10° mm*

T l(fx +1,) = 42147 x10° mm*

Now L
- = \2
I -1 72 6 4
and R= | ==2| +1I; =3.8494x10° mm
-2(1.5732
Then 260, = tan”! _20572) | 24.12°
0.70134 — 7.728
and =120° — 24.12° — 90° = 5.88°

Then 1, = I, + Rsina = (4.2147 + 3.84945in5.88°) x 10° mm"*

= 4.6091 x 10° mm*
or I, = 4.61x10° mm* «

I, =1, — Rsina = (42147 — 3.8494sin5.88°) x 10° mm*

= 3.8203 x 10° mm*

or I, = 3.82x10° mm* <

1., =—Rcosar = —3.8494¢0s5.88° = —3.8291 x 10® mm
or I,y = —3.83x10° mm* <
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Chapter 9, Solution 95.

Now

and

and

y

and

I,

Ix'yr = Rcosa = 0.21463cos48.04° =

From Problems 9.74 and 9.83

1. =0.166 x10° mm*
I, =0453x10° mm*

T 6 4
Ixy =—0.1596 x 10° mm

1

avi

- = \2
R= [u} L7
2 i

=0.21463 x 10°* mm*

- %(z‘x +1,) = 03095 x10° mm*

» [ =2(-0.1596)

), = tan~ = —48.04°
0.166 — 0.453

o +90° — 20 = 90°% o = 26,

ve — Rsinar = (0.3095 — 0.214635in 48.04°) x 10° mm*

= 0.14989 x 10° mm*
or I, =0.1499 x 10° mm* «

we + Rsina = (0.3095 + 0.21463sin 48.04°) x 10® mm*

= 0.46910 x 10° mm*
or I, = 0.4690 x 10° mm* <

0.1435 x 10° mm*
. = 0.1435x10° mm* <

or I,
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Chapter 9, Solution 96.

=5.29679 in*

= 6.73321 in*

xy

I, = I, + Reosar = 6.015 in* +(4.43952 in*) c0s80.69°

7., = Rsiner = (4.43952 in*)sin80.69° = 4.38104 in*

Try , Have I, =9.45in*
f«:""_" K
\ ;\—?/z I,=258in*
st . I, Iy _
l \ From Problem 9.78 I, = 2.8125 in*
Al _
— L+1
Now e = — > Y = 6.015 in*
I.-T,Y
- — \2
— X Y
and R= (TJ +(]xy)
= 4.43952 in*
[ -2(2.8125)
Then 26, = tan™'| ————2| = _3931°
9.45 — 2.58
26, +60° + a =180°, o = 80.69°
Then I, =1, — Reosar = 6.015 in* — (4.43952 in*) cos80.69°

or I, =530in" «

or I, = 6.73in" <

or I,y =438 in" <
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Chapter 9, Solution 97.

L\

1S
w Q“’\ =+ 20.2

From Problem 9.79: I. = Zat 1, =24
8 )
1 4
Problem 9.67: I, =—a
2

The Mohr’s circle is defined by the diameter XY, where
T 4 1 4 T 4 1 4
X|=a", —a and Y| =a", ——a
8 2 2 2
Now I, = l(lx +1,)= LZ o 704~ 0.981754*
2 2\ 8 2

and

S e e s B

= 0.77264a*

The Mohr’s circle is then drawn as shown.

21
tan26, = ——=
1. -1

z
8
= 0.84883
or 26,, = 40.326°
and 0, =202°

The principal axes are obtained by rotating the xy axes through

20.2° counterclockwise 4
Now Lnacmin = Tave £ R = 0.98175a" £ 0.772644"
or I, =1754a" 4

and I, = 0.209q" <4

From the Mohr’s circle it is seen that the @ axis corresponds to /,;, and

the b axis corresponds to /..
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Chapter 9, Solution 98.

T
_xf R =
IM\.F“T,\-_‘ | ) Ims
(20m f
\\ Y

From the solution to Problem 9.72:
_— 4
I, =501.1875 in
From the solution to Problem 9.80:

I, = 865.6875 in*

I, = 4758.75 in*
l(ix +1,) = 281221875 in*
2 y

l(fx ~1,) = -1946.53125 in*

2
The Mohr’s circle is defined by the point X: (Ix, Ixy), Y: (Iy, —Ixy)
Now Ly = %(Tx +1,) = 28122 in*
I-T,Y
and R= [ X y] +1, = \/(—1946.53125)2 +501.1875% = 2010.0 in*
2 xy

continued
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1,
tan20, = ——2—— = — SOLISTS 0.2575, 26, = 14.4387°
I, -1, —1946.53125
2
or 6, = 7.22° counterclockwise 4
Then Lnaxmin = Lave £ R = (2812.2 £2010.0)in"

or I =482x10°in* 4

and 7, =802 in* «
-
=

7.2z

Note: From the Mohr’s circle it is seen that the @ axis corresponds to 7,

. and the b axis corresponds to ..
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Chapter 9, Solution 99.

Ty e

s L/f"f

E.n.~1l\i/ 26 T
y¥
From the solution to Problem 9.76 Txy =567 in*
Now Tx = (Ix)l - (Ix)2 - (Ix)3’ where ([x)2 = (Ix)3

= %(15 i)' - 2[%(9 in.)(6 in.)ﬂ = (39761 — 324)in*
= 39,437 in*
and Ty = (Iy)l - (]y)g - (Iy)3’ where (Iy)z = (Iy)3
= 2(1sin)’ - z[%w in)(9in.) + %(9 in.)(6 in.)(6 in.)ﬂ

= (39,761 — 243 —1944)in* = 37,574 in*

The Mohr’s circle is defined by the point (X, ¥) where

Now Tye = %(T +1,) = %(39,437 +37,574)in* = 38,506 in*
L-1,) | 2
and R= [TyJ +1) = \/{5(39,437 - 37,574)} +567% =1090.5 in*

continued
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Then

tan26, = — % = 1 567 = —0.6087
Le=1y (39,437 - 37,574)
2 2
or 8, =—15.66° clockwise «
Lnamin = Tave £ R = (38,506 +1090.50)in"

or I =39.6x10°in* «

and 1, =37.4x10° in* <

Note: From the Mohr’s circle it is seen that the a axis corresponds to the /. and the b axis corresponds to

min*
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Chapter 9, Solution 100.

From Problems 9.73 and 9.81 I, =162.86 x 10° mm*

I, =325.72x10° mm*

T 6 4

I, =138.24x10° mm
Define points X (162.86,138.24) x 10° mm*  ¥(325.72,— 138.24) x 10° mm*
Now Iy = %(Tx +1,)= %(162.86 +325.72) x 10° mm*

= 244.29 x10° mm*

— — \2 2

I, -1 162.86 — 325.72 2
and R=||[Z=2| +12 = ( V10| + (13824 x10°)

2 2
=160.44 x 10° mm*
-2(138.24) x 10°
and 26,, = tan”' ( ) = | = 59.4999°
(162.86 — 325.72) x 10
or 8, = 29.7° counterclockwise 4
Then T min = T £ R = (244.2910° +160.44 x10°) mm*
b ¥ a

24.7° or 1. =405%10° mm* «
/// l, max

G = and 7, =83.9x10° mm* <
V\%i}, min

Note: From the Mohr’s circle it is seen that the @ axis corresponds to 7,

. and the b axis corresponds to /..
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Chapter 9, Solution 101.

Iiyp— Inve ——
R b
Im,,, Trman 12,57
X 26w

From Problems 9.74 and 9.83

I, =0.166x10° mm*, I, =0453x10°mm*, 7 =-0.1596x10° mm*

Define points X(0.166,-0.1596) x 10° mm* ~ and  ¥(0.453,0.1596) % 10° mm"*

Now I l

ave =
2

(I, +7,) = %(0.166 +0.453) x 10° mm*

=0.3095 x 10® mm*

— — \2 2
I, -1 _ 0.166 — 0.453) x 10° 2
and = || 2= +72 = ( ) +(-0.1596x 10°)
2 Y 2
= 0.21463 x 10® mm*
L[ 21, | —2(-0.1596)
Also 20, =tan” | == |=tan | —— = | = —48.04°
I,-1, 0.166 — 0.453
6, = —24.02°
or 8 = —24.0° clockwise 4
Then Lnax. min = Ioyve T R =(0.3095 + 0.21463) x 10° mm*
vl b _
. or Ty = 0.524x10° mm* <
oot = and 1, = 0.0949x10° mm* «
Wt T 24 f:g\

Note: From the Mohr’s circle it is seen that the a axis corresponds to 7, and the b axis corresponds to /..

n
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Chapter 9, Solution 102.

Toy b= Thie —, b, Y

From Problems 9.75 and 9.82

I, =0.70134x10° mm*, 1, =7728x10° mm*, I, =1.5732x10° mm*

Now Te = %(Tx +1,) = %(0.70134 +7.728) x 10° mm* = 4.2147 x 10® mm*
I-7,) (0.70134 - 7.728) x 10° ’ 2
— _ . — /. X
and R= (uj +12 = { } +(1.5732x10°)
2 2
= 3.8495x10° mm*
Define points X (0.70134, 15732) x 10° mm

Y(7.728, —1.5732)x 10° mm

S —2(1.5732)
Also 26, = tan™'| ————""1 | = 24.122°, @, =12.06°
0.70134 — 7.728
or 6, =12.06° counterclockwise 4
Then Lax. min = Tave T R = (4.2147 £3.8495) x 10° mm*

or I, =8.06x10° mm* <

and 7, = 0.365x10° mm* <

Note: From the Mohr’s circle it is seen that the @ axis corresponds to /., and the b axis corresponds to 7. .
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Chapter 9, Solution 103.

From the solution to Problem 9.71

T 3 4
Ixy—300><10 mm

Now  T=(1), (L), - (L) % 1
1 ®

= [5(120 mm)(80 mm)ﬂ - 2[%(50 mm)(

= [5.120><106 ~2(33.333x10° + 100 x 103)_ 4

)10 mm’|

mm

=4.8533 x10° mm*
and Ty = (]y>1 - (Iy)z B (Iy)S

[%(80 mm)(120 mmf} _ 2[%(20 mm)(50 mm)” + (1000 mm?)(15 mm)z}

= [11.520 x10° — 2(208.33 x 10° + 225 103)Jmm4
=10.6533 x10° mm*

Ly r )

Center: Iy = —(Tx + ]y)

= %(4.8533 +10.6533) x 10° mm*

=7.7533 x10® mm*

N
1. -1 _
Radius: R= [%J +12

Xy

2
= 106\/[%(4.8533 - 10.6533)} +(0.300)* mm

=2.9155x10° mm

continued
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Chapter 9, Solution 104.

Tyy

[ Toe £

Y
R ‘ ! Io,T l_l X,
fmwwzm el
Yart->
X

From Prob. 9.43 and 9.77

I, =2703.7 in* I, =4581.0in" I, =-1635.18 in*
Define Points: x(2703.7, -1635.18)in* y(4581.0,1635.18)in"
Then T..= %(7 +1,)= %(2703.7 +4581.0)in* = 3642.4 in*

2
:\/(2703.7 —4581.0] +(~1635.18)” = 1885.44 in’*

2
21, 2(~1635.18)
tan26, = —=—==— = —1.74206
I,—1,  2703.7-4581.0
6,, =—30.1° 4
Imax,min = ]_ave IR= (36424 * 188544)11‘14

I, =5530in* «
I, =1757 in* <
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Chapter 9, Solution 105.

(ix, E—x-,).‘

Given: I, =0.166x10°mm*, I, =0453x10°mm* and I, <0

Note: A review of a table of rolled-steel shapes reveals that the given values of Tx and 7y are obtained when

the 102 mm leg of the angle is parallel to the x axis. For 1. w < 0 the angle must be oriented as shown.

(a) Now I = %(Tx +1,) = %(0.166 +0.453) x 10° mm*
=0.3095 x 10® mm*
Now ]_min = Tave - R or R = ]_ave - ]_min
Then R =(0.3095 - 0.051) x 10® mm*
= 0.2585 x 10® mm*
I-7,)
- — \2
From R? = {%J + (Ixy)
2
I, = {(0.2585)2 - (—0'166 —_ 0'453) ] x10°® mm*
2
I, =+0.21501x10° mm*
. T T _ 6 4 T _ 6 4
Since I, <0, I,=-021501x10°mm or I,,, = =0.215x10° mm* «
-2(-0.21501
(b) 260, = tan”! —2(-021501) = —56.28°
0.166 — 0.453
or 8, = —28.1° clockwise 4
(c) Toax = Love + R = (0.3095 + 0.2585) x 10° mm”*

or I, =0.568x10° mm* 4
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Chapter 9, Solution 106.

—_—— 4v;4—|
Y
Im Lrmax
26,/ Doy
R
X
by 4
Q
—F—
C o
| I

From Figure 9.13 I, =9.45in*
- 4
Iy = 2.58 in

From Problem 9.78 Txy =-2.81in*

The Mohr’s circle is defined by the diameter XY where

Now

and

or

Now

X(9.45, —2.81) in*
Y(2.58, 2.81) in*

T, = %(Tx +1,) = %(9.45 in +2.58 in*)

= 6.015 in*

p= 2 )] o

1 . NG 4\
- [5(9.45 in* - 2.58 in )} +(2.81m)

= 4.438 in*
Y —2(—2.81 in4)
tan26, = — 2 = S - = 0.81805
I, -1, 945in"™ —2.58in
26, = 32.285°
or 6, =19.64° counterclockwise 4
Lnaxmin = Tae £ R = (6.015 + 4.438)in*

or I =10.45in* «
and 1, =1577 in* «

From the Mohr’s circle it is seen that the @ axis corresponds to 7, and

the b axis corresponds to 7 .
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Chapter 9, Solution 107.

I)nf

From Figure 9.13B: I, =720x10°mm*, I, =2.64x10°mm*

and I.,=0

~

Have v = (Ixy)1 + (Ixy)z, where I, = Txfyf + X ¥4

Now X = 102 _ 25.3 = 257 mm, ¥ =503~ 1277 = 43.95 mm

4, =102x12.7 = 1295.4 mm?

X, = 253+ % =-1895mm 3, = —B(lsz ~12.7) - (50.3 - 12.7)} = ~32.05 mm
4, = (12.7)(152 = 12.7) = 1769.11 mm>

Then  7,, ={[(25.7 mm)(43.95 mm)(1295.4 mm?) | + [ (~18.95 mm) (~32.05 mm) (1769.11 mm?) |} x 10°

= (146317 +1.07446) x 10° mm* = 2.5376 x 10° mm*

The Mohr’s circle is defined by points X and Y, where
X(I. 1), Y(I,, -I,)

(I, +1,) = L(720 +2.64) x 10° mm* = 4.92 % 10° mm*
2

X

Now Iy = 1
2

continued
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— — 2 D)
and R= £_y} +12 = \/{%(7.20—2.64)} +2.5376° |x 10° mm*

=3.4114 x10° mm*

21, 2(2.5376)
tanf, = —=2 = — =-1.11298, 260 = —48.0607°
IL—1,  (720-2.64)
or 6 = —24.0° clockwise 4
Now Laxmin = Lave £ R = (4.92 £3.4114) x 10° mm*
or I =8.33x10° mm* «
and 1. =1.509x10° mm* <

1/
=,

a

Lis2xlezx12.7

Note: From the Mohr’s circle it is seen that the @ axis corresponds to 7, and the b axis corresponds to 7_: .

X
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Chapter 9, Solution 108.

N T AN gen e d
Have I, = E(Ix +1,) = 5(640 in* + 280 in*) = 460 in
1(1_ -1, :1(640 in* -~ 280 in*) = 180 in*
2V T
Also have I, =-180in*,  20=-120°, I, >1I,

Letting the points (7 I, ) and (lx,, x,y,) be denoted by X anX’, respectively, three possible Mohr’s

x> Txy

circles can be constructed

Fxy

Assume the first case applies

Then - 5 Y = Rcos2f,, or  Rcos26, =180in*
Also Tx/yf = Rcosa or Rcosa = 180 in*
o =120,
Also have 120° = 26, + (90° — ) or 26, —a=30°
a=-26, and  2(260,)=30° or 26, =|of=15°
20, >0 . . .
Note implies case 2 applies
a<0

continued
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(a) Therefore,

(b) Have
Then

6,, = 7.5° clockwise 4

Y b
- ol
L e B
Rcos15° =180 or R =186.35in*

=1/, TR =460x186.350

max, min ave —
or I, = 646 in* <«
and 1., =274in* <4

Note: From the Mohr’s circle it is seen that the @ axis corresponds to 7, and the b axis corresponds to 7; .
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Chapter 9, Solution 109.

First assume [, > Ty

(Note: Assuming /, < /,, is not consistent with the requirement that the axis corresponding to the (Ixy )max is

obtained by rotating the x axis through 67.5° counterclockwise)

From Mohr’s circle have 26,, = 2(67.5°) — 90° = 45°
2|1,
(a) From tan26,, = M
-1,
S 1, in*
Havel, =1, +2 | =300 in* + 2122 _ 550 jn
tan 26, tan 45°
or I, =550in"* «
1+ - 550 + 300 . :
(b) Now Ly = E(Ix + [y) =" in* =425in*
T, ind
and R= ‘ xy‘ _15m 176.78 in*

sin26,,  sin45°
1, = I * R = (425+176.76)in"

max, min ave

= (601.78, 248.22)in*

Then

or I, =602in" <

and 7, =248in* 4
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Chapter 9, Solution 110.

Consider the regular pentagon shown, with centroidal axes x and y.

Because the y axis is an axis of symmetry, it follows that I_xy = 0. Since

=~

w =0, the x and y axes must be principal axes. Assuming

= Lo andfy =1

min»

=~

the Mohr’s circle is then drawn as shown.

Now rotate the coordinate axes through an angle o as shown; the
resulting moments of inertia, 7x and Ty/, and product of inertia, Tx,y,, are
indicated on the Mohr’s circle. However, the x" axis is an axis of
symmetry, which implies Txfy» = 0. For this to be possible on the Mohr’s

circle, the radius R must be equal to zero (thus, the circle degenerates into
a point). With R = 0, it immediately follows that

(a) I=1,=1,=1,=1
inertia with respect to an axis through C) «

ave (for all moments of

(b) I, =I5, = 0 (for all products of inertia with respect to

all pairs of rectangular axes with origin at C)<«
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Chapter 9, Solution 111.

First observe that for a given area 4 and origin O of a rectangular
coordinate system, the values of /. and R are the same for all
orientations of the coordinate axes. Shown below is a Mohr’s circle, with
the moments of inertia, /, and / Vo and the product of inertia. ]x,y,,
having been computed for an arbitrary orientation of the x)" axes.

From the Mohr’s circle

1”“_- NE
A_ 1., =1,,.+ Rcos20
’ RERS
A I, = Iy, — Rcos26
' a1y
Tk I, = Rsin26
Then, forming the expression I A, —1 3,)/
Iy = I3y = (I, + Rcos26)(1,,, — Rcos26) — (Rsin26?)2
_ ( 12— R2cos? 202
= ([l — R"cos 26’) - (R sin 26’)
= 12, — R* which is a constant
e, -1 f,y, is independent of the orientation of the coordinate axes
Q.E.D.«
1 —
= A Shown is a Mohr’s circle, with line OA, of length L, the required tangent.
L R Noting that =~ OAC is a right angle, it follows that
0 =
2 _ _ 72,
e Tae or L =1.0,-1y, Q.E.D. «
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Chapter 9, Solution 112.

From Problem 9.111 have, /I, — I,,, = constant

Now consider the following two cases

Case I: I, =1, Iy,=1, Loy =1,

Case 2: I =10 Iy =1, Iy =0

Then L1, =12, = I d i

or I, =2 L1, = Ll i 4

From Figure 9.13B: I, =453x10°mm* I, =166 %10’ mm*

Now Toe = 5L+ 1) = (T + Toin)

With I =524%10° mm*

then Toin = (453 + 166 — 524) x 10° mm* = 95.0x 10° mm*
Finally I, = i[\/(453)(166) - (524)(95.0)} x10° mm*

= +159.43 x10° mm*

ki The two roots corresponding to the following orientations of the cross
l section:
@ ey, (@) T, = —159.4x10° mm* <
\'[ -
! rl (b) I,,, =159.4x10° mm* <
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Chapter 9, Solution 113.

A

B /—c B’

D I [IRY
Al— o —
Mass = m = ptA

Iarea

m
1 =ptl, .. =—
mass — Plarea P

Area = 4 = %ﬂaz

1(nx 4 1 4
IAA',area = IDD',area = 5(_61 j = gﬂ'a

m
IAA',mass = IDD',mass = _[AA',aIea =
A lﬂ'a 8 4
2
2
1 4

(a)
=(0.25 - 0.1801) ma*

(b) Eq. (9.38):
Toer = Lyy + Ly

= L ond® + 0.0699ma?

I = 0.0699 ma® <

Ioer = 0.320ma’ 4
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Chapter 9, Solution 114.

A Mass =m = pV = ptA
m
]mass = pt[area = glarea
\] '
B B 2 2 2 2
C Area = A =nry — 7K :ﬂ'(rz—rl)
U
_ 4 o4 T4 4
Ly area = 4’”2 4”1 = 4(”2 ”1)
A
m m T ( 4 4 1 2 2
(a) ]AA',mass :Z[AA',area = mZ(FZ ! ) = Zm(l"z +A )

_1 2, .2
Iy —Zm(r2 +5 )4
(b) By Symmetry: Tpg =1,y

Eq. (9.38): Ieer =Ly + Ipp =21,

I = %m(rz2 + ’,12) <
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Chapter 9, Solution 115.

-

~

First note

Also

(a) Using Figure 9.12,

Then

(b) Symmetry implies

Then,

Ly,

mass = m = pV = ptd
T
= sz(”f - 712)
Imass = p ﬂarea
_ m
T( 2
Sz =)
“ 4
AA’, area 16(r2 - I)
m 4 4
=——X—|1, —n
mass E(,,Z_,ﬁ 16(2 1)
4 \72 i
=—(r22+r12)
_ml (L) |2m(s
4172 (27 4147
or [, =

1 BB’, mass — 1 AA’, mass

loor = Lyy + Ipp

Il
)
7\
—
o\hﬁ
3
S}
N—

I
|
3
o

continued
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Now locate centroid C.

X=A4 = x4
= 4 4
4 4 3z \ 4 3z\ 4
3.3
or X = 4 sz rlz
Irry —n
Now 7= X2
s (1)
_422 \27) 1442
3m , (1} 9« ?
P
2 22
- 14 42
or émrz2 =locr+m —£r2
8 V.4

or I = 0.1347mri 4
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Chapter 9, Solution 116.

Locate centroid:

lg
55,4

Then y =—-+
y 4,
b 3
—(3ab) + =b(ab
5 Bab) + Jb(ab)
3ab + ab
=35
4
. . . . 3 1
Uniform thickness: m is proportionalto 4 ... m = Zm m, = Zm
(a) Lig = (Low), + (Lag),

[l i )]

5| 3 3 1 9
=mbh'| —+—+—+—
48 16 48 16

5

IAA' = gmbz 4
b) Have Iy =1, +mp?

AA x

2

or Tx = émb2 - m(zbj

6 4
= 2mb2

48

continued

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.



COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 117.

¢ et Mass = m = pV = ptd

¢ E
m
1 = ptl =—]1
mass p area A area
A= lbh
2
1 (bY| 1
a Axis AA': Iip wen = 2| —h| = | | = —hb?
() AA’, area 12 (2] 48
m m 1 3 1 2
Lot v = —Lig aea = ———hb> = —m
AA’, mass A AA’, area lbh 48 24
24
. , 13
Axis BB": Ipp area = %bh
I =" — Lo L
BB’, mass A BB’, area lbh 36 18
2
Ipp = imh2 |
18
(b) Axis CC”:
Eq. (9.38): Teer =1 0 + 1y
1 2 1 2 m 2 2
— b Ioe = —(3b" + 4h” ) <
24 ce 72( )
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Chapter 9, Solution 118.

From Prob. 9.117:
1

I, =—mb*
A4 0y

Ipp = imh2
BB 18

Note that 44" and BB’ are centroidal axes.

Hence Iy =1, +md* = %mb2 + md*
_ M2 2
Iy = 24(b +24d>)
Ly = Ipy +md* = %mhz + md*

Iy = %(h2 +184%) <
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Chapter 9, Solution 119.

First note mass = m = pV = ptA
1
- pt[(Za)(a) + 5(261)(61)}
= 3/01‘0:2
Also ]mass = pt[area
m
= 37[area
(a) Now Ix, area (Ix )1, area + (Ix )2, area
1 1
O '@ A = 5(261)(61)3 +(2a)(a)
1
2 = 2a'
m _5
Then ]x, mass — g X 3614
5
or I s ﬁmcf <
(b) Have

2
- [ ear |+ {—w)(zaf 2 (20)(a) 20+ £ x20] ]
=10a*
Then Iz mass iz x 10(14
’ 3a
= E}’1’1(12
Finally, ly, mass — [x, mass + Iz, mass
= ima2 + Emaz
18 3
= ﬁl’l’l(12
18
OF 1, ppass = 3.61ma” 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.



COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 120.

First locate the centroid C

X34 = ¥XA: A_’(Zaz + az) = a(2a2) + (20 +§X2a)(a2)
or X="a

72 =z2t; 72" +) = (Ja(2) + (§a] (@)

— 4
or Z=—a
9
(a) Have [y, mass TCC', mass T m(A_/2 + ZZ)

From the solution to Problem 9.119

_ 2
Iy, mass Ema

2 2
Then T mass = gma2 -m Ea + ia
’ 18 9 9

or I, = 0.994ma* 4

— —\2
(b) Have Ix, mass IBB', mass T m(Z)
- 2
and IAA', mass ]BB', mass T m(l 561)
2
2 4
Then [AA’, mass Ix, mass T m[(l‘sa) - (ga) ]

From the solution to Problem 9.119

5
X, mass ﬁmaz
2
Then Lyg mass = %ma2 + m[(l.Sa)2 - (gaj ]

or I, = 2.33ma*> 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell

© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 121.

At

Then

Now

Then

Now

Then..

x=a,y=>b b = ka? or kzi2
a
b »
= —x
y "
dm = p(ﬂ'rz)dx
2
b
= ﬁp(?xzj dx
m = ﬂpﬁ Ex“a’x
e
= —7z,oﬁx5
5 at 0
Sm

—npab® or o = —

P P e

2 2
15 2 b >
(Er jdm = —(—zx J ﬂ'p(?x dx
Sm 1 b2 4 b2 4 bz 8
sza_“ X?x dx = —m?x dx
2

imb—g joaxgdx = im—9><lx9

a a 9 0

or [, = S’ 4
18
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Chapter 9, Solution 122.

" 2272 a=1L
a Now m=pV
2 2
3 - 0| Z(an)(n) -2 (1)(s) |
i 7
z
= =5 PL
Y or mw=-—
h—h
Now r= X+ 5
X
2 X :rz(z_zj
B 2
2’ Have dl, =dl, + x“dm
l(a’m)r2 + x%dm
Where dm = pdV
=p(7rr2dx)
dl, =7zp[%r4 +r2x2jdx
4
X
= 7P Z{@(Z—ZH +x2{rz(2—z
3 m 1 X 4 x  x2 ]
Then Iz=——2(r22) ‘ —r22(2——j + x? 4—4—+ = ||dx
7 Lr; 01 4 L L L
3m|1 51 XY 4 1o
2 3
=28 =2 2 |(-0)|2-=| +2 -
7 L[4V2 Es)( )( LJ 3 517

I = %(93@2 +321°) 4

z
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Chapter 9, Solution 123.

At x=2a 2a = k(2a)3 or k= Lz
4a
1 3
Then =——x
4 4a°
Now dm = p(ﬂ'rzdx)
1 5Y 0
3 6
=mo| —=x" | dx = x dx
p(4a2 j 16a*
Then - P . 24 6y
16a™
2a
1.7 ﬁp[v 7} 127,
= b = 2a) —(a — mpa
16a4 7 Y 112a4 ( ) ( ) 112 p
or 7p = 112m
1274°
2
(a) Now di, = [l,@jd — l(%f} ( 7[,04 x6dxj
2 2\ 4a 16a
6
= 14 6X112n§)( x4x= 7m11x12d
32a 127a  16a 4064a
Then
2a
Tx — 7m - J‘zaxl2dx — 7m - Lx]:;
4064a " 4064a " 13
- o 11 |:(2a)13 - (a)B} = mmaz =1.0853ma’
52832a 52832
or I =1.085ma" 4
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2
dl. =(lr2+x2Jdm = l(%xﬂ +x° 7z'p4 xOdx
Y 4 4\ 4qa 16a

Tm 1 13
= — (2
1274’ [832614 (24)

1274

a
832

112m ( 1
x 3 4
127a° \ 64a

(b) Have
1
16a*
— Tm 2a 1 12
Then/ 6 = —x "+
Y1274 (64a4

xgjdx = 7—m7[%x13 + lx9j
127a’ \ 832a 9

9 1 13 1 9
F30) - o) - S|

Tm (8191 9, 511 o

¥+ xgjdx

J = 3.67211ma>

or I, =3.67ma’ 4
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Chapter 9, Solution 124.

For the element shown:

dm = pdV = p[a%}(bljdy = pZ—I;yzdy

h
2 2 3
-, 1 y 1 b ab 1 ab 4
dix’ =—| b= | di dy = — d
x 12( h] m = 12h2y(ph2jy =Py
Parallel-axis theorem
2
di, =dl, + d*dm where d? = 2 +[;b%j

e 2
4 >, Loy ab ,

L dy + +—=b"=— |p—=yd
ph4y 'y {y 4 phzy 'y

ab’ ab
=(?h—4+ Pie ]fdy

3t T 15 5
. 1
For pyramid, m=pv= 3 pabh
2 2
Thus I = (lpath LA I = lm(b2 + 3h2) <
3 5 5 5
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Chapter 9, Solution 125.

For the element shown:

Y, ab
dm=p|b= | a=|dy = p—y°d
m=p(b2) o2 )i = p 2570
For thin plate:
dl, =dl»+dl,
1(,yY 1( yY 1
= —(blj dm + —(al) dm = —2(b2 + az)yzdm
3 A 30U A 3h
- 2, 12,2 2 P 2 12).4
_3—2(a +b )y (phzy dy}——4(a +b )y dy
_ pab ( 2\ (h 4 P 2 2
1,=dl, W(a +67) J) vidy = £ (a + b7)
For pyramid, m = pV =— pabh
(1 1/ » 2
1, =| spabh g(a + ) I,
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Chapter 9, Solution 126.

At x=h, r=a azzkh, k:%
2
Thus, P2=2
h
&
Have dm = prr’dx = pﬂfxdx
Thenm = ["dm = pr (" xd
enm = [ m—p7r7.[0xx
1 2
=—prah
2/7
2 1, 2 1 a 2
Now dl, =dl, + x°dm =—r°dm + x“dm =| —x + x° |dm
Y Y 4 4 h
h af 1a? 2 a’
So Iy = Io a’ly = jo [27x + x Jpﬂ'dex
2 2
= a jh 1a—xz+x3 dx
h %4 h
I R
h\4 h 3 4
1 2.( 2 2
—Epfm h(a +3h)
1 2
Recall: m= 3 prah
JA -t l( 2+ 30%) I = (2+3h2)/6<
y = 2p7ra 6a or ,=ml|a

And =l (a® +34%) f6 or k, = (a* +3n7) [6 <
m
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Chapter 9, Solution 127.

First note = =—x 3

Then

For the element shown

3 127
Then m = _[dm = _[8 m’a_ldx — Em’a:i X3 — Em/a
)Cg 0
3 1
Now I = Jyzdm = j(;l a’ —x m'de
X3
1 2 41 2 5
=m'ad [j| = = 3a3x3 + 3adx — x3 |dx
¥3
! 2 44 2 81"
=m'a3| =a’x3 adxd + 2adx® —x3
0
s 3 3 9 3 3 3 ’ 3
=m ———+ — = —m
2 4 2 8 8
1
or I = —ma* 4
4
. . 1 2
Symmetry implies I, =—ma <
continued
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Alternative Solution

Also

1
Y 1 5

3 s
a
[x?dm = [§x*| m'=dx | = m'a® [j x3dx

3
1 8"
mad x=|x3| ==wd’
0
1
—ma
4

(o + y*)dm =1, + 1,

or I, = lmaz<
2
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Chapter 9, Solution 128.

// \',\_74__
e S
L %ol Lt

For line BC

(a) Have

where

Then

§=—£x+h
2
=ﬁ(a—2x
a

dm’ = pt{dx

I, =ldI, = 2%%;2(

1274

piédx)

or [, = Lo <
6
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Now Iy = [x*dm
and Iy = [x*dm’ =2 J?x2 (ptddx)

= 2pt §x2 [ﬁ(a - 2x)}dx
a

= Zptﬁ 9= lx4 2
al3 4

hla(a
=2pt—| —| —
pa 3(2

1

3 1 2
=—ptach = —
48pa 24m01
(b) Have I, = Iryzdm = J[xz + ((sinﬁ)ﬂdm

= [x*dm + sin® @ [ *dm

Now I, = f{zdm21y=lg+lxsin2«9
= Lma2 + lmh2 sin’ @
24 6
or [, = ﬂ(c12 + 4h*sin® 0) <4
24
(c) Have 1, = frzzdm = f(x2 + yz)dm
= f[xz + ({cosé’)qdm

= [x?dm + cos* 6 [{*dm

=1+ I, cos*6

1
= —ma® + lmh2 cos> @
24

or I, = ﬂ(az + 4h* cos? 0) <
24

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.



COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 129.

Mass of cylindrical ring:

m= pV

1_ e V(% 2 T
) =Y ZEp2 T2,
c\z A_P_--,—Aj[dl g[4 2 4 lj
] Y2 2

Now treat the wheel as a series of 4 concentric rings. (Note - the steel is treated as
a large ring minus two smaller rings.)

Myheel = zmring

_ 70310 Ibfin’
4 322 fi/s

7 0.284 Ib/in’
4 322 fus’
-3
K 202 1L i (4 =12) in?
4 322U 2

7 0.043 Ib/in®
+_—
4 322 fifs?

x 1.5 in. x (0.72 - 0.52) in?
x 1.5 in. x (4.42 - 0.72) in?
x 1.5 in. x (52 - 4.42) in?

Ib-s?

Mpoe = (2.7221 X107 +196.072 107 —110.945 x 10~ + 8.8730 x 10‘3)

2
=96.722 X107 ”’TS

continued
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For a cylindrical ring:

2 2
1 d 1 d
(i =5 5) ~5(3)

_1 Zﬁdg d22_l Eﬁdf d?
8\ 4 g 8\ 4 ¢
zﬁﬁ(d‘*_d“)
32 ¢ 2 !
_ Tyt » 2\( 2 2

:%mrmg(dzz +d7)

Then:
7AA, = Z(IAA,)nng
1 Ib-s? 1ft Y
= 27221107 221072 + 0.57) in? x| —
8 ft 12 in.
1 Ib-s2 14 Y
+—[196.072 x 107 = |(4.47 + 0.7) in® x | —
8 ft 12 in.
1 b-s? 1f )
— —[ 110945 x 107 == |47 + 1.22) in? x| —
8 ft 12 in.
1 Ib-s2 1Y
+ (88730 x 107 =2 |(5? + 4.47) in? x| —
8 ft 12 in.
- (1.74857 %1079 +3.3785 x 107> — 1.67958 x 107> + 341.67 x 10*6) Ib-ft-s>
=2.0423 x 107 Ib-ft-s?
I =204x107 Ib-ft-s> 4

96.722 x 1073 1b-s%/ft
=0.145311 ft

~ \/ 2.04x107 Ib-ft-s

k,p=1744in. <
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Chapter 9, Solution 130.

First note for the cylindrical ring shown that
_ _ (o _ 2\_7 2 _ g2
m—pV—pt><4(d2 dl)—4pt(d2 dy)

and, using Figure 9.28, that

2 2
1 d 1 d
I,,=— D2 2,8
A4 2’”2(2J 2”’1[2]
1 T o) 2 T 2 52
=— t X —dy |dy —| pt X —d; |d
SKP 4 2) 2 (P 4 1] 1}
1z 4 4

_ %[% p,j(d; — P (a2 + ?)

:%m(df +d3)

Now treat the roller as three concentric rings and, working from the
bronze outward, have

Have = %{(8580 kg/m3)(0-0195 m)[(0.009 m)2 - (0.006 m)2:|
+ (2770 kg/m3)(0.0165 m)[(0.0lZ m)2 - (0.009 m)2:|
+ (1250 kg/m3)(0.0165 m)[(0.027 m)2 - (0.012 m)2:|}

= %[7.52895 +2.87942 +12.06563] x 10~ kg
=5.9132x107 kg + 2.26149 x 10~ kg
+9.47632 x 107 kg

=17.6510x 107 kg

continued
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And Ly = %{(5.9132 x107 kg)[(0.006)2 - (0.009)2}112

+ (226149 %107 kg)[(0.009)2 + (0.012)2]m2
+(9.47632x107 ke)| (0012)° + (0.027)2Jm2}
1 -9 2

= (691,844 + 508.835 + 8272.827)10” kg-m

=1.18419 x107° kg-m?
or I,,=1.184x107° kg-m?* «

-6 2
Now g, < Lar _ 11841910 _13<gm
17.6510 x 10~ kg

= 67.08902 x 10° m?
k.o = 819079 x107 m

or k,p, =8.19 mm «
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Chapter 9, Solution 131.

Consider shell to be formed by removing hemisphere of radius
fro 3 hemisphere of radius r + .

For hemisphere:
r+t 5
2

b I = gmr Area = %(475;’2) =271
m=pV = l,oizrr3 = g,07rr3
273 3
+
’ Thus I== 2 zr’ rz—i 7r’
3 P 15 P
For hemispherical shell:

L1

_4 5 s1_ 4 5 4 32, .. 5
I—Epﬂ[(r+t) —r]—gpﬂ'[r + 577t + 10t + - =71
Neglect terms with powers of > 1,

4 4
I =—prr't
3;0

Mass of shell:  m = pV’ = ptd = pt(27r*) = 2p7r’t

I= (2p7zr2t)gr2 = gmr2 I= Emr2 <
3 3 3
Radius of gyration:
=l _2 k=0.816r 4
m 3
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Chapter 9, Solution 132.

B ! For solid cylinder:
[ kadna, | ® _
A 2 A I= Ema2 m= pV = pra*h
: T—l a*h
'T'J ShERP

For ring:
e lpﬂa;‘h - l/OIL'a]41’1 = l,OIZ'h(aE1 - a,4)
2 2 2
m= ,07zh(az2 - a12)
(a) By parallel-axis theorem
Ly = Lug +mat = ph(at - at) + prh(a3 - a?)af
Loy =~ prh(at + 2d2a? - 3a?) 4
By =5 P (a2 timar —oq )
(b) For Maximum 1/, :

dlpy _ 1 2 3
—22 = —orth(4a5a, — 12a; ) =0
da, 2,0 ( 24 1)

a =0; 4(a§ —3a12) =0 ‘112 :éag

(c) Maximum /7,y :

2 4

1 4 2 azj [azj

lpw =—prth|a, +2a5| —=| —3| —=
BB 2P {2 2(\/5 \/g

1 s 2 4 14j
=—prhla, +—a, ——a

2/0 (2 392730

1 4 4
=—prh| —a

2 (Vj

2
Ipp = Ep;zhag <
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Chapter 9, Solution 133.

NRawim

First note L _L-240 or L =720 mm
120 80
and m=p,V
1 2 T 3 2
Now m = py| 7 h| = 3% 7850 kg/m> x (0.120 m)”(0.720 m)
= 85.230 kg

m, = p,, @ﬂagj = %ﬂx 7850 kg/m® x (0.090 m)’ = 11.9855 kg

my = p,, (%ﬂ'afl%j = %x 7850 kg/m® x (0.080 m )’ (0.720 — 0.240)m
= 25253 kg

Now Ty = (]_y)l - (Ty)z h (TY)3

continued
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(b) Have

Ioor
Lfﬁ%:&m
(IAA’ cup
> 2 =0.01 > 2 +20a+ 12| (FromP
or 17 Mewd@” = 0.0lmgyy| Za” +2la + (From Part a)
Now let ¢ =?
Then 5§2==012(§ga-+2§-+1j
or 4002 -20-1=0
2
2+ \(-2) - 4(40)(-1
. ;2252 40
2(40)
or ¢ =0.1851 and {=-0.1351

?:omﬂ<
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Chapter 9, Solution 134.

Have

and

Then

Then

or

or

(b)

or

Then

= % —d, =(033333 - d,)ft

7 2
» =l + md
» =1 + md>

GG B

Loy — m(dy - d3)

m| (033333~ d, )} -3
= m(0.11111 - 0.66666d!,)

(1.26 = 0.6) x 107 Ib-ft-s*

= 940 (o 11111 - 0.66666d,) i
32.2 fi/s

d, = 0.08697 ft
d, =1.044 in. 4
Ly = Igg +md;

I = 0.6x107 Ib-ft-s?

- 040 0086971’
322 fifs

= 0.50604 x 107> Ib-ft-s>

Ioe _ 0.50604 %107 Ib-ft-s
N 0.41b
32.2 fv/s?

=
ke =
m

= 0.04074 ft?
koo = 0.20183 ft = 2.4219 in.

or kg = 2.42 in. 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 135.

(a) First note My = PV = p x%dzl
and dmg,, = pdV,,
= p[(27acos)(t)(adb)]
Then Meyy = Jdmey, = I 27pa’t cos 66
= 27pa’t[sin 9]0%
= 27pa’t
Now (L1t Danem, = (L Deups (L) g

Using the parallel-axis theorem and assuming the arms are slender

rods, have
(110 ) e = 3 66y * Mt |

T 2
+3 |:I arm T marmdAGa,m :|

2
5 2 a
=3 Emcupa2 + My, [(Z +a) + (Ej ]
2
1 /
+3[Emarm12 + marm (5] jl

= 3y, Gaz +2la + 12) + mgl?

- 3(2iz'pa2t)(§a2 +2a + zzj + (% pdzzj(zz)

5a .a d’l
or (IAA,)anem = ﬂ'plz {66121‘(51—2 + 27 + 1J + T} 4

continued
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Chapter 9, Solution 136.

First note

P . And

m = pVy = pb’L

(a) Using Figure 9.28 and the parallel-axis theorem, have

Ly = (IAA’)l - ([AA')2

_ léml(zﬁ £ )+ m (%ﬂ
{mte sy (2]

= (psz)(%bz + %azj = (pazL)( >

12

)

= p—L(2b4 +3b%a® - 5a4)
12

Then L ar = p—L(6b2a - 20a3) =0
da 12
3
or a=0 and a=»b
10
L _ PL( o 1 5 5
Also A= (65* - 60a )—EpL(b ~10a%)
Now, for
2 2
a=0aL§A’>0 and for =b i dléA'<0
da 10 da
3
(Lan), o occurs when = b m
3
a= 84,/— = 46.009 mm
10
o a=46.0mm <

continued
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(b) From part (a)

2 4
pL 4 2 \/? 3
L) =2=126% 4307 b | = | 5| b=
Uit Inass =15 ( 10] ( 10
_ 49 4 49 3 4
= Pl = E(2800kg/m )(0.3m)(0.084 m)
= 8.5385x 107 kg-m?
or (L) =854x107 kg:m” 4
and k2, = —(IAA')maSS
m
where

m = m — my =pL(b2—a2)=pL bz—(b

Then
49

= pLb*

_ 240”7
7 2

— pLb

10 p

2
kAA’

ko = 453652 mm

7

Lp? =

24

3

10

7

= Lb?
10"

T

S4(84 mm)’ = 2058 mm’

or k,, =454mm <
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Chapter 9, Solution 137.

t m= pV
A\ ey
£> ¢
3 3
Then: m = M % 0.08 in.x (3.6 in.)(1.2 in.) x ! ft
32.2 ft/s 12 in.
2
= 3.0435x 1073128

3 3
my = 20M 608 in.x L(1.8 in)(12in) x| 10
32.2 ft/s 2 12 in.

2
— 760.87 x 107 leS

3 3
my = SOOI 0 08 in.x Z (1.8 in.)? x| 10
32.2 ft/s 2 12 in.

. 2
—3.5855x 10308

Now I, = (Ix)l + (Ix)z + (]x)3

2 2
1, =| 1 3.0435 %107 257 |1 217 || 12
3 ft 12 in.

_ ) 5 2
11 760.87x 1076 125 (1.82 + 1.22)in2 +1760.87 x 106 10-8° (0.62 + 0.42)in2 1t
18 ft fi

12 in.
] X )
+f| 3.5855x 10 1057 | 1)1 g 7 || LI
ft 4 12 in.

= [(10.1450 X 10*6) + (1.37379 x 107 + 2.7476 x 10*"’) + (20.168 X 10*6)J Ib-ft-s>2

+

=34.435x107% Ib-ft-s?
I, =3441b-ft-s> 4

continued
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) 2
l 304351021257 |36 )7 || LI
3 ft 12 in.

. 2 . 2 2
i 760.87 x 107 1257 (1.8 in.)? + [ 760.87 x 1076 125 (182 +0.6?)in? Lt
8 ft ft 12 in.

2 2 2
+ 3 5855 %102 125 L 18 0y gin) +| 35855102 05 || [AXI8 Ty g fip2tf 11
ft 2 97’ ft 3z 12 in.

= [(91.305 x 10‘6) + (0.95109 %107 +19.0218 x 10‘6) n (25.805 %1070 +92.205 x 10_6)}lb~ft-sz

=232x107° Ib-f-s?

I, =232x107 Ib-ft-s> «

) 2
= 50435 x 103128 (3.6 +12?)in? 11t
3 ft 12 in.

2 2
o L] 76087 x 10257 |12 1n)? +| 760.87 x 107 125 (1.82 +0.4?)in?
18 fi fi

2 2 2
{i(&ssss x 107 lbﬁs J(l.S in.)’ + [3.5855 x 107 lbﬂs ](1.8 in.)z:l[ L

12 in.
= [(101.45 x107°) +(0.42271x 107 +17.9650 x 107 + (100.842 x 10_6)Jlb~ft-s2
=221x107° Ib-ft-s?

I, =221x107 Ib-ft-s> <
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To the Instructor:

The following formulas for the mass moment of inertia of thin plates and a half cylindrical shell are derived at
this time for use in the solutions of Problems 9.137-9.142.

Thin rectangular plate

(Ix)m = (I_x)m + md?

=L +h2)+”{@2 +(§ﬂ

—_
‘<N
S~
3
Il
—_
<
~—~——
3
+
3
W
[

Thin triangular plate

Have m= pV = P(%bht)
- 1
and I area = 50N
’ 36
Then 7z, mass pﬂz, area
1,3
= pt X —bh
P 36
= imh2
18

continued
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Similarly, fy’ e = é mb>
i 7 7 1 2,42
Now x, mass 1 , Mass +[z,mass =§m(b +h )

Thin semicircular plate

T
Have m= pV = p(gaztj
— T 4
And ]y, area — Iz, area ga
Then _y, mass = IZ, mass = ptf , arca
T 4
= ptX—a
P 8
1
= —ma®
4
— 1 5
Now Ix, mass ! , Mass + ]z, mass — Ema
_ > _
Also I x, mass I x’, mass + my or I x’, mass
— — _
And I z, mass — 1z, mass + my or 1 z’, mass —
Thin quarter-circular plate —  _ 4a
=z = —
p 7 RY/4
Have m= pV = p(zaztj
T 4
and [y, area Iz, area Ea
Then Iy, mass Iz, mass pﬂy’ area
T 4
= ptX—a
P 16
1
= —ma®

continued
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1
Now Ix, mass Iy, mass T Iz, mass — A Mad
_ -2 =2
Also Ix, mass Ix', mass T m(y tz )
_ 132,
or 1. =m|———7=\|a
x’, mass (2 97[2j
—2
and 1 y, mass = I +, mass T MZ
_ 116 )
or I, =m| ——-—la
', mass (4 97[2j
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Chapter 9, Solution 138.

First compute the mass of each component.

Have m = pstV = psttA

m, = (7850 kg/m*)(0.003 m)(0.70 m)(0.780 m) = 12.858 kg
m, = (7850 kg/m*)(0.003 m){(%)(o.w m)2} = 5.6265 kg

m; = (7850 kg/m’)(0.003 m){(%}(OJSO m)(0.3 m)} = 2.7554 kg

Using Fig. 9.28 for component @ and the equations derived above for components @ and @ have

Lo = (1), + (1), + (1)

= (12.858 1@{%(078)2 + [?ﬂ m?

+(5.6265 kg){(% - 9—j 039)°+ [(4 ><3i)r39j 0'39)21} .
+(2.7554 kg){llg [(078)° + (030)° |+ K?J * (%ﬂ} "

= (2.6076 +1.2836 + 0.3207) kg-m?
= 42119kg-m?

or I, =421kg-m’ «

continued
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And

= (12.858 1<g){%[(0.7)2 + (0.78)2]+ %[(0.7)2 + (0.78)2]} m?

+(5.6265 kg)B(o.39)2 + (0.39)2} m?

+(2.7554 kg){%(OJS)Z + [(0.7)2 + (?ﬂ} m*

= (4.7077 +1.0697 + 1.6295) kg-m*
= 7.4069 kg-m*
or I, = 7.41kg-m* <

And

= (12.858 kg){(0.7)2 (é N iﬂ 2
+(5.6265 kg)[%(ogg)z} 2

+(2.7554 kg){%(0.3)2 + [(0.70)2 + (%ﬂ} m?

= (2.1001 + 0.21395 + 1.39145) kg-m* = 3.7055 kg-m*

or I.=3.71kg-m* «
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Chapter 9, Solution 139.

100 MM —fe— 100 mm—y t =2 mm
] K 3
? ® %™ p=7850kgm

i %Z} y

® / /’/ X
100 Mmm

4 4 {

@ 8o mm
d

Part : my = pV = (7850 kgm®)(0.08 m)(0.1 m)(0.002 m) = 0.1256 kg
I, =T, +md* = %(0.1256 kg)(0.08 m)” + (0.1256 kg)[(O.l m)’ + (0.04 m)zJ
= (66.99 10 +1.457x 107 |kg:m? = 1.524 10~ kg-m’
I, =T, +md = %(0.1256 ke) (0.1 m)* +(0.1256 ke)| (0.05 m)? + (0.1 m)’ |
= (0.1047 x 107 +1.57 x 107 ) kg-m® = 1.675 10 kg-m”
I =T, +md® = %(0.1256 ke)[ (0.1 m)? + (0.08 m)* | + (01256 ke)[ (0.05 m)” +(0.04m)’ |
=(0.1717x107 +0.515x107 }kg:m* = 0.687 x 10~ kg:m’

Part @ m, = pV = (7850 kg/m*)(0.2 m)(0.2 m)(0.002 m) = 0.628 kg

I, =—ma* = 5(0.628 ke)(0.2m)* = 2.093%x 107 kg-m?

continued
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I, = ém(af2 +b?) = %(0.628 kg)[(0.2 m) + (0.2 m)z] = 4.187x107 kg-m?

I = émbz = $(0.628 kg)(0.2m)” = 2.093x 10~ kg-m?

Part ®: Same values as Part @

Total mass moment of inertia:

I, =2(1.524x107 kg'm? ) +2.093x 10 kg-m’ I, =5.14x107 kg-m” «
I, = 2(1.675 x107 kg-mz) +4.187 x 107 kg-m> I, =7.54%107 kg-m’ <
I = 2(0.687 x 107 kg:m?) +2.093 10 kg-m” I, =347x107 kg-m> <«
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Chapter 9, Solution 140.

First compute the mass of each component

Have m=pV = pAt

Now m, = (7530 kg/m?)(0.002 m)(0.045 m)(0.070 m) = 0.047439 kg

m, = (7530 kg/m*)(0.002 m)(0.045 m)(0.020 m) = 0.013554 kg

my = (7530 kg/m*)(0.002 m) x %(0.04 m)(0.095 m) = 0.028614 kg

Using Fig. 9.28 for components @ and @ and the equations derived above for components @, have

I, = (L), + (1), + (L),

= (0.047439 1<g)[%(0.07)2}m2 +(0.013554 kg){%(0.0ZO)z + [(0.07)2 + (0.01)2]}m2

+(0.028614 kg){%[(oms)2 +(0.04) | + %[(2 x 0.095)" + (0.040)2}}1112

= [(0.077484 +0.068222 + 0.136751) x 10—3]1<g-m2 = 0.282457 x 10~ kg-m*

or I =02825x10"kg-m* «

continued
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continued I, = ([y)l + (ly)z + (IY)3

= (0.047439 kg)B(oms)z}n2 +(0.013554 kg){[(0.045)2 + (0.02)2](%)}1112

+(0.028614 kg)[%(om)2 +(0.045)" + é(o.ozx)z}n2

=[(0.03202 + 0.010956 + 0.065574) x 107 [ kg-m? = 0.10855 x 10~ kg-m”

or 7, =0.1086x107 kg-m* <

1

= (0.047439 kg){[(0.045)2 + (0.070)2}(%j}m2 +(0.013554 kg)[(0.045)2 (5) + (0.070)2}m2
+(0.028614 kg)lé(ows)2 +0.045% + Go.ogsjzlmz

=[(0.0109505 + 0.075564 +0.187064) x 10~ |kg-m’

=0.37213 107 kg-m?

or 1. =0372x107 kg-m> <
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Chapter 9, Solution 141.

t =0.1l1in.

Y, = 490 Ib/ft®

Have m=p V = vEwy)

3
_ 490 Ib/ft (01jﬂxA
32.2 fi/s? 12

(0 126812 —— Ib-s ftzJ
ft

2
Then lb-s

16 ) = 0.169083
12

e

2 2
m, = 0.126812 ]bﬁ Sis (E —j _ 0.126812 28

1

2
my = | 0.126812 Ib-s

2 Ib-s?

%x — —j = 0.047555

2 2 2
my = [ 0126812 257 2 || Z( S} |52 = 0034583 128
fi 2\ 12 fi

Using Fig. 9.28 for components @ and @ and the equations derived previously for components @ and @

have
]x = (]x)1 + (Ix)z + (1 ) - x

Where  (1,), = ;( ](—i j = 0.056361 Ib-fi -5

1 9 2
(1), == . 9 ) 0023777 to-fes
SCRE 12

(1 =[oonses J{%{(E) BEEERIE

continued
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1
(1), = 2(0.034583

Ib-

=0.0123841 Ib-fi-s>

s2

S

2
ﬁj = 0.00150100 Ib-ft-s>

. 2 2
lb-s (&ﬂj =0.100197 Ib-ft-s>
i )1
Ib- 9

3 (ORI

2
12) }ftz = 0.098925 Ib-ft s>

Where (1), = %( :

(=3[0

(L), = (0.047555

b-s2 ) 1

ﬁ j
b-s? [ 1
R

4

T

2
j ft> = 0.0044583 Ib-ft-s>
18 12
2
t) [
12

(0.100197 + 0.098925 + 0.0044583 — 0.0168712) Ib-ft-s*

5

[_

12

2
(1), = (0.034583 ftj ] = 0.0168712 Ib-ft-s2

Then I, =

Bl

Then 7, = (0.056361 + 0.023777 + 0.0123841 — 0.00150100) Ib-ft-s*
]y:(IY)1+(]J’)2+( -
1 6 5
Where (1, = = + 8 0156558 Ib-fis”
3 ft 2
s?)(16
(1 ) 0.126812 ° —ft = 0.075148 Ib-ft-s>
vh T3 ft )12
1 2
(1,), = [0.047555 {—(— j ]ft2 = 0.0079258 Ib-ft-s>
3 18
2 2 2
(Iy)z . 5 l——z ift + 3 +i><5
4 2 92 \12 12 3r 12
= 0.0183722 Ib-ft-s?
Then 1, = (0.156558 + 0.075148 + 0.0079258 — 0.0183722) Ib- ft s>

I, =91.0x107 Ib-ft-s*> 4

=221%x107 Ib-fi-s*> 4

I, =186.7x107 Ib-ft-s* «
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Chapter 9, Solution 142.

Have m=p.V =p,td
Then  my =m, = (8940 kg/m’)(0.0008 m)(1.2 m)(0.15 m)

=1.28736 kg
Using Fig. 9.28 for components @ and @, have

I, = (1), +(I,), and (1), = (1,),
Then I, = 2{%(1.28736 kg)(0.15 m)ﬂ = 0.0193104 kg-m?

I, =1931x107° kg-m> 4

X

Also 1, =(1,) +(1,),
Where (1) = %(1.28736 ke)[(12m)” +(0.15 m)’ | = 062759 ke

and (Iy)2 = jrf dm

ry2 =x2+22=x"+ (é’cos30°)2
dm = pdV = p,, td{ dx

Then (Iy)2 = pcutIOL jg(x2 + {7 cos’ 30°)d§dx

continued
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= ,ocutJ'OL[ax2 + %a3 cos’ 30°jdx

= %pcuz‘(aL3 + a’L cos? 30°) where V = alt

= %m2 (L2 +d? 005230")

= 1128736 ke)[ (1.2 m)? + (0.15 m)? cos>30° | = 0.62517 kg-m>
3

Thus 7, = (0.62759 + 0.62517) kg-m’

I, =1253kg:m" <
Ao L= (L), +(L.),
Where  (I.), = %(1.28736 kg)(1.2m)* = 0.61793 kg-m?
and (1.), = [ridm
P2 =5+ = 5%+ (¢sin30°)

dm = pdV = p,, td{ dx

Then (L), = put]y [1(x* + ¢ sin® 30°)d¢ dx
A T U B DN
= pcutjo (ax +§a sin” 30 jdx
= épcuz‘(aL3 + a3Lsin23O°) where V = alt
= %mz (L2 +d? sin230°)
= %(1.28736 kg)[(l.Z m)’ +(0.15m)’ sin230°J

= 0.62035 kg-m*

Thus 1, = (0.61793 + 0.62035) kg-m”

I, =1.238kg-m” 4
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Chapter 9, Solution 143.

-3
Have m:szlemx

g 32.2 fi/s?

= (0.0088199 1b-s2/ft-in3)V

Then m = (0.0088199 Ib-s%/ft-in’ [ }m — 0.88667 Ib-s¥/ft
my = (0.0088199 Ib-sft-in’ [ :|1n = 0.083126 Ib-s%/ft
; = (0.0088199 Ib-s*/ft-in’ [ }m = 0.055417 Ib-sft

Using Fig. 9-28 and the parallel theorem, have
(@)

_ (0.88667 ]b.sz/ﬁ){é[3(4)2 + (2)1 + (1)2} in? x( 1# Jz

12 in.

+(0.083126 lb~sz/ﬂ){%[3(l)2 +(3)2} (1.5) }mzx( L jz

12 in.

—(0.0554171b-s2/ﬁ){é[3(1)2 +(2)2J+(1)2}in.x( Ln jz

12 in.

= 0.034106 Ib-ft-s*
or I =0.03411b-ft-s*> «

continued
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() 1,= (1), +(1), - (1),

= (0.88667 1b-s2/ft)B(4)2} in” x( T .T

+(0.083126 1b-s2/ft)B(1)2 +(2)2} 2 X( 1 fi jz

1,.\2 2 1t )
—( 0.055417lb-sz/ft)[5(1) +(2) }inzx[ j
=5.0125x 107" Ib-ft-s°
or 1, = 0.05011b-fi-s* «

(o) I, :(12)1 +(]z)2_(]z)3

— (088667 lb.sz/ﬁ){é[3(4)2 +(2)2}+(1)2}in2x( L fi jz

12 in.

+(0.083126 lb-s2/ft){é[3(l)2 + (3)2] + [(2)2 + (1.5)2}} in’ x( ] ﬂjz

~{oossari ) L1307 + @+ [ + 0] i1 ]
= 0.034876 Ib-ft s>

or I. = 0.03491b-ft-s> «

z
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Chapter 9, Solution 144.

Have m= PyeaV
my = 7850 kg/m’ (0.200 x 0.120 x 0.600)m’
= 113.040 kg
m, = 7850 kg/m’ x (0.200 x 0.080 x 0.360)m’

= 45216 kg

my = 7850 kg/m’ x E(o.loo)z(o.lzo)}n3
= 14.7969 kg
m, = 7850 ke/m” x| 7(0.050)° (0.120) |m’

= 7.3985 kg

Using Figure 9.28 for components @ and @ and the equations derived above for components @ and @, have

Now 1, = (]y)] + (]y>2 + (Iy)3
where (1,), = (113.040 kg){é[(o.@o)z + (0.200)2] + U@T + (&Zooﬂ}mz

=15.0720 kg - m?

continued
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(1,), = (45216 kg){%[(0.360)2 + (0.200)2] + [(0'26()}2 + (o.ioojzl}mz

= 2.5562 kg - m?
2
1 16 2 2 4x%0.100 )
1,). = (14.7969 k — ———1(0.100 0.100 0.600 + ————
(1), = ( g>{[(2 = )H( 7+ 000+ 20 jﬂm
= 6.3024 kg - m”

1 2 2 2
(1,), = (73983 kg){[E(O.OSO) } +[ (0.100)° + (0.600) J}mz
= 2.7467 kg - m?
Then 1, = (15.0720 + 2.5562 + 63024 — 2.7467) kg - m”

=21.1839 kg -m?

or [, = 21.2kg-m? <

continued
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To the Instructor:

The following formulas for the mass moment of inertia of a semicylinder

/”\\ L are derived at this time for use in the solutions of Problems 9.144-9.147.
\ \S, From Figure 9.28
. 1 )
3 Cylinder: ([x)cyl = 5 Meyd

(IJ’)Cyl = (Iz)cy| = %mcyl(3a2 + LZ)

Symmetry and the definition of the mass moment of inertia (I =] rzdm)

imply
1
( 1 )semicylinder - 5 ( 1 )cylinder
1(1
(]x)sc = E(Emcylazj
11 2 2
and (ly)sc = ([Z)sc = E[Emcyl(3a + L )}
1
However, my, = Emcyl
1 2
Thus, (1, )SC = Emsca
and (1,) =(1.), = %msc(Baz + 1)
sc 5C

Also, using the parallel axis theorem find

- 116 ,
Iy = msc[z —WJG

_ 1 16Y), 1 ,
sz=msc|:[z—ﬁja +EL:|

where x”and z" are centroidal axes.
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Chapter 9, Solution 145.

See machine elements shown in Problem 9.144

Also note m; =113.040 kg
m, = 45.216 kg
my = 14.7969 kg
m, = 7.3985kg

Using Fig. 9.28 for components @ and @ and the equations derived above for components @ and @, have

Now L= (L), + (L), + (L), - (L),
where (1.), = (113.040 kg){%[(OQOO)Z + (0.120)2] + K&;oof + [%ﬂ}mz
= 2.0498 kg-m*
(1), = (45216 kg){%[(OQOO)z + (o.oso)ﬂ + [(0.100)2 + (0.160)2]}1112

=1.78453 kg-m>

(1), = (14.7969 kg){%[3(0.100)2 +(0.120)° |+ (0.100)" + (0.060)2}}m2

= 0.25599 kg-m?>

(1), = (73985 kg){éP(O.OSO)Z +(0.120)° | + [ (0.100)" + (0.060)2]}m2

= 0.114122 kg-m?
Then I, = (2.0498 + 1.78453 + 0.25599 — 0.114122) kg-m*

=3.97629 kg-m?
or I, =398kg-m’> «
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Chapter 9, Solution 146.

m= pV

>
N

_0.100 Ib/in’

&) m = (4in.)(1in.)(3 in.)

32.2 fi/s?

2
= 37267 x 107 087
fi

-3
,nzggg%g4mmuzmxmm

2
22360 %1073 “’TS

0.100 Ibfin® _ 7, . 2, .
ms = WXE(O9 1n.) (2 1n.)

2
7.9028 x 1073 125"

. 3
0100 b o 7 (0.5 in.)* (3 in.)

m =
YT o0 T2

2
—3.6587 x 107 leS
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Have
= (L), + (L), + (L), + (1),

2 2 2
i 37.267 x 107 128 (42 +17)in® +| 37267 x107 lb-s (22 +0.5%)in? Lft
2 ft ft 12 in.

2
2.360x10° 125 22 +1.2%)in? +| 22360 x 107 = Ib-s* (17 +1.6%) in Lft
12 ft ft 12 in.
[ 7.9028 x 107 25 l——6 091n) + Ly
i )|l4 oz 12
Ib- L 4x09Y TR
| 7.9028x 10 125 (1in.)” 7| in2 :
ft kY4 12 in.
+|3.6587 %107 lb < (1— j (0.5 in.)’
2 9x?

2 2 2
1] 3.6587x10° 257 | (35 n)? 4 (1 3 O'SJ in? |1 L0
ft 3z 12 in.

= [(1.46653 % 10*3) + (70.393 %107 + 552.79 x 10*6)

+(21.400 x 1070 + 420.75 x 10*6) + (2.0318 x 1070 + 348.58 x 10*6” Ib-ft s>

=2.88%x107 Ib-fi-s?

I, =2.88x107 Ib-fi-s* «
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Chapter 9, Solution 147.

Have m=p,V = QV
3 3
Then m1=MX(3X1X4)in3X hft
32.2 ft/s 21in.
=105.676 x 107> 1b-s?/ft
3 3
my = Mx (1.5x 1% 2)in® x M) 26419 %107 Ib-s¥/f
32.2 ft/s 12 1n.

ms

490 b/t [7[

3
= — x| 2(0.5) 1.5} in’ x( Al j = 5.1874x 107 Ib-s*/ft
32.2 ft/s 2 12 in.

3 3
- =MXF(1.4)2><0.4}113>< L
322 ft/s 2 12in.

=10.8491x 107> Ib-s%/ft
(@)

Using Fig. 9.28 for components @ and @ and the equations derived above for components @ and @,
have

Lo = (L), + (1), + (1); = (1),

e -t rmf oot 3 (4o

= 4.1585x 107> Ib-fi-s>

(1), = (26419107 1b- Sz/ﬂ){%[(l)z + (2)1 + [(0.5)2 + (5)2J}in2 x( Lt Jz

= 47089 x 107 Ib-ft-s>

continued
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(L), = (5.1874x107 Ib. sz/ﬁ){K% E %)(0.5)2} " {(0.5)2 + [6 42 z;'5j2}in2 x (é?n'jz

=1.40209 x 1073 Ib-fi-s>

(10, = 10345010 0 [ L3047 + 07T (2 07 o« 10|

12 in.
= 0.38736 x 107 Ib-ft -
Then I, = [(4.1585 +4.7089 +1.40209 — 0.38736) X 10‘3] Ib-ft-s>
=9.8821x 107 Ib-ft-s’

or I, =9.88x107 Ib-ft-s* «

(b) Have I, = (Iy)l + (Iy)z + (Iy)g - (Iy)4

where

(1,), = (105,676 x 107 1b.52/ﬁ){%[(3)2 + (4)2} + [(%)z + Gﬂ} in2 x (1;?&}2

=6.1155x107° Ib-ft-s?

(1,), = (26419x 107 1b-s2/ﬁ){%[(1.5)2 + (2)2} + [(0.75)2 + (5)2]}1112 x( Lt T

= 47854 %107 1b-ft-s?

(1), = (5.1874x107 1b.s2/ft)ﬂ& - %](0.5)2 + %(1.5)2} + [(0.75)2 + (6 ;2 zﬁ‘s]zl}inz X [1;1.]2

=1.41785% 107 Ib-ft-s>

(1,), = (108451x107 lb~sz/ﬂ){K% - %)(1.4)2} + {(3 4 :;'4j2 + (2)2”1112 x (1;;)2

=0.78438 107> Ib-ft- s>

continued
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Then I, = [(6.1155 + 4.7854 + 1.41785 — 0.78438) x 107 | Ib-ft s>
= 11.5344 %107 Ib-ft s°
or [, =1153x107 Ib-fi-s> «

(c) Have I, = (]z)l + (12)2 + (12)3 - (12)4

where

O SRR RO R

=2.4462 x 107 Ib-ft-s>

R - G (BROI )

=0.198754 x 107 1b-ft-s>

(L), = (5.1874%107 Ib- sz/ﬂ){é[3(0.5)2 +(15) | +[ (075 + (0.5)2}}in2 x[ L T

12 in.

= 0.038275x 1073 Ib-ft-s?

(1), = (10.8451x 107 lb-s2/ﬁ){[[% - %}(1-4)2 + é(o-“)ﬂ + [(3 = ;_4)2 * (0'8)2]}m2 8 [1]2?n.j2

= 0.49543 %107 1b-ft-s>

Then I = [(2.4462 +0.198754 + 0.038275 — 0.49543) x 10‘3] Ib-ft-s*

=2.1878 x 107 Ib-ft-s* or I, =219x107 Ib-ft-s* «
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Chapter 9, Solution 148.

First compute the mass of each component.

Have m=pL
Then m, =(0.049 kg/m)[ 21(0.32 m) |
=0.09852 kg

m, =m; =m, = m;
=(0.049kg/m)(0.160m) = 0.00784 kg

Using the equation given above and the parallel axis theorem, have

Lo=(1), + (L), + (L), +(1,), + (L)
= (0.09852kg){(%)(0.32 m)z} +( 0.00784kg)K%}(0.160m)2}

+(0.00784Kkg)| 0+(0.160m)’ |

+( 0.007841<g)Ké}(o.lm)2 +(0.08m)” +(0.32 m)z]

+(0.00784 kg)[%(O.le)Q +(0.16m)” +(0.32m — 0.08m)2J

= [(5.0442 +0.06690 + 0.2007 + 0.86972 + 0.66901) x 10’3] kg-m’

=6.8505%x 10" kg-m’ or 1. =6.85x10"kg-m* «

continued
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Have I, =(1y)1+(1y)2+(Iy)3+<[y)4+([y)s
where (1},)2 =(1y)4 and (1},)3 =(]y)5

Then 1, =(0.09852ke)[ (0.32 m)" |+2(0.00784kg)| 0+(0.32m)’ |
+2(0.007841<g)[é(0.16m)2 + (0.24m)2}

=[10.088+2(0.80282) +2(0.46831) | x 10~ kg-m’
=12.6303x 10 kg-m’
or I,=12.63x10" kg-m* <

By symmetry I.=1 or I.=6.85x10"kg-m’ 4

continued
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To the Instructor:

The following formulas for the mass moment of inertia of wires are derived or summarized at this time for use
in the solutions of Problems 9.148-9.150.

Slender Rod

I,=0 Iy=1I-s= %mﬁ (Fig. 9.28)

1,=1 = %mL2 (Sample Problem 9.9)

y z
Circle
T 2 — 2
Have I, = J'r dm = ma
Now ?y = Fx + 72
And symmetry implies Io=1.
;x = Yz = l}'naz

NS}

Semicircle

Following the above arguments for a circle, have

or I, = m(l - izjaz
2
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Chapter 9, Solution 149.

S

e

Have m=pV = pAL
Then

m = my = (7850 ke/m )| #(0.0015m)? | (7% 0.36 m)

o my = my = 0.062756 kg
}

o my = m, = (7850 kg/m3)[7r(0.0015m)1 x (0.36 m)
z w

= 0.019976 kg
Using the equations given above and the parallel axis theorem, have
Lo = (L), + (1), + (L) + (1),
where (1), = (1),
Then

I, = (0.062756 kg)B(O.% m)z} + (0.062756)[%(0.36 m)’ +(0.36 m)ﬂ

+2(0.019976 kg)[é(o.% m)’ +(0.18m) + (0.36 m)z}
=[4.06659 +12.19977 + 2(3.45185) | x 10~ kg-m*
=23.1701 x 10 kg-m?

or I, =232x107 kg-m* <«
Have I, = (]y)l + (Iy)2 + (Iy)3 + ([y)4

where (Iy)l = ([y)2 and (]y)3 - ([y)4

continued
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Then

1, = 2(0.062756 ke)| (036 m)* | +2(0.019976 ke)| 0 + (036 m)’ |

= 2(8.13318 X107 kg:m”) +2(2.58889 x 10~ kg-m”)
= 21.44414x 107 kg-m?

or I, =214x10" kg:m* «

Have

L= (1), + (1), + (L), + (1),
where (1), = (1),
Then

I, = (0.062756 kg)B(o.% m)z}

+(0.062756 kg){(% - %}(0.36 m)’ ’{%T +(0.36 m)2]

+2(0.019976 kg)B(o.% m)z}

= [4.06659 +12.1998 + 2(0.86296) |10~ kg-m*
=17.9923 107 kg-m?

or I, =17.99x107 kg-m* «
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Chapter 9, Solution 150.

First compute the mass of each component. Mass of each component is

indentical
. (m/L) .
g
0411 1.
e _ (00a1bm)(151)
32.2 ft/s

= 0.00190994 1b-s*/ft

Using the equations given above and the parallel axis theorem, have

(1), = (L), = (L), = (L) and (1)), = (L)

Then I, :4(]x)1 +2(1x)2
I, = 4(0.00190994 1b~s2/ft)B(1.5 ft)z}

+2(0.00190994 lb-s2/ft)[0 +(15 ft)z}

= 0.0143246 Ib-ft-s>

or I, =1432%107 Ib-ft-s* <«

Now (Iy)l =0 (Iy)2 = (]y)6 (Iy)4 - (]y)s

continued
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Then

I =2(L), + (1), +2(1),
= (0.0019094 lb-sz/ft){2[§)(l.5 ft)z} + [o +(1.5 ft)zJ

1

+2{E(1.5 ft)’ + (1.5 ft)* + (0.75 ft)z}}
= 0.0019094(1.5 + 2.25 + 6) Ib-ft-s* = 0.0186219 Ib-ft -s*
I, =18.62x107 Ib-ft-s* «
By symmetry 1. =1

I, =18.62x107 Ib-ft-s* «
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Chapter 9, Solution 151.

From the solution to Problem 9.147

m, =105.676 x 107 Ib-s*/ft ~ my = 5.1874 x 107 Ib-s¥/ft
m, = 26419x107 Ib-s*/ft  m, =10.8451x107° Ib-s*/ft

First note that symmetry implies Txfy» =1 Ve = I, = 0 for each component

0
Now I, = }/ + v = miv
so that (D)o oy = ZMUV

Then 1, = Znixy = (105.676x107 1b-s2/ft)(E ﬂ](ﬁ ftj +(26.419% 107 1b-s2/ft)(ﬂ ﬂ)(ﬁ ft]
2 12 12 \12

12

~ (10.8451% 107 1b-st) 3in.—4X1‘4m‘j L O;Sﬁ)
3z 12 in. 12

= (550.40 + 68.799 +13.5089 — 144.952) x 107 Ib-ft -s>

+(5.1874%107 lb~sz/ft(% ft](E ftj

= 487.76 x 107 1b-ft s>

or I, =0.488x107 Ib-fi-s* «

continued
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Chapter 9, Solution 152.

From the solution to Problem 9.146

2
m = 37267 x 107 257

2
my = 22,360 x 10 125 A

fit ,
.2 y
my =7.9028 x 107 125 S
fi

2
my = 3.6587 x 10 128
fi
Have I, =1, +muv

Symmetry implies Ioy=1,=1,,=0
for each element.
I, = Zmiz’_livj
Then:

S lbs? ), .
1, =]37267x107 —— (2in.)(0.5 in.)
ft 12 in.
2
1in. 161n
( ) (121n)

in. X
[121n}

2
1] 3.6587 %107 257 |3 5014 2203 5
ft 12 in.

Ib-s?

+| 22.360 1073

+{ 7.9028 x 107 lbﬂs (1in)[22+ 409

w
3

w

T

continued
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= (258.80x 1070 + 248.44 x 107 +141.700 x 107° + 107.80 x 10‘6) Ib-ft s>
=757x107° Ib-ft-s?

2
5 Tbes o 1f
1, =|37.267x10 o J(OSln)(l.S 1n.)[12 in.j

+] 22.360 x 1

0_3 Ib- 52
ft

(1.6 in.)(1.5 in.)Eli?n_]Z

2
70028 x 107 5 (2.2+4 Ogjmx(lSm) L
ft 3z 12 in.

2
o 3.6587x 107 15 |} | 4%05 in.x (1.5 in) x| A0
ft 3z 12 in.

= (194.099><10‘6 +372.67x107° +212.55%107° + 46.199 ><10‘6) Ib-ft-s?
=826 x107° Ib-ft-s?

=(37.267><10‘3 Ibs J(l 5in)(2 in)|
ft 12 in.
2 2
122360107 25711 5 i) (1 in)| 1t
ft 12 in.
2
+| 7.0008 x 107 5 (1.5 in) (1 in.)|
12 in.
. 2 2
+13.6587 %107 257 |1 51 (3.5 in.)( Lt J
ft 12 in.

= (776.40 x107% + 232,92 x107° + 82.321x 107° + 133.390 x 10*6) Ib-ft-s?
=1.225x 107 Ib-ft-s>

I, =757x107 Ib-fi-s* 4

1, =826x107 Ib-fi-s* <

I, =1.225x107 Ib-ft-s* 4
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Chapter 9, Solution 153.

Have m=p,V

Then m, = (2700 k—%j(osso x 0.100 x 0.030) m’
m

=2.8350kg

k
my = (2700 —%)(0.200><0.100x0.050)m3
m

=2.7000kg

my = (2700 k—%j | 7(0.025)" x0.100 | m’
m

=0.53014kg
First note that symmetry implies fx,y, = fy,z, = [,,» = 0 for each component
Now L,=1,, +muy
where Ly =0
I, =Ymxy =(2.8350kg)(0.175m)(0.050m)
+(2.7000kg)(0.100m)(0.050m) —(0.53014kg)(0.080m)(0.050m)
=(24.806+13.500 —2.1206) x 10~ kg - m* =36.1854x 107> kg m*
or I,,=362x10" kg-m* 4
1, =Xmyz =(2.8350kg)(0.050m)(0.015m)
+(12.7000 kg)(0.050m)(0.055m) — (0.53014kg)(0.050m)(0.040m)

=(2.1263 +7.4250-1.06028) x 10~ kg-m* =8.49102 x 10~ kg-m*
or I, =849x10" kg -m” <

continued

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.



COSMOS: Complete Online Solutions Manual Organization System

I, =mzx =(2.8350kg)(0.015m)(0.175m)
+(2.7000kg)(0.055m)(0.100m) — (0.53014kg)(0.040m)(0.080m)

=(7.4419+14.850 —1.69645)10~ kg-m? =20.59545 x 10~ kg-m*

or I =20.6x10"kg-m> 4
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Chapter 9, Solution 154.

Have m= pV

Then m, = (2700 kg/m®)(0.118 x 0.036 x 0.044) m’ = 0.50466 kg
3\| X 2 3
m, = (2700 kg/m )[5(0.022) x 0.036}m = 0.07389 kg

m; = (2700 kg/m® )(0.028  0.022 x 0.024) m’ = 0.03992 kg

Now observe that 7., .. and I, are zero because of symmetry

Xy 2y
Now X, = —(0.118 +—4X0'022jm =—-0.12734m
3
¥ = (0.036 - %J m = 0.025m
m, kg X, m y,m z,m mx y kg-m? my z kg-m’ mz X kg-m’
1 0.50466 | —0.059 0.018 | 0.022 ~0.53595x 107 | 0.19985x 107 | —0.65505 x 107
2 | 0.07389 | —=0.12734 | 0.018 | 0.022 —0.16932x 107> | 0.02926 x 107> | —0.20695 x 10~
31003992 -0.014 0.025 | 0.026 ~0.01397 107 | 0.02594x 107 | —0.01453 x107

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.

continued




COSMOS: Complete Online Solutions Manual Organization System

And
I, = z%,o + mx )
I, = 2%,0+ nyz)
I, = z%0+ X z)

Finally Ly = (Iy), +(Ly), = (1), = 0.6913x107 kg-m”

or Ixy

1. = (1) +(1,2), ~(1,2), = 0.20317x 107 kg -m”

= —0.691x 107 kg-m* 4

or I, =0203x10" kg-m” «

Ly = (1), + (1), = (1), = —0.84747 x 10~ kg-m?

or I,

= —0.848x 107 kg-m* 4
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Chapter 9, Solution 155.

Have m= pV
= ptd
p é
Then m; = (7860 k—%j(0.00.% m)(0.2 x 0.090) m?
m

=424.44 %107 kg

my = [7860 k—%j(o.om m) x %(0.045 m)’

m

=75.005x107° kg

Now 1, =1, +muv

Symmetry implies Tx'y’ = Tyrz» =1,=0 for both elements.

Iuv = Zmiuivj

Then 1, = (42444107 kg)(0.050 m)(0.045 m) + (75.005 x 10 kg}(=0.050 m)(0.045 m)

= (954.99 x 107 ~168.761x 107 ) kg-m’
=786 x107% kg-m?

I, =786x107 kg-m* <

continued
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1,, = (42444107 kg)(0.045 m)(0) + (75.005 x 10~ kg)(0.045 m)(—4 X 0.045 mj

3z
= 64.5x107 kg-m’

— -6 2
I, =645%x10" kg-m~ <«

- . 4% 0.045
I, = (424.44 10 kg)(0)(0.050 m) + (75.005 x 10°° kg)[T mj(—0.0SO m)
=-71.6x107% kg - m* L. =-71.6x107 kg-m’ 4
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Chapter 9, Solution 156.

First compute the mass of each component

Have m=pyV = p,td
Then m, =(7860 kg/m’ )[(0.003)(0.08)(0.09) | m’

=0.169776 kg
1
m, = 7860 kg/m’ {(0.003)(5 x 0.09 x 0.036)} m’

=0.03820 kg

Now observe that
(Fx'y')l = (7}/2' )1 = (7236')1 =0

(7}/2')2 = (_z'x')2 =0

T, _ 1o
From Sample Problem 9.6 (I Xy )2,area = —7—2b2 h;
Then (T ), = st (1 ,)zm = pul| = b1 | == mabyhy
Also X =y=2=0 X, =(—0.045 +03£) m=-0.015m
continued
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Finally

- 1
I,=%(Iy+mxy)= (O+0)+{—£(0.03820kg)(0.09m)(0.036m)

Xy

+(O.O3820kg)(—0.0]5m)(0.0336 mﬂ

=(-3.4379x10° - 6.876 x 10° ) kg-m* =-10.3139x10* kg-m”
or I,,=-1031x10"kg-m" 4

And ], =

™M

(7y»2'+m52):(0+0)+(0+0)=o or 1,,=04

Ly =3y +mzx)=(0+0)+(0+0) =0  or [, =04

zx
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Chapter 9, Solution 157.

First compute the mass of each component

Have m=pyV = pyt4
Then  m, =(7860 kg/m?)[(0.003)(0.7)(0.78) Jm’ =12.875 kg

(
= (7860 kg/m® { (0.003) (2 N 0.392ﬂm3 =5.6337 kg

=(7860 kg/m® ){(0.003)& X 0.78><0.3ﬂ m® =2.7589 kg

Now observe that because of symmetry the centroidal products of inertia

of components ® and @ are zero and ( oy )3 = (I_Z'x’)3 =0

Also (]_y'z' )3,mass = pStt(Ty,Z,)iarea

Using the results of Sample Problem 9.6 and noting that the orientation of
the axes corresponds to a 90° rotation, have

- _ 12
(Iylz,)larea B 5173 h3
Then
_ 5 1
(I ) = Pyl b3 h =36 7 Msbshy
Also F=%=0 7 :“Xgﬂzo.msszm
Y2

Finally I, = X(Z, +mxy) =(0+0)+(0+0)

—-0.3m

{ 27589kg)(0.7m)( H = -0.19312kg-m*

or [, =-0.1931 kg-m’ <

continued
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I, =%(I. +myz)

= (0+0) +[0+(5.6337kg)(0.16552m)(0.39 m)]

+(2.7589 kg){%((ﬂg m)(03m) + (—0.33 mj((”g mﬂ

3

= (0.36367 + 0.017933 — 0.07173) kg-m* = 0.30987 kg-m*

or I, =0310kg'm’ <

L, =2(Ly +mzx) = [0+ (12.875kg)(0.35m)(0.39 m)]

zx

+(0+0) + {0 +(2.7589 kg)(0'738 mj(o.7 m)}

= (1.75744 + 0.50212) kg-m* = 2.25956 kg-m*

or I, =226kg-m’<
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Chapter 9, Solution 158.

Then

Note that symmetry implies

Now

First note

m=paV =L
g

m = (M}(o.og in.)[(6x3.6)in2][ . f

32.2 fi/s?

=15.2174 %107 Ib-s*/ft

490 b/t . {;r . 2}
m, =| ——— [(0.08in.)| — (1.8 1in.
? (32.2ft/szj( )|z (18in.) (

=3.5855%107> 1b-s%/ft

s = (M](o.os in.)[%(3-6 in-)z}(

32.2 fi/s?

=7.1710 %107 Ib-s*/ft

12in.

3
11t
12 in.
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Thus I, =ZXZmxy
— S 0
=mx,y; — Xy, + m3?%
= (152174 %107 b-stt)[ - 28 1 |[ 18
12 \12
(35855 x 107 b5 || 2.4 - 22185 o 1T (18
RY/4 121in. |\ 12
= (-114.131 - 73.326) x 10~° Ib-ft -s or I,
_ 40,0 .0
Now Iyz =Emy§=m1)//,,21’— mz&Z;+ m3%Z;
Also L= (1), = (1), + (L)

00
= mzx —/”)2'42*2 y/[th

Now determine (7, )

~
b

—0
Have (dl.,), = (/dI/' ), +ZXdm
ac
2 apyeda _ (Z)(_ﬁj(&twdzj
L] * 2 g
L
]
g 1y 2 2
% = ——t8y —-z7)d
g 1——-Va;-27- 2gz(a3 z)z
[
—/
g \4
or Yooy 4_’”3
g za;
2m 2m 1
Therefore, 1 = 2B a2 - gz = __3(_ 22 _ _Z4j
(1) =2 =)o =251
1 2
1 36, Y
Finally I, = ===(7.1710x107 Ib-s’/ft )| = ft or I,
2r 12

d

=-187.5x107 Ib-ft-s*> 4

0«

or [, =

=-102.7x107° Ib-ft-s> 4
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Chapter 9, Solution 159.

Have m= WL
y ©)
Then m, = E[ﬂ' X ia) ®
g 2
37 wa
2 g @
my ==(2a)
g
_va
g
my =—(7xa)
g
wa
=T —
g
Now I, =1, +muv
Symmetry implies I, = Ty,z, =1,.=0 for each element.
]uv - Zmzulvl
Then I, = 37 wa (EGJKEXE(IJ +| 722 (3a)(£>< aj
2 g )\2 \xm 2 g V4
3
= W—a(z + 6] I, =127524 <
g \4 Y g
e = [ZEJ[ExiaJ(za) + (;;M][z . "J(-a)
2 g \m 2 g V4
3 3
== (9-2) 1.=7" 4
g g
= [3_”&](2 )(iaj + (2MJ(a)(3a) + (ﬂ'—aj(—a)(&z)
2 g g g
3
=ﬂ(9—”+6—3ﬁ) sz=1.51a3(n+4)<
g \2 g
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Chapter 9, Solution 160.

A
First compute the mass of each component. Have
1
m= Z =—wlL
g 8
Then m, :1(27z><a)=27z2a
g g
my = K(" ) ="a
g g
my = E(2a) =24
g g
m, = K(27z><§a] —37%a
g 2 g
Now observe that the centroidal products of inertia, Tx,y,, Ty»z», and 1,

of symmetry.

of each component are zero because

continued
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m ¥ v z mx y myz Mz X
1 22 %a 2a a - dr—d’ YA YA
g g g g
1
w —_ w
2 ~a 2a 5 0 = 0 0
g g
3 2% 2 0 ¢ 0 0 425
g g
w —ia 2a w3 w3 w3
4 3r—a 2a -Or—a -Or—a 127—a
g g g g
w 3 w3 4% (1+27)d
) —(1 - 57r)a —1lr—a a
g g g
-0 __
Then I, = 2%» +mxy) or I, =Ka3(1—57()4

: n)_/E)

I, = 2(/7);2,

I, =%(1, 0 HZX)
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Chapter 9, Solution 161.

First note m= pV = Ty =Yy
g g

Specific weight of aluminium = 0.10 Ib/in® = 172.8 Ib/ft>

3 2
Then = L7128 lb/fz 1(0.075 ﬂ) .
3221fys* | 40 12

= (0.16464 x 107 ) L Ib-s/ft’
Now L = L, =12.5in. = 1.04167 ft
m, = my = 0.17150 x 107 Ib-s*/ft
L, = Ls =9in. = 0.75 ft
my, = mg = 0.12348 x 107 Ib-s*/ft
Ly =Ly =15in. = 1.25 ft
my = mg = 0.20580 x 107 Ib-s/ft

and I..=1..,=1..=0
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m, Ib-s/ft x,fto| yft Z,ft iy, Ib-ft-s> myz,lb-ft-s> | mz X, lb-ft-s>

0.17150x 107 | 0.75 | 0.5208 0 0.06699 x 107 0 0

0.12348 x 107> | 0.375 | 1.04167 | 0 0.04823 x 1073 0 0

0.20580x 107 | O 1.04167 | 0.625 0 0.13398 x 1073 0

0.17150x 1073 | O 0.5208 | 1.25 0 0.111646 107> 0

0.12348 x107> | 0.375| 0 1.25 0 0 0.05788 x 1073

0.20580 x 1073 | 0.75 0 0.625 0 0 0.09647 x 107
0.11522x107 | 0.24563x 10 | 0.15435x107°

0

I, = z(%+ miy) = 0.115222x 107 Ib-fi-s’

yz

or I, =0.1152x107 Ib-fi-s* ¢

I, = E(J/y,/(.) w7 Z) = 024563 10 Ib-fi-s°

or I, =0246x107 Ib-ft-s* «

0 - -3 2
I, = 2(17,/-. mX) = 0.15435x 107 Ib-ft-s

or

I, =0.1543x107 Ib-ft-s* 4
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Chapter 9, Solution 162.

9 Mying = 2(0.5 m)(1.8 kg/m) = 5.655 kg

~0.5m My = (0.8 m)(1.8 kg/m) = 1.4 kg

>

For eachring X =z =0 and I,,, = I ., = I, = 0, thus the mass product of inertia of the rings is

zero with respect to each pair of coordinate axes.
For each rod:

Since each rod lies in the x-y plane, 7, =7, =0

zx

Thus for entire wire figure I,=1_,=04

Iy, = Z(Ix'y/ + mfi) where /., =0
Hence I =Y mxy

= (1.44 kg)(~0.5m)(0.4 m) + (1.44 kg)(0.5 m)(~0.4 m)
=-0.576 kg-m?

_ 2
I, =-0.576 kg-m~ 4
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Chapter 9, Solution 163.

Substituting for x and for y

I, = [(x+x)(y" +¥)dm

[xY'dm + y [X'dm + X [y'dm + Xy [dm

Have v = jxydm I, = f yzdm I, = jzxdm (9.45)
and x=x+x y=y+Yy z=zZ+z (9.31)
Consider 1, = nydm

By definition Ly = [xydm
and _[x'dm = mx’
j Vidm = my”’

x'=y’=0

The expressions for /,_ and /., are obtained in a similar manner.

However, the origin of the primed coordinate system coincides with the mass center G, so that

oy, =1 +mxy QED.<4
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Chapter 9, Solution 164.

(a) First divide the tetrahedron into a series of thin vertical slices of
thickness dz as shown.

Now x=—£z+a=a[1—£j
c c
and y=—22+b=b[1—£j
c c

The mass dm of the slab is

2
dm = pdV = p(lxydzj = lpab(l - ij dz
2 2 c

. 2 3¢

<1 z 1 c z
Th =\|dn=|—pabl1-=| dz=—pab|| —=||1-=
o= Jan szpa( cj ) 2’)”[( 3)( cj]

0
1
= — pabc

P
Now dl_, =dl . +ZpXgdm
where dl,, =0 (symmetry)

1 1 z
and Zg =2 Xgp =—x=—a|l-—
EL EL T3 3 ( cj

c 2
e sl
o L3 c 2 c

I 5 ¢ 22 2z
=—pab||z-3—+3—5——|dz
P Io( P 2 2

m |1 5 2 3z 12 ‘
=—a|l—z" -+ -
c |2 c 42 57 0

or I, = L e <
20

continued
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(b) Because of the symmetry of the body, /., and /. can be deduced

by considering the circular permutation of (x,y,z) and (a,b,c).

Thus
I, = L nab <
20
1
1, =—mbc <4
20

Alternative solution for part a

First divide the tetrahedron into a series of thin horizontal slices of
thickness dy as shown.

Now x:—ﬁy+a:a(1_lj
b b
and Z:—£y+czc(]_l]
b b

The mass dm of the slab is

2
dm = pdV = p(%xzdyj = %pac[l - lj dy

b
Now dl x = ptd] zx, Area
where t=dy
and di, sy = ix%z from the results of Sample Problem 9.6

Then  dlzx = p(“’ﬂ{i{a(l - %ﬂHl ) %)ﬂ

1 y ! I m y *
22
=— l-=|dy=——ac|l-=| d
24’)‘”( bj g 4bac[ bj g
b1 m !
Finally I, =[dl, = OZ?GC(I —%) dy
5
A5l -4
4 5 b) |,
or I, =—mac <4
continued
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Alternative solution for part a

The equation of the included face of the tetrahedron is

—+=+—=1
a b ¢
so that yzb(l—i—ij
a c

For an infinitesimal element of sides dx, dy, and dz

dm = pdV = pdydxdz

From part a X = a(l - ij
c

Now

I, = [zxdm = Jg jg(l_%) J'g(l_%_%)zx(pdydxdz)

Pl jo"(“%)zx[b(l - £ - 2) |dvdz

c

I 5 e 22 2
=—pab||z-3—+3—=—-——|dz

P Io( S35

m[1, 2 324 127
=—a|-Z-—+>5--=

c c 4c 5¢ 0
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Chapter 9, Solution 165.

From Figure 9.28 I, = %ma2
3 A Sb ~.%  and using the parallel-axis theorem
2
L= 1, =—m(3a + #)+ m 2] = Lm(3a? +an?)
12 2
Symmetry implies 1,=1_=1_=0

For convenience, let point A4 lie in the yz plane. Then
1
Aoy = ————(hj + ak)
h + a

With the mass products of inertia equal to zero, Equation (9.46) reduces
to

Ip, = /19 + 1A+ 1A

2 2
_ l 2 h i 2 2 a
= 2ma [—r2 - J + 12m(3a + 4h )(—Fz - J

1 5 104* + 34?
or Iy, =—ma"———4
X 12 W+
Note: For point A4 located at an arbitrary point on the perimeter of the top
surface, A, is given by

1
Aoy = ————=(acos@i + hj + asin gk
el )

which results in the same expression for /),
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Chapter 9, Solution 166.

First note that

Then Aoy = 5

For a rectangular coordinate system with origin at point 4 and axes aligned with the given x,y,z axes, have

(using Figure 9.28)

3
I, =1 =2m|~d*+(3a) I, = —ma*
X z I: ( ) il y 10
i
20
Also, symmetry implies l,=1,=1,=0

With the mass products of inertia equal to zero, Equation (9.46) reduces to
Loy = LA+ 125 + A2
11 (1Y 3 o 2V 111 o(2Y
=—ma“|=| +—ma"|—= | +—ma"| =
20 3 10 3 20 3

193,
= ——ma
60

or I, =3.22ma* 4
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Chapter 9, Solution 167.

First compute the mass of each component

0.284 Ib/in’

Have m= = :
32.2 ft/s

st

V= (0.008819 Ib-s2/ft-in’ ) v

Then

m, =0.008819 Ib-s¥/ft-in* [ (4 1n) (2in. )J 0.88667 Ib-s*/ft

m, =0.0088191b-sz/ft-in 0.083125 1b-s*/ft

11n 3 in. }
m, =0.008819 Ib-s>/ft-in*| z(1in.)’ (2in. }: 0.055417 Ib-s*/ft
Symmetry implies = =0 (Ixy)

and (Zc'y')z = (Tx'y')3 =0

Now

I, = z(]x'y' + mfi) = MyXyyy — M3X3Ys

~ - : . 1’
=(0.0831251b-s /ft)|:(21n.)(1.51n.):|><[144 inzj

~(0.055417 Ib-s*/ft)[ (-2 in.) (-1 in.)]x[lif;z ]

= 0.96209 x 107> Ib-ft s>
From the solution to Problem 9.143:
I, =34.106x107 Ib-ft-s

I, =50.125%107 Ib-ft-s*

I. = 34876 x107 Ib-ft-s?

continued
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By observation

Then

2 2 2
IOA = Ixﬂx +Iyﬂy + z/lz

= (34.106 x107 lb-ft-sz)(

+ (50.125 x107 lb-ft-sz)(

- 2(0.96209 %107 1b-ft-s2

1
Ao Zﬁ(

-2[ AA

Xy Xy

2i + 3j)

- ;4%12 - %glex
]2

3

J13

I

T

NE

3

NE

1)

= (10.4942 + 34.7019 — 0.8881) x 107 Ib-ft s>

= 44308 x 107> Ib-ft-s?

or 1,,=44.3x107 Ib-ft-s*> 4
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Chapter 9, Solution 168.

From Problem 9.147: I, =9.8821x107 Ib-ft-s*
I, =11.5344 %107 Ib-ft-s>
I, =2.1878x107° Ib-ft-s?
Problem 9.151: I, = 048776 x107 Ib-ft-s
I, =1.18391x107 Ib-ft-s*

I =2.6951x107 1b-ft-s?

Now //{’x = /Iy = A’z

and /15+/1y2+/122=1

Therefore, 312 =

or A=A =4 =
X 84 z \/5

Equation 9.46

Loy = LA; + LA, + A2 =20 A A, — 21 A A —2I_AA

yz'ty’tz Xz’

1

= [9.8821(%)2 + 11.5344[%}2 + 2.1878[$)2 - 2(0.48776)(%}(%}

- 2(1.18391)(%}[%} - 2(2.6951)[%](%]] x107 Ib-ft-s®

=4.95692 x 107 Ib-fi-s>

or I, =4.96x107 Ib-ft-s* 4
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Chapter 9, Solution 169.

First note that m = my = 1w
2g
And that Aoa = L(1 +j+k)
NG

Using Figure 9.28 and the parallel-axis theorem have

- |53 o]
) {é(%]( b ) %{(5) ' (Ej”

twl(1 1), (1 1),] 1w,
=——||—+—|a"+|-+=|a"|==—a
2¢|l12 4 6 2 2 g

)
_ {é(%j(az ra)+ %W ’ (5”}
et 57)

continued
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1wt 1Y, (1 5),] sw,
=——||—4+—|a"+|—+>|a" |=>—a
2¢|l12 4 12 4 6g

Now observe that the centroidal products of inertia, Tx,y,, Tyfz,, and ]_Z,x,,

of both components are zero because of symmetry. Also, 3, = 0

| — __ 1w a 1w
Then I, = E(}(} + mx y) = myX,y, = Eg(a)(—j =4
- ILW(a\la 1w
1.=3(T,.40 Z)=mypz =——|=| =|=-=d
" (V E) = v 2g(2)(2j 8 g
-0 __ __ _
I, = 2%» + mz x) = mZzZ)X; + Myz,X,
ILW(a\la I1W(a 3w,
=——|=||=|+=—| = |(a) =>—a
2g\2)\2) 2g\2 8 g
Substituting into Equation (9.46)

2 2 2
Loy = LA} + LAY + A2 =21 A A, — 21 A4, =21, A2

xy“x’ty xt 2"

Noting that

R R VRPN

Have

_2 lﬁcﬂ +lla2 +§Kaz
4 g 8 g 8 g

SwW
or Iy, =§—a24
g
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Chapter 9, Solution 170.

Yy
Have m = pV = ptd
1
2 2
g /\,\\® Then m, = pta my = 5 pta
L ®
Y ‘ Compute moments and moments of inertia with respect to point 4
& A Now

Ix” = (Ix”)l + (Ix”)z

- o | (8] + o o o [ (3o ]

19
= —pta
n?

Iy = (Iy’)] + ([y”)z

= % pta4
Now note symmetry implies (Tx'y')l = (I_yz )1 = (Tz'x')1 =0
([_xly')z - (Ty'z )2 =0
continued
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Now L, =1, +muv

—n—n —00 27 a a 1 4
Therefore Ly = mX{y) + mpgy, = pta”| — || — | = —pta

2)\2 4
O (l 1 4
Lo =my| 27 + mphzs = pta’ 5 (—a) = —Epta
Loo=mzT %" +[(7) +myz %Y }
From Sample Problem 9.6 [(1 ) ] L
ZX 72 larea 72
7 _ 7 __ L4
M () =] -
2 a

Then ]Z”x” = p[a (_a)[z)

+ —Lpta4 + l,ota2 E

72 2 3 )\3
5 4
= -=pta
2 P
By observation A = L(1 +j-k)
3
Now, Equation 9.46
Lig = Lo + LpAie + LAl = 20 npdins = 2L roBop e = 20 o R d
19 3 1

A3
(1

(5

) il

o=

[_

Na

NG

|

4

1

2

1

NE)

J

or I, =%pta4<
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Chapter 9, Solution 171.

From Problem 9.138: I, = 4212 kg-m?
I, = 7.407 kg-m’
I, = 3.7055 kg-m?
From Problem 9.157: I, = —0.19312kg-m?
I,. = 030987 kg-m’

I, =2.25956 kg-m?

Now Aoy = é(—4i+8j+k)

Eq. (9.46): Lo, = LA, + LA + A2 =20 A A, — 21 A A — 21 AR,

= [4.212(—%}2 + 7.407(%}2 + 3.7055(%}2
-s(oasmiz-2)8)- 20202 1)
- 2(2.25956)(%)(—%}} kg-m?

= 6.73957 kg-m?

= (0.832 + 5.85244 + 0.04575 — 0.15259 — 0.061195 + 0.22317) kg-m?

Iy, = 6.74kg-m> <4
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Chapter 9, Solution 172.

Mass of each leg is identical:

0,041 1b/ft(1.5 ft)

= 0.00190994 1b-s>/ft

32.2 fus®
Also, Txfy» = Tyfz» = I, = 0 for each leg,
and Y =X =0 V4 =ys =Y =0 71=5=5=0
0
Now I, =X

N

G + MXT) = my%, 3 + myXys
= (0.00190994 b-s*/ft)[ (0.75)(1.5) + (1.5)(0.75) | f?
= 0.0042974 1b-ft s>
= 4.2974x107 Ib-ft-s>
I,=0
L, = (1 + mzX) = mz, %, + msZs¥s
= (0.00190994 Ib-s*/ft)[ (0.75)(1.5) + (1.5)(0.75) | >

= 0.0042974 1b-fi-s*

= 42974 x 107> Ib-f-s>

continued
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From Problem 9.150 I =1432x107 Ib-ft-s?
I, =1, =1862x107 Ib-fi-s>
Now Aor = %(—3i - 6j + 2k) and then
0
Loy = LAY + LA + A2 =21 A A, — 2 A A — 21 AA, [Eq. (9.:46)]

S & R R [ (S
e [3f3] es

= (2.6302 X107 +15.20x 107 = 3.1573 x 107> +1.05242 x 10*3) Ib-ft-s>
=15.725x107> Ib-ft-s?

or I, =15.73x107 Ib-ft-s*
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Chapter 9, Solution 173.

S
@/— : First compute the mass of each component
/ |
\ Have m= p,V =mAL
2
0 = (7850 kg/m? [7; 0.0015m }L
3 0 ( )| =( )
2 N = (0.055488L) kg/m
- “
Then my = m, = 0.055488 kg/m (7 x 0.36 m)
= 0.062756 kg

my = my = 0.055488 kg/m(0.36 m)
= 0.019976 kg

Now observe that the centroidal products of inertia Tx'y’ = Ty'zr

= I, = 0 for each component.

Also X =x, =0, » =0,

A
Il
N
LS}
Il
o

0 __ __
Iy = 2% +mxy) = myX, ),

= (0.062756 kg)(—mJ(O.% m) = —5.1777 x 10~ kg-m>
T
0 __ o
1, = 2%/ + myz) = My Y3z + MYz,
where my; =my, Y3 =Y, Z4 = I3 so that I,=0

I, =3(Ly +mzX) = mzX, + mz,x, = 0

continued
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From the solution to Problem 9.149
I, =23.170 x 107 kg-m?

_ -3 2
I, =21.444x107 kg-m

I. =17.992 x107° kg-m?

Now Aoy = %(—31 ~ 6j + 2k)
Have
0 0
Loy = LAY + LA + ILA? =21 A4, — 4@/12 ~21, 2.2, [Eq. (9.46)]

2 2 2
=123.170 _3 +21.444 s +17.992 2
7 7 7

= (4.2557 +15.755 + 1.4687 + 3.8040) x 10~ kg-m
=25.283x107° kg-m”

or I, =253%x107 kg-m> «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.



COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 174.

First compute the mass of each component.

Have m = (mlL)L
= (0.049 kg/m) L

Then m; = (0.049 kg/m) (27 x 0.32'm)
= 0.09852 kg

m, = my = m, = ms = (0.049 kg)(0.160 m)

= 0.00784 kg
Now observe that Tx/y» = Tyfz» =1, = 0 for each component.
Also, Y\ =%=x%=0, 3=0 Z=z=2=0
Then
I, =% %,0+ X F) = my¥%y¥, + Mm%y

= (0.00784 kg)[ (0.32m)(0.08 m) + (0.24 m)(0.16 m) |

=0.50176 x 10~ kg-m?
By symmetry I, =1, =050176x10" kg-m’
Now I,=3%(l+mzx)=0

From the solution to Problem 9.148

1

X

I. = 6.8505x 107 kg-m?

- -3 2
I, =12.630 X107 kg-m

continued
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Now Aop = %(—3i — 6j + 2Kk)

Have
0
Loy = LA+ 1A + 122 =20 Ad, =21 A - YW Ah,
[Eq.(9.46) ]

~Joson} (3] (3 o e

2
+ (12.63)(—%) x 107 kg-m*

o300 |35 ()5 e

= (1.8175 +9.2792 — 0.12288) x 10~ kg-m*
=10.9738 x 10~ kg-m?

or 1, =10.97x107° kg-m’ «
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Chapter 9, Solution 175.

(a) Using Figure 9.28 and the parallel-axis theorem have at point 4.
I, = im(b2 + cz)
12

I, = ém(a2 + bz) + m(%)z = ém(4a2 + b2)

Now observe that symmetry implies
Ix'y' = Iy'z' = Iz'x' =0
Using Equation (9.48), the equation of the ellipsoid of inertia is then
Lo +1,y° + 127 =1
or im(b2 + (:2)x2 + im(4a2 + (:2))/2 + im(4ar2 + b2)22 =1
12 12 12

For the ellipsoid to be a sphere, the coefficients must be equal.
Therefore,

I m(b2 + c2) = %m(4a2 + cz) = ém(4a2 +b2)

12
Then b*+c? =4a® + oré=2<
a
and b* + c? = 4a® + b* or $=24
a

(b) Using Figure 9.28 and the parallel-axis theorem, we have at point B

I, = ém(b2 + cz) + m(%}z = ém(b2 + 4c2)

continued
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Now observe that symmetry implies

[x”y» = [y,,z,, =1,r= 0

From part a it then immediately follows that

Then b% + 4c¢* = a® + 4c?

and
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Chapter 9, Solution 176.

(@) From sample Problem 9.11, we have at the apex 4

Ixzima2

10
I =IZ=§m Loiw
d 5 \4

Now observe that symmetry implies /,, =/, =1, =0

Using Equation (9.48), the equation of the ellipsoid of inertia is
then

X7+ 1y + 1.2 =1

or imazx2 + im lc12 + 1 |)? +§m la2 +h? |22 =1
10 5 \4 5 \4
For the ellipsoid to be a sphere, the coefficients must be equal.
Therefore,
imazzém laz+h2 or £=24
10 5 \4 h
(b) From Sample Problem 9.11, we have
I, = ima2
10
and at the centroid C Ty” = —m(a2 + —th
2
Then I;:[Z,:im a2+lh2 +mﬁ
7 20 4 4

= Lm(3az + 2h2)
20
Now observe that symmetry implies
Ix'y' = [y'z' = Iz'x' =0
From part g it then immediately follows that
3

~ma® = Lm(3a2 + 2h2) or —=,/= d
10 20
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Chapter 9, Solution 177.

(a) From Figure 9.28

I, = lmat2 I, = I, = im(?»az + L2)
2 12

Now observe that symmetry implies

Using Equation (9.48), the equation of the ellipsoid of inertia is then
1 1 1
2 2 2 _ . 2.2 2, 72).2 2, 72\ _
Ix*+ 1,y +1z" =1L 2max +12m(3a +L)y +12m(3a +L)—1

For the ellipsoid to be a sphere, the coefficients must be equal. Therefore,

lma2 = Lm(?>a2 + L2)
2 12

(b) Using Fig. 9.28 and the parallel-axis theorem

Have I, = %ma2

2
I,=1,= Lm(S’a2 + Lz) + m(£) = m(la2 +lL2j
12 4

Now observe that symmetry implies

KX
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Chapter 9, Solution 178.

(i) To prove

By

Then

Now..

I,+1. 21,

definition
I, = j‘(z2 + xz)dm I, = J'(x2 + yz)dm

I, +1 = I(zz +x2)dm + .[(xz +y2)dm
= _[(y2 + zz)dm + ZIxzdm

_[(y2 + zz)dm =1 and Ixzdm >0

I,+I1.>1. QED.

y z x

The proofs of the other two inequalities follow similar steps.

(i) If'the x axis is the axis of revolution, then

and from part (i), + 1, 2 I,

or 21y =1,

orl, 21 Q.E.D.

X

| —
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Chapter 9, Solution 179.

(a) Atthe center of the cube have (using Figure 9.28)

1 1
I, =1,=1 = Em(a2 +a2) = gma

Now observe that symmetry implies 1,=1_=1_=0

Using Equation (9.48), the equation of the ellipsoid of inertia is

(lmazsz + (lmazjy2 + (lmazjzz =1
6 6 6

or x2+y2+22=%(=R2)4

which is the equation of a sphere.

Since the ellipsoid of inertia is a sphere, the moment of inertia with
respect to any axis OL through the center O of the cube must always

be the same {R = ! J

Jlow

Iy, = %ma2 <

(b) The above sketch of the cube is the view seen if the line of sight is
along the diagonal that passes through corner A. For a rectangular
coordinate system at 4 and with one of the coordinate axes aligned
with the diagonal, an ellipsoid of inertia at 4 could be constructed. If
the cube is then rotated 120° about the diagonal, the mass
distribution will remain unchanged. Thus, the ellipsoid will also
remain unchanged after it is rotated. As noted at the end of
section 9.17, this is possible only if the ellipsoid is an ellipsoid of
revolution, where the diagonal is both the axis of revolution and a
principal axis.

It then follows that I,=1, = %ma2 <

continued
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In addition, for an ellipsoid of revolution, the two transverse
principal moments of inertia are equal and any axis perpendicular to
the axis of revolution is a principal axis. Then, applying the parallel-
axis theorem between the center of the cube and corner 4 for any
perpendicular axis

2
Ilezrzlma2+m ﬁa
g 6 2

or [, =1,= L - <
12

Note: Part b can also be solved using the method of Section 9.18.
First note that at corner 4

7 g -2, 2 T
Ix—]y—lz—gma Ixy—lyz—lzx—zma

Substituting into Equation (9.56) yields

55 121 59 _

K = 2ma’k® + ——m*a%k — =~ 0
48 864
For which the roots are
1 5 11 5
k= —ma ky = ky = —ma
17 % 2 3T
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Chapter 9, Solution 180.

W,

(i) Using Equation (9.30), we have
bl Lm 7 ) [ )i [ 4 %)
= 2_|'(x2 +y7 + zz)dm
= 2Jr2dm

where 7 is the distance from the origin O to the element of mass dm.
Now assume that the given body can be formed by adding and

subtracting appropriate volumes V; and ¥, from a sphere of mass m
and radius a which is centered at O; it then follows that

m = my (mbody = Myphere = m)
Then

(I,+1,+1) =(L,+1,+L) +(I,+1,+1)

body sphere "

—(Ix +1,+ IZ)V

2

or

(L,+1,+1) =(L,+1,+1) + 2, ridm —2[, r’dm

body sphere

Now, m; = m, and r; = r, for all elements of mass dm in
volumes 1 and 2.

r2dm — j r2dm > 0
m ny

so that (I, +1,+ ]Z)body >(1,+1,+1, )Sphere Q.E.D.

continued
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(ii) First note from Figure 9.28 that for a sphere

2 5
I.=1,=1, =gma
Thus (1,+1,+1) = Sma
’ * Y #/sphere 5
For a solid of revolution, where the x axis is the axis of revolution,
have
I, =1,

Then, using the results of part i

(Ix +21y) > éma2

body  §
From Problem 9.178 have [, 2 %Ix
- >
or (21, = 1),y 2
Adding the last two inequalities yields
6 -
> —
<4ly)b0dy 2 5ma
or (1,) .= 3 e Q.E.D.
Yoody 10
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Chapter 9, Solution 181.

O

Qo ~ (a) First compute the moments of inertia using Figure 9.28 and the
E parallel-axis theorem.
2 2
Ilezzlm(3a2+a2)+m S P =£ma2
12 2 2 12
B 2 2 2
I, = Ema + m(a) = —ma

Next observe that the centroidal products of inertia are zero because
of symmetry. Then

0 __ a a 1 5
by =fytmey=m g\ ~2) =
0
- __ 1

0
sz :/Z:' +mzXx = M(%J[%] = %ma2

Substituting into Equation (9.56)

o[ B 3.8,k
12 2 12

22+ 322 (B)- (2] -2z -3

e e DR R e e DI

Simplifying and letting K = ma*{ yields

3 11 ., 565 95
S + - =0
¢ 3§ 144§ 96

continued
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Solving yields

19

= 0.363383 =
¢ 6=

& =1.71995

The principal moments of inertia are then
K, = 0.363ma* 4

K, = 1.583ma*> 4
K; = 1.720ma* 4

(b) To determine the direction cosines A, /1y, A, of each principal axis,

we use two of the equations of Equations (9.54) and Equation (9.57).

Thus
(I, —K)A, =1, A, -1, =0 (9.54a)
LA —1.2,+(I,-K)A. =0 (9.54¢)
R+A+A=1 (9.57)

Note: Since Ixy =17

12> Equations (9.54a) and (9.54¢) were chosen to

simplify the “elimination” of A, during the solution process.

Substituting for the moments and products of inertia in Equations

(9.54a) and (9.54c¢)

13, [ L
[Ema —K}ﬂx —(—2\/§ma ]ﬂy —(Ema )ﬂz =0

—(%maz)ﬂx - (—ﬁmazlﬂy + (%maz - K]/lz =0

13 1 1

B _ela+1 159 i
or (12 ;j x 227 27 @

1 1 13 .
and —Eﬂx + mﬂy + [E - ;)ﬂ,z =0 (i1)

Observe that these equations will be identical, so that one will need
to be replaced, if

—-{=— or é‘:%

Thus, a third independent equation will be needed when the
direction cosines associated with K, are determined. Then for K,

and K,

continued
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Eq.(i) - Eq.(ii) {% _e- (—%ﬂz + {—% - (g - g“ﬂﬂz —0

or A=A
Substituting into Eq.(i) (E - {j/l + Li - l/i =0
g q. 12 X 2\/5 y 2 X
or A = 2\/5(5 - l}/i
Y 12)7

Substituting into Equation (9.57)

A2+ {2&[4 - %)42 +(A) =1

7 2
or {2 + 8(4’ - Ej ]/1,3 =1 (iii)

K, : Substituting the value of ¢{; into Eq.(iii)

2
2480363383 - | |(4,)2 =1
12 !

or (4,), = (A.), = 0.647249
and then (4), =22 (0.363383 - %)(0.647249)
= ~0.402662

(6,), = (6.), =49.7° (6,) =113.7° <

K;: Substituting the value of ¢} into Eq.(iii)

2
7 2
2+ 8/ 1.71995 — — A), =1
[ 171995 - | ]( %

or (A:); = (4.), = 0.284726
7
and then (4,), =2V2 (1.71995 - Ej(0.22;4726)
= 0.915348

(6,), =(6.), =735 (6,),=23.7° 4

continued
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(©)

K, : For this case, the set of equations to be solved consists of
Equations (9.54a), (9.54b), and (9.57). Now

~Ly A+ (1, = K)A, = 1.4 =0 (9.54b)
Substituting for the moments and products of inertia.
e o (=< a5
- - ma® |A, +| =ma” - K |4, —| — ma” (A, =0
( 22 J * (2 L2 i

1 3 1 .
or ﬁﬂx + (E - é/jly + ﬁﬂz =0 (IV)

Substituting the value of ¢, into Eqgs.(i) and (iv)

(% ) %j(lX)z " %(ly)z B %(12)2 =0

1

or ~(A), + ﬁ(/ly)z ~(4),=0
V2

and (//lx)z - ?(ﬂy)z + (/12)2 =0

Adding yields (/1y)2 =0

and then (1), ==(4),

or

(A)=g5 md  (A)=-p

y

(6,), = 45.0° (6,), = 90.0° (6.), = 135.0° 4

Principal axes 1 and 3 lie in the vertical plane of symmetry passing

through points O and B. Principal axis 2 lies in the xz plane.
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Chapter 9, Solution 182.

From the solution to Problem 9.143 and 9.167
I, =34.106x107 Ib-ft-s>

1, =50.125x107 Ib-fi-s’

1. =34.876x107 Ib-fi-s*

z

I, =0.96211x107 Ib-ft-s*

I,=1,=0
(a) From Equation 9.55
L-K I, 0
I, I,-K 0 |=0
0 0 I.-K
or (I, -K)(I, - K)(I. - K)=(I. - K)I3, =0
2
or (L. = K) (1, = K)(1, - K) - 13,] = 0
Then I.-K=0and II, - (I, +1,)K +K* = I}, =0
Now K, =1, =34876x107 Ib-ft-s
or K; =34.9x107 Ib-ft-s* «
and
(34.106 X 10—3)(50.125 X 10—3) - (34.106 x 1072 + 50.125 x 10—3)1(
2
+K2 - (0.96211 ><10‘3) =0
or 1.70864 x 107 —84.231x 107K + K*> =0
Solving yields K, = 34.0486 X107 K, = 50.1824 x10°

or K, =34.0x107 Ib-ft-s* «
and K; = 50.2x 107 Ib-ft-s> «

continued
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(b) To determine the directions cosines A, ﬂy and A, of each principal

axis use two of the Equations 9.54 and Equation 9.57
K, : Using Equation 9.54(a) and Equation 9.54(b) with /,, =1, =0,
we have
(Ix - Kl)(ﬂ’x)l - Ixy(ﬂ'y)l =0
—Ly (A, + (Iy - Kl)(ﬂy)l =0

Substituting

(34.106x 107 - 34.876 x 107 )(4,), - 0.96211x 10%(2,) =0

~0.96211x 107 (4,), +(50.125x107 = 34.876 x107)(4,) =0

Y

or

~0.770x 107 (4,), = 0.96211x107(2,) =0

~0.96211x 107 (4,), +15.249x107(4,) =0
Solving yields (), =(4,) =0

0 0,

From Equation 9.57 (/;)12 +/(//{;)1 + (/12)12 =1 or (4) =1
and (6,), =90.0%  (8,) =90.0°  (6,), =0 <

K, :Using Equation 9.54(b) and Equation 9.54(c) with /,, =7, =0
~1o (&), + (1, - K,)(4,), = 0

(1: = K)(4.), =0

Now I, #K,=(4),=0

Substituting

—~0.96211x107(4,), +(50.125x 107 - 34.0486 x 107°)(2,) =0
or (/1y)2 = 0.05985(4,),

continued
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()

Then  +]0.05985(2 ] +(4), =1
(4,), = 0.99821
(4,), = 0.05974
and (6,), =3.43° (6,), = 86.6° (6.), =90.0° «
K;: 1, (), + (1, - K3)(4,), = 0

(7. = K5)(4.), =0

Now I, # Ky = (/12)3 =0
Substituting
-3 -3 -3 _
—0.96211x107 (4, ); +(50.125x 107 = 50.1824 x107)(4, ), = 0
-3 -3 _

~0.96211x 107 (4,), —0.0574x107(2,), =0

or (4,), = -16.7615(4,),
0

Have (A4,); + [—16.7615(/1x)3]2 +1/f)§ =1
yields (4); =—0.059555  and  (4,), = 0998231
and (6,), = 934, (6,), =3.41° 6, =90.0° 4

Principal axis 1 coincides with the z axis, while the principal axes 2
and 3 lie in the xy plane
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Chapter 9, Solution 183.

From Problem 9.147: I, =9.8821x107 Ib-ft-s
I, =11.5344x107 Ib-fi s’
I, =2.1878x 107 Ib-ft-s*

From Problem 9.151: I, =0.48776 X107 Ib-fi-s*
I, =1.18391x107° Ib-ft-s?

I, =2.6951x107 Ib-ft-s*
(a) From Equation 9.56
3 2 2 2 2
K> = (I + 1, + L)K> + (L1, + L+ LI~ I3, = 1, = I%)K

(L1 = LA = 12 = LIS, =21 0 1) =0

Substituting

(9-8821+11.5344 + 2.1878) x 107 | K + {[(9.8821)(11.5344) + (11.5344) (2.1878)

+(2.1878)(9.8821) — (0.48776)" — (1.18391)" — (2.6951)2] x10°} K
[ (9.8821)(11.5344)(2.1878) — (9.8821)(1.18391)" — (11.5344)(2.6951)
— (2.1878)(0.48776)" — 2(0.48776)(1.18391)(2.6951)] x10° = 0

or K3 - (23.6043>< 10‘3)1<2 + (151.9360>< 10‘6)K —148.1092 x10™° = 0

Solving numerically
K, =1.180481x 107 Ib-ft-s*  or K, =1.180x 107 Ib-ft-s* «
K, =10.72017 107 Ib-ft-s>  or K, =10.72x107 Ib-ft-s> «
K; =11.70365x 107 Ib-ft-s*  or  K; =11.70x 107 Ib-ft-s* «
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(b) From Equations 9.54(a) and 9.54(b)
(I, = K)(A) — 1y (A) — L (%) =0

y

~Lo (A) + (Iy B Kl)(ﬂy) —1.(%)=0

K: Substitute K; and solve for 4 to get (4,),, (ly)l and (4,),.

[(9.8821 ~1.180481)(4,), - 0.48776(4,) - 2.6951(/12)1] X107 =0
[—0.48776(/1x)1 +(11.5344 — 1.180481)(/1y)1 - 1.18391(42)1] X107 =0

or 17. 83996 A ) — 5.52546(4 ) 0

A
~0.0471( 4 +(/1y) ~0.11434(4,), = 0
Then (4.), = 3.1549(4,),
and (2,), = 0.40769(2
Equation 9.57: (A); +(4,) + (/12)12 =1
Substituting (4, +[040769(2,), ] +[3.1549(2,), ] =1

(4,), =029989  then  (6,) =725° 4
and (4,) =0.122262  then  (6,) =83.0° «

(4.), =094612  then  (6,) =18.89° «
K,: Substitute K, and solve for A.

[(9.8821 ~10.72017)(4,), - 0.48776(4, ), — 2.6951(22)2J x107 =0

[—0.48776(ﬂx)2 + (11,5344 - 10.72017) (4, ), ~ 1.18391(/12)2J X107 = 0

continued

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.



COSMOS: Complete Online Solutions Manual Organization System

or ~1.718202(2,), - (4, ), - 5.52546(4.), = 0
~0.599045(4,), +(4,), —1.45402(4,), = 0

Then (4.), = —0.33201(4,),

and (4,), = 0.116306(4,),

Then (4% + [0.116306(2,), | +[-033201(2,),] =1

or (4,), =094333  then  (6,), =19.38° «
And (4,),=0.109715  then  (6,) =83.7° <

(4.),=-031320  then  (6.), =108.3° «

K;: Substitute K and solve for 4.

(98821~ 11.70365)(4,), - 0.48776(4, ), —2.6951(4,), |x107 = 0

| ~048776(4,), + (11.5344 ~ 11.70365)(4,), - 1.18391(4.), [ x107 = 0

or ~3.73452(4,); — (4,), — 5.52546(4.); = 0
2.88189(4,); + (4, ), +6.99504(4.); = 0
Then (4.), = 0.58019(4,),
and (4, )3 = —6.9403(1,),
¥
3‘.‘ Then (4, +[6.9403(4,), | +
B
) ?_ 2 or (4,); =—0.142128"  then
( /’L’(/\\ (4,). = 098641 then
//‘/ ,/f’ ‘*..i e oc 3
PeS (4), = 0082461  then
Ty

"Note: the negative root of (A, )3 is taken so that axes 1, 2, 3 form a right-handed set.

[0.58019(/1)()3]2
(6,), = 98.2°

(9 )3 =9.46° <
(6.), =94.7° 4

<
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Chapter 9, Solution 184.

(a) From the solution of Problem 9.169 have

L-iPp g LW
g 4 g

I, = W I, = 1V 2
g 8 g

I, = —Za2 1. = EKa2
g 8 g

Substituting into Equation (9.56)

o[z o oG- -G 2
{80 -2 - - -

Simplifying and letting K = Zazé’ yields
g

&3 —2.33333¢% +1.53125¢ —0.192708 = 0

Solving yields
¢, = 0.163917 ¢, =1.05402 ¢ =1.11539

The principal moments of inertia are then

K, = 0.16397 4> <
g

K, = 1054722 <
g

K; = 11152 0 <
g

continued
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(b) To determine the direction cosines A, /1y, A, of each principal axis, use two of the equations of
Equations (9.54) and (9.57). Then

K, : Begin with Equations (9.54a) and (9.54b).
(I, - K)(4,), - Iw(/ly)l ~I,(4.), =0

_Ixy(’ix)l + (Iy - K2)(/1y)1 N lyz(ﬂz)l =0

Substituting
1 W, 1w, 3w, _
{(5—0.16391@(?(1 ﬂ(/lx)1 —(Zga J(/ly)l —[gga ](/12)l =0
1w, W, 1w,
- —=a*|(A 1-0.163917)| — A,) —|==a*|(A) =0
(12 (e, (35 o
Simplifying yields

1.34433(4,), = (4,) ~1.5(4.), =0

y
~0299013(4,), +(4,), —0.149507(4,), = 0

Adding and solving for (4,),

(A.), = 0.633715(4,),

and then (2,), = [1:34433 - 1.5(0.633715) |(4,),
= 0.393758(4,),

Now substitute into Equation (9.57)
(4,) +[0393758(4,), ] +[0.633715(4,), ] =1
or (/LC)1 = (0.801504

and (4,) =0315599  (4.) =0.507925

(6,),=36.7°  (8,) =71.6>  (6.), =59.5° «
K, : Begin with Equations (9.54a) and (9.54b).
(I, - K,)(4,), - lxy(/iy)2 ~I(4),=0

—Ly(A), + ([y - K2)()”y)2 —1,:(4:), =0

continued
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Substituting
1 W LW, 3W o, _
KE - 1.05402)[Ea H(ﬂx)z - [Zga j(ﬂy)z - [ggcz J(ﬂz ), =0
w , w5 w o,
- —— A 1-1.05402) — A) —|=—— A.),=0
(12, - voson) L2 4, - (22,
Simplifying yields

~221608(4,), - (4,), =1.5(4.), =0

Y/

4.62792(4,), +(4,), +231396(4.), = 0

Adding and solving for (4, ),

(4.), = —2.96309(4,),

and then (4,), = [-2:21608 ~ 1.5(~2.96309) |(4, ),
= 2.22856(4,),
Now substitute into Equation (9.57)

(A,); +[222856(4,), | +[-2.96309(4,),] =1
or (4,), = 0.260410

and (4,), =0.580339  (4.), =-0.771618

(6,),=749°  (6,), =545  (6.),=1405" <
K;: Begin with Equations (9.54a) and (9.54b).

(= K) (&), = Iy (4), = La(R), = 0

Substituting

H% - 1.11539)[%#}}(@)3 - Gg#}%% - [ggcﬂj@g =0

—(lﬁcﬂ](/%x% - {(1 - 1.11539)(Ka2ﬂ(ﬂby)3 - [lﬁcﬂj@)} =0

4 g g

continued
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Simplifying yields
~2.46156(4,), - (4,). —=1.5(4.), =0

V73
2.16657(4, ) + (4, ), +1.08328(4.), = 0
Adding and solving for (4, ),

(A.), = —0.707885(4,),

and then (4,), = [~2:46156 ~1.5(-0.707885) ] (4,),

= -139973(2,),

Now substitute into Equation (9.57)

(A4,); + [—1.39973(lx)3]2 + [—0.707885(/1x)3]2 =1 ()

or (4,), = 0.537577

and (4,), =-0752463  (4); =-0380543

(6,), = 57.5° (ery)3 =138.8°  (6.), =112.4° <

A 2
|
|
g A
1
: -
: // /’/’ . \
| o N P
T 1 |
i ~J ok

(c) Note: Principal axis 3 has been labeled so that the principal axes form a right-handed set. To obtain the
direction cosines corresponding to the labeled axis, the negative root of Equation (i) must be chosen; that
is, (4,), = —0.537577

x)3 T

Then(6,), =122.5°  (6,), =41.2°  (6.), = 67.6°
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Chapter 9, Solution 185.

z
From Problem 9.170 m, = pta* m, = — pta’
Now I, = (1), +(I,), = l(,[)ta2)012 + l(lpmzjaz = iptat4
! 23 6\2 12

Now note that symmetry implies (I_x'y')l = (I_n)l = (7, /)1 =0

Have 1, =1, +muv

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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1
Then I =mxy, +mx,y, = tazg a1 ta*
xp 1% 2% = P (2J(2 4/0
I, = mlil/fe'-p ,,%g
0r_
I, = mya/;c"1 + [(1)2 + mzfzfz]
From Problem 9.170 (l_zx) __ L pta*
2 72
14 (1)1 )1 1
Then I =——pta" +|—pta” || —a || —a | = — pta
== TP [2’) )(3 j(e. ) 2”7

(a) Equation 9.56

K= (I, + 1, + L)K? + (10, + 11 + 1) I}, — 1} - IZZX)K

—(leylz—llz LI - LI, =21 1 1. =0

xtyz yizx xy* yz*zx

Substituting

-k P ) G I -o- (T o
G-I - ]

Simplifying and letting K = pta*l

242 +ﬂ§_£=0

ields 3
Y & =35 T 576° T Is2

Solving numerically... ¢, = 0.203032 or K, = 0.203pta* 4
£, =0.698281  or K, =0.698pta" 4
£ =0.765354 or K, =0.765pta" 4

(b) Equations 9.54a and 9.54b

continued
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Substituting K|

K% - o.203o32)(/1x)1 ~La), - —(ﬂuz)l}pm4 =0

{—%(ﬂx)l + G - 0.203032](,1y)l ~ o} pta* =0

or (2,) = 0.841842(4,),

and (A.), = 0.0761800(4,),

Equation 9.57 (A +(4,) +(A) =1

Substituting (A); +[0.841842(4,), ]2 +[0.0761800(4,), ]2 =1

or (4 )1 =0.763715 then

(4,), =0.642927  then

(4.), = 0.0581798  then

Substituting K,

K% - 0.698281j(/1x)2 - i(zy)z - 2—14(/12)2}/%614 =0

{—l(ﬂxk + G - 0.698281)(/1y)2 - o}pm4 =0

4
or (4,), = ~1.260837(4,),
and (A.), = 0.806278(4,),
Then (4,)2 + [—1.260837(/1x)2]2 + [0.806278(/1)6)2}2 =1
or (4,), = 0.555573 then
(4,), =—-0.700487 then
(A.), = 0.447946 then

(6,), = 40.2° «
(6,), = 50.0° <
(6.), = 86.7° 4

(6,), = 56.2° 4
(9 )2 =134.5° <

y

(6.), = 63.4° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Substituting K,

H% - 0.765354)(/1,()3 - i(iy)3 - i(@)ﬁpm“ =0

1 1 s
{—Z(/lx% + (5 - 0.765354}(/@)3 - O}pta =0
or (4,), =—0942138(4,),
And 1), = —2.71567(A
( 2)3 ( X)S
Then A ) +[-0942138(4). T +[-2.71567(4,). | =1
x )3 x )3 x)3

or (4,), =0.328576 then

(4,), = —0309564  then

Z

(4.), =-0.892304  then

(©)

(6,), =70.8° 4
(9 )3 =108.0° 4

y

(6.), =153.2° «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 9, Solution 186.

(a) From the solutions to Problem 9.150
I =1432x107 Ib-ft-s?
I, =1, =1862x107 Ib-fi-s’
From Problem 9.172 I, =1, =4297x10" Ib-fi-s*, 1. = 0
Substituting into Eq. (9.56) and using [, =7, I, =1, I,=0
K= (1, +21,)K* + [[x(2ly) +1; - 2(1Xy)2}1< - (1x1§ —20,0%) =0

K =[1432x107 +2(18.62x 1072 ) | K2 +[ (1432 x107) (2) 18.62 107) + (1862 x 102

~2(4.297 %107 )2}1( - [(14.32 x107)(18.62 x 10—3)2 ~2(18.62x107)(4.297x10” )2} =0

K3 =51.56 x 107 K> + 0.84305 x 10K — 0.004277 x 10~ = 0

or
Solving: K, = 0.0100221b-ft-s*>  or K, =10.02x107 Ib-ft-s* «
K, = 0.018624 Ib-ft-s* or K, =18.62x107 Ib-ft-s* <
K; = 0.022914 1b-ft - or K; =229%107 Ib-ft-s> <«

(b) To determine the direction cosines A,, ly, A, of each principal axis, use two of the equations of

Equations (9.54) and Equation (9.57). Then
K, : Begin with Equations (9.54b) and (9.54c):

0
Ly (A + (U, = KAy = 1L, = 0
LAy = 1Ay + (L = KAL)y =0

or —4.297 107 (4,); + (18.62x 107 =10.02x107)(4,), = 0

~4.297 107 (4,), + (18.62x 107 =10.02x107)(4,), = 0

continued
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(/1 )1 = (4.), = 0.49965(4,),

(4.) +2[0.49965(2,), ] =1

(4,), = 0.81669

P

(4,), = (4.), = 0.40806

(6,), =352 (6,) =(6.), = 65.9° <
K>: Begin with Equations (9.54a) and (9.54b):

(]x - K2)(zx)2 - Ixy (;ty)z - sz (/12)2 =0

1y (&), + (1, - K)(4,), - H6L), =

Substituting:
(1432x107 - 18.62 107 )(4,), — 4297 x107°[(4,), = (L), | = 0 @)
4297 x107 (4,), + (18.62x 107 ~18.62x107)(2,) =0 (ii)
From (ii) (4,), =0
From (i) (/1y)2 =-(1.),
Substituting: (A2 +(4,) +[~(4),] =1
(ﬂy)z NG)

(6,), =90.0% (8,), = 45.0° (6.), = 135.0° «

Kj5: Begin with Equations (9.54b) and (9.54c¢)

Ixy(/i ) +(1, - K3)(4,), + Iyz(ﬂbz)3 =0
zx x 3 /IJ ,,+ z )(12)3 =0
Substituting:
—4297x 107 (4,), +(18.62x 107 = 22.9%107)(4,), = 0
~4297x 107 (4,), + (18.62x 107 = 22.9x107)(4,), = 0
Simplifying: ( ) (}»x)3

(6,); =54.7° (6,), = (6.); = 125.3° <

continued
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Note: Principal axis 3 has been labeled so that the principal axes form a right-handed set to obtain the
direction cosines corresponding to the labeled axis, the negative root of Equation (i) must be chosen; that
is:

Then:

—
2
~
w
Il
—
[\
he
98]
]
—_
s
~
Il

(6.), = 54.7° <
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Chapter 9, Solution 187.

At

o~

Now

x=0,y=0: 0=ka’* +c¢

or k=-

::N| a

b
'.k=—?
y = iz(x—a)2+b
a
b 2
=——2(x —2ax+a)+b
a

dl, = x2dA = xz(y2 -y )dx

a

_ 2(b+%x2—2—bx+b bjd

=( ——x + bx )dx

L(%4—2 X +bx]dx

[ ——x4 +éx3j
3

0
T (L S
5 2 3
=La3b
30
1 3
Iy=—ab<

30
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Chapter 9, Solution 188.

At x=0,y=0:0=ka2+c

S
re

— —*41’3:“‘ <
1l
|
|o

b «
x=a, y=b: b=c
o b
k=-—
p;
Then y=b- %(x - a)2
a
Now dl, = y2dA = y* (xdy)
2
From above (x—a) = 7(b -)
Then x—a=afl-~
b
and x=a,ll -2 ia
b
— 2 Y
Then d, =ay"| 1+ |1 - Zde

and I, = [dl, = aﬁyz[l + .1 —%]dy

continued
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Chapter 9, Solution 189.

IFirst note that

Now

where

Then

and

= (100 mm)(120 mm) — (80 mm)(40 mm) — (80 mm)(20 mm)
= (12 000 - 3200 — 1600) mm* = 7200 mm*

(1,), = %(100 mm)(120 mm)’ = 14.4x 10° mm*
(1,), = %(80 mm)(40 mm)” + (3200 mm? )(40 mm)* = 5.5467 x 10° mm*

(1), = é(so mm)(20 mm)° + (1600 mm?)(30 mm)* = 14933 x 10° mm*

I, = (14.4 - 55467 — 1.4933) x 10° mm* = 7.36 x 10° mm*

or I =736x10°mm* «

022 he _ 7.36 x10°

A 7200

=1022.2 mm?

or k. =32.0mm <«
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Chapter 9, Solution 190.

/l @ l‘ First note that
Now
where
Then 1 )
And

A= A — Ay — 4
= (100 mm)(120 mm) — (80 mm)(40 mm)

—(80 mm)(20 mm)

= (12 000 — 3200 — 1600)mm? = 7200 mm>

1 3
(1,), = —5(120mm)(100 mm)” =10 x 10° mm*
1 3
(1,), = (40 mm)(80mm)” = 1.7067 x 10® mm*

—(20 mm)(80 mm)’ = 0.8533 x 10° mm*

1
(IY)3 = 12
= (10 - 1.7067 — 0.8533) x 10° mm* = 7.44 x 10° mm*

or I, =744x10°mm* <

I, 7.44x10°mm*

R T =1033.33 mm’
mm

2 _
ky_A

k = 32.14550 mm

or k, =32.1mm |
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Chapter 9, Solution 191.

4( :w,mm -
30mm
A, mm? Y, mm VA, mm’>
T 2
1 3(120) =22 619.5 50.9296 1.1520 x 10°
2 —%(240)(90) = —10 800 30 -0.324 x 10°
z 11 819.5 0.828 x 10°
v 6 3
Now Y = x4y _ 0828 x10 mgn = 70.054 mm
ZA 11819.5 mm
(@) Jo = (Jo), = (Jo),
where (Jo), = %(120 mm*) = 162.86 x 10° mm*
1 3 1 3
and (Jo), = (Ie), + (1), = 75 (240 mm) (90 mm)” + 2[5(90 mm) (120 mm) }
= 40.5%10° mm*
Then Jo = (162.86 — 40.5) x 10° mm* = 122.36 x 10° mm”*
or J, =122.4x10° mm* <«
(b) Jo = Jp + Ay*
or Je =122.36 x10° mm* — (11819.5 mm”)(70.054 mm)’

= (122.36 - 58.005)10° mm*

or Jo = 64.4x10° mm* <«
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Chapter 9, Solution 192.

wy

; : T— Keiave W section (fig. 9.13A):

] P A =7.08in?
. j . I, =183in*

- 4
Iy = 82.81n

’ A =24y + 24,

= 2[7.08in” + (7.93in.)(0.3 in.)

=18.918in>

Now

Tx - 2(ZC)W + 2(7x)plate

. 2
= 2[18.3 in* +(7.08 inz)(@) ]

+2{(7'93 in.l)éo.s )’ [(7.93in.)(0.3in.)](6.495 in. + 0.15 in.)z}

- 2[92.967 in4] + 2[105.07 in4] = 396.07 in*

or I, =39in* <«
—_— T 1 4
and PR 396'0—7?2 = 20.936 in
4 18.918in
or k. = 4.58in. <4
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Chapter 9, Solution 193.

Angle: A=144in?

Channel:

Locate the centroid

X=0
;X 2[ (144in%)(0.842in) | + 5.88n)(~0.606 in.
24 2(1.44in?) + 5.88 in’

_ (2.42496 — 3.5638) in’
8.765in"

2(1,), + (1), = 2[1.24 in* + (1.44in%)(0.842 in. + 0.12995 in.)z]

0.12995 in.

(7.)

Now =
+ [2.81 in* + (5.8 i) (0.606 in. — 0.12995 in.)zJ
=2(2.6003)in* + 4.1425in* = 9.3431in*
or I, =9.34in" <
Also () =2(1,), +(T,). = 2[124in* +144in(Sin. - 0.842in)* |+ 7.89 in*
=2(26.136)in* + 78.9in* = 131.17 in*
or 7, =1312in"* <
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Chapter 9, Solution 194.

(a) Have L= Igo + mr? r, +r, =290 mm
=029m
and Loy = Ige + mr?
Subtracting Tpp — 1,0 = m(rb2 - raz)

(41-78)g-m* = (2000 &)(r;, +7,)(r, = 1,)

a

or ~37 = (2000)(0.29)(r, — r,)
or r,—r, =63.793x10° m
now r,+1n =029m
so that 2r, = 0.35379 m
r, = 0.17689 m
(b) Have Lo = Igg +mr?
Then Ioe = 78 g-m? — (2000 g)(0.17689 m)?
=15.420 g - m?
: = Ioe 15420 g-m?
Finally, ko =99 = ' = 0.007710 m?

m 2000 g

koo = 0.08781 m

or r, =176.9 mm <«

I;GG’ = 87.8 mm 4
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Chapter 9, Solution 195.

Y
2.75—

DIMENSIDNS
IN INCHIES

ﬁﬂ'. | 8.1 |
h e
®
. 235

Have

Symmetry implies

For the other rectangles

xy xy
Where symmetry implies Ly =0
Ain? X, in y,in. Axyin?
1 4(0.5) =2 -2.75 1.0 -5.5
3 4(0.5) =2 2.75 ~1.0 -5.5
x> —-11.00
or I, =-11.00in* <«
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Chapter 9, Solution 196.

Lavg——

T.\'C[N

y b Ly
x
22.37°
a

Compute 7, and 7y for area of Problem 9.195

/R(
201
X

From Problem 9.195 I, =-11.0in*

_ 5in.x(0.5in)’
I, = +
12

X

= 9.38542 in*

_ 2[(o.s in)’ (4in.)

12
= 35.54167 in*

Define points X(9.38542, —11), and

2[(0.5 in)(4in)’ (4in
12

+(4in.x 0.5 in.)(2.75 in.)2] +

Tyax Ix Iy

x 0.5 in.)(1.0 in.)2]

0.5in.x(5 in.)3
12

Y(35.54167, 11)

= 22.46354 in*

= 39.55264, 537444

Note: The a axis corresponds to 7, and b axis corresponds to /.

n

I.+1, in? in
Now I, = ¥ v _ 9.38542 in™ + 35.54167 in
2 2
— —\2
I -1 —\2 —
and Re B0 . (Ix ) _ [(9:38542 —35.54167
2 Y 2
=17.08910 in*
O -2(-11.0)
Also 26, = tan = —40.067
9.38542 — 35.54167
Then Laxmin = loye £ R = 22.46354 £17.08910

jz +(11.0)°

or 6, =—20.0° clockwise «

or 1. =39.6in" 4
I. =537in* 4
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Chapter 9, Solution 197.

For the cylinder

For the element shown

Il

I
Q
S
3
+
=
&
3

and dal
Then Lo=[dl =] LRI
4
= ﬁ(lazL + 1L3j
L4

I
|
&
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Chapter 9, Solution 198.

“

< [%
% \ / Iy

=Ly
g

First compute the mass of each component

- 3
Then my = M(s in.x 4.5in.x 0.9in.) = 0.1786 Ib-s*/ft
322 fis
- 3
my = LB %2 5in.x 0.8in.) = 005292 Ib-s¥/ft
32.2 fifs
<3
m = M[E(Oﬁ in)” x 0.5in. | = 00049875 b-57/f
322 fis

Now observe that the centroidal products of inertia, Txfyr, Ty»z», and I_., of each component are

zero because 0

of symmetry. Now 7, =/{/uv + muv so that (1, )body = Zmuv.

2 . _ mxy myz mz X
m,le/ﬁ X,ft y;ﬁ E,ft 5 5 5
Ib-ft-s Ib-ft-s Ib-ft-s
1 0.1786 0'2383 0'%37 0'1587 1.39531x 107 | 1.25578 X107 | 6.97656 x 10>
2 | 0.05292 0'33833 0.20 0'1587 4.0572x 107> | 1.98451x107> | 3.80362x 107>

0.187 | 0.49095x 1073

3 | 0.0049875 | 0.4375 | 0.225 s 0.21041x 107> | 0.40913 %107
) 5.94347 x 107> | 3.45069 x 107> | 11.18909 x 1073
Then or I, =594x107 Ib-fi-s* 4

or I, =345x107 Ib-ft-s* 4

or I, =11.19x107 Ib-ft-s* 4
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