COSMOS: Complete Online Solutions Manual Organization System

Chapter 3, Solution 1.

Resolve 90 N force into vector components P and Q

A Q where O = (90 N)sin 40°
= 57.851N
PWN 40w
Then Mz = —r,z0

00225—”\

—(0.225 m)(57.851 N)

-13.0165 N-m

M, =13.02N-m | <
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Chapter 3, Solution 2.

F, = (90 N)cos25°

‘ 25° _
\F S = 81.568 N
-1
y F, = (90 N)sin25°

\ ) — 38,036 N
| ES

X = (0.225 m)cos65°

= 0.095089 m
y = (0.225 m)sin 65°
=0.20392 m
My = xF, - yF,
= (0.095089 m)(38.036 N) — (0.20392 m)(81.568 N)
= -13.0165 N'm

M, =13.02N-m ) <
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Chapter 3, Solution 3.

. P=31b
30
f\, J
6
H4.2in,
e,

= (3 1b)sin30°

=151b

= (3 lb)cos 30°

=2.59811b

M, =xp,P, + yp,P

= (3.4in.)(2.5981 1b) + (4.8 in.)(1.5 Ib)

=16.0335 Ib-in.

M, =16.03 Ib-in.

"<
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Chapter 3, Solution 4.

For P to be a minimum, it must be perpendicular to the line joining points
A and B

with 75 = (34 1in)" + (48 in.)’

=5.8822 in.

a =6 =tan" (Zj
X
_ tall_l 48 il’l.
3.4 in.

= 54.689°

Then M, =r;P

min

_ M, _19.51bin,

or P _—
ryg  5.88221n.

=331511b
" P =3321b /£ 54.7°

or P, =3321b 5 353°4
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Chapter 3, Solution 5.

By definition M, =rg,Psinf
2.4 b
where 0=¢+ (90O - a)
Y .
and ¢ = tan™! 4.8 ?n.
3.4 in.
4.8 A,
" = 54.689°
Also 1y, = (34 in) + (48 in.)
_1[ B/A . . . .
= 5.8822 in.
Then (17 Ib-in.) = (5.8822 in.)(2.9 Ib)sin(54.689° + 90° — )
or sin (144.689° — ) = 0.99658
or 144.689° — ar = 85.260°% 94.740°

soa=49.9°59.4° <
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Chapter 3, Solution 6.

(@)

* l Tee = 2ooMd

1.35 wa ® -‘rs‘xT
l OI]SM
}1—‘—‘—' Lem —i{
(D)

v (E‘\mu

%
o~

(@ M, =1y, x Ty
My = xTg, + yTgp,
= (2 m)(200 N)sin60° + (0.4 m)(200 N)cos 60°
= 38641 N-m
or M, =38Nm )«

(b) For F. to be a minimum, it must be perpendicular to the line

joining 4 and C.

My =d(Fe)
with d =2 m) +(1.35 m)’
= 24130 m

Then 386.41 N-m = (2.4130 m)(F)

min

(Fc). . =160.137 N

and é = tanl(lss mj = 34.019°
2m

0 =90 - ¢ =90° - 34.019° = 55.981°

~(Fe) . =160.1N « 56.0° 4
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Chapter 3, Solution 7.

(b)
A ¥
R
1,35 m E
L ~c
|-<— 2 —"’i
()
A (Eﬁxnm
T 7 te=n

M, = xTBFy + VT,

= (2 m)(200 N)sin60° + (0.4 m)(200 N)cos60°

=386.41 N-m
or M, =38 N-m )«
Have M, = xF¢
of Fo = M, _ 38641 N-m
X 2m
=193.205 N

~F.=1932N | <

For Fy to be minimum, it must be perpendicular to the line joining A
and B

S MA = d(FB)mll’l
with d = (2 m)* + (040 m)’ = 2.0396 m
Then 386.41 N-m = (2.0396 m)(F¢)
(Fe),. =189.454N
_1( 2m J
and 0 =tan | —— | = 78.690°
0.4 m

or (Fc)min =189.5N « 78.7° 4
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Chapter 3, Solution 8.

T

51e

(b)

15°

F

B

My = (rA/B coslS")W

= (14 in.)(cos15°)(5 Ib)

= 67.615 Ib-in.
or
My = rppPsin85°
67.615 Ib-in. = (3.2 in.) Psin85°
or

For (F) ., F must be perpendicular to BC.
Then, My = veppl
67.615 Ib-in. = (18 in.) F

or

Mj = 67.61bin. ) «

P=2121b 4

F=3761b <X 75.0° 4
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Chapter 3, Solution 9.

1
T.p=2601b !

-

13- 5
e = ]
! Tein. ‘J| 8in.
(a)
2
IAQK E // 2 D
|‘
]:4”/_—"1; "
AB l i
= 7o 1
®

Then

and

Then

(b) Have

Slope of line EC = & 3
76in.+8in. 12
12
T =—(T
ABx 13( AB)

= 2(260 Ib) =240 Ib

Typ, = %(260 Ib) =100 Ib

My = Ty5 (35 in.) = Ty (8 in.)
= (240 1b)(35 in.) — (100 Ib)(8 in.)
= 7600 Ib-in.
or M, = 7600 Ib-in. ) «
Mp =T (y)+ Ty, (x)
= (2401b)(0) + (100 1b)(76 in.)
= 7600 Ib-in.

or M, = 7600 Ib-in. ) «
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Chapter 3, Solution 10.

Te«ea E
T Mnﬂy
AB » H2in,
Slope of line EC = & -
112in.+8in. 24
24
Then T,p. = —T
ABy = gt aB
d Typy = T
an ABy = 2_5 AB

Have Mp =T (y)+ TABy(x)

7
25

)

or T, =2501b «
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Chapter 3, Solution 11.

1.065m
(TA Bmox),\’ E —/'EMQ/
*
T B A [-I;Emnx)g
ABmox ]L 4 > [ 0.2%m

The minimum value of d can be found based on the equation relating the moment of the force T, about D:
Mp = (TABmax)y (d)
where Mp =1152N'm
(TABmax )y = TABmax sing = (2880 N)s1n9

1.05m

Now sinf =
J(@ +024) + (1.05) m

1.05

5 1152N-m = 2880 N (d)
J(d +0.24) + (1.05)’
or J(d +024) +(1.05) = 2.625d
or (d +0.24)" +(1.05)° = 6.89064>
or 5.8906d> — 0.48d —1.1601 = 0

Using the quadratic equation, the minimum values of d are 0.48639 m and —0.40490 m.
Since only the positive value applies here, d = 0.48639 m
or d =486 mm 4
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Chapter 3, Solution 12.

A with d gy = (42 mm)” + (144 mm)’
) o =150 mm
e %Y mm , 42 mm
’ sinf = ———
’ 150 mm
B

Stmm cosé = iéstgmm

Yo mm

. and F 3 = —F zsin@i — F,zcos0j
L

Famm _ 25kN

= 150—mm[(_42 mm)i — (144 mm)j |

= —(700 N)i — (2400 N)
Also g = —(0.042 m)i + (0.056 m) j

Now M, =1z xF

= (140.0 N-m)k

= (~0.042i + 0.056 ) x (~700i — 2400j)N-m

or M =140.0 N-m

bR

)
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Chapter 3, Solution 13.

1T
=]
L7 B8 mm
!
/
/ b
c-' -
/ 3 56 rm
r
-0
> [
fo—n
YZmm

with gy = (42 mm)” + (144 mm)’

=150 mm

sing = Y2 mm
150 mm

cosd = 144 mm
150 mm

F . = —F,zsin6i — F 5 cosOj

_ 25kN

= m[(—@ mm)i — (144 mm); |

= —(700 N)i — (2400 N)j
Also rze = —(0.042 m)i — (0.056 m)j

Now M, =15 xF

= (~0.042i — 0.056]) x (—700i — 2400j)N-m

=(61.6 N-m)k

or Mg =6l6Nm ) 4
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Chapter 3, Solution 14.

v 0.280 m —.-,
D
X F
0.090 v
B

|3
e.o;if‘og
88

Y EMpy: My =(0.090 m)(% x 80 Nj —(0.280 m)(

=-12.5431 N-m

E>< 80 N
137

or

Mp, = 1254 N-m

<
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Chapter 3, Solution 15.

Note: B = B(cosﬁi + sin ﬁj)
B = B(cosﬂi - sinﬂj)
C = C(cosai + sinaj)
By definition: B x C| = BCsin(a - f3) ()
|B’ X C| = BCsin(a + ﬂ) (2)
Now ... B x C = B(cos fi + sin Bj) x C(cosai + sinaj)
= BC(cosﬂsina — sin f#cos a)k 3)
and  B'x C = B(cos Bi —sin Bj) x C(cosai + sinaj)
= BC(cos,Bsina + sinﬂcosa)k 4)
Equating the magnitudes of B x C from equations (1) and (3) yields:
BCsin(a — ) = BC(cos Bsina — sin fcosa) (5)
Similarly, equating the magnitudes of B’ x C from equations (2) and (4) yields:
BCsin(a + ) = BC(cos Bsina + sin fcosa) (6)
Adding equations (5) and (6) gives:

sin(a — B) + sin(a + ) = 2cos Bsina

or sinacos =%sin(a+ﬁ)+%sin(a—ﬂ)4
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Chapter 3, Solution 16.

Have d = ‘KAB X rO/A‘

B0, 230)
r
where A, = 22
Leva 4 514
° R Aan, X and rg, = (-210 mm — 630 mm)i

O/A

A(e30, -22S) | (270 mm — (-225 mm)) j

= —(840 mm)i + (495 mm)

( COOADIATES A mm )

Fod = \/(—840 mm)” + (495 mm)*
=975 mm

—(840 mm)i + (495 mm)
975 mm

Then 4, =

- é(—56i + 33j)
Also 1y, = (0 - 630)i + (0 — (-225))
= —(630 mm)i + (225 mm)j
wod = é(—sa +33j) x[~(630 mm)i + (225 mm)j]

=126.0 mm
d =126.0 mm 4
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Chapter 3, Solution 17.

AXB
A= DX
@ |A x B
where A = 12i - 6j + 9k
B = —3i + 9j — 7.5k
Then
i j kK
AxB=[12 =6 9
3 9 -75
= (45— 81)i + (=27 + 90)j + (108 — 18)k
= 9(—4i + 7j + 10k)
And |A x B| = 9y(=4)> +(7)> +(10)* = 9:/165
L 2 94+ 70+ 10k)
B 9165
1
or A= ———(—4i +7j+10k) «
\/165( ! )
AXB
b = —
®) A xB]
where A = —14i — 2j + 8k
B =3i+1.5j—k
Then
i ok
AXB=|-14 -2 8
3015 -1
= (2-12)i+ (24 - 14)j + (=21 + 6)k
= 5(=2i + 2j - 3k)
and |A X B| = 5{(=2)° + (2 + (-3 = 517
- 3(22i+ 2= 3k)
517
1
A= —— (=2 + 2j - 3k) 4
or \/ﬁ( i+2j )
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Chapter 3, Solution 18.

(@) HaveA=|P><Q|
i j k
PxQ=|3 7 —2/in?
-5 1 3

= [1+ 2)i + (10 - 9)j + (3 + 35)k]in

= (23in2)i + (1in)j + (38 in? )k

A =23 + (1> + (38)* = 44.430 in 2

(b) A=|PxQ|
i j ok
PxQ=1[2 -4 3|in?
6 -1 5

- —(23 in.2)i - (28 in.z)j + (22 in.z)k

= [(-20 - 3)i + (-18 = 10)j + (-2 + 24)k] in?

A= J(—23)2 +(-28)% + (22)* = 42.391in.2

or A=444in’ <

or A=4241in° 4
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Chapter 3, Solution 19.

(a) Have M, =rxF
i j k
=-6 3 15|Nm
7.5 3 -45

=[(-13.5-4.5)i + (11.25 - 27)j + (-18 = 22.5k| N-m
= (-18.00i —15.75j — 40.5k ) N-m
or M, = —(18.00 N-m)i — (15.75 N-m)j — (40.5N-m)k <«

b) Have M, =rxF
i j k
=|2 =075 -1|Nm
75 3 45

=[(3.375 +3)i + (-7.5+ 9)j + (6 + 5.625)k| N-m
= (6.375i +1.500j + 11.625k) N-m
or My, = (6.38 N-m)i + (1.500 N-m)j + (11.63 N-m)k «

(o) Have M, =rxF
i j k
=|-2.5 -1 1.5 N-m
75 3 45

=[45-45i+(11.25-11.25)j+ (-7.5+ 7.5k]| N-m
or M, =0«

This answer is expected since r and F are proportional (F = —3r). Therefore, vector F has a line of action

passing through the origin at O.
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Chapter 3, Solution 20.

(@) Have M, =rxF
i j k
=-75 3 -6|lb-ft
3 -6 4

=[(12 = 36)i + (-18 + 30)j + (45 — k] Ib-ft

or M, = —(24.0 Ib-ft)i + (12.00 Ib-ft) j + (36.0 Ib-ft) k «

(b) Have M, =rxF
i j k
=-75 15 —11b-ft
3 -6 4

=[(6 - 6)i + (-3 +3)j + (4.5 — 4.5)k] Ib-ft

or M, =0«
(c) Have M, =rxF
i j Kk
=-8 2 -14]/1b-ft
3 -6 4

[(8 — 84)i + (—42 + 32)j + (48 — 6)k] Ib-ft
or My, = —(76.0 Ib-ft)i — (10.00 Ib-ft) j + (42.0 Ib-ft )k <«
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Chapter 3, Solution 21.

Then

Also

Have

With

T = TADE = (369 N)

AD (24m)i—(3.1m)j—(1.2m)k
(24 m)” +(-3.1m)* + (-1.2 m)’

T, = (216 N)i - (279 N)j - (108 N)k
R, =2T;;+T,
= (216 N)i - (1017 N)j — (108 N)k
rye =(3.1m)i+ (1.2 m)k
M =r1yc xR,
i k

=10 3.1 1.2 |N-m
216 -1017 -108

= (885.6 N-m)i +(259.2 N-m)j — (669.6 N-m)k

M, = (886 N-m)i + (259 N-m)j — (670 N-m)k <
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Chapter 3, Solution 22.

Have M, =1y, xF
where 1, = (215 mm)i — (50 mm)j + (140 mm )k
F, = —(36 N)cos45°sin12°
F, = —(36 N)sin45°
F, = —(36 N)cos45°cos12°
.. F =—(5.2926 N)i - (25.456 N)j — (24.900 N)k
i j k
and M, =| 0215 -0.050 0.140 |N-m
~5.2926 —25.456 —24.900

= (4.8088 N-m)i + (4.6125 N-m)j — (5.7377 N-m)k

M, = (481 N-m)i+(4.61 N-m)j—(5.74 N-m)k «
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Chapter 3, Solution 23.

Have

where

My =ry xR
ryp = (30 ft)j+ (3 ft)k
T, = —[ (62 Ib)cos10° |i — [ (62 Ib)sin10° |

= —(61.058 Ib)i — (10.766 Ib) j

T

(5ft)i—(30ft)j+ (6 ft)k
J(5 807+ (=30 )7 + (6 1)’

= (621b)

=(101b)i—(601b)j+ (12 Ib)k
- R =—(51.058 Ib)i — (70.766 1b) j + (12 Ib)k
i Kk
M,=| 0 30 3| Ib-ft
~51.058 ~70.766 12

= (572.30 Ib-ft)i — (153.17 Ib-ft) j + (1531.74 Ib-ft)k
M,, = (572 Ib-ft)i — (153.2 Ib-ft) j + (1532 Ib-ft) k <
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Chapter 3, Solution 24.

K

B(2.5,2,0) »m

L]
-ee E(2,0,~4)m

= . \
o5, 0,2) w *
(@) Have My =r1p0 x Tpp
where r50 =(25m)i+(2m)j
BD
Ty = Tpp——
BD D B

[—(1 m)i—(2m)j+(2 m)k]
JE1m) + (2 m)? + (2 m)?

= —(300 N)i — (600 N)j+ (600 N)k

= (900 N)

Then
i j k
M, =125 2 0 | N-m
-300 —-600 600

M, = (1200 N-m)i — (1500 N-m)j - (900 N-m)k <

continued
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b) Have My =rgo x T
where r0 =(25m)i+(2m)j
BE
T, = Ty
88 = 1br pr

[-(0.5m)i-(2m)j- (4 m)k]

JO.5m) + (-2 m)’ + (-4 m)’

= —(75 N)i — (300 N)j — (600 N)k

=(675N)

Then
i j k
M, =125 2 0 |N'‘m
-75 =300 -600

M, = —(1200 N-m)i + (1500 N-m)j — (600 N-m)k <
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Chapter 3, Solution 25.

Have M. =r - x P
where

Yyc =Yg + Yyp

(16 in.)(—cos80°cos15° — sin80°j — cos80°sin15°k)

+(15.2 in.)(—sin20°cos15° + c0s 20°j — sin 20°sin15°k

= —(7.7053 in.)i — (1.47360 in.) j — (2.0646 in.)k
and P = (150 1b)(cosS°cos 70°1 + sin5°j — cos 5°sin 70°k)
=(51.108 Ib)i + (13.0734 1b) j — (140.418 Ib)k
Then
i j k
M = |-7.7053 —1.47360 —2.0646 | Ib-in.
51.108 13.0734 —140.418

(233.911b-in.)i — (1187.48 Ib-in.) j — (25.422 Ib-in.)k

or M¢ = (19.49 Ib-ft)i — (99.0 Ib-ft)j — (2.12 Ib-ft)k «
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Chapter 3, Solution 26.

Mc =ryc x Fpy
ryc =(0.96m)i—(0.12m)j+(0.72 m)k

Fpy = )"BAFBA

_| ~(0.1m)i + (1.8 m)j— (0.6 m)k (228N)

JO.17 + (1.8) + (0.6 m

= (120 N)i + (216 N)j - (72 N)k

i i Kk
M, =|096 -0.12 0.72|N-m
~120 216 -72

= —(146.88 N-m)i + (60.480 N-m) j + (205.92 N-m)k

or M = —(146.9 N-m)i + (60.5 N-m)j + (206 N-m)k «
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Chapter 3, Solution 27.

Have M| =T,,d
where d = Perpendicular distance from C to line 4D
with M =1y Typ
and rge =(3.1m)j+(1.2m)k
AD
Ty =Typ——
AD AD AD
24m)i-(3.1m)j-(1.2m)k
T, - (369 n) LA M) =G m)i - (12 m)k]
Jeam) +(-31m) + (-12 m)’
= (216 N)i — (279 N)j — (108 N)k
Then
i
Mc=[0 31 12[Nm
216 —279 -108
=(259.2 N-m)j — (669.6 N-m)k
2 2
and M| = \/(259.2 N-m)” +(—669.6 N-m)

=718.02 N-m
©.718.02 N-m = (369 N)d

or d =1.946 m 4
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Chapter 3, Solution 28.

Have  |[My|=T,.d

where d = Perpendicular distance from O to rope AC
and ryo = (30 ft)j+ (3 ft)k

T,c = -[(621b)cos10°]i - [(62 1b)sin10°]

= —(61.058 Ib)i — (10.766 Ib) j

Then
ik
My,=| 0 30 3|Ib-ft
~61.058 ~10.766 0
= (32.298 Ib-ft)i — (183.174 Ib-ft) j + (1831.74 Ib-ft)k
and M| = (32,298 b-£t)? + (~183.174 Ib-ft)? + (183174 Ib-ft)’

= 1841.16 Ib-ft
. 1841.16 Ib-ft = (62 Ib)d
or d =29.7 ft 4
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Chapter 3, Solution 29.

Y Have |M0| =T,pd

25t

where d = Perpendicular distance from O to rope AB
with M, =1y, xT;
and 1y, = (30 ft)j+ (3 ft)k

AB

T = TABE

[(5 ft)i— (30 ft)j+ (6 ft)k |

S J5 ) + (=30 f1)” + (6 1)’

=(101b)i— (60 1b)j + (12 Ib)k

Then
i j k
M, =[0 30 3|Ibft
10 60 12
= (540 Ib-ft)i + (30 Ib-ft) j — (300 Ib-ft) k
and M| = /(540 b-ft)” + (30 o-ft)* + (~300 Ib- )’

= 618.47 Ib-ft
5. 61847 Ib-ft = (62 1b)d
ord =998 ft 4
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Chapter 3, Solution 30.

Have M, =Ty,d

Ty . with  M¢ = rge x Ty

and  rge =(2m)j

Ea.fc.

cf{z.5,0,0)w EB
- Typ = Typ——
x BD BDBD

D (LS8, L) m

[~(1m)i-(2m)j+(2m)k]

= (0 N)\/(—l m) +(-2m)’ + (2 m)’

=—(300 N)i - (600 N)j + (600 N)k

Then
i ik
Mc=[0 2 0|Nm
-300 —600 600
= (1200 N-m)i + (600 N-m)k
and M| = /(1200 Nom)? + (600 N-m)?

=1341.64 N-m

. 1341.64 = (900 N)d

where d = Perpendicular distance from C to cable BD

ord =1491m «

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 3, Solution 31.

Y - g _
A/,/;‘{C Have M, = Pd
E/y’ From the solution of problem 3.25
M, = (233.91Ib-in.)i — (1187.48 Ib-in.)j — (25.422 Ib-in.)k
Then
/\ M = |(233.91)" + (~1187.48)" + (-25.422)"
2 8 = 1210.57 Ib-in.
d g - Mc _ 121057 bin.

P 150 Ib

or d =8.07 in. 4
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Chapter 3, Solution 32.

IMp|= Fgud
d = perpendicular distance from D to line AB.

M), =r,p xFg,

P ryp =—(0.12m)j + (0.72m)k
»
0.lm)i+(1.8m)j—(0.6m
FBA:)»BAFBA:(( )2 ( ) (2 ))(228N)
V001 + (18 + (0.6 m
=—(120N)i+ (216 N)j— (72N)k
i i k
My=| 0 -0.12 0.72{N-m
-120 216 -72

= —(146.88 N-m)i — (8.64 N-m)j — (1.44 N-m)k

and M| = |/(146.88)" + (8.64)" + (1.44)" = 147.141 N-m
. 147.141N-m = (228 N)d

d =0.64536 m

or d =0.645m <«
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Chapter 3, Solution 33.

) Have IM¢|= Fyd
m;/*l\\ where d = perpendicular distance from C to line AB.
MC =Tyc X FBA
rye =(0.96m)i—(0.12m)j+(0.72m)k
(—(0.1m)i + (1.8m)j - (0.6)k)
JO.1) + (1.8) + (0.6 m

— —(120N)i + (216 N)j - (72 N)k

Fyy = ApFpy = (228 N)

i i Kk
M, =|0.96 —0.12 0.72/N-m
120 216 -72

= —(146.88 N-m)i — (60.48 N-m)j + (205.92 N-m)k

and  [Mc|=/(146.88)" + (60.48)" +(205.92)" = 260.07 N-m

2. 260.07 N-m = (228 N)d
d =1.14064 m
ord =1.141m <«
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Chapter 3, Solution 34.

where d =Perpendicular distance from C to pipe AB
withA .y = AB _ Zl + 412— 32k :
V) + (4 +(32)

= %(71 +4j - 32k)

and rp, = —(14 ft)i + (5 ft)j+ [ (L - 22)ft |k

i j k
Then XAerC/A:L 7 4 =32 |ft
-14 5 L-22

= %{[4@ -22)+ 32(5)]i + [32(14) -7(L - 22)]j + [7(5) + 4(14)]1(}&

= %[(4L +72)i + (=7L + 602) j + 91k |ft

and  d= %\/(4L +72)" + (7L + 602) + (91)°

dd*> 1
For (D>~ = §[2(4)(4L +72) +2(=7)(-7L + 602)] = 0
or 65L — 3926 = 0
or L = 60.400 ft
But L> Lgreenhouse SO
(b) with L =30, d = 3—13\/(4 x 30 + 72)° + (=7 x 30 + 602) + (91)’

L =300 ft 4

or d =13.51ft 4

Note:  with L =604 ft,

d = %\/(4 x 60.4 + 72)" + (=7 x 60.4 + 602)° + (91)* = 11.29 ft
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Chapter 3, Solution 35.

P-Q = (—4i+8j-3k)- (% —j-7k)

= (=4)(9) + B)(=1) + (-3)(=7)

=-23

P-S = (—4i + 8j — 3k) - (5i — 6j + 2Kk)

= (=4)(5) + (8)(-6) +(-3)(2)

=74

Q-S = (9i - j - 7k) - (5i - 6j + 2Kk)

=(9)35) + (=1)(=6) + (=7)(2)

=37

or P-Q =-234
or P.S =-74 4
or Q-S=374
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Chapter 3, Solution 36.

43

By definition
B-C = BCcos(a - ,6’)

where B = B[ (cos B)i + (sin 8)j]
C = C[(cosa)i + (sina)j]
o (Bcos B)(Ccosa) + (Bsin B)(Csina) = BCcos(a — B)
or cos fcosa + sin fsina = cos(a - f) (1)

By definition
B'-C = BCcos(a + ﬂ)

where B = [(cosﬁ)i - (sinﬂ)j]
(Bcos,B)(Ccosa) + (—Bsinﬂ)(Csina) = BCcos(a + ,B)
or cos fcosa — sin fsina = cos(a + ,B) )

Adding Equations (1) and (2),

2cos fcosa = cos(a - ,B) + cos(a + ,B)

or cosacosf = %cos(a + ﬂ) + %cos(a - ,B) <
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Chapter 3, Solution 37.

First note:

rg, =(0.56 m)i+ (0.9 m)j
re, = (0.9 m)j—(0.48 m)k

rp, = —(0.52m)i+ (0.9 m)j+ (0.36 m)k

o] = J(0.56 m)* + (0.9 m)* = 1.06m

Iru| = J(0.9m)’ + (<048 m)* = 1.02m

| = J(=0.52m) + (0.9 m)’ + (036 m)> =1.10m

By definition Yp i Yo = ‘rB/AHrD/A‘cose
or (0.56i + 0.9j) - (—0.52i + 0.9j + 0.36k ) = (1.06)(1.10)cos &
(0.56)(—0.52) +(0.9)(0.9) +(0)(0.36) = 1.166cos

cos@ = 0.44494
0 =63.6°d
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Chapter 3, Solution 38.

From the solution to problem 3.37
Ireu| =1.02m with rg, = (0.9 m)i - (0.48 m)j
Irp| = 1.10m with r,, = =(0.52 m)i + (0.9 m)j+ (036 m)k
Now by definition
o Tora = [fcia][Fpu|cos®
or (0.9j — 0.48k) - (—0.52i + 0.9j + 0.36k ) = (1.02)(1.10)cos®

0(-0.52) +(0.9)(0.9) + (—0.48)(0.36) = 1.122cos @
cosd = 0.56791

or 8 =55.4° 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 3, Solution 39.

(a) By definition

Agc + Agr = ) (1)cosd

= i(ni - 9j - 24k)

N —(14 ft)i - (12 ft)j + (12 ft)k
" J(-14) 4 (<12)7 + (12)

= 1—11(—71 — 6j + 6k)

Therefore (321 _ ijl_ 24k) . (_71 _161] hl 6k) = cosf@

(32)(=7) + (-9)(-6) + (—24)(6) = (41)(11)cos 6

cosd = —0.69623

or
(b) By definition (Te) g = (Tir )cos@

= (110 1b)(—0.69623)

= -76.5851b

0 =134.1° 4

or (Tgr )5 = —76.6 1b <
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Chapter 3, Solution 40.

(a) By definition

Agc - Agg = ()(D)cosd

" (32 ft)i— (9 ft)j— (24 ft)k
2 + (9 + (247 1

= i(32i - 9j - 24k)

(16 ft)i — (12 ft)j + (9.75)k

hoo ~ JA6) + (=12) + (9.75)

1 C o
= m(m —12j +9.75k)

Therefore (32i - 95— 24k) (161 —12j +9.75k) _ cosd
41 22.25

(32)(16) + (-9)(—12) + (-24)(9.75) = (41)(22.25)cos O
cos@ = 0.42313

or 0 = 65.0° 4
(b) By definition (Te6) g = (TG )cos
= (178 1b)(0.42313)
=753171b

or (TG )y = 753 1b 4
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Chapter 3, Solution 41.

12 First locate point B:
d 35
C 2 14
22m
| or d=55m
14wm
°o_¥ (a) dys = (5.5 +05) +(-22) +(-3)' =23 m
Locate point D:

[(—3.5 — 7.5sin 45°coslS°), (14 + 7.5005450),
(0 + 7.5sin45°sin15°) |m

or (—8.6226 m, 19.3033 m, 1.37260 m)

Then

dgp = |(-8.6226 +5.5)" + (19.3033 - 22)" + (1.37260 - 0)* m

=4.3482m
ond cosB,, = dpy-dgy _ (61— 22j - 3K)(-3.1226i — 2.6967j + 1.37260k)
dg,dgp (23)(4.3482)
= 0.36471
or 0,5, = 68.6°4
(b) (TBA )BD = Ty c080,5p
= (230 N)(0.36471)

or (Tgy),, = 839N «
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Chapter 3, Solution 42.

First locate point B:

i d 35
22 14
al
or d=55m
Z2m f
(a) Locate point D:
14m
0_{ [(-3.5 - 7.55in45°c0s10°), (14 + 7.5cos45°),

> ’._ 3.5m (0 + 7.55in45°sin10°) |m

or (—8.7227 m, 19.3033 m, 0.92091 m)

/ Then
LN dpe = (5.2227 m)i — (53033 m)j — (0.92091 m)k

and

2 2 2
C(-3.5m, 14m, 0) dpg = \/(—5.5 +8.7227)" + (22 - 19.3033)" + (0 — 0.92091)" m

= 43019 m
z x’
and  cosyp, = 908 dpc _ (3.2227i + 2.6967j — 0.92091k) - (5.2227i — 5.3033j — 0.92091k
dpg dpc (4.3019)(7.5)
= 0.104694
or Oppc = 84.0° <
(b) (Tsp) e = Top 0883pc = (250 N)(0.104694)

or (TBD)DC = 262 N 4
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Chapter 3, Solution 43.

Volume of parallelopiped is found using the mixed triple product

(a) Vol =P-(Q x S)
3 -4 1
=-7 6 -8lin?
9 -2 -3

= (~54 + 288 + 14 — 48 + 84 — 54)in.

=230in?
(b) Vol =P-(Q xS)
-5 -7 4
=6 -2 5|in?
-4 8 -9

=32in2

(~90 + 140 + 192 + 200 — 378 — 32) in

or Volume = 230 in.* «

or Volume = 32 in.> 4
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Chapter 3, Solution 44.

For the vectors to all be in the same plane, the mixed triple product is zero.

So that

P-(QxS)=0
-3 -7 5
0=-2 1 -4
8 S, -6

0=18 +224 —10S, — 125, + 84 — 40
225, =286

S, =13

or S, =13.00 |
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Chapter 3, Solution 45.

Have 1. =(225m)k

CE
Tep = TCEE
[(0.90 m)i + (1.50 m)j - (225 m)k |

J(0.90)" + (1.50)* + (225’ m

Tep = (1349 N)

= (426 N)i + (710 N)j - (1065 N)k

Now M, =1 x Ty
i k
=10 0 225|Nm
426 710 -1065

=—(1597.5 N-m)i + (958.5 N-m)j

M, =-1598 N-m, M, =959 N-m, M _ = 0«
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Chapter 3, Solution 46.

! OO m
E
[
L/ !
I !
|

Have r; =(0.90 m)i + (1.50 m)
DE
Tpp = Tpp—
DE DE DE

[~(230 m)i +(1.50 m)j - (225 m)k]
J(=2.30) + (1.50)* + (-2.25)* m

(1349 N)

—(874 N)i + (570 N)j — (855 N)k

Now M, =15 xTpg
i j k
=090 150 0 |N'm
-874 570 -855

= —(1282.5 N-m)i +(769.5 N-m)j + (1824 N-m)k

M, =-1283N-m, M, = 770 N-m, M_ = 1824 N-m <
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Chapter 3, Solution 47.

Have |MZ

= k~[(r3)y x TBAJ - k[(rc)y x TCD}
where M, = —(48 lb-ft)k
(r5), = (rc), = (3 )i

T _7 B4 _ (14 lb)[(4.5 ft)i— (3 ft)j+ (9 ft)k |
BA B4 py \/(4.5)2 N (_3)2 N (9)2 i

=(61b)i—(41b)j+(121b)k

D . [(6f)i—(3ft)j—(6ft)k]

D 6 + (=37 + (-6)

Tep = Tep
= TCTD(zi - Jj—2Kk)
Then (48 1b-ft) = k-{(3 ft)j <[ (6 Ib)i - (4 1b)j + (12 Ib)K ]}

+k.{(3 ft) j [TCTD(H -i- 2k)}}

or —48 = —18 - 2T,

T, =15.00 1b 4
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Chapter 3, Solution 48.

36t q
s Tan
N 456 7 N
’ x
A a+

Have M| = 5[ (rg). x T | x §:[ (rc), x Tep |
where M, =156 1b-ft
(), = (2400 (rc), = (6 )k
B [(45ft)i—(3f)j+ (9 f)k]

Ty, = TBAE = Tpy

J@5) + (=3 + (o) f

_ Tha (g i
_10_5(4.51 3j+9k)

o _7 CD_ (73 1]3)[(6 fi)i— (3 ft)j+ (9 ft)k |
Coe TR

=(51b)i—(2.51b)j—(51b)k

Then (156 Ib-ft) = j-{(24 ft)k x %}_(4.5i -3j+ 9k)}
+J-{(6 ft)k x [ (5 Ib)i — (2.5 1b)j - (5 1b)k |}

108
or 156 = —T,, + 30
10.5 24
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Chapter 3, Solution 49.

Basedon M, = (Pcos¢)[(0.225 m)sin@] —(Psin ¢)[(0.225 m)cosﬁ]
M, = —(Pcos¢)(0.125 m)
M, = —(Psing)(0.125 m)

Equation(3)' M, —(Psin¢)(0.125)
¥ Equation(2) M, ~ —(Pcosg)(0.125)

-4
or —— = tang .. = 9.8658°
3 ¢ ¢

From Equation (2)
—23 N-m = —(Pc0s9.8658°)(0.125 m)

P =186.762 N

From Equation (1)
26 N-m = (186.726 N)c0s9.8658° |[ (0.225 m)sin 6 |
~[(186.726 N)sin9.8658° ][ (0.225 m)cos |

or 0.98521sin@ — 0.171341cosé = 0.61885

Solving numerically,

(1)
)
€)

or ¢ =987«

or P=186.8 N «

6 =48.1° 4
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Chapter 3, Solution 50.

Basedon M, = (Pcos¢)[(0.225 m)sin&] - (Psin¢)[(0.225 m)cosH}
M, = —(Pcos¢)(0.125 m)
M, = —(Psing)(0.125 m

Equation (3 )
Y
Equation ( 2)

)
—(Psing)(0.125)
(Pcos¢)(0.125)

or _305 =tang; ¢ = 9.9262°
From Equation (3):
—3.5N-m = —(Psin9.9262°)(0.125 m)
P =162432 N
From Equation (1):

M, =(162.432 N)(0.225 m)(c0s9.9262°sin 60° — sin9.9262°cos 60°)

= 28.027 N-m

(1)
)

or M, =28.0N-m 4
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Chapter 3, Solution 51.

For the i components: —763 1b-ft =

First note:
TBA = TBAE
BA
_(701) (4)i+[1.5 = (Lge +1)]j+ (-6)k
J47 +[15 = (Lye + )] +(-6)
_ (70 lb)4i +(0.5— Lge)j— 6k

J52+ (0.5 - Lye )
r, = (4ft)i+(1.5f)j- (12 fi)k
Have M, =1, x Ty,
i J
4ft 151t
4 (0.5-Lge)

_ 70 Ib
J524 (0.5 - Lye )

70

\/52 05 L) [1.5(=6) +12(0.5 = Lyc) [1b-ft

or

or

or

Then

10.9\/52 +(05 - Lye )’ =3+12L,
(10.9)° [52 +(05- LBC)zJ =9+ 2L, + 14412,

25.191% +190.81L,. — 6198.8225 = 0

~190.81 +,)(190.81)" — 4(25.19)(~6198.8225)

BC —

Taking the positive root

2(25.19)

k
-12 ft
-6
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Chapter 3, Solution 52.

First note:
Ty, = TBAE
BA
_ (701 (4)i+[15— (Lye +1)]j +(-6)k
\/(4)2 +[15— (Lye +1)] +(-6)
_ (70 1b)41 +(0.5 - Lge)j— 6k

U524 (0.5 - Ly )

r, = (4ft)i+(1.5f)j- (12 fi)k
Have M, =1, x Ty,

i j k
Afc 15ft —12ft
4 (0.5-Lgc) -6

_ Ty
J524 (0.5 - Lye )

TBA

For the i components: —900 Ib-ft =

TBA

U524 (0.5 - Lye )

[1.5(=6) +12(0.5 - Lgc) |Ib-fi

or 300 = (1+4Lge) (1)
U524 (0.5 - Ly )
For the k components: —315 1b-ft = T [4(0.5 - LBC) - 1.5(4)Jlb-ft
U524 (0.5 - Lye )
or 315 = allY (1+ Lgc) )
U524 (05— Ly )
Then, Q = 300 1+ 4Lye
(2) 315 4(1+ Lye)
59
or Lgc = Tft

Ly = 14.75 ft 4
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Chapter 3, Solution 53.

Have M, p = }'AD'(I’B/A X TBH)
where oo L)Ll CL) LSRR
J(0.8m) + (~0.6 m)’
g, = (0.4 m)i
T _7 BH _ (1125 N)[(o.3 m)i+ (0.6 m)j— (0.6 m)k]
BH = 1BH gt \/(0.3)2 N (0.6)2 N (—0.6)2 -
Then
08 0 -06
My, =104 0 0 |=-180 N-m
375 750 -750

or M ,;, =—180.0 N-m <
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Chapter 3, Solution 54.

Have Myp = ;“AD'(rB/A X TBG)
where Ayp =(0.8m)i—(0.6m)k
rg, = (0.4 m)i
BG 0.4 (0.74)j - (0.32
Ty :TBGE=(1125 [-(04m) )i- (032 m)k]
BG J( ) (o 74 m) +(~032 m)’
—(500 N)i + (925 N)j — (400 N)k
Then
08 0 -0.6
My, =|04 0 0
-500 925 —400

or M,,=-222N-m <
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Chapter 3, Solution 55.

Y Have

M,p = )"AD'(rE/A x FEF)

4D
where Ayp = )
(7.2 m)i + (0.9 m)j
Ayp =

J72m) + (0.9 m)’

= 0.99228i + 0.124035
ry, = (21m)i— (0.9 m)j

[(03m)i+(12m)j+ (24 m)k]
JO03m) 4 (12m) + (24 m)’

= (2.7 kN)i + (10.8 kN) j + (21.6 kN)k
Then

0.99228 0.124035 0
M= 21 0.9 0 |kN-m
27 108 216

= —19.2899 - 5.6262

=—-24916 kN-m

or M, =—-249kN-m «
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Chapter 3, Solution 56.

Have M,p = ;"AD'(rG/A x EEF)

(72 m)i+ (0.9 m)j
J72m) + (0.9 m)?

Where hyp =

= 0.99228i + 0.124035

rg, = (6m)i— (1.8 m)j

=7 [(-12m)i + (24 m)j + (2.4 m)k]

Fou = Fou—— = (21.3kN)
GH JE12m) (24 m) + (24 m)?

= —(7.1kN)i + (142 kN)j+ (142 kN)k

Then

0.99228 0.124035 0
M,=| 6 -18 0 [kN-m
-7.1 142 142

=-25.363 -10.5678
=-35931kN-m

or

M, =359 kN-m 4
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Chapter 3, Solution 57.

HaVe MOA = A.OA-(I‘C/O XP)
(oA)x where
3 | c " From triangle OBC

NSV N a
\\j _(OME (04), = 5

a a

0A4) =(04) tan30° = — =—

(04), = (0, nsor = 4 - =

Since (OA)2 = (OA)i + (OA)i + (OAz)2

o ¢ =(2] +(0n) + (Zﬁj

Then r —£i+a\/zj+i
4079 37 23
1 2 1
and Aoy =—i+,/=j+—=k
04 =5 3.] 2\/5

P = A’BCP

(asin30°)i — (acos30°)k

a

L)

(P)

I‘C/O = al

>—¢>—4[\)|>—d
< w
| (S}
S5 ° ™
—
Q
N—
N\
~
N

[ 2 2
(OA) R e S S
y 4 12

2

3
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Chapter 3, Solution 58.

X

(OA);

(a) For edge OA to be perpendicular to edge BC,
OA4-BC =0
where
From triangle OBC

_a

(04)

(04), = (04)_tan30° = E(Lj _

a
23

2\ /3
a
“i+(
%= [3)i+
and BC = (asin30°)i — (acos30°)k
_ay_ a3y
2 2
-
a
Then {—1+(OA) ]+(2\/§jk} (i - V3K
a’ a’
— 04) (0)——=0
o "4 (0, (0)- &
OA-BC =0
so that

() Have M, = Pd, with P acting along BC and d the

perpendicular distance from 04 to BC.
From the results of Problem 3.57,
Pa

2

= Pd

Mo, =

Pa
2

or

i+

s

a]k

04 is perpendicular to BC. <
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Chapter 3, Solution 59.

Mp, = )"Dl'(rF/I x TEF)
E

/ where hpy = DI _ (4.8 ft)l - (1.2 ft)J

DI (48 &) +(-1.2 )

= 0.97014i — 0.24254

re; = (162 ft)k

EF

(3.6 ft)i - (10.8 ft)j + (16.2 ft
Ty = Ty = (29.7 1b) )i+ (162 )k

\/ 3.6 ft)’ +(-108 ft)” + (16.2 ft)’

=(5.41b)i—(16.21b)j+(24.31b)k

Then

0.97014 —0.24254 0
My =| 0 0  162[Ib-ft
54 -162 243

=-21.217 + 254.60

=233.39 Ib-ft

or My, =2331b-ft 4
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Chapter 3, Solution 60.

e \ e Mor = lD"(rG/l x TEG)
\-E\G where hpy = % _ (48 ft)21 —(12ft)j :
b ~ ~_ ~ \/(4.8 ft) + (—1.2 ft)
~ 7N
< > = 0.97014i — 0.24254]

A a ¢
z \I Lo rg; = —(35.11ft)k

[(3.6 ft)i - (10.8 ft)j - (35.1 ft)k |
JB6 1) + (108 ft)" + (~35.1 fr)’

EG
Ty = TEGE—G =(24.6 Ib)

= (2.4 lb)i - (7.2 lb)j - (23.4 lb)k
Then

097014 —0.24254 0
My =| o0 0 —351Ib-ft
2.4 —72  -234

= 20.432 — 245.17
=-224.74 1b-ft

or My, =-2251b-ft 4
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Chapter 3, Solution 61.

First note that F, = FA,
Let M, = moment of F, about the line of action of M,
and M, = moment of F, about the line of action of M,
Now, by definition

M, = 7‘1‘(1'3//1 X Fz) = 7“1'(1'3//1 X lz)Fz

M, = 7\'2‘(1}1/3 X Fl) = A‘Z'(rA/B X )“I)Fi
Since F=F=F and Ty = Tyy

M, = ;“1'(1'B/A X 7‘2)F

M, = XZ'(_rB/A X )"l)F
Using Equation (3.39)

A '(rB/A X 7‘2) = 7‘2'(—1'3/14 X 7“1)

so that M, = X1~(rB/A X Xz)F

M,, = Mﬂ4
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Chapter 3, Solution 62.

From the solution of Problem 3.53:

A, = 0.8i — 0.6k

Ty = (375 N)i+ (750 N)j— (750 N)k; Tpy =1125N

M, =-180 N-m

Only the perpendicular component of Ty, contributes to the moment of Ty, about line AD. The

parallel component of Ty, will be used to find the perpendicular component.
Have  (Tgy ), 1 = Map - Tan

=[0.8i — 0.6k] - [ (375 N)i + (750 N)j — (750 N)k |

= (300 + 450)N

=750 N

Since TBH = (TBH )Perpendicular + (TBH )Parallel

2 2
Then (T BH )Pel'pendicular - \/(TBH ) - (TBH ) Parallel

= J(1125 N)? - (750 N)?
83853 N
and |MAD| = (Tay )Perpendicular d
180 N-m = (838.53 N)d
d = 021466 m

or

d =215 mm 4
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Chapter 3, Solution 63.

From the solution of Problem 3.54:
Ayp = 0.8i — 0.6k
Tge = —(500 N)i + (925 N)j — (400 N)k
Ty =1125N

M, =-222N-m

Only the perpendicular component of Ty, contributes to the moment of Ty, about line AD. The

parallel component of Ty will be used to find the perpendicular component.
Have (TBG)Parallcl =A,pThe
= [0.8i — 0.6k] - [~(500 N)i + (925 N) j - (400 N)k |
= (~400 + 240)N
=-160 N

Since TBG = (TBG )Pcrpcndicular + (TBG )Parallcl

2 2
Then (T BG )Perpemﬁcular = \/ (T BG) - (T BG) Parallel

~ J(1125 N)* - (~160 N’
~1113.56 N
and |M AD| = (Tpo )Perpendicular d
222 N-m = (1113.56 N)d
d =0.199361 m

or d=199.4 mm <«

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 3, Solution 64.

From the solution of Problem 3.59:

Ap; = 0.97014i — 0.24254 j

Tyr = (54 1b)i — (162 1b)j + (24.3 Ib)k
Ty =297 1b

M, =233.39 Ib-ft

Only the perpendicular component of Ty contributes to the moment of Ty about line DI. The

parallel component of Ty will be used to find the perpendicular component.
Have (TEF )Parallcl = }\'DI 'TEF
=[0.97014i — 0.24254j] - [ (5.4 Ib)i — (16.2 1b) j + (24.3 1b)k |

= (5.2388 + 3.9291)
=9.1679 Ib

Since  Tgp = (TEF )Perpendicular + (TEF )Parallel

2 2
Then  (Tye )],erpmicular = \/ (Ter)” = (Ter) Parallel

= J(29.7)* - (9.1679)?
— 28250 Ib
and Mooy | = (Tt )perpendicutar
233.39 Ib-ft = (28.250 Ib)d
d =82616 i

or d=28.261ft<d
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Chapter 3, Solution 65.

From the solution of Problem 3.60:

Ay = 0.97014i — 0.24254

Ty = (24 1b)i - (7.21b)j - (23.4 1b)k
Ty =246 1b

M, =— 22474 1b-fi

Only the perpendicular component of Ty, contributes to the moment of Ty about line D/. The

parallel component of Ty will be used to find the perpendicular component.

Have  (Tyg)p,ina = Mor-Tre
=[0.97014i - 0.24254 ] - [ (2.4 Ib)i — (7.2 Ib) j - (23.4 Ib)k |
= (2.3283 + 1.74629)

=4.0746 1b

Since TEG = (TEG )Pelpendicular + (TEG )Parallel

2 2
Then (TEG )Perpendicular - \/( Ty ) - (TEG ) Parallel

~ J(24.6)" - (4.0746)’
= 24.260 Ib
and M py| = (Tgo )perpendicutar @
224.74 Ib-ft = (24.260 Ib)d

d =9.2638 ft

or d=926ft<d
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Chapter 3, Solution 66.

From the solution of Prob. 3.55:

Aup = 0.99228i + 0.124035 j
Fyr = (2.7 kN)i + (10.8 kN) j + (21.6 kN )k
Fgp =243 kN

M, =—24916 kN-m

Only the perpendicular component of Fg; contributes to the moment of F, about edge AD. The

parallel component of F, will be used to find the perpendicular component.

Have (FEF)Parallel =A,p Fpr

=[0.99228i + 0.124035] - [ (2.7 kN)i + (10.8 kN) j + (21.6 kN)k |

=4.0187 kN

Since  Fpp = (FEF )Perpendicular + (FEF )Parallel

2 2
Then (FEF )Perpendicular = \/(FEF ) - (FEF ) Parallel

= J(24.3)" - (4.0187)’
— 23.965 kN
and M 4| = (Fir )perpencicutar @
24.916 kN-m = (23.965 kN)d

d=1.039683m or

d =1.040 m <
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Chapter 3, Solution 67.

From the solution of Prob. 3.56:

Aup = 0.99228i + 0.124035 j
Fgy = —(7.1kN)i + (142 kN)j + (14.2 kN)k
Fgy =21.3kN

M ., =—35931kN-m

Only the perpendicular component of F,; contributes to the moment of F,; about edge AD. The

parallel component of F.;; will be used to find the perpendicular component.

Have (FGH )Parallel = )\'AD .FGH

= (0.99228i + 0.124035j) - [ ~(7.1 kN)i + (142 kKN) j + (14.2 KN )k |

=-5.2839 kN

Since FGH = (FGH )Perpendicular + (FGH )Parallel

2 2
Then  (Fyy )Perpendﬁcular = \/ (Fou)™ = (Fou) Parallel

~ J(21.3)" - (5.2839)"
= 20.634 kN
and |M 4p| = (FGH)Perpen dioutar @
35.931 kKN-m = (20.634 kN)d

d =1.741349m or

d=1741m <
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Chapter 3, Solution 68.

M, :lei

d,=0.6mand F{ =40 N

.. M, = (0.6 m)(40 N)

(a) Have
Where

(b) Have

(c) Have

MTotal = Ml + M2

8 N-m = 24.0 N-m — (0.820 m)(cosa)(24 N)

s.cosa = 0.81301

M +M, =0

24 N-m—-d,(24N)=0

or M;=240N-m )«

or o =35.6°4

or d, =1.000 m <
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Chapter 3, Solution 69.

(a) M = Fd
12N-m = F(0.45 m)

) M =Fd
12 N-m = F(0.24 m)

(¢) M =Fd

Where d = \/(0.45 m)2 + (0.24m)2

=051m

12N-m = F(0.51 m)

or F=267N <
or F=50.0N «
or F=235N<
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Chapter 3, Solution 70.

(@) Note when a = 8in., r- is perpendicular to the inclined 10 Ib forces.
Have M =ZF, (+‘;)

= —(101b)[a +81in. +2(1in)] - (10 1b)[ 2ay2 + 2(1 in.) |

For a=28in.,
M =—(101b)(18 in. + 24.627 in.)
= —426.27 Ib-in.
or M =426 lb-in. ) «
< N
(b) | ) CL* —— =1 Have M =480 Ib-in. ,
c | ™y
| 1. Also M =3(M +F) ()
. I A F. M ] — .
101, G — @ Tt Moment of couple due to horizontal forces at 4 and D +
Moment of force-couple systems at C and F about C.

Then 480 Ib-in. = ~10Ib[@ + 8 in. + 2(1in.) |+ [ M + My + Fy (a +8in.) + F,(2a)]

Where M =—(101b)(1in.) = —10 Ib-in.
My =Mc =-101Ib-in.

-10
F =—1b
t 2
10t ¢ -10
A F,=—=1Ib
@l °
&/ r:\\;/'/ —4801b-in.=—101b(a+10in.)—101b-in.—101b-in.
10 1b . 101b
AE ™ ——(a+8in.)———(2a
ré]::...{(\ﬁ. F \/5( ) \/5( )
oK Y 303.43=31213 a

or a =9.72in. 4
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Chapter 3, Solution 71.

(@) Have M =3F,(+))
= (9 1b)(13.8 in.) — (2.5 Ib)(15.2 in.)

= (86.2 1b~in.)
M = 86.2 Ib-in. ) €
(b) P— B R I HaVe M = Td = 862 lbll’l
-:'\ if/- I 2. ; For T to be a minimum, d must be maximum.
s/ VAN T | . .
b Il } R . T, must be perpendicular to line AC.
/ ’ \\\ A ! f e .
.:—._. " il \\\\\._. \‘F::;I/ffi__i',_ ; tang = 15.2 %n.
1 11.4 in.
e 5ip my] T2 6 =53.130°

or §=531° 4 4
(c) Have M=T_.d_. Where M =86.21b-in.

min* max

Ao = \(152in) + (114 in.)" +2(1.2 in.)
=214in.

©.86.2 Ib-in. = Ty, (21.4 in.)
T, = 4.0280 b

or .. =4.031b <4
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Chapter 3, Solution 72.

Y Basedon M =M, + M,
| M, = (18 N-m)k

M, = (7.5 N-m)i

v = § B
D I\ M < M=(75N-m)i + (18 N-m)k
= - /
Wi M. and M = \/(7.5 N-m)” + (18 N-m)’
=19.5 N-m
wih a-M_ (7.5 N-m)i + (18 N-m)k
M 19.5N-m
= ii + 2k
13713
Then cosf, = % -8, =67.380°
cosd, =0 s 0, =90°
cosh, =12 0. =22.620°
13

or M =19.50 N-m «

or 8, =67.4°, 6, =90.0°, 6. =22.6°<4
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Chapter 3, Solution 73.

g Where M, = rgp x Pe
rop = (38.4in.)i - (16 in.)j

P =—(251b)k

N i ok
P . .M, =384 -16 0 |Ib-in.
0 0 -25

= (400 Ib-in.)i + (960 Ib-in.)
and M, =1y, x Py
rp, = (8in.)j—(22in.)k
ED —(19.2 in.)i + (22 in.)k
PZE:PZE@=(36.5 lb)[ (192in)i + (22 in) ]
ED J(=192in) + (22in.)?

= —(241b)i +(27.51b)k

i j k
ZM,=|0 8 —22|lb-in.
24 0 275

M, = (220 Ib-in.)i + (528 Ib-in.)j + (192 Ib-in.)k

and  M=M, +M,
= [(400 Ib-in.)i + (960 Ib-in.) j] + [ (220 Ib-in.)i + (528 Ib-in.) + (192 Ib-in.)k |
= (620 Ib-in.)i + (1488 Ib-in.)j + (192 Ib-in.)k

continued
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M = [\/(620)2 +(1488)° + (192)2}1b-in.

=1623.39 Ib-in.
or M =1.623 kip-in. 4

LM _ (620 Ib-in.)i + (1488 Ib-in.)j + (192 Ib-in.)k
M 1623.39 Ib-in.

=0.38192i + 0.91660j + 0.118271k

cosf, = 0.38192 or 0, =67.5° 4
cos®, = 0.91660 or 9, =23.6° 4
cosd, = 0.118271 or 6, =83.2° 4
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Chapter 3, Solution 74.

Have M=M, +M,

Where M, =1y, x Fp

—(0.7 m)k x (80 N)
=(56.0 N-m)i

And M, =r;p xFp

Now  dyy =+/(-0.300 m)? +(0.540 m)” + (0350 m)’

=0.710m
Then  Fy = AppFp

_ (0300 m)i +(0.540 m)j +(0.350 m)k (71N)
0.710 m

—(30N)i+ (54 N)j+ (35 N)k
=(0.54m)jx[- (30 N)i+ (54 N)j+(35N)k]
=(

18.90 N-m)i + (16.20 N-m)k

Finally M =(56.0 N-m)i +[(18.90 N-m)i + (16.20 N-m)k |

(
=(74.9 N-m)i +(16.20 N-m)k

and M = /(749 N-m)? + (1620 N-m)?
=76.632 N-m or M =766 N-m 4
cosd, = 749 cosd, = 0 cosd, = 1620
76.632 7 76.632 76.632

or 6, =12.20° 0, =90.0° 0, =77.8° 4
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Chapter 3, Solution 75.

Have M=(M, +M,)+M,
From the solution to Problem 3.74
(M, + M,) = (749 N-m)i + (16.20 N-m)k
Now M, =rp,;xPg
=[(0.54 m)j+(0.70 m)k | x (90 N)i
=(63.0 N-m)j — (48.6 N-m)k
M = (74.9i + 16.20k) + (63.0 j — 48.6 k)

= (749 N-m)i + (63.0 N-m)j — (32.4 N-m)k

and M =J(74.9 N-m)” + (63.0 N-m)” + (~32.4 N-m)’

=103.096 N-m
and cosf, = 74.9 cosf, = 63.0 cosf, = 324
103.096 Y 103.096 103.096

or M =103.1N-m 4

or 6, = 43.4° 0, =52.3° 6, =108.3° <
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Chapter 3, Solution 76.

Have M=M,+M, + M,
From Problem 3.73 solution:

M, = (400 Ib-in.)i + (960 Ib-in.) j

M, = (220 Ib-in.)i + (528 Ib-in.)j + (192 Ib-in.)k
Now M, =1y, x P

rg, = (1921in)i+ (8 in.)j — (44 in.)k

P, = (52.51b)j

Therefore
i j k
M, =192 8 -44
0 525 0
= (2310 Ib. in.)i + (1008 Ib. in.)k

= [(400 + 220+ 2310)i + (960 + 528)j + (192 +1008)k | 1b-in.
= (2930 Ib-in.)i + (1488 Ib-in.) j + (1200 Ib-in.)k

IM] = (2930) + (1488)” + (1200)?
= 3498.4 Ib-in.

or M = 3.50 kip-in. «

continued
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‘M 2930 + 1488j + 1200k
M| 3498.4

= 0.83753i + 0.42534j + 0.34301k

cosd, = 0.83753

or 0, =33.1° <
cos6, = 0.42534
or 6, = 64.8° 4
cosd, = 0.34301
or 0, = 69.9° <4
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Chapter 3, Solution 77.

Have M| =M, + M, + M,
Where M, = —(1.2 Ib-ft)cos 25%j — (1.2 Ib-ft)sin 25°k
M, = —(1.31b-ft)j
M; = —(1.4 Ib-ft)cos 20°j + (1.4 Ib-ft)sin 20°k
M = (-1.08757 — 1.3 — 1.31557) j + (—0.507142 + 0.478828)k

= —(3.7031 Ib-ft) j — (0.028314 Ib-ft )k

and M| = J(-3.7031)" + (~0.028314)" = 3.7032 Ib-

_ M _ -3.7031j - 0.028314k
M| 3.7032

= -0.99997j — 0.0076458k

cosd, =0

cos t9y = —-0.99997

cos@, = —0.0076458

or M =3.70 Ib-ft «

or 0, =90° <

or 6, =179.6° |

or 6 =904°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 3, Solution 78.

My = —rg,Pcos10°
= —(0.355 m)(160 N)cole°
= -55.937 N-m

(b) F. =P:
Mo =Mg - rCB(FB)l

= My — rpFysin55°

55°
75°
50°

-]

Mg

PART (a)

= —55.937 N-m — (0.305 m)(160 N)sin55°

PART (k)

- Fy =160.0 N 3750.0° 4

or My =559 N-m ) <
:. Fe =160.0 N 7750.0° «

or M =959 N-m ) <
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Chapter 3, Solution 79.

2
e i’ Fe
A [ ——
= = & = _:;_ ,:___""3
c I:_\B _L_ ] I [t
PART () PR T (o)
(@) XF: Fz =135N

or F =135N |, 4
SM: M, =Pd,

= (135 N)(0.125 m)
=16.875 N-m
or My =16.88 N-m ) «
(b) IMy: My =F.d
16.875 N-m = F(0.075 m)
Fo=225N
or F, =225N — 4
SF: 0=-Fy+F,
Fy=F.=225N

or F =225N «— 4
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Chapter 3, Solution 80.

(@) Based on XF: F.=P=700N

o T or P. =700 N < 60° 4
/%CO o IM¢: M =-Pdg, + Pdg,
7 @c ‘ where P, = (700 N)cos60° = 350 N
do P, = (700 N)sin60° = 606.22 N
de, =1.6m
de, =1.1Im

M = —(350 N)(1.1m) + (606.22 N)(1.6 m)

= -385N-m + 969.95 N-m

=584.95 N-m
or Mc = 585Nm ) «
(b) Based on YF.: P, = Pcos60°
a = (700 N)cos 60°
=350N

NN

IMp: (Pcos60°)(dp,) = Ps(dps)

[(700 N)cos60° (0.6 m) = P;(2.4 m)

Py =87.5N
or Py =87.5N1 «
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LF,: Psin60° = Py + Fp,
(700 N)sin60° = 87.5N + P,
P,, =51872N

P = (PDX)2 +(PDy)2

S \/(350)2 +(518.72)° = 625.76 N

P
0 =tan"'| -2 | = tan”! M = 55.991°
350

Dx

or P, =626 N <~ 56.0° 4
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Chapter 3, Solution 81.

XF.:  2.8c0s65° = F,cos@ + Fcos®
= (F, + F¢)cosf

XF,:  2.8sin65° = F;sin@ + F-sind
= (F, + F¢)sinf

Then ((Tz)) = tan 65° = tan@

or & = 65.0°

or F, =1.050 kN
From Equation (1): 2.8 kN = F, +1.050 kN

or F, =1.750 kN

(1)

@

M ,: (27 m)(2.8 kN)sin65° = (72 m)(F)sin65°

F, =1.750 kN A~ 65.0° 4

F. =1.050 kN A~ 65.0° 4
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Chapter 3, Solution 82.

Based on

SF,: —(541b)cos30° = —Fycosa — Fcosa

(Fp + F¢)cosa = (54 1b)cos30° (1)
IF,:  (541b)sin30° = Fysina + Fesina
or (Fy + Fg)sina = (54 Ib)sin30° )
From Z((?)) ‘tana = tan30°
oo =30°
Based on SMc:  [(541b)cos(30° - 20°)](10 in.) = (F5cos10°)(24 in.)
o Fy=2251b
or F =22.51b ™ 30° «
From Eq. (1), (22.5 + F-)cos30° = (54)cos30°
Fo=3151b

or F. =31.51b ™ 30° <
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Chapter 3, Solution 83.

(a) Based on
SF.:  —(541b)cos30° = — F cos30°
or Fo =54.01b ™. 30° 4
M [(541b)cos10°](10in) = M
M, = 531.80 Ib-in.
or M =532 1bin. ") <
(b) Based on
IF,:  (541b)sin30° = Fysina

¥
or Fysinag = 27 (1)
ng‘”“' SMy:  531.80 Ib-in. —[(54 Ib)cos10°](24 in.)
=-F, [(24 in.)cos 20°]
F, =33.0121b
or F.=330b-— <
And IF.: —(54 1b)cos30° = —33.012 Ib — Fcosa
Fpcosa =13.7534 (2)
From f?j((;)) tana = 13.§234 soa = 63.006°
From Eq. (1), Fy = 27 =30.3011b

sin (63.006°)
or Fy =30.31b ™. 63.0° 4
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Chapter 3, Solution 84.

100 v

So\
. . E‘L'O“‘& (a)HaveTZFy: Fo+Fp+F;=F

5% T2 F = -2001b + 150 Ib — 150 Ib
o | eft | o
F =-2001b

nr g or F=2001b) <
T badad © Have ) EMg: Fo(d-451f) - Fp(6ft) =0

(200 Ib)(d - 4.5 ft) - (150 1b)(6 ft) = 0

d=9f

or d=9.00ft <

(b) Changing directions of the two 150-Ib forces only changes the sign of
Zoolb 150 la
. l ET , the couple.

4.5+ {b ' ‘
Gtk o mR BH ) or F=2001b| 4

~ F=-2001b

r And  +)EMg:  Fo(d-451ft)+ Fy(6ft)=0

A

)
(200 Ib)(d — 4.5 ft) + (150 Ib) (6 ft) = O

B +

h— d —]
d=0
or d =04
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Chapter 3, Solution 85.

(a) Based on XF:
< “’ ~200 N+ 200 N + 240 N = F,
F,=240N
M, | _
. o = or F, = (240 N)k <
% Based on XM ,:
(b) (200 N)(0.7 m) — (200 N)(0.2 m) = M,
¢ B M, =100 N-m
- or M, =(100.0 N-m)j «
' x  Basedon ZF:
[} —_—
z g —200 N +200 N + 240N = F
[ F =240 N
e
or F =(240 N)k «
Based on XM ,:
(©)
2 —— 100 N-m = (240 N)(x)
0.6m [ e T x = 0.41667 m
L e | o or x = 0.417 m From 4 along 4B 4
A
J Based on M ,:
X

—(200 N)(0.3 m) + (200 N)(0.8 m) — P(1 m) = R(0)
P =100 N
or P=100.0 N «
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Chapter 3, Solution 86.

320N
Y
c
B
A
260N =
Z *

Let R be the single equivalent force...
XF: R=F,+F,
= (260 N)(cos10°i — sin10°k) + (320 N)(—cos8°i — sin8°k )
= —(60.836 N)i — (89.684 N)k
or R =—(60.8 N)i—(89.7 N)k «
M - rypR, = rycofFcos8°
745 (60.836 N) = (0.690 m)(320 N)cos8°
rap = 3.5941m

. R Would have to be applied 3.59 m to the right of 4 4
on an extension of handle ABC.
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Chapter 3, Solution 87.

A F
(o) (o)
(a) Have
Since
F,=F.=221b 4 20°
or F, =22.01b A« 20° 4
Have +)IM,: = Fp(r) = For(r) + Fpr(r) = M,

~[(28 1b)sin15°](8 in.) [ (22 Ib)sin 25°](8 in.)
+[(28 1b)sin45°](8 in.) = M,
M, = 26.036 Ib-in.
or M, =26.01b-in.”) «
(b)) Have ZF: F,=F;
or Fy =22.01b < 20° 4
+)EM: M, =[Fjc0s20°](a)
26.036 Ib-in. = [ (22 Ib)cos20° |(a)
a =1.25941 in.

or a =1.259 in. Below 4 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 3, Solution 88.

Y| aon Yy
120 N
——
B R B8 .q
z - %-1-——
——
Ao N

(a) Let R be the single equivalent force. Then

R = (120 N)k R=120N <
£ IMy: - a(120 N) = —(0.165 m)(90 N)cos15° + (0.201 m)(90 N)sin15°
a =0.080516 m
201

.. The line of action is y = Tmm —80.516 mm = 19.984 mm

or y =19.98 mm <«
(b) +)EMy:  =[(0.201-0.040)m](120 N) = —(0.165 m)(90 N)cos® + (0.201 m)(90 N)sin &
or  cosd —1.21818sing = 1.30101
or  cos’@ = (130101 + 1.21818sin6)’

or 1—sin?0 = 1.69263 + 3.1697sin & + 1.48396sin’ &
or 2.48396sin’ @ + 3.1697sin @ + 0.69263 = 0

~3.1697 + |/(3.1697)" - 4(2.48396)(0.69263)

Then sinf =
2(2.48396)

or 8 = -16.26° and 0 =-85.0° 4
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Chapter 3, Solution 89.

(a)  First note that F = P and that F must be equivalent to (P, M)p) at point D,

‘\
Where M, =576 N-m

For F = (F ) F must act as far from D as possible

min

*. Point of application is at point B 4

(b) For (F )min F must be perpendicular to BD
2 2
Now dpg = \/(630 mm)~ + (—160 mm)
= 650 mm
63
tana = —
16
a =75.7°
Then Mp=dp F

57.6 N-m = (0.650 m) F
F=886N

or F=88.6 N A 75.7° 4
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Chapter 3, Solution 90.

Have

Also have

2F:

M.

i
-0.030
0

z
—(250kN)j=F
r, xP=M
ik
0 0.060| kN-m =M
-250 0

~ M=(15kN-m)i+ (7.5 kN-m)k

m

X

or F=—(250kN)j <

or M =(15.00 kN-m)i + (7.50 kN-m)k «
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Chapter 3, Solution 91.

Have XF: T,z =F

= (54 Ib)

2.251 — 18 + 9k

J(225) + (=18)" + (9)?

= (61b)i—(481b)j+ (24 Ib)k

F = (6.001b)i—(48.01b)j+ (24.01b)k «

So that
Y Have SM,: 1y, xT, =M
M i j Kk
0 225 Oflb-ft=M
Z X 6 —48 24
E

- M = (540 Ib-ft)i — (135 Ib-ft)k

or M = (540 Ib-ft)i — (135.0 Ib-ft)k «

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 3, Solution 92.

M

)

Have XF:

Tp =F

CD

So that

~0.9i — 16.8) + 7.2k
J(=0.9) + (16.8)" + (7.2)"

= —(31b)i - (56 Ib)j + (24 Ib)k

= (611b)

F = —(3.001b)i — (56.0 1b)j + (24.0 Ib)k <

Have XM, =1op x Ty = M

i j Kk
0 225 O|lb-fi=M

-3 =56 24

- M = (540 Ib-ft)i + (67.5 Ib-ft)k

M = (540 Ib-ft)i + (67.5 Ib-ft)k <«
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Chapter 3, Solution 93.

Have 2F: T,; =F

AB
where T,, = T, n—
AB 4B~

—-i—4.75j + 2k
JE1 + (~475) + (2

= —(2kN)i - (9.5kN)j+ (4 kN)k

= (10.5 kN)

So that F = —(2.00 kN)i — (9.50 kN) j + (4.00 kN)k <«

Have ZM,: r,xT,;; =M

i j Kk
3 475 0|kN-m =M
-2 —95 4

M = (19 kN-m)i — (12 kN-m)j — (19 kN-m)k

M = (19.00 kN-m)i — (12.00 kN-m)j — (19.00 kN-m)k <
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Chapter 3, Solution 94.

Now

Where

Then

Let (R, M) be the equivalent force-couple system
Then R = (220 N)(—sin60°j — cos 60°k)

= (110 N)(-+3j - k)

or R=-(190.5N)j— (110 N)k «
Myt My =150 xR
roc = (02m)i+[(0.1-0.4sin20°)m |j + (0.4cos20°m)k
i j k

M, = —(0.1)(110 N)|2 (1 -4sin20°) 4cos20° (m)

0 3 1
— (11 N~m){[(1 — 45in20°)(1) - (4cos20°)(x/§ﬂi —2j+ 2J§k}

or Mg =(75.7 N-m)i+(22.0 N-m)j - (38.1 N-m)k <
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Chapter 3, Solution 95.

Have XF: F =F,

7
A M c where F = F%
_ N ~ (63 1) 14.:11 - 4.8 +27.2k :
" > \/(14.4) +(-4.8)" +(7.2)
= \
% S So that F = (54.01b)i — (18.00 Ib) j + (27.0 Ib)k «

Have SM,,: M +1,, xF = M,

If YT
where M = Mﬂ
AC

9.6i — 7.2k
J0.6) + (-72)

= (448 lb-in.)i - (336 lb'in.)k

= (560 Ib-in.)

i j k
- Then M, = (448 Ib-in.)i — (336 Ib-in.)k +|0 0 14.4{ Ib-in.
54 —18 27

= (448 Ib-in.)i — (336 Ib-in.)k + [ (259.2 Ib-in.)i + (777.6 Ib-in.) j]

or  Mj = (707 Ib-in.)i + (778 Ib-in.) j — (336 Ib-in.)k <«
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Chapter 3, Solution 96.

First assume that the given force W and couples M, and M, act at the

Y origin.
Now W =W,
. and M =M, +M, = —(M,c0825°)i + (M, — M,sin25°)k
O
M ! Mﬁ;}”& %\\ Note that since W and M are perpendicular, it follows that they can be
. (- “«\% ;J\_»\ replaced with a single equivalent force.

] - W':%F *\4":“3%@ e }{.
z %mg A&@ (a) Have F=W or F=-W-= —-(24N)j

or F=—(240N)j <

(b) Assume that the line of action of F passes through point P (x, 0, z).

Then for equivalence

where Ipo = xi +zk
—(M,c0825°%)i + (M, — M,sin25°)k
i

= (Wz)i - (Wx)k

S N F

i
x 0
0o -w
Equating the i and k coefficients,

_ =M _cos25°
w

V4

and x:_(Ml—MzstS j
w

(b) For W =24N,M, =0.068 N-m, M, = 0.065N-m

‘= 0.068 — 0.065sin 25°
-2.4

= —0.0168874 m

or x =—-16.89 mm 4

= —0.065c0s25°
24

= —0.024546 m

or z =-24.5mm <4
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Chapter 3, Solution 97.

(a) Have
(1)
where
_ (6 in.)i + (6 in.)j - (7 in.)k (20 lb)
11.0 in.
201b . .
= m(6l + 6_] - 7k)
M, =k-M,
M, = AgM,
_ —di + (3 1n.)] - (7 1n.)k (480 lb-in.)
Jd? + 58 in.
Then from Equation (1),
0 : i 7)(480 Ib-i
31 o o|20Mbin. (-7)( in) _
6 6 7 110 Jd? + 58
continued
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Solving for d, Equation (1) reduces to

20 lb-1n.(186 N 12) 3 3360 1b-in. ~0
11.0 Vd?* + 58
From which d = 5.3955 in.
or d =5.40 in. <4
(b) F,=F = %g)(ﬁ +6j - 7k)

= (10.9091i +10.9091j — 12.7273k) Ib
or F, = (10.911b)i + (10.911b)j - (12.73 Ib)k «

SRR PYY' 5.3955)i + 3j — 7k
. —5. + 3i—
1 Z2 of20biin J1 352 7K 40 1o-in)
1.0 93333
6 6 -7

= (25.455i + 394.55j + 360k ) Ib-in.
+(—277.48i + 154.285j — 360k ) Ib-in.
M, = —(252.03 Ib-in.)i + (548.84 Ib-in.) j

or M, = —(21.0 Ib-ft)i + (45.7 Ib-ft)j «
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Chapter 3, Solution 98.

(@) a: ZF,: R, =—-400 N —-600 N

IMy: M, =(2kN-m)+(2kN-m)+(5m)(400 N)

b: ZF,: R, =-1200 N+ 200 N

SMy: M, =(0.6 kN-m)+ (5m)(1200 N)

c: XF,: R, =200N-1200 N

IMy: M, =—(4kN-m)— (1.6 kN-m)—(5m)(200 N)

d: SF,: R, =—800 N —200 N

IMy: My =—(1.6kN-m)+ (4.2 kN-m)+ (5 m)(800 N)

or R, =1000 N , 4

or M, = 6.00 kN-m

\_4

A

or R, =1000 N | «

or M, = 6.60 kN-m ) «

or R, =1000 N | «

or M, = 6.60 kN-m ; <

or R, =1000 N , <

or M, = 6.60 kN-m

\_4

)
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My

f: ZF:

XMy

XMp:

XMp:

R, =500 N — 400 N

M, = (3.8kN-m) + (0.3 kN-m) + (5 m)(500 N)

R, =400 N - 1400 N

M, = (8.6 kN-m)— (0.8 kN-m) - (5m)(400 N)

or M, = 5.80 kN-m ‘; |

R, = —1200 N + 300 N

M, =(0.3kN-m)+ (0.3 kN-m) + (5 m)(1200 N)

or M, =6.60kN'-m ') «

R, =-250 N-750 N

M, =—(0.65kN-m) + (6 kN-m) + (5 m)(250 N)

or M, = 6.60kN-m ) «

or R, =900 N | «

or M, = 6.60kN-m  «

or R, =1000 N ; «

or R, =900 N | «

or R, =1000 N | 4

(b) The equivalent loadings are (), (d), () 4
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Chapter 3, Solution 99.

The equivalent force-couple system at B is...
LF,:  R=-650N-350N
or R=1000 N |
IMy: M =(1.6m)(800 N)+ (1.27 kN-m) + (5 m)(650 N)
or M =580 kN-m

-+ The equivalent loading of Problem 3.98 is (f) 4
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Chapter 3, Solution 100.

Equivalent force system...
(@) F,: R =-400N-200 N
or R=600N | <
IM,: —d(600N)=—(200 N-m)+ (100 N-m) — (4 m)(200 N)
or d =1.500 m «
(b) ZF,: R =-400N +100 N
or R =300N, «
M, —d(300 N) = —(200 N-m) — (600 N-m) + (4 m)(100 N)
or d =1.333 m <4
(¢) F,: R =-400 N-100 N
or R =500 N, «
M, —d(500 N) = (200 N-m) — (200 N-m) — (4 m)(100 N)
or d =1.600 m «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 3, Solution 101.

compared to

To determine if they are equivalent

The equivalent force-couple system at A for each of the five force-couple systems will be determined and

=(21b)j M =(481b-in.)i+ (32 Ib-in.)k

Force-couple system at B:

Have XF: F =(21b)j
and SM;: M = M, + (1, x Fy)
M = (321b-in.)i + (16 Ib-in.)k +[ (8 in.)ix (2 b)j]
= (32 Ib-in.)i + (32 Ib-in.)k
. is not equivalent 4

Force-couple system at C:

Have XF: F =(21b)j

And IM;: M =M + (re, x Fe)

M = (68 Ib-in.)i + [ (8 in.)i + (10 in.)k | x (2 Ib)
= (48 Ib-in.)i + (16 Ib-in.)k

. is not equivalent «

continued
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Force-couple system at E:

Have ZF:  F =(21b)j
and SM;: M = M + (rg, x Fy)
M = (48 Ib-in.)i + [ (16 in.)i — (3.2 in.)j| x (2 Ib) j
= (48 Ib-in.)i + (32 Ib-in.)k
. is equivalent <4
Force-couple system at G:
Have XF: F =(21b)i+(21b)j

F has two force components

. is not equivalent <«

25.6 lorim, 2 o

Force-couple system at /:

Have XF: F = (2 lb)j
and SM;:  IM; + (r;, x F, )
M = (80 Ib-in.)i — (16 in.)k

+[(16in.)i = (8 in.)j+ (16 in.)k ] x (2 Ib)]

M = (48 Ib-in.)i + (16 Ib-in.)k

. is not equivalent <«
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Chapter 3, Solution 102.

First W, =m,o =(38k
W, Ld We We 4 =mag = (38ke)g
S T Wy = myg = (29 ke)g
A c A o
\ o | (a) We =meg = (27kg)g
s W T m, —
For resultant weight to act at C, Mo =0

Then [(38kg)g](2m)-[(27ke)g](d)-[(29kg)g](2m) =0

d="7"3% _066667m
27
or d =0.667m 4
) We = meg = (24 kg)g
For resultant weight to act at C, XM-=0

Then [(38kg)g](2m)-[(24ke)g](d)-[(29ke)g](2m) =0

7658
24

d =0.75m

or d =0.750 m 4
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Chapter 3, Solution 103.

(a)Have ZF: W, -W, -W; =R

S R=-2001b-1751b-1351b
=-5101b

or R=5101b | «
Have XM :
(200 1b)(4.5 ft) — (175 b) (7.8 ft) — (135 Ib)(12.75 ft) = —R(d)
- =39863 Ib-ft = (—510 Ib)d
or d =782 ft 4

(b) For equal reactions at A4 and B,

A 2] The resultant R must act at midspan.

From M, = —R(%)

<. —(200 1b)(4.5 ft) — (175 Ib) (4.5 ft + a) — (135 Ib) (4.5 ft + 2.5 a)
= (510 1b)(9 ft)
or 2295 + 512.5 a = 4590

and a = 4.48 ft 4
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Chapter 3, Solution 104.

18 kel 40 knd

W,
12 kel T 40 kn
v

plE—

—40 kN — 40 kN

Have XF: —-12kN -W, —18 kN

W, =50 kN

d=28m

IMg:  (12kN)(5m)+ (50 kN)d = (40 kN)(5 m)

or W, =50.0 kN 4

or heaviest load (50 kN) is located «

2.80 m from front axle
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Chapter 3, Solution 105.

(a) ZF: R = (80 N)i— (40 N)j— (60 N)j +(90 N)(—sin50° — cos50°j)

= (11.0560 N)i — (157.851 N)

R = J(11.0560 N)? + (~157.851 N)’

=1582 N
tan = —-157.851
11.0560
6 = 86.0°

or R=1582N < 86.0° 4
()

IMy: d—(157.851 N) =(0.32m)(80 N) - (0.15 m)(40 N) — (0.35 m)(60 N)
—(0.61 m)(90 N)cos50° — (0.16 m)(90 N)sin50°

or d =302 mm to the right of F 4
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Chapter 3, Solution 106.

(a) ZM,;: 0= (0.32 m)(SO N) + (0.1 m)(40 N) - (0.1 m)(60 N) - (0.36 m)(90 N)cosa
—(0.16 m)(90 N)sin«x
or 4sina + 9cosar = 6.5556
(9cos0!)2 = (6.5556 — 4sin0!)2
81(1 - sinza) = 42.976 — 52.445sina + 16sin’
97sin’ o — 52.445sinar — 38.024 = 0
Solving by the quadratic formula gives for the positive root
sina = 0.95230

o = 72.233°
or o =72.2° 4

Note: The second root (& = —24.3°) is rejected since 0 < or < 90°.
(b)) TF: R =(80N)i—(40N)j— (60 N)j
+(90 N)(=sin72.233% — c0s72.233°%)

= —(5.7075 N)i — (127.463 N) j

R= \/(—5.7075 N)* + (~127.463 N’

=127.6 N
tan @ = —127.463
=5.7075
0 =2874°

or R =127.6 N > 87.4° 4
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Chapter 3, Solution 107.

(a)Have +) SMp: 0 =M — (0.8 in.)(40 Ib) - (2.9 in.)(20 Ib)cos30° —(3.3 in.)(20 Ib)sin 30°
or M =115.229 lb-in.

45‘?_:: c 90 b

y 401 T A

‘ /D 45°
/'

or M = 1152 Ib-in. ") <

X

Now, R is oriented at 45° as shown (since its line of action

34,15" passes through B and D).

Be

/< y' Have £F,: 0 = (40 Ib)cos45° — (20 Ib)cos15°
Af

" —(90 lb)cos(a + 45°)
15° or o = 39.283°
30°
20 b or o =39.3° 4
(b) ZF,: R, =40 - 20sin30° — 90c0s39.283°
=-39.6631b
Now R =A+[2R, or R =56.11b 3 45.0° 4
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Chapter 3, Solution 108.

(a) Reduce system to a force and couple at B:

-
|101'.a /f ASYS
Z5 1 '\"f_“"-
Q VA 3 B /;' R, T
-
20 lb+'m. o
APEIE

Have R = XF = —(10 Ib)j + (25 Ib)cos 60°i + (25 1b)sin 60°j — (40 Ib)i

= —(27.51b)i + (11.6506 Ib)

or R = ,J(~27.51b)” + (11.6506 Ib)" = 29.866 Ib
0 = tan_l(mj = 22.960°
275

or R =2991b 7 23.0° 4
Also M = SM; = (80 Ib-in.)k — (12 in.)i x (=10 1b)j — (8 in.) j x (—40 Ib)i
= —(120 Ib-in.)k

()
11.6506 o
. 6506 \b . 4
120 oM.

Have M, = —(120 Ib-in.)k = —(u)i x (11.6506 Ib) j
—(120 Ib-in.)k = —(11.6506 Ib)(u )k
u =10.2999 in. and x =12 in. — 10.2999 in.
=1.7001 in.
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. 6506 (b

—

h

—_—

2.5 ll.g'(-——-—g

1o

Have M = —(120 lb-in.)k = —(v)j

e

x (-27.5 b)i

—(120 Ib-in.)k = —(27.5Ib)(v)k

v = 4.3636 in.

and y = 8in. — 4.3636 in. = 3.6364 in.

or

6506 W w
21.5 4 -
‘T
= 3

1.700 in. to the right of 4 and 3.64 in.

above C 4
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Chapter 3, Solution 109.

(a) Position origin along centerline of sheet metal at the intersection with
line EF.
Y
(a) Have 2F =R

©.52kip  |.05kips

\:j

Z. kips

=[-0.52j - 1.05j — 2.1(sin 45°i + cos 45° j) — 0.64i | kips

R = —(2.1249 kips)i — (3.0549 kips) j

R = J(~2.1249)" + (~3.0549)’

1 = 3.7212 kips

;{ y

o [l | 3 0 = tan~ | 0% | _ 55 1790
—2.1249

or R =372kips > 55.2° 4
Have Mg, =2Mg

Where My, = (0.52 kip)(3.6 in.) + (1.05 kips)(1.6 in.)
—(2.1 kips) (0.8 in.) — (0.64 kip)[ (1.6 in.)sin 45° + 1.6 in. |
= 0.123923 kip-in.
To obtain distance d left of EF,
Have My, = dR, = d(-3.0549 kips)

_0.123923 kip-in.
—3.0549 kips

= —0.040565 in.

or d = 0.0406 in. left of EF 4

(b)

Have Mg =2XMg=0
|Y ¥ VR M,y = (052 kip)(3.6 in.) + (1.05 kips) (1.6 in.)
B \_" —(2.1kips)(0.8 in.)

—(0.64 kip)[ (1.6 in.)sine + 1.6 in. |

> |le—
O f|€—

(1.024 kip-in.)sin o = 0.848 kip-in.

or o =559°4
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Chapter 3, Solution 110.

(a) Have ZXF=R

R =[-0.52j - 1.05j - 2.1(sinai + cosaj) — 0.64i |kips
= —[0.64 kip + (2.1 kips)(sin@)i | - [ 1.57 kips + (2.1 kips)cosa |

Then tana = R, 064 +2.1sina

Ry " 1.57 + 2.1cosa

1.57tana + 2.1sinax = 0.64 + 2.1sinx

0.64
tang = —
1.57

a =22.178°

or a=222°4
(b) From « =22.178°
R, =-0.64 kip — (2.1 kips)sin 22.178°
= —1.43272 kips

R, = —1.57 kips — (2.1 kips)cos22.178°

) —

= —3.5146 kips
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R = (-1.43272)" + (-3.5146)"

= 3.7954 kips

or

R = 3.80 kips 5~ 67.8° 4

Where M = (0.52 kip)(3.6 in.) + (1.05 kips)(1.6 in.) — (2.1 kips)(0.8 in.)

~(0.64 kip)[ (1.6 in.)sin 22.178° + 1.6 in. |
= 0.46146 kip-in.
To obtain distance d left of EF,
Have Mg =dR,
= d(—3.5146 kips)

~0.46146 kip-in.
—3.5146 kips

= -0.131298 in.

or

d = 0.1313 in. left of EF 4
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Chapter 3, Solution 111.

R=280N
S| L Re3con
v/ E \-}“\A EI;O%E e j v N
LY

/£ == D
T
F N’ &

AA /\::_ 0,8 Nem

£

Tl

|
Megle o
( ri ) |
T, E
%& ﬁ\ F :ﬂ
.

C g D
F l 5 i, R £

ed —>f

Equivalent force-couple at A due to belts on pulley 4

Have SF: -120N-160N = R,
R, =280N |
Have IM,: —40N(0.02m) = M,

M, =08N-m )
Equivalent force-couple at B due to belts on pulley B

Have IF: (210N +150 N) <7 25° = Ry
R, = 360 N <~ 25°
Have IMj: —-60N(0.015 m) =My
™
M; =09N-m ,
Equivalent force-couple at
Have IF: Ry =(-280N)j+ (360 N)(cos25° + sin 25°%)

= (326.27 N)i — (127.857 N)
R=Rp =R +RE = \/(326.27)2 +(127.857)° = 35043 N

R _
0 = tan”! {ﬂ] = tan”! (M] = -21.399°
- 326.27

or R, =R =350N X\ 21.4°«
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Have
IM: M =—(280N)(0.06 m)—0.80 N-m
~[(360 N)cos25°](0.010 m)
+[(360 N)sin25°](0.120 m) - 0.90 N-m
M; = —(3.5056 N-m)k
To determine where a single resultant force will intersect line FE,
My =dR,

M,  -3.5056 N-m

R,  -127.857TN

d = =0.027418 m = 27.418 mm

or d =27.4mm <
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Chapter 3, Solution 112.

(a) Have R =2ZF
R =

—~

25 N)(cos40°i + sin40°j) — (15 N)i — (10 N)
4.1511 N)i + (6.0696 N)

—~

R = /(4.1511)" + (6.0696)’
= 7.3533 N
g tan_l(6'0696J
4.1511
= 55.631°
or R=735N 4 55.6° 4
() From My =XMp =dR,
where My = —[ (25 N)cos40° |[(0.375 m)sin 50° |

—[ (25 N)sin40°][ (0.375 m)cos 50° |

+(15 N)[(0.150 m)sin 50° | - (10 N)(0.150 m)
+6.25 N-m

. My =-29014 N-m

and d = My

Ry

~ —2.9014N-m
6.0696 N

0.47802 m

or d =478 mm to the left of B 4

(¢) From M, =r,;xR

—(2.9014 N-m)k = (—d, cos50° + d, sin50°j)
x[ (41511 N)i +(6.096 N)j]
—(2.9014 N-m)k = —(7.08144d,)k

d, = 0.40972 m

or d; = 410 mm from B along line 4B

or 34.7 mm above and to left of 4 4
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Chapter 3, Solution 113.

Based on XF,. =0

Pcosa -15N =0

Pcosa =15N D
and IF, =0

Psinag —10N =0
Psing =10N 2)
Dividing Equation (2) by Equation (1),

10
tana = —
15
a = 33.690°
Substituting into Equation (1),
P = _ BN 18.0278 N
c0s33.690°
or P =18.03 N «7 33.7°

(a¢) Based on Mgz =0

—[(18.0278 N)c0s33.690° |[ (d + 0.150 m)sin 50°
~[(18.0278 N)sin33.690° |[ ( + 0.150 m)cos 50° |

+(15N)[(0.150 m)sin50° | - (10 N)(0.150 m) + 6.25 N-m = 0

—17.9186d = —3.7858
Sod =021128 m

or d =211 mm <«
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(b) Based on

all

SMp =0

18.0278 N ) c0s33.690° |[ (d + 0.150 m)sin 50° |

—~[(18.0278 N)sin33.690° |[ (d + 0.150 m)cos50° + 0.150 m |

d =21

+(15N)[(0.150 m)sin50° | + 6.25N-m = 0

—17.9186d = —3.7858
Sod =021128m

or d =211mm 4

This result is expected, since R = 0 and M5 = 0 for

1 mm implies that R = 0 and M = 0 at any other point for
the value of d found in part a.

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 3, Solution 114.

(a) Let (R, M D) be the equivalent force-couple system at D.

First note... At x=byy=h
For y = kx?
We have / = kb
or k = biz

i h o
. yz(b—z)x

. h
For any contact point ¢ alone the surface y = (—j x?

{—xb2 + (h - };xzj(th)}
b
or M,=F

P = 2i2x
dx b
i
R=F tan” | — |
A 2hx
and IMpy: Mp=—(x)Fsing + (h—y)Fcosé
b? ( h 2j 2hx
= xF|——2 |4 h-L |2
Jb* + 4% 52 b? Jb* + 4% 52
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(b) With b=1f, h=21ft

Tx — 8x°
My =|——"|F
P LH@&}

For M, to be a maximum

Then dMp _ 0=F

(7 - 247 N1+ 1637 = (7x - 8x3)(;J(32x)(1 + 16x2)_;

dx (1 + 16x2)

For the non-trivial solution:
0= (7 - 24x2)(1 + 16x2) - 16x(7x - 8x3)

0 = 256x* +24x* - 7

Solving by the quadratic formula gives for the positive root.

x =0.354 ft 4
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Chapter 3, Solution 115.

For equivalence
XF: F +F.+F, =R,

R, = —(240 N)j — (125 N)k — (300 N)i + (150 N)k

R, =—(300 N)i— (240 N)j+ (25 N)k «

Also for equivalence

M 0 vy xFp+r xFo+1p, xF, =M,

i j k i j k i j k
or M, =10 0.12m 0 |+]006m 0.03m -0.075m|+(0.06m 0.08 m —0.75 m
0 -240N —125N| |-300N 0 0 0 0 150 N

=[-(15N-m)i] +[(22.5 N-m)j + (9 N-m)k | + [ (12 N-m)i - (9 N-m)j]

or M, =—-(3N-m)i+(13.5N-m)j+ (9 N-m)k <
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Chapter 3, Solution 116.

Let (R, M) be the equivalent force-couple system at O.
Now XF: R =ZF
= (1.8 1b)(—sin40°i — cos40°k) + (11 1b)(~sin12°j — cos12°%k) + (18 Ib)(~sin15°j — cos15°k)
or R = —(1.157 Ib)i — (6.95 Ib) j — (29.5 Ib) k «

Note that each belt force may be replaced by a force-couple that is equivalent to the same force plus the
moment of the force about the shaft (x axis) of the sander. Then ...

IMy,: M, = =M,
i j k
=(1.81b)] 0  075in. 2.2in.
~sin40° 0 —cos40°

~[(2:5 in.)(111b) Ji = (9 in.)i x (11 1b)(-sin12°j — cos12°k)
+[(25in.)(18 1b) ]i — (9 in.)i x (18 Ib)(—sin15° — cos15°k)

= [(1.8)(~0.75cos 40°% — 2.25in40°j + 0.75sin40°k ) — 27.5i
+(99)(sin12°k — cos12°j) + 45i + (162)(sin15°% — cos15°j) ] (Ib-in.)

=[(~1.03416 - 27.5 + 45)i + (-2.5454 — 96.837 — 156.480) j

+(0.86776 + 20.583 + 41.929)k | (Ib-in.)

or M, = (16.47 Ib-in.)i — (256 Ib-in.)j + (63.4 Ib-in.)k 4
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Chapter 3, Solution 117.

Have XF:
XF,:
XF:
and IM,:
Now dgy:
Then

-10N = 4, + B, = B, =-10- 4,
O:Ay+By :>By:—Ay
6N=A +B5, =B =6-A4,

M, =15, xA+r,; xB

2

z

372 mm = \/(60 mm)’ + (=72 mm)’ + (dp,)
or (dgy), =360 mm
ry, = (135 mm)i - (72 mm)j + (310 mm)k
ry = (75 mm)i — (50 mm)k

(60 N-m)i +(0.05 N-m)j — (10 N-m)k

i j k i j Kk
=10.135 -0.72 0.310{(N-m) +[0.075 0 —0.050/(N-m)
A, A, A4, B. B, B.

60 = (<0.0724, - 03104, ) + (0.050) B,
or 60 = —0.0724, - 0.360 4, (1)
0.05 = (0.3104, — 0.1354,) + (—0.050 B, — 0.075B.)
= 0.3104, — 0.050(—10 — 4,) — 0.1354, — 0.075(6 — A.)

or 0= 0.3604, — 0.060 4.
A =64,
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Now A =2N

s A =1200N

From equation (1) 60 = -0.072(12.00) - 0.360 4,

or Ay =-169.1 N

Then B, =—12.00 N
B, =169.1N
B. =—6.00 N

.. A =(2.00N)i—(169.1N)j+(12.00 N)k «

B = —(12.00 N)i + (169.1 N)j - (6.00 N)k «
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Chapter 3, Solution 118.

Have >F: B+C=R
XF: B, +C,=39lb or B =39b-C, (1)
SF,: C, =R, (2)
F,: C,=-11Db 3)
Have XM, 1, xB+ry, xC+M,=M~
i j ok i j k
% x 0 45 +% 4 0 20|+ (21b-ft)i=Mi+(1.5b-ft)j—(1.1b-ft)k
B, 0 0 c, C, -1.1

(2-0.166667C, )i + (0.375B, + 0.166667C, + 0.36667) j + (0.33333C, )k

= M,i+(1.5)j-(1.)k

From i - coefficient 2-0.166667C, = M, “4)
j - coefficient 0.375B, + 0.166667C, + 0.36667 = 1.5 %)
k - coefficient 0.33333C, = -1.1 or C,=-33D (6)
(a) From Equations (1) and (5):

0.375(3.9 - Cx) +0.166667C, =1.13333

Cc - 0.32917

: = 1.58000 Ib
¥ 0.20833

From Equation (1): B, =39-1.58000=2.321b
B =(2321b)i 4
C =(1.5801b)i—(3.301b)j—(1.110 Ib)k «
®) From Equation (2): R,=C,=-3301b
or R, =—(3.301b) 4

From Equation (4): M, =-0.166667(-3.30) + 2.0 = 2.5500 Ib-ft

or M, =(2.551b-ft) «
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Chapter 3, Solution 119.

(a) Duct 4B will not have a tendency to rotate about the vertical or y-axis if:

ng = j-IMj =j'(rF/BXFF+rE/BXFE)=O

where

rpp = (1.125m)i— (0.575m)j+ (0.7 m)k

rgp = (1.35m)i— (0.85m)j+ (0.7 m)k

Fr =50 N[(sina)j + (cosa)k]

F; =—(25N)k

i i k i i k

MR = (50N)|[1.125m -0.575m 0.7 m|+ (25N)|{1.35m -0.85m 0.70
0 sind cosa 0 0 -1
= [(—28.75cos0{ —35sinar + 21.25)i — (56.25cos & — 33.75) j + (56.255in0{)k]N-m
Thus, Mp, = =56.25cosa +33.75 = 0
cosa = 0.60
o = 53.130°
or ¢ =53.1°«4

(b)) R=F;+Fg
where

F; =—(25N)k
Fy. = (50 N)(sin 53.130% + c0s53.130°k) = (40 N)j + (30 N)k
R =(40N)j+(5N)k «
and M =3IMJ = —-[28.75(0.6) +35(0.8) — 21.25 |i — [ 56.25(0.6) — 33.75 ] j + [ 56.25(0.8) |k
=—(24N-m)i - (0)j+ (45 N-m)k

or M =—(240N-m)i+ (45.0N-m )k <«

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 3, Solution 120.

(a) Have R=3F =F, +F;
where F. = 50 N[ (sin60°)j + (cos60°)k | = (43301 N)j + (25 N)k
F; = —(25N)k

R =(43.301N)jor R=(433N)j«
Have M{ =2(rxF) =10 x Fp + 10 x Fy
where Yo = (0.225 m)i - (0.050 m)j

rpe = (0.450 m)i - (0.325 m)j

i i Kk i i Kk
ME =10.225 —0.050 0|N-m+[0.450 —0.325 0 |[N-m
0 43301 25 0 0 -25

(6.875 N-m)i + (5.625 N-m)j + (9.7427 N-m)k

(b) To determine which direction duct section CD has a tendency to turn, have

R R
Mep = )"DC'MC

where
Ape = (A5 m)i+ (O1m)i _ o goeion s 0.21693j
J(-045)* + (0.1
Then ME, = (-0.97619i + 0.21693j) - (6.875i + 5.625j + 9.7427k )N -m

= (—6.7113 +1.22023)N-m
=-54911N-m

Since Apc - M < 0, duct DC tends to rotate counterclockwise relative to elbow C as viewed from D to C.

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 3, Solution 121.

Have

where

Have

where

Then

(42'in.)i - (96 in.)j — (16 in.)k
106 in.

}"BC -

_2121b
17 106

(42i — 96 — 16k)

or R, = (8.401b)i — (19.20 Ib)j — (3.20 Ib)k <«

M, 1oy, XR+M =M,
roy = (42 )i+ (48 in)k = (421 + 45K)
= (3.5 ft)i + (4.0 ft)k
R = (8.40 Ib)i — (19.20 Ib) j — (3.20 Ib) k

M = Ay M

_ —42i +96j + 16k
106

(13.25 Ib-ft)
= —(5.25 Ib-ft)i + (12 1b-ft) j + (2 Ib-ft )k
i k

35 0 40 |Ib-ft +(=5.25i + 12j + 2k)Ib-ft = M,
840 —19.20 -3.20

M, = (71.55 Ib-ft)i + (56.80 Ib-ft) j — (65.20 Ib-ft )k

or M, =(71.6 Ib-ft)i + (56.8 Ib-ft) j — (65.2 Ib-ft )k 4
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Chapter 3, Solution 122.

From Re =R =(601b) Ay =601b
JC06 )7 + (42 ) + (~1.5 )’

—(0.6 ft)i+ (4.2 ft)j— (1.5 ft)k }

R = —(8.00Ib)i + (56.0 b)j — (20.0 Ib)k «
From M:.=ry,cxR+M

where

rye = (7.8ft)i+(1.5ft)k

M) R = (229 lb.ﬂ){\/(o 6 ft) +(-42ft) + (15 t)’

(0.6 ft)i — (4.2 ft)j + (1.5 ft)k ]

= (3 1b-ft)i — (21 1b-ft)j + (7.5 Ib-ft)k

i j k
~ Mg =78 0 15[Ib-ft +(3i—21j+7.5k)Ib-ft
-8 56 —20

= [(~84 + 3)Ib-ft Ji + [ (144 — 21)Ib-t | + [ (436.8 + 7.5)Ib-ft |k

or My = —(81.0 Ib-ft)i + (123.0 Ib-ft) j + (444 Ib-ft )k <
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Chapter 3, Solution 123.

7 0ok

7
fo kN %kﬁl 100 knd

AT /T
z

Have: ZXF: F,+F.+F,+F;, =R

R =—(80 kN)j — (40 kN)j — (100 kN)j — (60 kN)
= —(280 kN)j
or R =280 kN «
Have: EM.:  F(z,)+ Fe(ze) + Fp(zp) + Fe(zg) = R(2¢)
(80 kN)(0) + (40 kN)[ (3 m)sin 60°] + 60 kN(0)
+(60 KN)[ =(3 m)sin60° | = (280 kN) Z,,
Zg =-0.185577 m
or Zg = —0.1856 m «
SM,: Fy(xy)+ Fe(xe) + Fp(xp) + Fe(xz) = R(xg)
(80 kN)[ (3 m)cos60° — 1.5 m | + (40 kN)(1.5 m) + 60 kKN(1.5 m)
+ (100 kN)[(3 m)cos60° + 1.5 m | = (280 kN)xg

or xg =0.750 m <
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Chapter 3, Solution 124.

Have: SM,:  Fy(z,) + Fy(za) + Folze) + Fo(2n) + Fe(z) + Fr () = R(zo)
(80 kN)(0) + Fj [ (3 m)sin60° | + (40 kN)[ (3 m)sin 60° | + (100 kN)(0)
+(60 kKN)[ =(3 m)sin 60° | + F;.[ —(3 m)sin60° | = R(0)
Fy— Fp =20 kN (1)
Also  IM_:  F(x,)+ Fg(xg) + Fo(xc) + Fp(xp) + Fe(xg) + Fr(x) = R(x6)

(80 kN)[ (3 m)cos60° — 1.5 m | + Fj(~1.5 m) + (40 kN)(1.5 m)
+ (100 kN)[ (3 m)cos60° + 1.5 m | + (60 kN)(1.5 m) + F(~1.5 m) = R(0)

Fy + Fr = 140 kN 2
Solving equations (1) and (2): Fy =80.0 kN «
Fr = 60.0 kN <
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Chapter 3, Solution 125.

Fa
A |

N
)

Have SF: F,+F, +F.+F, =R
—(116 kips) j — (470 kips) j — (66 kips) j — (28 kips) j = R
. R =—(680kips)j R = 680 kips «
Have IM,: Fy(z4)+ Fg(z) + Fe(z¢) + Fp(zp) = R(zg)
(116 kips )(24 ft) + (470 kips )(48 ft) + (66 kips)(18 ft) + (28 kips)(100.5 ft) = (680 kips)(z;)
" zp =43.156 ft or z; = 432 ft €
Have IM_: Fy(x,)+ Fg(xp) + Fe(xc) + Fp(xp) = R(xg)
(116 kips)(30 ft) + (470 kips)(96 ft) + (66 kips)(162 ft) + (28 kips)(96 ft) = (680 kips)(x;)

" xp =91.147 or x; =91.1ft «
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Chapter 3, Solution 126.

y

Y
4 -
/ _I aLt /
2V ¥
5 l = ps
2 jod & z / 2
Have

XF: Fp +F.+F, +F; =R

—(470 kips) j — (66 kips)j — (28 kips)j — (116 kips) j = R
. R =—(680kips)j
Have IM.: Fg(zg)+ Fo(ze) + Fp(zp) + Fp(zz) = R(zp)
(470 kips )(48 ft) + (66 kips)(18 ft) + (28 kips)(100.5 ft) + (116 kips)(b) = (680 kips)(48 ft)
. b =52397ft or b=5241t<d
IM.: Fy(xp) + Fo(xc) + Fp(xp) + Fp(xg) = R(xp)

(470 kips)(96 ft) + (66 kips)(162 ft) + (28 kips)(96 ft) + (116 kips)(a) = (680 kips)(96 ft)

Have

. a=58448 ft or a = 58.4 ft 4
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Chapter 3, Solution 127.

For the smallest weight on the trailer so that the resultant force of the four weights acts over the axle at the
intersection with the center line of the trailer, the added 0.6 x 0.6 x 1.2-m box should be placed adjacent to
one of the edges of the trailer with the 0.6 x 0.6-mside on the bottom. The edges to be considered are based
on the location of the resultant for the three given weights.

Have ZF: —(200N)j—(400N)j—(180N)j=R
R = —(780N)j
Have IM_: (200 N)(0.3 m)+ (400 N)(1.7m) + (180 N)(1.7 m) = (780 N)(x)
x =1.34103m
Have EM,: (200 N)(0.3m) + (400 N)(0.6 m) + (180 N)(2.4 m) = (780 N)(z)
" z=093846m

From the statement of the problem, it is known that the resultant of R from the original loading and the
lightest load W passes through G, the point of intersection of the two center lines. Thus, XM, = 0.

Further, since the lightest load W is to be as small as possible, the fourth box should be placed as far from G
as possible without the box overhanging the trailer. These two requirements imply

(03m<x<Im) (1.8m<z<37m)

continued
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Let x = 0.3 m, IMg.: (200 N)(0.7 m) — (400 N)(0.7 m) — (180 N)(0.7m) + (0.7 m) = 0
W =380 N
IMg.: —(200N)(1.5m) - (400 N)(1.2 m) + (180 N)(0.6 m) + (380 N)(z — 1.8 m) = 0
. z=35684m<37m .. acceptable
Let z=37m,  =Mg: —(200N)(1.5m)— (400 N)(1.2m)+ (180 N)(0.6 m)+ W (1.7m) = 0

W =39529 N > 380 N

Since the weight W found for x = 0.3 m is less than W found for z =3.7m,x = 0.3 m results in the
smallest weight W.

or W =380N at (0.3m,0,3.57m) <«
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Chapter 3, Solution 128.

For the largest additional weight on the trailer with the box having at least one side coinsiding with the side of
the trailer, the box must be as close as possible to point G. For x = 0.6 m, with a small side of the box
touching the z-axis, satisfies this condition.

Let x =0.6m, IMg: (200N)(0.7m)—(400N)(0.7m)— (180 N)(0.7m) + W (0.4m) =0

W = 665N
and IMgy: —(200N)(1.5m) - (400 N)(1.2m) + (180 N)(0.6 m) + (665 N)(z — 1.8 m) = 0
z =2.8105m (2 m<z<4 m) .. acceptable

or W =665N at (0.6m,0,2.81 m) <«
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Chapter 3, Solution 129.

First, reduce the given force system to a force-couple system at the origin.

Have IF: (2P)i-(P)j+(P)j=R
R = (2P)i
Have M,: Z(ro x F) = M5

i j k| i jk
M§ =Pa2 2 25+|0 0 4| = Pa(-1.5i+5j- 6k)
2 -1 0] [010

(a) R =2Pi or Magnitude of R = 2P «

Direction of R: 6, = 0°, 8, =-90°, 6, = 90° |

z

(b) Have M, =0 ME A, :%

= i-(~1.5Pai + 5Paj — 6Pak )

= -1.5Pa
and pitch p-M _Z1SPa_ 45, or P =—0.75a 4
R 2P
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(¢) Have ME =M, + M,
M, = M§ - M, = (5Pa)j - (6Pa)k
Require M, =1y xR

(5Pa)j - (6Pa)k = (yj+ zk) x (2Pi) = —(2Py)k + (2Pz)

From i: S5Pa =2Pz
z =25a

From k: —6Pa =-2Py
y =3a

.. The axis of the wrench is parallel to the x-axis and intersects the yz-plane at y = 3a, z = 2.5a 4
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Chapter 3, Solution 130.

__J(ﬁ,
._ _~R
S| ME yl 57"
,’_‘..-fi TS P b i/ ~
~¢~ L / l‘ﬁ"im e ,'\ ;
\_‘\} f‘:g/ 24 . r._:’ :1/ P
) 0 - P h R
~ ™. z ) < N
= ~ X ~ ¥
First, reduce the given force system to a force-couple at the origin.
Have >F: Pi—-Pi-Pk =R
R =-Pk
Have IM,: —P(3a)k - P(3a)j+ P(-di + 3aj) = M{;

Mg = Pa(-i - 3k)
Then let vectors (R, Ml) represent the components of the wrench, where their directions are the same.
(@) R = —Pk or Magnitude of R = P 4

Direction of R: 6, =90°, 6, =90°, 0, =-180° 4
(b) Have M, = Az-MZ

= —k [ Pa(-i - 3K) |

=3Pa
and pitch Pz%zs%:&z or P =3a <4
(¢) Have M2 =M, + M,

M, = M§ - M, = Pa(-i - 3k) — (-3Pak) = —Pai
Require M, =150 xR
—Pai = (xi + yj) x (~P)k = Pxj— Pyi
From i: —Pa=-Py or y=a
j; x=0

*. The axis of the wrench is parallel to the z-axis and intersects the xy planeat x = 0, y = a 4
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Chapter 3, Solution 131.
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First, reduce the given force system to a force-couple at the origin.
Have ZF: —(10 N)j— (llN)j =R

R =—(2IN)j
HaveIM,: X(r, X F)+ XM, = M§

i j ok i j ok
M§=[0 0 O05Nm+[0 0 -0375N-m-—(12N-m)j
0-10 0 0-11 0
=(0.875N-m)i — (12N-m)j
(@) R =—(21N)j
R=-(21.0N)j«
R R
() Have M|, = Az-M,, Ap = =
= (=)[(0.875N-m)i — (12N-m)j |
=12N'-m and M, =—(12N-m)j
and pitch P = M, = 12N-m = 0.57143 m
R 2IN
(© Have
M, = M§ - M, = (0.875N-m)i

Require
(0.875N-m)i = (xi + zk) X [—(21 N) j]

0.875i = —(21x)k + (21z)i

or

or P=0.57Im <«

M§ =M, + M,

M, =1y xR
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From i: 0.875 =21z
z = 0.041667 m
From k: 0=-2Ix
z=0

*. The axis of the wrench is parallel to the y-axis and intersects the xz-plane at x = 0, z = 41.7 mm <«
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Chapter 3, Solution 132.

(a) First, reduce the given force system to a
force-couple system.

Have XF: —(50N)k—-(50N)j+ (50 N)k =R
R =—(50N)j; R=50N

R=-(50.0N)j«
Have
IMy:  (0.IN'm)k — (0.1 N-m)j+ (0.IN-m)k = M
M§ =—(0.IN-m)j+ (0.2 N-m)k
R

(b)  Have M, =L, xME = E.Mg

=—j-[-(0.1N-m)j + (0.2 N-m)k ]

=0.1N-m
and pitch P= M, = 0.IN-m = 0.002 m
R 50N

or P =2.00 mm 4

(©)

Have M, = PR = (0.002 m)[ (50 N)j]

=—(O.1N-m)j
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Note that because M, = (0.2 N~m)k, the line of action of the wrench must pass through the x-axis to

compensate for M, as shown above:

With M, +(rxR) =M
Then ~(0.1Nm)j+[—(d)ix—(50N)j]

=—(0.IN-m)j+ (0.2 N-m)k
or [(50 N)(d) ]k = (0.2 N-m)k

and d = 0.004 m

—d =-0.004 m

X =

or x=-4.00mm,z =0«
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Chapter 3, Solution 133.

(@)
()

First replace the given couples with an equivalent force-couple system (R, Mg) at the origin.
SF: R =-(350b)i-(121b)k
SMy: M = —(200 Ib-in)i + [ (8 in.)j + (8 in.)k | x [ (35 Ib)i]
~(140 Ib-in.)k + [ (10 in.)i + (4 in.)j | x [~(12 Ib)k ]
=(—200 — 48)i + (—280 +120) j + (280 — 140)k
= —(248 Ib-in.)i — (1600 Ib-in.) j + (140 Ib-in.) k

Now R =(-351b) + (-12 Ib)’
=371b

1

Then A, =——(-35i - 12k)
37

R =-(35.01b)i - (12.00)k <

M, =%, M5

axis

=—(-35i-12k)-(—248i - 160j + 140k )(1b-in.
317

— 1 (354 248 — 12 x 140)(Ib-in.
37

7000
37

Ib-in.

LT
Then p=—"1=3
R 37 1b

or P=5.111in. 4
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(C) Have Ml = ;"axile

37
Then Mg =M, + M,
or M, =(-248i - 160 + 140k ) — 7307020(—351 - 12k)
= —(69.037 Ib-in.)i — (160 Ib-in.) j + (201.36 Ib-in.)k
Y y
™,
NS R g —
X = - - o
M.
2 \’J| :\
V; > -
-
Require M, =r,p xR
i j k
or —69.037i —160j + 20136k =| 0y =z
=35 0 —-12
it 160 = =35z
or z =457 in.
k: 201.36 = 35y
or y =5.751n.
The point of intersection is defined by

y =5.75in. 4
z =457 in. 4
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Chapter 3, Solution 134.

! T /././ i’f‘f
1 | P ’_,3_/}5.5_'
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=L f R —X 1 -
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===V Yy e
- 1| 7 - E// //,_ _.,,G
= ST T T T =
e ]

First reduce the given force system to a force-couple at the origin at B.

(a) HaveSF: —(79.21b)k — (51 lb)(

R =—(24.01b)i - (45.01b)j—(79.2 Ib)k 4

8

15,

—i+—=j

17

17

|-

and
R=9421b
Have
SMy: 1 xF, + M, +M,; = MX
bk 8. 15
Mj =10 20 0 |- 660k — 714(ﬁi + ﬁj) = 1584i — 660k — 42(8i + 15j)
0 0 -792
Mj = (1248 Ib-in.)i — (630 Ib-in.) j — (660 Ib-in.)k
R R
b) Have M, =Az-M, Ap = =
sl gj '(2)1 — 22K (1248 Ib-in.)i - (630 Ib-in.) — (660 Ib-in.)k |

= 537.89 Ib-in.
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and M, = MA,
= —(137.044 Ib-in.)i — (256.96 Ib-in.) j — (452.24 Ib-in.)k

Then pitch p = 20 = 33789 1xin. 555,41
R 94.2 1b

or p=>5.71in. 4
(o Have ME =M, + M,
"~ M, =Ms-M, = (1248i — 630j — 660k ) — (—137.044i — 256.96j — 452.24k)

= (1385.04 Ib-in.)i — (373.04 Ib-in.)j — (207.76 Ib-in.)k

Require M, =1y xR
i k
1385.04i —373.04j — 207.76k =| x 0 z
24 45 -79.2

(45z)i—(24z2)j + (79.2x)j — (45x)k
From i: 1385.04 = 45z . z=130.779 in.
From k: -207.76 = —45x oox =4.6169 in.

.. The axis of the wrench intersects the xz-plane
at

x =4.62in, z =30.8 in. 4
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Chapter 3, Solution 135.

Y
M% /’/
Ve |- >
s P
Nl
= 'l
\|
Iy R
(a) First reduce the given force system to a force-couple at the origin.

R=P(ij—ékj+(§i—ijj+(_—9i—ij+£kj
575 5 5 25 57 25

3P
R=2(2-20j-k
25(1 0j - k) <«

_ 3P 2 2 2 275
= (2)" +(20)" +(1) =05 P
Have

IM: X(r,x P) =M}

(24a)j (_ipi - %ij +(20a) jx [%Pi - %ij +(20a) % (_29—51)1 - 4?Pj ¥ H—Pk) - ME

25
24P
M§ = =2 (=i - k)
5
(b) Have
M, = Ap-M§
R 3P 25 1
whered, = — = —(2i - 20j —k)——— = ——(2i - 20j — k
R 25 ! )27\/§P 9\6( i=k)
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1 24Pa —8Pa
Then M, = ——(2i — 20— k)- -i-k)=
: 9\6( i=k) ( ) 155
M —8Pa 25 —8a
and pitch =1 = or p = —0.0988q 4
P P="R 156(276})] 81 P
(c)
—8Pa( 1 8Pa
M,=MA, =——| —[(2i —20j— k) = —(-2i + 20j + k
1 AR 15\/5(9\5)( i—k) 675( j+k)
Then

M, =ME - M, = 245Pa(—i—k)

8Pa , .. . _8Pa, oo 0.
~ e (20 + 20j + k) = ~Z(~403i - 20 - 406k)

Require M, =150 xR

8Pa . . (s 3P\ e o0
(a)(—ma —20j — 406k ) = (xi + zk) x (25 J(Zl 20j - k)

_ (32_?][2% + (x+22) - 200k |

From i: 8(—403)ﬂ = ZOZ(ﬁj ooz =-1.99012a
675 25

From k: 8(—406)ﬂ = —20x[£j s x = 2.0049a
675 25

.. The axis of the wrench intersects the xz-plane at

x = 2.00a, z = —1.990a 4
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Chapter 3, Solution 136.

First reduce the given force-couple system to an equivalent force-couple system (R, M B) at point B.

dgp = J(~480 mm)? + (560 mm)” + (480 mm)’
= 880 mm

Fuop = Feplyp = %(—%Oi +560j — 480k )

= (12 N)(-6i + 7j — 6k)

dgp = (240 mm)” + (~220 mm)” + (480 mm)’

= 580 mm

Fip = Fpplpp = 14%(240i — 220j + 480Kk )

= (5 N)(12i - 11j + 24k)

SF: R =Fy +Fpy
= (12 N)(=6i + 7j — 6k) + 5 N(12i — 11j + 24k)

=—(12N)i+ (29 N)j+ (48 N)k

dgp- = /(340 mm)? + (240 mm)’ + (=60 mm)’

= 20/442 mm

20 N-m
Then M, = 3401 + 240j — 60k
B 004442 ( ! )

_ 20N m 5 105 - 3K)

J442
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Now determine whether R and M, are perpendicular

R-M; = (-12j + 29j + 48k) - 17i +12j - 3k)

i(
Va2

(—12x17 + 29 x 12 - 48 x 3)

20
\442
=0
.. R and Mj are perpendicular so that (R, M B) can be reduced to the single equivalent force

R = —(12.00 N)i +(29.0 N)j + (48.0 N)k <

Y
Ms
x
z g r&s
Now require Mg — .40 - xn
20N l ! N
or T'zm(m +12j-3k) = |-0.480 y =z - 0.480|(N-m)
-12 29 48
2012
j: = —12(z - 0.480) + 0.480(48
or z=1449m
-20x3
k: =-0.480(29) + 12
\442 (29) d
or y =0.922 m

.. The point of intersection is defined by

y=0.922m <
z=1.449 m 4
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Chapter 3, Solution 137.

First, reduce the given force system to a force-couple at the origin.

Have 2F: F,+F; =R

i+(6in)j-(12in)k

. R=(101b)k +14 11{(4 in. } = (41b)i + (61b)j - (2 1b)k «

14 in.
and R =+/561b
Have SMy: X(rp xF)+ XM = M

M§ = [(12in.) jx (10 o)k | + {(16 in.)i x [ (4 Ib)i + (6 Ib)j - (12 1b) Kk ]}

e mm.){(m in.)zio_is2 in.)j} +(120 lb‘in'){(ét e (112411).]. Hlen

. M{ =(221.49 Ib-in.)i + (38.743 Ib-in.) j + (147.429 Ib-in.)k

= (18.4572 Ib-ft)i + (3.2286 Ib-ft) j + (12.2858 Ib-ft)k

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

The force-couple at O can be replaced by a single force if the direction of R is perpendicular to Mg.
To be perpendicular R-Mg =0
Have R-Mg = (4i + 6j — 2k) . (18.4572i + 3.2286j + 12.2858k) =07
=73.829 +19.3716 — 24.572
=0
", System cannot be reduced to a single equivalent force.

To reduce to an equivalent wrench, the moment component along the line of action of P is found.

(4i + 6j — 2k) . .
=|+————7|-(18.4572i + 3.2286j + 12.2858k)

J56
=9.1709 Ib-ft
and M, = MA, =(9.1709 lb'ft)(0.53452i +0.80178j — 0.26726k)
And pitch p = M, _ 91709 Ib-ft =1.22551 ft
R 56 1b
or p =1.226ft 4
Have

M, = M§ — M, = (18.4572i + 3.2286] + 12.2858k ) — (9.1709)(0.53452i + 0.80178j — 0.26726k)
= (13.5552 Ib-ft)i — (4.1244 Ib-ft) j + (14.7368 Ib-ft )k
Require M, =150 xR
(13.5552i — 4.1244j + 14.7368k ) = (yj + zKk) x (4i + 6j — 2k)
= —(2y +62)i + (4z)j - (4y)k
From j: —4.1244 =4z or  z=-1.0311ft
From k: 14.7368 = 4y or y = —3.6842 ft

" line of action of the wrench intersects the yz plane at

y =-3.68ft, z =1.031ft €4
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Chapter 3, Solution 138.

Then SF: (Fy), +

SFy (Fy), +(Fp), =R
(Fi), =R —(Fp),
and M, bkx[(FB)xi+(FB)ij=—ak+Rj+Mj
i —b(FB)y =aR
or (Fg)y =—%
Then (Fi), =R~ (—%RJ
(3
b
i b(Fp). =M
M
or (F3), =
Then (Fy), = —%
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Chapter 3, Solution 139.

Y
M A
P/_Ciuenpomt A
n
X ot 2 = X
Given plane S m—m— —— -
* @ g (v)

First, choose a coordinate system so that the xy plane coincides with the given plane. Also, position the
coordinate system so that the line of action of the wrench passes through the origin as shown in Figure a.
Since the orientation of the plane and the components (R, M) of the wrench are known, it follows that the
scalar components of R and M are known relative to the shown coordinate system.

A force system to be shown as equivalent is illustrated in Figure b. Let A be the force passing through the
given point P and B be the force that lies in the given plane. Let b be the x-axis intercept of B.

The known components of the wrench can be expressed as
R=Ri+Rj+RK and M=Mi+M,j+ Mk
while the unknown forces A and B can be expressed as
A=4i+4j+4k and B=Bi+ Bk
Since the position vector of point P is given, it follows that the scalar components (x, y, z) of the position
vector rp are also known.

Then, for equivalence of the two systems

XF,: R, =4, +B, 1)
LF,: R, =4, (2)
XF,: R, =4, +B, 3)
SM,: M, = yA, —z4, 4)
EIM,: M, =zA4, — x4, - bB, ®)
IM.: M, =x4, - yA, 6)
continued
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Based on the above six independent equations for the six unknowns (Ax, Ay, A, B,, B,, b), there exists a

unique solution for A and B.

From Equation (2)

Equation (6)

Equation (1)

Equation (4)

Equation (3)

Equation (5)

4, =R, 4

A = (%j(ny -M,)4

B, =R, - %j(ny -M.) <

A, = GJ(M +2R,) 4

B.=R. - GJ(M +2R,) 4

B (xMx +yM, + ZMZ)
(M, - ¥R, + zR,)
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Chapter 3, Solution 140.

First, observe that it is always possible to construct a line perpendicular to a given line so that the constructed
line also passes through a given point. Thus, it is possible to align one of the coordinate axes of a rectangular
coordinate system with the axis of the wrench while one of the other axes passes through the given point.

See Figures @ and b.
Have R = Rj and M = Mj and are known.
The unknown forces A and B can be expressed as

A=4i+4j+A4k and B=Bi+B,j+Bk

The distance a is known. It is assumed that force B intersects the xz plane at (x, 0, z). Then for equivalence

YF: 0=A +B, (1)
YF,: R=A+B, 2)
YFE: 0=A +B, 3)

YM,: 0=-zB, (4)

XM, M =-ad, - xB, + zB, ®)
XM,: 0=ad, +xB, (6)
Since A and B are made perpendicular,
A-B=0 or AB, +AB,+ 4B, =0 @)
There are eight unknowns: A, Ay, A, B, By, B,,x, z

But only seven independent equations. Therefore, there exists an infinite number of solutions.

continued
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Next consider Equation (4): 0=-zB,

If B, = 0,Equation (7) becomes AB. .+ 4B, =0
Using Equations (1) and (3) this equation becomes Af + AZ2 =0

Since the components of A must be real, a nontrivial solution is not possible. Thus, it is required that
B, # 0,so that from Equation (4), z = 0.

To obtain one possible solution, arbitrarily let 4, = 0.
(Note: Setting 4,, 4., or B, equal to zero results in unacceptable solutions.)
The defining equations then become.

0=2B, 1y

R=4,+B, 2)

0=4,+B, 3)

M =—-ad. —xB, (5)
0=ad,+xB, (6)

A,B, + A.B. = 0(7)

Then Equation (2) can be written 4, =R-B,
Equation (3) can be written B, =-4,
. . aA
Equation (6) can be written X = —B—y
y

Substituting into Equation (5),

R-B
M =-ad, - [—a yj(—AZ)
y
M
or A =—B,(8
.= g5 ®

Substituting into Equation (7)’,

0

(R-B,)B, + (—%BJ(%BJ
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or B =

Then from Equations (2), (8), and (3)

4R aR*  RM?
7 a’R* + M?>  a&*R*> + M?
Lo M[ &R ) aR'M
: aR\ a*R* + M? a’R* + M?
3 aR*M
° @R + M?
In summary
RM
A=——(Mj- aRk
2R +M2( J )
aR?
B=———(aRj+ Mk
2R +M2( J )

Which shows that it is possible to replace a wrench with two perpendicular forces, one of which is applied at a
given point.

Lastly, if R >0 and M > 0, it follows from the equations found for A and B that 4, > 0 and B, > 0.

From Equation (6), x < 0 (assuming @ > 0). Then, as a consequence of letting 4, = 0, force A lies in a plane

parallel to the yz plane and to the right of the origin, while force B lies in a plane parallel to the yz plane but to
the left of the origin, as shown in the figure below.

'_f! | f-ﬂﬂ
? S
/o

. | -

[w =
i/
/ AN

¥
|

P

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 3, Solution 141.

First, choose a rectangular coordinate system where one axis coincides with the axis of the wrench and
another axis intersects the prescribed line of action (AA'). Note that it has been assumed that the line of

action of force B intersects the xz plane at point P(x, 0, z). Denoting the known direction of line 44’ by
Ay=2A4i+ 4+ 4k
it follows that force A can be expressed as
A=Ay = A(Ai+ A5+ 1K)

Force B can be expressed as
B=2Bi+B,j+ Bk
Next, observe that since the axis of the wrench and the prescribed line of action 44" are known, it follows
that the distance a can be determined. In the following solution, it is assumed that a is known.
Then, for equivalence
SF.: 0= A4+ B.(1)

SF,: R= AL, +B,()

SF.: 0= A + B.(3)

z

SM_: 0=-zB, (4

x v
IM,: M =-adA, + zB, — xB, 5)
IM,: 0=adi, + xB, 6)

Since there are six unknowns (A, B, B, B, x, z) and six independent equations, it will be possible to

obtain a solution.
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Case I: Let z = 0 to satisfy Equation (4)

Now Equation (2) AA, =R-B,
Equation (3) B, = -AA,
adAl
Equation (6) Xx=-——2 = _[iJ(R - By)
B, B,

Substitution into Equation (5)

Substitution into Equation (2)

A\ aR
_ AaR®
7 AaR - AM
Then A=- MR = R ?
A.aR — AM 2, a A,
B. = -4, AMR
AaR — AM
B, =-44, = A MR
A.aR - A,M
In summary
A
Ay =4,
M
R

=—————(A,Mi+ A.aRj + 1.Mk) 4
A.aR — AM

R AaR — A M
and x=all-—|=a|l- R ———F"—
B, A.aR

Note that for this case, the lines of action of both A and B intersect the x axis.

continued
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Case 2: Let B, = 0 to satisfy Equation (4)

Now Equation (2) A= R
Ay
. A
Equation (1) B =-R|—=*
A
y
. A
Equation (3) B, =-R| =
A
y
Equation (6) adi, =0 which requires a = 0

Substitution into Equation (5)

M=Z—R& —x—Rﬁ or /lzx—ﬂxz=(ﬂjl
A, A, R)"”

This last expression is the equation for the line of action of force B.

In summary

Note that the component of A in the xz plane is parallel to B.
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Chapter 3, Solution 142.

70°

[0
F.-e008T

L‘{__‘;\.- - O ] m

(a) Have My = vy
= (0.1 m)(800 N)
=80.0 N-m
or My =80.0N-m ) «
(b) By definition
My =r zPsiné

where 6 = 90° - (90° - 70°) —
= 90° — 20° — 10°
= 60°

80.0 N-m = (0.45 m) Psin60°

P =20528N
or P=205N <«

(c¢) For P to be minimum, it must be perpendicular to the line joining
points A and B. Thus, P must be directed as shown.

Thus MB = dpmin = rA/BPmin

or 80.0N-m = (0.45m) P,

in
P, =177.7718 N

or P. =177.8N « 20° 4

min
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Chapter 3, Solution 143.

1Y o Have Mc = rpc x Fp
Noting the direction of the moment of each force component about C is
c clockwise,
-  S—
108 mm M¢ = xFp, + yFp,
-_8(" mW o where x =144 mm — 78 mm = 66 mm
y =86 mm + 108 mm = 194 mm
78
and Fy, = —————(580N) = 389.65N

(78)" + (86)°

Fy, = *(580 N)=429.62N

C o J8) + (86)
M = (66 mm)(429.62 N) + (194 mm)(389.65 N)
=103947 N-mm

=103.947 N-m

or Mg =103.9N-m ) €
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Chapter 3, Solution 144.

(a) Have M, =ry,xTy
where g =(92in.)j

Tpp = )"DET DE

(24 in.)i + (132 in.) j — (120 in.)k

= (360 1b)
. J4) + (132) + (120)" in.

= (48 Ib)i + (264 1b)j — (240 1b)k

i j ok

M, =0 92 0 |Ibin =—(22,080Ib-in.)i - (4416 Ib-in)k
48 264 240
or M, = —(1840 Ib-ft)i — (368 Ib-ft)k «
(b) Have M, =rg5,x Ty
where ro, = (108 in.)i + (92 in.) j

—(24 in.)i + (132in.) j — (120 in.)k
J24) + (132) + (120)" in.

Teg = AegTe = (360 1b)

= —(48Ib)i + (264 1b) j — (240 Ib)k

i j Kk
"~ M, =108 92 0 [Ib-in.
—48 264 —240

= (22,080 Ib-in.)i + (25,920 Ib-in.)j + (32,928 Ib-in.)k

or M, = —(1840 Ib-ft)i + (2160 Ib-ft) j + (2740 Ib-ft) k <
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Chapter 3, Solution 145.

First note
2 2

AC =] = (-24) + (18) m = 3m

AD =|rp,| = J12) + (24 + (03 m=27m
and Yoy = —(2.4 m)j + (1.8 m)k

TN rp, =(1.2m)i—(24m)j+(0.3m)k
g By definition
Yoia " Tpia = ‘rC/AHrD/A‘COSQ
or (—2.4j +1.8k) - (1.2 — 2.4j + 0.3k ) = (3)(2.7)cos 8
(0)(1.2) + (—2.4)(-2.4) + (1.8)(0.3) = 8.1cos O

and cosf = % = 0.77778

0 = 38.942°
or 0 =38.9°4
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Chapter 3, Solution 146.

Based on
Y
]/0 where
Be
/;]
~
TBA
165t
()
=

From j-coefficient:

From k-coefficient:

- M i+ 100j — 400k

Equating Equations (1) and (2) yields

Mgy =10 xTyy

M, = M,i+Mj+ Mk

= M,i + (100 Ib-ft)j — (400 Ib-ft)k

ryo = (6f)i+(41ft)j

Ty, = )"BATBA
(6 1t)i— (12ft)j - (a)k
= Ty,
dpy
i j k
=6 4 0 h
6 —12 —a| 2

_ %[—(4a)i +(6a)j - (96)k |

BA
—400d 45 = —96T,, or Ty, = %dm 2)
~100(96)
~ 6(400)

or a=4.00ft 4
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Chapter 3, Solution 147.

Have Mpg =Apg - (rC/D x TCF)

(48in.)i — (14in.)j

where Apg = 0
in.

= 0.96i — 0.28]

rop = (8in)j— (161in.)k

(24in.)i - (36in.)j — (8 in.)k
44 in.

Ter = Aepler = (1321b)

=(721b)i - (1081b)j — (24 1b)k

096 —028 0
S Mpy=|0 8 —16/Ib-in.
72 -108 —24

= 0.96[(8)(-24) — (~16)(~108) ] + (-0.28)[ (~16)(72) - 0]

= —1520.64 1b-in.

or Mpg =-15211b-in. 4
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Chapter 3, Solution 148.

(@) Based on

M,

(b) Based on

XMy:

SF: F, =T =1000N

M, = (T'sin50°)(d,)

or F, =1000 N ~X 20° 4

= (1000 N)sin50°(2.25 m)

=1723.60 N-m

or M, =1724N-m ) 4

SF: Fy =T =1000N

My = (T'sin50°)(dy)

or Fy = 1000 N < 20° 4

= (1000 N)sin 50°(1.25 m)

=957.56 N-m

or My =958 N-m ) «
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Chapter 3, Solution 149.

il B

Require the equivalent forces acting at 4 and C be parallel and at an angle
of o with the vertical.

Then for equivalence,

IF,.: (2501b)sin30° = F,sina + Fysina (1)

XF,: - (250 lb)cos30° =—F, cosa — Fycosa (2)
Dividing Equation (1) by Equation (2),

(250 1b)sin30° 3 (FA + FB)sina
—(250 1b)cos30°  —(F, + Fy)cosa

Simplifying yields o = 30°
Based on
SM: [(2501b)cos30°](12 ft) = (F,cos30°)(32 ft)
F,=93.751b
or F, =93.81b <X 60° ¢
Based on
=M ,: [ (250 1b)cos30°](20 ft) = (Fcos30°)(32 fi)
Fo =156251b

or F. =156.31b “\X 60° 4
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Chapter 3, Solution 150.

Have

where

Have

P = ;"ABP AB

(2.0in.)i + (38 in.)j — (24 in.)k
44.989 in.

(451b)

or F. =(2.001b)i +(38.01b)j — (24.0 Ib)k «

IMc: e x Pyp = Mc

i j kK
M, =2[29.5 33 0| Ib-in.
1 19 -12

= (21b-in.){(-33)(-12)i - (29.5)(-12)j

+[(29.5)(19) - (—33)(1)]1(}

or M = (792 Ib-in.)i + (708 Ib-in.) j + (1187 Ib-in.)k <
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Chapter 3, Solution 151.

3 —

For equivalence
SF;: —(90 N)sin30° + (125 N)cos40° = R,
or R, =50.756 N

2F,: —(90N)cos30° — 200 N — (125 N)sin40° = R,

or Ry = -35829 N

Then R = (50.756)} + (~358.29)" = 361.87 N
R, -

and tand = —* = 33829 -7.0591 oo 0 =-81.937°
R,  50.756

or R =362N < 81.9° «
Also

=M ,: M —[(90N)sin35°](0.6 m) — [ (200 N)cos25°](0.85 m) — [ (125 N)sin65°](1.25 m) = 0
M =326.66 N-m
or M =327 N-m <«
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Chapter 3, Solution 152.

For equivalence
XF: F,+F; +F.+F, =R,
Ro=—(51b)j—(31b)j—(41b)k — (7 Ib)i
R. =(-71b)i—(81b)j—(41b)k «
Also for equivalence

IMe: ryexF +rg0xFp + 15,0 xFy =M,

or
i Kk i k i j Kk
M. =0 0 —-15in/+[lin. 0 —-1.5in{+| 0 15in 15in.
05b 0 0 -3b 0 71 0 0

[(<7.50 Ib-in. = 0)i] +[ (0 = 4.50 Ib-in.)i + (3.0 Ib-in. - 0)k |
+[(10.5 Ib-in. = 0) j + (0 + 10.5 Ib-in.)k |

or M = —(12.0 Ib-in.)i + (10.5 Ib-in.) j + (7.5 Ib-in.) k <
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Chapter 3, Solution 153.

J
. A PR . =
u :{. \\D\/ «!:?3 ‘19 .
/\_ '
G /? § PO E
Pl N ()] /.\“\.\
g \\\ et ////// :h - —
3 \h//f//’ 2 X
F
Have SF: F,+F;+F.+F, =R
—(851b)j—(601b)j—(901b)j—(951b)j=R
~ R=—(3301b)j
Have IM,: Fy(z4)+ Fg(z5) + Fe(ze) + Fp(zp) = R(zy)

(851b)(9 ft) + (60 Ib)(1.5 ft) + (90 1b)(14.25 ft) + (95 Ib)(z) ) = (330 Ib)(7.5 ft)
. zp =3.5523 ft or z, = 3.55 ft <
Have IM .. Fy(xy)+ Fg(xg) + Fe(xc) + Fp(xp) = R(xy)
(851b)(3 ft) + (60 Ib)(4.5 ft) + (90 Ib)(14.25 ft) + (95 Ib)(x, ) = (330 Ib)(7.5 ft)

" xp =7.0263 ft or x;, = 7.03 ft 4
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