o

Problem 4.1 In Active Example 4.1, the 40-kN force
points 30° above the horizontal. Suppose that the force
points 30° below the horizontal instead. Draw a sketch
of the beam with the new orientation of the force. What
is the moment of the force about point A?

Solution: The perpendicular distance from A to the line of action
of the force is unchanged D

D= (6m)sin30°=3m

The magnitude of the moment is therefore unchanged

30°
M = (3 m)(40 kN) = 120 kN-m A

However, with its new orientation, the force would tend to cause the
beam to rotate about A in the clockwise direction. The moment is 4() kN
clockwise

M = 120 kN-m clockwise

Problem 4.2 The massm; = 20 kg. The magnitude of «—0.35 m—=+—0.35 m—~~=—0.35m

the total moment about B due to the forces exerted on Al
bar AB by the weights of the two suspended masses is B
170 N-m. What is the magnitude of the total moment D 2B

due to the forces about point A?

ny ny
Solution: The total moment about B is

Mp = m2(9.81 m/s?)(0.35 m) + (20 kg)(9.81 m/s?)(0.7 m)

=170 N-m

Solving, we find mz = 9.51 kg

The moment about A is then

[M4| = (20 kg)(9.81 m/s?)(0.35 m) + (9.51 kg)(9.81 m/s?)(0.7 m)

M 4| = 134 N-m
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Problem 4.3 The wheels of the overhead crane exert =10 ft 251t 15 ft—
downward forces on the horizontal I-beam at B and C.

If the force at B is 40 kip and the force at C is 44 kip, ]

determine the sum of the moments of the forces on the i i

beam about (a) point A, (b) point D. A 'l’[i#@ B Céi]ﬂ b

Solution: Use 2-dimensional moment strategy: determine normal
distance to line of action D; calculate magnitude DF'; determine sign.

10 ft 25 ft 15ft
Add moments.

(8 The normal distances from A to the lines of action are Dap =
10 ft, and D4c = 35 ft. The moments are clockwise (negative).

D
Hence, ‘ﬁ 5 C I.I#'

> My = —10(40) — 35(44) = —1940 ft-kip |

(b) The normal distances from D to the lines of action are Dpg =
40 ft, and Dpc = 15 ft. The actions are positive; hence

Z Mp = +(40)(40) + (15)(44) = 2260 ft-kip

Problem 4.4 What force F applied to the pliers is
required to exert a 4 N-m moment about the center of
the bolt a P?

Solution:

4 N-m
0.165 msin42°
=36.2N

Mp =4 N-m= F(0.165 msin42’) = F =

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

160

o



Problem 45 Two forces of equal magnitude F are
applied to the wrench as shown. If a 50 N-m moment is
required to loosen the nut, what is the necessary value
of F?

Solution:
300 mm

F 380 mm

w
9
3
°
|

ZMnm center = (F €0530°)(0.3 m) + (F cos20°)(0.38 m)

— - L ]
=50 N-m ZV U
- F
F= 50 N-m —8LIN
(0.3 m) cos30° + (0.38 m) cos20¢
Problem 46 The force F =8KkN. What is the y 39
moment of the force about point P? ( {i
Solution: The angle between the force F and the x axis is F N 0.
_1 o \\ (8» 5) m
o =tan 1(5/4) = 51.3 N
\
The force can then be written \\
P % (7,2) m
F = (8 kN)(cosai — Singj) = (5.00i — 6.25j) kN (3.2)m
The line of action of the j component passes through P, so it exerts no X
moment about P. The moment of thei component about P is clockwise,
and its magnitude is
Mp = (5 m)(5.00 kN) = 250 kN-m | Mp = 25.0 kN-m clockwise|
Problem 4.7 If the magnitude of the moment due to y 39
the force F about Q is 30 kN-m, what is F? ( {:
) F \ Oe
Solution: The angle between the force F and the x axis is \\ (8,5)m
N\
o = tan"1(5/4) = 51.3° N
\
The force can then be written Po *(7,2)m
(3.2)m
F = F(cosai — sinaj) = F(0.625i — 0.781)) B

Treating counterclockwise moment as positive, the total moment about
point Q is

Mg = (0.781F)(5 m) — (0.625F)(2 m) = 30 kN-m

Solving, we find | F = 11.3 kN
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Problem 4.8 The support at the left end of the beam
will fail if the moment about A of the 15-kN force F
exceeds 18 kN-m. Based on this criterion, what is the
largest allowable length of the beam?

Solution:

15
My :L-Fsin30°:L<?>

My=75LKN-m
set My :MAmaX:18kN-m:7.5Lmax

Linax =24 m

Problem 4.9 Thelength of the bar AP is650 mm. The
radius of the pulley is 120 mm. Equal forces 7 =50 N
are applied to the ends of the cable. What is the sum of
the moments of the forces (a) about A; (b) about P.
Solution:

@ > Ma=(50N)0.12m)— (50 N)(0.12m) =0

() > Mp=(50N)(©0.12 m)
— (50 N cos30°)(0.65 msin45° + 0.12 mcos30°)
— (50 Nsin30°)(0.65 mcos45° + 0.12 msin30°)

Mp=—-3L4N-m or Mp =314 N-mCW
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Problem 410 The force F =12KkN. A structura F
engineer determines that the magnitude of the moment
due to F about P should not exceed 5 kN-m. What p e
is the acceptable range of the angle «? Assume that
O0<a=<90. im
? |
2m ‘
|

Solution: We have the moment about P 12kN

Mp = (12 KNsin@)(2 m) — (12 kN cosa)(1 m)

Mp = 12(2sina — cosa) KN-m
The moment must not exceed 5 kN-m

Thus 5 kN-m > |12(2sina — cosa)|KN-m

o

The limits occur when +

12(2sina —cosa) =5 = a =373

12(2sina — cosa) = -5 = « = 15.83°

So we must have| 15.83° < o < 37.3°
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Problem 4.11 The length of bar AB is 350 mm.
The moments exerted about points B and C by the
vertical force F are Mg = —1.75kN-m and M. =
—4.20 kN-m. Determine the force F and the length of
bar AC.

Solution: We have

1.75 kN-m = F(0.35 m)sin30° = F = 10 kN E

4.20 KN-m = F(Lac)c0s20° = Lyc = 0.447 m

In summary | F = 10 kN, Lsc = 447 mm
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Problem 4.12 In Example 4.2, suppose that the 2-kN
force points upward instead of downward. Draw a sketch
of the machine part showing the orientations of the
forces. What is the sum of the moments of the forces
about the origin 0?

Solution: If the 2-kN force points upward, the magnitude of its
moment about O does not change, but the direction of the moment
changes from clockwise to counterclockwise. Treating counterclock-
wise moments as positive, the moment due to the 2-kN force is

(0.3 m)(2 kN) = 0.6 KN-m

The moments due to the other forces do not change, so the sum of the
moments of the four forces is

> Mo = (0.6 - 1.039+ 1.400) kN-m

‘ S Mo = 0.961 kN-m

4kN

300
mm | O

5 kN

Problem 4.13 Two equa and opposite forces act on
the beam. Determine the sum of the moments of the two
forces (a) about point P; (b) about point Q; (c) about the
point with coordinatesx =7 m, y =5 m.

Solution:

Mp = —(40 N cos30°)(2 m) + (40 N cos30°)(4 m)

@
= 69.3 N-m (CCW)

(b) | Mg = (40 Ncos30°)(2 m) = 69.3 N-m (CCW)

M = (40 Nsin30°)(5 m) + (40 N cos30°)(5 m)
(© — (40 Nsin30°)(5 m) — (40 N cos30°)(3 m)

=69.3 N-m (CCW)

40N
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Problem 4.14 The moment exerted about point E by
the weight is 299 in-Ib. What moment does the weight
exert about point S?

Solution: The key is the geometry

From trigonometry,

do di
0° = ——, 30° = ——
o8 Bin 2in
Thus dj = (12 in) cos30°

d1 =10.39"

and do = (13 in) cos40’

dy =9.96”

We are given that
299 in-lb = doW = 9.96 W

W =30.01b

Now,
My = (d1+d2)W
M, = (20.35)(30.0)

M, = 611 in-lb clockwise

Problem 4.15 The magnitudes of the forces exerted on
the pillar at D by the cables A, B, and C areequal: Fy =
Fg = F¢. The magnitude of the total moment about E
due to the forces exerted by the three cables at D is
1350kN-m. What is F5?

Solution: The angles between the three cables and the pillar are

oy = tan~1(4/6) = 33.7°

ap = tan1(8/6) = 53.1°

ac = tan~1(12/6) = 63.4°

The vertical components of each force at point D exert no moment
about E. Noting that F4 = Fp = F¢, the magnitude of the moment
about E due to the horizontal components is

ZME = Fa(Sinas + Sinag + sinae)(6 m) = 1350 kN-m

Solving for F4 yields| F4 = 100 kN
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Problem 4.16 Three forces act on the piping. Deter-
mine the sum of the moments of the three forces about
point P.

Solution:

ZMP = —(4 kN)(0.2 m) + (2 kN)(0.6 m) — (2 kN cos20°)(0.2 m)

2 kN 20° + (2 kNsin20°)(0.4 m) = 10.18 kN-m
/\/ Mp = 0.298 KN-m CCW
0.2 m
4 kN 2kN I 2kN
A2
P l J e # 4kN
. _f—f/‘
P 02m— E
%/o.z m* ~
‘/0.2 m P S
0.2m 0.2m 0.2m
Problem 4.17 TheforcesF; =30 N, F, =80 N, and y P
F3 =40 N. What is the sum of the moments of the 3 c
forces about point A? A 39°Z>
e
Solution: The moment about point A due to F; is zero. Treating 5 &
counterclockwise moments as positive the sum of the moments is in
> My = F3sin30°(8 m) + Fos45° (2 m) B T )w
F,
‘ >~ M4 = 273 N-m counterclockwise
| 8m I
X
Problem 4.18 The force F; = 30 N. The vector sum y P
of the forces is zero. What is the sum of the moments ’ c
of the forces about point A? A 39"‘5
e
Fy
T
P . N B
Solution: The sums of the forces in the x and y directions equal 45°
zero: ‘<
F,
Z F.: F1+ Fpc0s45° — F3c0s30° =0 I I
| 8 m |

> Fy:—Fzsind5’ + F3sin30° =0

Setting F1 = 30 N and solving yields
F>=580N, F3 =820N.

The sum of the moments about point A is

ZMA = F»sin30°(8 m) + F»cos45°(2 m) = 410 N-m

‘ >~ M4 = 410 N-m counterclockwise
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Problem 4.19 TheforcesFy, =301b, Fg =401b, F¢c = y
201lb, and Fp=301Ib. What is the sum of the
moments of the forces about the origin of the coordinate
system?

J
S

30° L% ) =

Fy
Solution: The moment about the origin due to F4, and Fp is Fg Fe
zero. Treating counterclockwise moments as positive, the sum of the
moments is

X

s,
_

ZM = —Fp(6 ft) + Fc(10 ft) 6 ft ‘ 4 ft ‘

= —(40 Ib)(6 ft) + (20 Ib)(10 ft) = —40 ft-Ib

‘ S°M = 40 ft-Ib clockwise

y
Problem 4.20 The force F4 = 30 Ib. The vector sum ‘
of the forces on the beam is zero, and the sum of the )
moments of the forces about the origin of the coordinate 30\ D
system is zero. /FA‘Y

(b) Determine the sum of the moments of the forces

1
(@ Determine the forces Fg, F¢, and Fp. lFB Fe
about the right end of the beam. ‘

6 ft 4 ft !

Solution:

(@ The sum of the forces and the sum of the moments equals zero

ZFX tF400830° —Fp =0
> Fy:Fasin30 — Fp+Fc=0

> Moiigin : —Fp(6 ft) + Fc(10 fty = 0

Setting F4 = 30 Iband solvingyields | Fp =3751b, Fc =2251b, Fp =26.01b

(b) The sum of the moments about the right end is
> Mright end : Fp(4 ft) — F4 Sin30°(10 ft)

= (37.5 Ib)(4 ft) — (30 Ib)(10 ft)

=0
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Problem 4.21 Three forces act on the car. The sum of
the forces is zero and the sum of the moments of the
forces about point P is zero.

(@) Determine the forces A and B.

(b) Determine the sum of the moments of the forces
about paint Q.

Solution:

> Fy:A+B—28001b=0

ZMP : —(2800 Ib)(6 ft) + A9 ft) = 0

(@ Solving we find

!

| A =1867b, B=9331b] Q
B > Mo =(28001b)3ft) ~ BOft) = 0 28001b
B A
Problem 4.22 Fiveforces act on the piping. The vector 80 1b
sum of the forces is zero and the sum of the moments .
of the forces about point P is zero. 4
(@) Determine the forces A, B, and C. d
(b) Determine the sum of the moments of the forces 201b 2
about point Q. 0 \
A1 ey ——*
———
?
l J/ L 2fi
2ft— 7
B ‘/z ft
Solution:

(&8 The conditions given in the problem are:
> Fy:—A+80lbcos45’ =0
Y Fy:—=B—C—201b+80lbsin4s’ =0

> Mp: —(201b)(2 ft) — C(6 ft) — (80 Ibcos45")(2 ft)
+ (80 Ibsin45°)(4 ft) = 0

Solving we have

|A =5661b, B=2441b, C=12191b

> Mgy : —(80 Ibcos45°)(2 ft) — (80 Ibsin45*)(2 ft)
(b)

+(20 Ib)(4 ft) + B(6 ft) =0

201b

801b
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Problem 4.23 In Example 4.3, suppose that the attach-
ment point B is moved upward and the cable is length-
ened so that the vertical distance from C to B is 9 ft. |
(the positions of points C and A are unchanged.) Draw a g
sketch of the system with the cable in its new position.
What is the tension in the cable?

Solution: The angle a between the cable AB and the horizontal is.
o =tan1(5/4) = 51.3°
The sum of the moments about C is
ZMC :—W(2 ft) + T cosa(4 ft) + Tsina(4 ft) =0

Solving yields

T =106.7 Ib

C 2 ft 2 ft

Problem 4.24 The tension in the cable is the same on

both sides of the pulley. The sum of the moments about T

point A due to the 800-1b force and the forces exerted i

on the bar by the cable at B and C is zero. What is the A B .

tension in the cable? “" = SNy
=30in— lxoo Ib

Solution: Let T be the tension in the cable. The sum of the

~—30in—l<«_ 20
moments about A is <—30in—.

> M :T(30in) + T sin30°(90 in) — (800 Ib)(60in) = 0

Solving yields
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Problem 4.25 The 160-N weights of the arms AB and
BC of the robotic manipulator act at their midpoints.
Determine the sum of the moments of the three weights
about A.

Solution: The strategy is to find the perpendicular distance from
the points to the line of action of the forces, and determine the sum
of the moments, using the appropriate sign of the action.

The distance from A to the action line of the weight of the arm AB is:

dap = (0.300) cos40° = 0.2298 m

The distance from A to the action line of the weight of the arm BC is

dpc = (0.600)(cos40°) + (0.300)(cos20”) = 0.7415 m.

The distance from A to the line of action of the force is
dr = (0.600)(cos40°) + (0.600)(cos20°) + (0.150)(cos20°)

= 1.1644 m.

The sum of the moments about A is

ZMA = —dap(160) — dpc(160) — dr(40) = —202 N-m

Problem 4.26 The space shuttle's attitude thrusters 22m
exert two forces of magnitude F = 7.70 kN. What 29m
moment do the thrusters exert about the center of
mass G? F_/ L & LY F
50| Va ) J6°
T 18 m T 12m ? l
Solution: Thekey to this problem is getting the geometry correct. —_—— in 5° Fsin6°
The simplest way t(fydo this iF; to break geach gf]orce%nto cor):lponents ; [ i/F SN }?Z’C
parallel and perpendicular to the axis of the shuttle and then to sum =-22m 22m Fcos6
the moments of the components. (This will become much easier in the <« 18m — 12m
next section) F cos5°
FRONT REAR

{ +MeronT, = (19)F Sin5’ — (22)F cos5’
,( +MRears = (2.2)F cos6° — (12)F Sin6°
.( +MtotaL = MFRONT + MREAR

,( +MtotaL = —4.80+ 7.19 N-m

( +MtotaL = 2.39 N-m
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Problem 4.27 The force F exerts a 200 ft-1b counter- A y
clockwise moment about A and a 100 ftlb (-5 5 ft A\
clockwise moment about B. What are F and 6?

Solution: The strategy is to resolve F into x- and y-components, v
and compute the perpendicular distance to each component from A
and B. The components of F are: F = iFx + jFy. The vector from A =

to the point of application is: A

©
rar = (4—(=5)i+B-5)j=9-2. \ // (4,3) ft
X

The perpendicular distances are dax = 9 ft, and day = 2 ft, and the \
actions are positive. The moment about A isMs = (9Fy + (2)Fx =
200 ft-Ib. The vector from B to the point of application is rpr =
(4—3)i + (3= (—4))j = 1i + 7j; thedistancesdpy = 1 ftand dpy =
7 ft, the action of Fy is positive and the action of Fy is nega-
tive. The moment about BisMp = (1)Fy — (7)Fx = —100 ft-Ib. The (3,9 ft
two simultaneous equations have solution: Fy = 18.46 |b and Fx =
16.92 Ib. Take the ratio to find the angle:

Fy 18.46
O=tan"1| = ) =tan! | == ) = tan~1(1.091) = 47.5".
o <Fx> - (16.92> oSy

o]

From the Pythagorean theorem

IFI = \/F% + F% = +/18.462 + 16.922 = 25.04 |b

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

172

o



o

A

Problem 4.28 Five forces act on a link in the gear-
shifting mechanism of a lawn mower. The vector sum 25 kN
of the five forces on the bar is zero. The sum of their 120
moments about the point where the forces A, and A, act ° T
IS Zero. 650 mm

30kN 450 mm
(8 Determine the forces A,, A,, and B.

(b) Determine the sum of the moments of the forces 45°
about the point where the force B acts. — = B—"—

(o] (o]
}— 650 mm —»F 350 mm{

Solution: The strategy is to resolve the forces into x- and
y-components, determine the perpendicular distances from B to theline
of action, determine the sign of the action, and compute the moments.

The angles are measured counterclockwise from the x axis. The
forces are

F2 = 30(i cos135° +j sin135°) = —21.21i + 21.21]
F1 = 25(i cos20° 4 j sin20°) = 23.50i + 8.55j.
(@ The sum of the forces is
> F=A+B+F1+F2=0.
Substituting:
> Fx = (Ax + By +235—21.2)i =0,
and > Fy = (Ay +21.2+ 855) = 0.

Solve the second equation: Ay = —29.76 kN. The distances of
the forces from A are: the triangle has equal base and altitude,
hence the angle is 45°, so that the line of action of F1 passes
through A. The distance to the line of action of B is 0.65 m,
with a positive action. The distance to the line of action of the
y-component of F; is (0.650 + 0.350) = 1 m, and the action is
positive. The distance to the line of action of the x-component
of F is (0.650 — 0.450) = 0.200 m, and the action is positive.
The moment about A is

ZMA = (8.55)(1) 4 (23.5)(0.2) + (Bx)(0.65) = 0.

Solve: By = —20.38 kN. Substitute into the force equation to
obtain Ay = 18.09 kN

(b) The distance from B to the line of action of the y-component of
F1 is 0.350 m, and the action is negative. The distance from B
to the line of action of Ax is 0.650 m and the action is negative.
The distance from B to the line of action of Ay is 1 m and the
action is positive. The distance from B to the line of action of
the x-component of F» is0.450 m and the action is negative. The
sum of the moments about B:

> Mp = —(0.350)(21.21) - (0.650)(18.09)

+ (1)(29.76) — (0.450)(23.5) =0
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Problem 4.29 Fiveforcesact on amodel truss built by
a civil engineering student as part of a design project.
The dimensionsare b = 300 mm and 7 = 400 mm; F =
100 N. The sum of the moments of the forces about the
point where A, and A, act is zero. If the weight of the
truss is negligible, what is the force B?

Solution: The x- and y-components of the force F are
F = —|F|(i cos60° + j Sin60°) = —|F|(0.5i + 0.866}).
The distance from A to the x-component is 4 and the action is positive.

The distances to the y-component are 3b and 5b. The distance to B is
6b. The sum of the moments about A is

>~ M, = 2|F|(0.5)(h) — 3b|F|(0.866) — 5b|F|(0.866) + 6bB = 0.

1.6784|F|

Substitute and solve: B = =93.2N

Problem 4.30 Consider the truss shown in Problem
4.29. The dimensions are b =3 ft and h =4 ft; F =
300 Ib. The vector sum of the forces acting on the truss
is zero, and the sum of the moments of the forces about
the point where A, and A, act is zero.

(8 Determine the forces A,, A,, and B.
(b) Determine the sum of the moments of the forces
about the point where the force B acts.

Solution: The forces are resolved into x- and y-components: Solve the first: A, = 300 Ib. The distance from point A to the
x-components of the forces is 4, and the action is positive. The
F = —300(i cos60° + j in60°) = —150i — 259.8. distances between the point A and the lines of action of the y-
components of the forces are 3b and 5b. The actions are negative.
(8 The sum of the forces: The distance to the line of action of the force B is 6b. The action

is positive. The sum of moments about point A is

M F=2F+A+B=0.

ZMA = 2(150) h — 3b(259.8) — 5b(259.8) + 60 B = 0.
The x- and y-components:

Substitute and solve: B = 279.7 |b. Substitute this value into the
Z F, = (A, — 300)i = O, force equation and solve: A, = 519.6 — 279.7 = 239.9 Ib

(b) The distances from B and the line of action of Ay is 6b and the
Z F, =(-519.6 +A, + B)j =0. action is negative. The distance between B and the x-component
of the forcesis 4 and the action is positive. The distance between
B and the y-components of the forces is b and 3b, and the action
is positive. The sum of the moments about B:

> Mp = —65(239.9) + 2(150) h+ 5(259.8) + 36(259.8) = 0
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Problem 4.31 Themassm = 70 kg. What isthe mom-
ent about A due to the force exerted on the beam at B
by the cable?

Solution: The strategy isto resolve the force at B into components
parallel to and normal to the beam, and solve for the moment using
the normal component of the force. The force at B is to be determined
from the equilibrium conditions on the cable juncture O. Angles are
measured from the positive x axis. The forces at the cable juncture are:

Fos = |Fop|(i cos150° + j sin150°) = |Fpp|(—0.866i + 0.5))

Foc = |Foc|(i cos45° +j sin45°) = |Foc|(0.707i + 0.707]).

W = (70)(9.81)(0i — 1j) = —686.7} (N).

The equilibrium conditions are:

> F. = (~0.866|Fop| + 0.7070Foc )i = 0

Z Fy = (0.500|Fpg| + (.707|Foc|) — 686.7)] = 0.

Solve: |Fop| = 502.70 N. Thisisused to resolve the cable tension at B:
Fp =502.7(i cos 330" + j sin330°) = 435.4i — 251.4j. The distance
from A to the action line of the y-component a B is 3 m, and the
action is negative. The x-component at passes through A, so that the
action line distance is zero. The moment at A is My = —3(251.4) =
—754.0 N-m

Problem 4.32 The weights W, and W, are suspended g A D@ —
by the cable system shown. The weight W, = 12 |b. The
cable BC is horizontal. Determine the moment about
point P due to the force exerted on the vertical post at
D by the cable CD.

Solution: Isolate part of the cable system near point B. The equi- TAB
librium eguations are TCD

Fy :Tgc — Tac cos50° =0
Z x+Tpc —Tac 50° TBC TBC

> Fy:Tap—121b=0

Solving ylelds Tap = 15.7 |b, Tpc = 101 1b
Let o be the angle between the cable CD and the horizontal. The
magnitude of the moment about P due to the force exerted at D by
cable CD is

M = T¢pcosa(6 ft

v eose®) W, =121b W,

Isolate part of the cable system near point C. From the equilibrium
equation

Z F.:Tepcose — Tge = 0= Tepcosa = Tpe = 101 1b

Thus M = (10.1 Ib)(6 ft) [ M = 60.4 Ib
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Problem 4.33 Thebar AB exertsaforce at B that helps
support the vertical retaining wall. The force is parallel
to the bar. The civil engineer wants the bar to exert a
38 kN-m moment about 0. What is the magnitude of
the force the bar must exert?

Solution: The strategy isto resolve the force at B into components
parallel to and normal to the wall, determine the perpendicular distance
from O to the line of action, and compute the moment about O in terms
of the magnitude of the force exerted by the bar.

By inspection, the bar formsa 3, 4, 5 triangle. The angle the bar makes
with the horizontal is cosé = £ = 0.600, and sing = £ = 0.800. The
forceat B isFp = |Fp|(—0.600i 4+ 0.800j). The perpendicular distance
from O to the line of action of the x-component is (4 + 1) = 5 m, and
the action is positive. The distance from O to the line of action of
the y-component is 1 m, and the action is positive. The moment about
0is> Mo = 5(0.600)|Fz| + 1(0.800)|F5| = 3.8|F5| = 38 kN, from
which |Fg| = 10 kN

3m

176

Problem 4.34 A contestant in a fly-casting contest
snags his line in some grass. If the tension in the line is
5 Ib, what moment does the force exerted on the rod by
the line exert about point H, where he holds the rod?

Solution: The strategy is to resolve the line tension into a compo-
nent normal to the rod; use the length from H to tip as the perpen-
dicular distance; determine the sign of the action, and compute the
moment.

The line and rod form two right triangles, as shown in the sketch. The
angles are:

2
o =tan1 <7> = 1595

g=tan?! (1—65> =218.

The angle between the perpendicular distance line and the fishing line
is0 =a+ B =237.7°. The force normal to the distance line is F =
5(sin37.7°) = 3.061 Ib. The distance isd = +/22 + 72 = 7.28 ft, and
the action is negative. The moment about H isMy = —7.28(3.061) =
—22.3 ft-Ib Check: The tension can be resolved into x and y compo-
nents,

Fy=Fcosp=46421b, Fy=—-Fsnpg=—-1857lb.

The moment is

M = —2F, + TF, = —22.28 = —22.3 ft-Ib. check.
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Problem 4.35 The cables AB and AC help support the
tower. The tension in cable AB is 5 kN. The points A,
B, C, and O are contained in the same vertical plane.

(8 Whatisthemoment about O dueto theforceexerted
on the tower by cable AB?

(b) If the sum of the moments about O due to the forces
exerted on the tower by the two cablesis zero, what
is the tension in cable AC?

20m

Solution: The strategy is to resolve the cable tensions into compo-
nents normal to the vertical line through OA; use the height of the A Fn Fy A
tower as the perpendicular distance; determine the sign of the action, "  —
and compute the moments. 60 ( 45°

(@ The component normal to the line OA is Fgy = 5(cos60°) =
2.5 kN. The action is negative. The moment about O is Mps =
—2.5(20) = —50 kN-m

(b) By a similar process, the norma component of the tension in
the cable AC is Fey = |Fe| cos45’ = 0.707|F¢|. The action is
positive. If the sum of the moments is zero,

> Mo = (0.707(20)|F¢| — 50) = 0,

from which

50 kN m

= @ron@om >N

[Fcl
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Problem 4.36 The cable from B to A (the sailboat’s  Solution: Triangle ABP
forestay) exerts a 230-N force a B. The cable from B to

C (the backstay) exerts a 660-N force at B. The bottom .~ 4 5.
of the sailboat’smast islocated at x = 4 m, y = 0. What 11.8°

is the sum of the moments about the bottom of the mast Triangle BCO

due to the forces exerted at B by the forestay and back-

say? np= 2 p=2262
b=15 F=22

B (4.13) m ,( 1Mo = (13)(230) Sina — (13)(660) sin 8

,( +Mo = —2340 N-m

B (4,13)
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Problem 4.37 The cable AB exerts a 290-kN force on
the building crane’s boom at B. The cable AC exerts a
148-kN force on the boom at C. Determine the sum of
the moments about P due to the forces the cables exert
on the boom.

Solution:
ZMP = —L(zgo kN)(56 m) — i(148 kN)(16 m)
/3200 /320
= —3.36 MNm

> Mp =336 MN-m CW

A
IS m
B C N
/ G WP
Boom Fl() mAZ;
Z7
56 m 7

.E‘:‘Q

Problem 4.38 The mass of the building crane’s boom
in Problem 4.37 is 9000 kg. Its weight acts at G. The
sum of the moments about P due to the boom’s weight,
the force exerted at B by the cable AB, and the force
exerted at C by the cable AC is zero. Assume that the
tensions in cables AB and AC are equa. Determine the
tension in the cables.

Solution:
S Mp = O Tup(86 M) — o716 m)
/3200 +/320

+ (9000 kg)(9.81 m/s?)(38 m) = 0

using Tap = Tac We solve and find

| Tap = Tac = 223 kN

56
8:’,—"/ -
T ,\J
| — / °
B 18m 2m C 16m P
9000 kg (9.81 m/s?)
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Problem 4.39 The mass of the luggage carrier and the
suitcase combined is 12 kg. Their weight acts at A. The
sum of the moments about the origin of the coordinate
system due to the weight acting at A and the vertical
force F applied to the handle of the luggage carrier
is zero. Determine the force F (@) if « = 30°; (b) if
o = 50°.

Solution: 0 is the origin of the coordinate system

> Mo = F(1.2 mcosa)

— (12 kg)(9.81 M/s?)(0.28cosa — 0.14sina) = 0

Solving we find

»_ (12kg)(9.81 m/s’)(0.28cose — 0.14sine)
B 1.2 mcosa

(@ Fora=230"Wefind |F=1954N
(b) For o =50° Wefind |F =11.10N

Problem 440 The hydraulic cylinder BC exerts a
300-kN force on the boom of the crane at C. The force
is pardlel to the cylinder. What is the moment of the
force about A?

©
©
©
©
- C
24m (A
1m B
v
| |
~=18m—~ 12m ~—
7m

Solution: The strategy isto resolve the force exerted by the hydra-
ulic cylinder into the normal component about the crane; determine the
distance; determine the sign of the action, and compute the moment.

Two right triangles are constructed: The angle formed by the hydraulic
cylinder with the horizontal is

2.4
_tan-l( 27 = o
B =tan (1.2> 63.43°.
The angle formed by the crane with the horizontal is
o =tan~t <1?4> = 25.02°.

The angle between the hydraulic cylinder and the craneisé = 8 — o =
38.42°. The normal component of the forceis: Fy = (300)(sin38.42°)
= 186.42 kN. Thedistance from point A isd = +~/1.42 4 32 = 3.31 m.
The action is positive. The moment about A isMy = +3.31(186.42) =
617.15 kN-m Check: The force exerted by the actuator can be resolved
into x- and y-components, F, = F cosp = 134.16 kN, F, = Fsing
= 268.33 kN. The moment about the point A is M = —1.4F, + 3.0

F, =617.15 kN m. check.
B
o)
' 1.2m
3m 24m
8)
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Problem 4.41 The hydraulic piston AB exerts a 400-1b
force on the ladder at B in the direction paralé to the
piston. The sum of the moments about C due to the force
exerted on the ladder by the piston and the weight W of
the ladder is zero. What is the weight of the ladder?

Solution: The angle between the piston AB and the horizontal is

o = tan~1(3/6) = 26.6°

The sum of the counterclockwise moment about C is m

ZMC : W(6 ft) — (400 Ib) cosa (3 ft) — (400 Ib) sina(3 ft) = 0

Solving yields

Problem 4.42 The hydraulic cylinder exerts an 8-kN ~—1m—-
force at B that is parallel to the cylinder and points from
C toward B. Determine the moments of the force about

points A and D. Hydraulic—
cylinder

0.15m
Solution: Usex, y coords with origin A. We need the unit vector
from C to B, ecp. From the geometry, 5.00 kN

= 0.780i — 0.625j 6.25 kN
e ) C (-0.15, + 0.6)
The force F¢p is given by
Fcg = (0.780)8i — (0.625)8] kN
0.6 m
Fcp = 6.251 — 5.00] kN
For the moments about A and D, treat the components of Fcp as two
separate forces. ‘ 0.15m
M“""‘"“‘

{ +Ma = (5.00)(0.15) — (0.6)(6.25) kN - m A(0,0)

(+MA=73.OOKN~m SOKN fomme [ m -—‘
D

For the moment about D ® —

0,4m
£+ Mp =G KN)Lm) + (6.25 kN)(©0.4 m)

6.25 kN

,(+MD=7.5kN.m
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Problem 4.43 The structure shown in the diagram is
one of the two identical structures that support the scoop
of the excavator. The bar BC exerts a 700-N force at C
that points from C toward B. What is the moment of this
force about K?

Solution:
320
My = ————__ (700 N)(0.52 m) = —353 Nm
K=~ 158800 " )

700 N

|MK —353Nm CW

520 mm
R et et

Problem 4.44 In the structure shown in Problem 4.43,
the bar BC exerts a force a C that points from C
toward B. The hydraulic cylinder DH exerts a 1550-N
force at D that points from D toward H. The sum of the
moments of these two forces about K is zero. What is
the magnitude of the force that bar BC exerts at C?

Solution:
1120 320
Mg = ———— (1550 N)(0.26 m) — ———F(0.52) = 0
2 Mx 26006 X )~ Jiose0” 2
Solving we find
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Problem 4.45 In Active Example 4.4, what is the
moment of F about the origin of the coordinate system?

Solution: The vector from the origin to point B is
r = (11i + 4k) ft
From Active Example 4.4 we know that the force F is
F = (—40i + 70] — 40k) Ib

The moment of F about the origin is

i i k
11 0 4
—40 70 -—-40

M=rxF= = (—280i + 280j + 770k) ft-Ib

M = (—280i + 280j + 770k) ft-Ib |

JC(1.7,0) ft
\
A, \
\
(0,6,5) ft
F

X

BY(11,0,4) ft

Problem 4.46 Use Eq. (4.2) to determine the moment
of the 80-N force about the origin O letting r be the
vector (a) from O to A; (b) from O to B.

y
80j (N)
B(e (6,4,00m
X
- A (6,0,0)m

Solution:
@ Mo=roaxF

— 6i x 80j = 480k (N-m).
(b) Mo=ropxF

= (6 + 4)) x 80j

= 480k (N-m).

Problem 4.47 A bioengineer studying an injury sus-
tained in throwing the javelin estimates that the magni-
tude of the maximum force exerted was |F| = 360 N and
the perpendicular distance from O to the line of action of
F was 550 mm. The vector F and point O are contained
in the x—y plane. Express the moment of F about the
shoulder joint at O as a vector.

Solution:  The magnitude of the moment is|F|(0.55 m) = (360 N)
(0.55 m) = 198 N-m. The moment vector is perpendicular to the x—y
plane, and the right-hand rule indicates it points in the positive z direc-
tion. Therefore Mo = 198k (N-m).

y
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Problem 4.48 Use Eq. (4.2) to determine the moment

of the 100-kN force (a) about A, (b) about B. A |

Solution: (a) The coordinates of A are (0,6,0). The coordinates of
the point of application of the force are (8,0,0). The position vector

from A to the point of application of the force is ryr = (8 — 0)i + 6m
(0—6)j = 8i — 6j. The force is F = 100] (kN). The cross product is

N . X
— 800K (KN-m) | - L

12m }

100 (kN)

i j kK
8 —6 0
0 100 0

rar x F=

(b) The coordinates of B are (12,0,0). The position vector from B to
the point of application of the force is rpgr = (8 — 12)i = —4i. The
cross product is:

i ]k
-4 0 0
0 100 0

rgr x F = = —400k (kN-m)

Problem 449 The cable AB exerts a 200-N forceon y
the support at A that points from A toward B. Use
Eq. (4.2) to determine the moment of this force about
point P in two ways: (a) letting r be the vector from P
to A; (b) letting r be the vector from P to B.

P (0.9,0.8) m

Solution: First we express the force as a vector. The force points
in the same direction as the position vector AB.

AB = (1—0.3) mi + (0.2— 0.5) mj = (0.7i — 0.3)) m

IAB| = /(0.7 m?2 + (0.3 m)2 = ~/058 m

200N _. .
F=——(0.71 — 0.3
«/0.58( i)
200 N
a Mp=PAXxF=(-0.6mi—0.3mj) x 0.7i — 0.3
(@ Mp ( i) JT58( i)
Carrying out the cross product we find
Mp = 102.4 N-mk

(b) Mp=PBxF=(0.1mi—0.6mj) x 200 N(O.7i —0.3))

+/0.58

Carrying out the cross product we find

Mp = 102.4 N-mk
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Problem 450 The line of action of F is contained in
the x—y plane. The moment of F about O is 140k (N-
m), and the moment of F about A is 280k (N-m). What
are the components of F?

y
A(,7,00m
B NG
) (5,30 m
X
(6]

Solution: The strategy is to find the moments in terms of the
components of F and solve the resulting simultaneous equations. The
position vector from O to the point of application is ror = 5i + 3j.
The position vector from A to the point of application is rap = (5 —
0)i + (3 —7)j = 5i — 4j. The cross products:

ik

r()pxF: 5 3 0 :(5Fy—3Fx)k:l40k, and
Fx Fy O
ik

tar xF=|5 —4 0|=(5Fy+4Fy)k = 280k.
Fx Fy O

Take the dot product of both sides with k to eliminate k. The simul-
taneous equations are:

5Fy — 3Fx = 140, 5Fy + 4Fx = 280.

Solving: Fy =40, Fx = 20, from which F = 20i + 40j (N)

= 600k — 5000k — 1200k = —5600k ft-1b

Y,
A
©70[ F
(5,3,0)
X

0
Problem 451 Use Eqg. (4.2) to determine the sum of y
the moments of the three forces (a) about A, (b) about B. 6 kN

13 kN l 3kN
Solution: 4 B
C. é'g —X
@ My =0.2i x (—3) +0.4i x 6 + 0.6 x (—3)) ‘ ‘
~—02m—-=—02m 02m—+=—02m—
=0.
(b) Mp = (=0.2i) x (=3j) + (—0.4i) x 6 + (—0.6i) x (—3})
=0.
Problem 4.52 Three forces are applied to the plate. y
Use Eg. (4.2) to determine the sum of the moments of
the three forces about the origin O. 2001b
Solution: The position vectors from O to the points of applica- 3ft
tion of the forces are: rp1 = 3j, F1 = —200i; rp2 = 10i, F, = —500j; 200 1b i
I’(13=6i+6j,|:3=200i. T
The sum of the moments about O is 3lft
S . . - o)
b kg kK ‘ 6t At "
d>Mo=| 0 3 0[+[10 0 O0|+|6 6 0l \ !
200 0 0| |0 -500 0| |200 0 0 5001b
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Problem 453 Three forces act on the plate. Use y
Eq. (4.2) to determine the sum of the moments of the 4 kN
three forces about point P.
45°
Solution;
3kN
30°

ri = (—=0.12i + 0.08j) m, Fy = (4cos45’i +4sin45°j) kN 0.18 m

rp = (0.160) m, F» = (3c0s30°i + 3sin30%j) kN 0.10m

rs = (0.16 — 0.1) m, F3 = (12c0s20°i — 12sin20°j) kN 200

“—0.12m—

Mp=ry xF1+raxFa+r3zxFs3 0.28 m 12kN

Mp = (0.145 kN-m)k = (145 N-m)k

Problem 4.54 (@) Determine the magnitude of the y
moment of the 150-N force about A by calculating the
perpendicular distance from A to the line of action of (0,6,0)m
the force. 150k (N)

(b) Use Eq. (4.2) to determine the magnitude of the
moment of the 150-N force about A.

Solution: (6,0,0)m

(@) The perpendicular from A to the line of action of the force lies
in the x—y plane

d =62+62=848m
IM| = dF = (8.485)(150) = 1270 N-m
() M = (=6 +6j) x (150k) = —900j + 900i N-m

IM| = +/900Z + 9002 = 1270 N-m

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

186

—p—



o

Problem 4.55 (&) Determine the magnitude of the y
moment of the 600-N force about A by calculating the
perpendicular distance from A to the line of action of
the force.

A (0.6,05,04)m

(b) Use Eq. (4.2) to determine the magnitude of the
moment of the 600-N force about A.

Solution:
(@ Choose some point P(x, 0,0.8 m). on the line of action of the 0.8 m
force. The distance from A to P is then /

600i (N)

d=+/(x—06m2+ (0—05m)?2+ (0.8 m— 0.4 m)y?

The perpendicular distance is the shortest distance d which occurs
when x = 0.6 m. We have d = 0.6403 m. Thus the magnitude of
the moment is

M = (600 N)(0.6403 m) = 384 N-m

(b) Define the point on the end of the rod to be B. Then AB =
(—0.6i — 0.5 + 0.4k) m we have

M = AB x F = (—0.6i — 0.5 + 0.4k) m x (600 N)i
M = (240 + 300k) N-m

Thus the magnitude is

‘ M = /(240 Nm)2 + (300 Nm)? = 384 N-m

Problem 4.56 what isthe magnitude of the moment of y
F about point B? F = 20i + 10j — 10k (Ib)
A /
(4.4,2) ft
Solution: The position vector from B to A is
°B(8,1,-2)ft
rea =[(4—8)i + (4—Dj + (2— (—=2)k] ft x

rea = (—4i + 3 + 4k) ft <

The moment of F about B is

ik
Mg=rp xF=|-4 3 4 |=(=70i+40j — 100k) ft-Ib
20 10 -10

Its magnitude is

Mgl = V/(=70 ft-10)2 + (40 ft-Ib)2 + (—100 ft-Ib)2 = 128 ft-lb

M| = 128 ft-Ib
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Problem 4.57 In Example 4.5, suppose that the attach- y
ment point C is moved to the location (8,2,0) m and the
tension in cable AC changes to 25 kN. What is the sum
of the moments about O due to the forces excerted on
the attachment point A by the two cables?

Solution: The position vector from A to C is

rac =[(8—4)i+(2—-0)j+ (0—-6)k] m

fac = (4i + 2j — 6k)
The force exerted at A by cable AC can be written

fac
fac

Fic = (25 kN); 2 = (1341 +6.63) — 20.06) kN

The total force exerted at A by the two cables is
F =Fag + Fac = (6.70i + 13.3j —16.7k) kN

The moment about O is

i j k

4 0 6
6.70 133 -16.7

Mo =rap x F = = (—80.1i + 107j + 53.4k) kN-m

Mo = (—80.1i + 107] + 53.4k) kN-m |

Problem 4.58 The rope exerts a force of magnitude y B (5,6, 1) ft
|F| = 200 Ib on the top of the pole at B. Determine the o
magnitude of the moment of F about A.

Solution: The position vector from B to C is

e

rgc =[(B—5)i+ (0—6)j + (4 — 1K] ft
A X

rpc = (—2I — 6] +3k) ft
The force F can be written / & C (3,0,4) ft

F = (200 |b)|:’*—c| — (=57.1i — 171 + 85.7K) Ib
BC

The moment of F about A is
i ] k
5 6 1
-57.1 -171 857

Mg =13 xF=

= (6861 — 486] — 514k) ft-Ib

Its magnitude is

IMa| = /(686 ft-Ib)2 + (—486 ft-Ib)2 + (—514 ft-Ib)2 = 985 ft-Ib

IM4| = 985 ft-Ib
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Problem 459 The force F = 30i + 20j — 10k (N). y
(@) Determine the magnitude of the moment of F E
about A.

(b) Supposethat you can changethedirection of F while A @2 -4m
keeping its magnitude constant, and you want to (4,3,3)m
choose a direction that maximizes the moment of
F about A. What is the magnitude of the resulting
maximum moment?

Solution: The vector from A to the point of application of F is

r=4i—1—7km

and

I =v#+12+7=812m

(@ The moment of F about A is
i k

4 -1 -7
30 20 -10

Mas =rxF= =150i — 170j + 110k N-m

IM4| = +/1502 + 1702 + 1102 = 252 N-m

(b) The maximum moment occurs when r L F. In this case
MAma | = IFIIF
Hence, we need |F|.

IF| = /302 + 202 + 102 = 37.4 (N)

Thus,

M| = (8.12)(37.4) = 304 N-m

Problem 4.60 The direction cosines of the force F are
cos6, = 0.818, coséd, = 0.182, and cos6, = —0.545.
The support of the beam at O will fail if the magnitude of
the moment of F about O exceeds 100 kN-m. Determine
the magnitude of the largest force F that can safely be
applied to the beam.

Solution: The strategy is to determine the perpendicular distance
from O to the action line of F, and to calculate the largest magnitude of
F from M = D|F|. The position vector from O to the point of appli-
cation of F isror = 3i (m). Resolve the position vector into compo-
nents parallel and normal to F. The component paralel to F isrp =
(ror - €r)er, where the unit vector er paralel to F iser = i cosoy +
j cosy + k cosz = 0.818i 4 0.182) — 0.545k. The dot product is
ror - €F = 2.454. The parallel component isrp = 2.007i + 0.4466) —
1.3374k. The component norma to Fisry =ror —rp = (3—2)i —
0.4466] + 1.3374k. The magnitude of the normal component is the
perpendicular distance: D = +/12 4 0.44662 + 1.3372 = 1.7283 m.
The maximum moment allowed is My = 1.7283|F| = 100 kN-m,

from which

100 kN-m
F|= ——=——— =57.86 =58 kN
IFl 1.7283 m
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Problem 4.61 The force F exerted on the grip of the
exercise machine pointsin the direction of the unit vector
e= 2i — 2j + ik and itsmagnitude is 120 N. Determine
the magnitude of the moment of F about the origin O.

Solution: The vector from O to the point of application of the
forceis

r =0.251 + 0.2 — 0.15k m

and the force is F = |F|e

or

F = 80i — 80j + 40k N.

The moment of F about O is

i k
Mo=rxF=|025 02 -015 N-m
80 -80 40

or

Mo = —4i — 22 — 36k N-m
and

IMo| = v/42 + 222 + 36 N-m

IMo| = 42.4 N-m

190

Problem 4.62 The force F in Problem 4.61 points in
the direction of the unit vector e = %i — Zj + k. The
support at O will safely support a moment of 560 N-m
magnitude.

(8 Based on this criterion, what is the largest safe
magnitude of F?

(b) If theforce F may be exerted in any direction, what
isits largest safe magnitude?

Solution:  See the figure of Problem 4.61.
The moment in Problem 4.61 can be written as
i k
025 02 -015

2 2 1
2F -2F +iF

Mo = where F = |F|

Mo = (—0.0333i — 0.1833] — 0.3k)F

And the magnitude of My, is

IMo| = (+/0.03332 + 0.18332 + 0.39)F

IMo| = 0.353 F

If we set M| = 560 N-m, we can solve for |Fmax|
560 = 0.353|Fmax|

|Frmax| = 1586 N

(b) If F can be in any direction, then the worst caseiswhenr L F.
The moment in this case is M| = |r||Fwors|

Ir] =+/0.252 +0.22 4+ 0.152 = 0.3536 m
560 = (0.3536)|FwoRrsT]|

[Fworst| = 1584 N
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Problem 4.63 A civil engineer in Boulder, Colorado
estimates that under the severest expected Chinook
winds, the total force on the highway sign will be
F =28 — 1.8 (kN). Let M, be the moment due to F
about the base O of the cylindrical column supporting
the sign. The y component of M, is called the torsion
exerted on the cylindrical column at the base, and the
component of M, parallel to the x—z plane is called
the bending moment. Determine the magnitudes of the
torsion and bending moment.

'\x
Solution: The total moment is
M = (8§ + 8Kk) m x (2.8 — 1.8]) kN ‘
= (14.4i + 22.4j — 22.4k) KN-m
We now identify
Torsion = M, = 22.4 KN-m
Bending moment = /M2 + M2
= 1/(14.4 kKNm)2 + (22.4 kNm)2 = 26.6 kN-m

Problem 4.64 The weights of the arms OA and AB of Solution: By definition, the direction cosines are the scalar compo-

the robotic manipulator act at their midpoints. The direc-
tion cosines of the centerline of arm OA are cosé, =
0.500, cosh, = 0.866, and coso, = 0, and the direction
cosines of the centerline of arm AB are cosé, = 0.707,
cosd, = 0.619, and cosd, = —0.342. What is the sum
of the moments about O due to the two forces?

nents of the unit vectors. Thus the unit vectors are e; = 0.5i + 0.866j,
and e, = 0.707i + 0.619] — 0.342k. The position vectors of the mid-

points of the arms are

ri = 0.3e; = 0.3(0.5i + 0.866j) = 0.15i + 0.2598
ro = 0.6e; + 0.3e; = 0.512i + 0.7053) — 0.1026k.
The sum of moments is

M=r1 xWji+r2xW>

i ik i j k
—|015 02598 0|+ |0512 0.7053 —0.1026
0 -200 0 0 —160 0

= —16.42i — 111.92k (N-m)
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Problem 4.65 The tension in cable AB is 100 Ib. If Solution: We have the forces
you want the magnitude of the moment about the base

100 Ib T
O of the tree due to the forces exerted on the tree by the Fi= ﬁ(—&' +10k), Fp = \/%(m — 8 + 14k)
two ropes to be 1500 ft-1b, what is the necessary tension
in rope AC? Thus the total moment is
y M = (8 ft)] x (F1 + F2) = (625 ftlb + 5.24 ft Ty )i
l — (5.24 f)TacK

The magnitude squared is then

(625 ftlb + 5.24 ft Tac)? + (5.24 ft Tyc)? = (1500 ftIb)?

Tac =134 1b

Solving we find

(14, 0, 14) ft
C

0,0, 10) ft

Problem 4.66* A force F acts at the top end A of the ~ Solution: The force is given by F = (4 kNi + F,j + F_k).
pole. Its magnitude is |F| = 6 kN and its x component . o .

is F, = 4 kN. The coordinates of point A are shown.  Since the magnitude is constrained we must have

Determine the components of F so that the magnitude

of the moment due to F about the base P of the pole is @KNY? + F\2+ F.2 = (6 kN)? = F. = /20 kN — F,2

as large as possible. (There are two answers.
9 P ( ) Thus we will use (suppressing the units)

y
F F= <4i + Fyj+14/20— ka)

A
The moment is now given by
(4,3, -2)m
M=(@4i+3 —-2k)xF
M = {zpv +3y/20 - F}ﬂ i— [8+ 4,/20 - Fﬁ} j+ [-12+4F,k
The magnitude is
P X
M? =708 — 5F,% 4 644/20 — F,2 + 12F, (—8 +4/20— F,?)
. . am? i
To maximize this quantity we solve IF. = 0 for the critical values
4 y

of F,.
There are three solutions F, = —4.00, —3.72, —3.38.
The first and third solutions produce the same maximum moment.

The second answer corresponds to a local minimum and is there-
fore discarded.

So the force that produces the largest moment is

F—(4i—4+2k) or F= (4i— 338 +292)
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Problem 4.67 The force F = 5i (kN) acts on the ring
A where the cables AB, AC, and AD are joined. What is
the sum of the moments about point D due to the force
F and the three forces exerted on the ring by the cables?

Strategy: The ring is in equilibrium. Use what you
know about the four forces acting on it.

Solution: The vector from D to A is
rDA:lZi—2j+2k m. z

The sum of the moments about point D is given by
> "Mp =1pa x Fap +1pa x Fac +1pa x Fag +pa x F

Z Mp =rpa x (Fap +Fac +Fap +F)

However, we are given that ring A is in equilibrium and this
implies that

(Fap +Fac +Fap+F)=0=0

Thus,

ZMD:I’DAX(O)ZO
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Problem 4.68 In Problem 4.67, determine the mo-
ment about point D due to the force exerted on the ring
A by the cable AB.

Solution: We need to write the forces as magnitudes times the D(0, 6,0)

appropriate unit vectors, write the equilibrium equations for A in com- [ I Fap
ponent form, and then solve the resulting three equations for the three

unknown magnitudes. The unit vectors are of the form

-
A(12,4,2)m F=5i (kN)

G xa)i + (yp — ya)l + (zp — za)K
|rAP| -
C(0, 4,6) m

€ap

K
Where P takes on values B, C, and D ’B(G, 0,0)m
Calculating the unit vectors, we get

s = —0.802i — 0.535) — 0.267k
eic = —0.949i + 0j + 0.316k
ewp = —0.973i + 0.162) — 0.162k

From equilibrium, we have
F A€ + Faceac + Fapeap +5i (kN) =0
In component form, we get

i1 —0.802Fp — 0.949F 4 — 0.973F4p +5=0
j: —0.535F a5 + (0)Fac + 0.162Fsp =0
k: —0.267F g + 0.316F 4¢c — 0.162F4p =0

Solving, we get
Fap=T7795N, Fyc =1976 N
Fsp = 2569 N
The vector from D to A is
rpa =121 = 2j + 2k m
The force Fap is given by
Fap = Fapeas
Fap = —0.6251 — 0.417] — 0.208k (kN)
The moment about D is given by
i j k

Mp =rpa X Fap = 12 -2 2
—0.625 -0.417 -0.208

Mp = 1.25i 4+ 1.25] — 6.25k (kN-m)
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Problem 4.69 The tower is 70 m tall. The tensions
in cables AB, AC, and AD are 4 kN, 2 kN, and 2 kN,
respectively. Determine the sum of the moments about
the origin O due to the forces exerted by the cables at
point A.

Solution: The coordinates of the points are A (0, 70, 0), B (40, O,
0), C (—40, 0, 40) D(—35, 0, —35). The position vectors corresponding
to the cables are:

rap = (=35—0)i + (0 — 70)j + (=35 —0)k

rap = —351 — 70k — 35k

rac = (=40 — 0)i 4+ (0 — 70)j + (40 — O)k

rac = —40i — 70 + 40k

Fag = (40 — 0)i + (0 — 70)j + (0 — O)k

r'AB = 40i —70] + 0Ok

The unit vectors corresponding to these position vectors are:

e _I’A[)_—35i7 70.7 35
AD = ol 8573 8573 8573
— —0.4082i — 0.8165] — 0.4082k
rac 40, 70, 40
e =V = ——| - — -
T % % "%
— —0.4444 — 0.7778] + 0.4444k
Y] 40 . 70 . . .
= A _ i i ok =0.4962i — 0.8682) + Ok
e = 1 = 561 gl + O = 04962 — 08682 +0

The forces at point A are

Tap = deyp = 1.9846 — 3.4729) + Ok

Tac = 2e45 = —0.8889i — 1.5556] + 0.8889k

Tap = 2e4p = —0.8165 — 1.6330] — 0.8165k.

40n<
s

The sum of the forces acting at A are
T4 = 0.2792i — 6.6615] + 0.07239k (kN-m)

The position vector of A isrps = 70j. The moment about O isM =
roa X TA
i j k
M= 0 70 0
0.2792 —6.6615 0.07239

= (70)(0.07239)i — j0 — k(70)(0.2792) = 5.067i — 19.54k
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Problem 470 Consider the 70-m tower in Prob-
lem 4.69. Suppose that the tension in cable AB is 4 kN,
and you want to adjust the tensions in cables AC and
AD so that the sum of the moments about the origin O
due to the forces exerted by the cables at point A is zero.
Determine the tensions.

Solution: From Varignon's theorem, the moment is zero only if Thetensionsare Tap = 4€4p, Tac = |Tacl€c,and Tap = |Tapl€apn.
the resultant of the forces normal to the vector rp, is zero. From The components normal to rps are
Problem 4.69 the unit vectors are:

rp -3, 70 . 35 S Fx = (—0.4082[Tp| — 0.4444{Tsc| + 1.9846)i = 0

@p=—" = i— _
AD= ol 8573 8573 8513

= —0.4082i — 0.8165] — 0.4082k > Fz = (=0.4082[Tsp| + 0.4444(T sc )k = 0.
e rac 40i 70. n 40k The HP-28S calculator was used to solve these equations:
AC T = — A= —

=l - ' "%t

Tacl = 223 kN, [Tap| = 2.43 kN
— _0.4444i — 0.7778] + 0.4444K ITacl [Tl

l'aB 4. 70 _ _
= = a6 ane k = 0.4 —0. K
o [rasl 80.6I 80.6J +0 0.4963i — 0.8685j + O

Problem 4.71 The tension in cable AB is 150 N. The
tension in cable AC is 100 N. Determine the sum of the
moments about D due to the forces exerted on the wall
by the cables.

Solution: The coordinates of the points A, B, C are A (8, 0, 0),
B (0, 4, —5), C (0, 8,5), D(0, 0, 5). The point A is the intersection of
the lines of action of the forces. The position vector DA is

I'pa =8I+O] — 5k.

The position vectors AB and AC are

rap=—8+4) —5K, rap=+82+42+52=10247 m.

Mp =

8 0 -5
181.79 —123.24 +32.77

= (—123.24)(5)i

rac =—8i+8 +5K, rac=+82+8+52=12369m.

The unit vectors paralléel to the cables are: — ((B)(+32.77) = (=5)(18L.79))j + (8)(~123.24)k

) : (Note: An aternate method of solution is to express the moment in
eac = —0.6468i + 0.6468] + 0.4042k. terms of the sum: Mp = (rpec x T¢ + (rpg X Tg).)

The tensions are

Tap = 150e4p = —117.11i + 58.56] — 73.19K,
Tac = 100esc = —64.68i + 64.68] + 40.42k.
The sum of the forces exerted by the wall on A is

T4 = —181.79i + 123.24) — 32.77k.

The force exerted on the wall by the cablesis —T 4. The moment about
Dis MD = —I'pg X TA,
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Problem 4.72 Consider the wall shown in Prob-
lem 4.71. The tota force exerted by the two cables in
the direction perpendicular to the wall is 2 kN. The
magnitude of the sum of the moments about D due to
the forces exerted on the wall by the cablesis 18 kN-m.
What are the tensions in the cables?

Solution: From the solution of Problem 4.71, we have rps = 8i +
0j — 5k. Forces in both cables pass through point A and we can use
this vector to determine moments of both forces about D. The position
vectors AB and AC are

Tap = —8i+4j — 5K, |rap| =8 +42+52=10247m,
rac = —8i + 8 + 5k, |rac| =& +8 +52 =12.369m.
The unit vectors parallel to the cables are:

esp = —0.7807i + 0.3904j — 0.4879K,

esc = —0.6468i + 0.6468) + 0.4042k.

The tensions are

Tpa = —Tpaeap = —Tpa(—0.7807i + 0.3904j — 0.4879), and

Tea = —Teneac = —Tca(—0.6468i + 0.6468] + 0.4042K).

The sum of the forces exerted by the cables perpendicular to the wall
is given by

Tperpendicuar = Tap(0.7807) 4 T 4¢(0.6468) = 2 kN.
The moments of these two forces about D are given by
Mp = (rpa x Tca) + (rpa x Tpa) =rpa x (Tca + Tpa).
The sum of the two forces is given by
i i k

Mp = 8 0 -5 .

(Tca+Tcep)x (Tca+Tcp)y (Tca+Tcp)z
This expression can be expanded to yield

Mp =5(Tca + Tcp)yl + [=8(Tca + Tcr)z —5(Tca + Tep)xli

+8(Tca + Tcp)vk.

The magnitude of this vector is given as 18 kN-m. Thus, we obtain
the relation

2 _
Mp| = \/ 25(Tca + Tcp)y +[—8(Tca +Tcp)z — 18 KN-m.

—5(Tca + Tcp)x]? +64(Tca + Tcp)?

We now have two eguations in the two tensions in the cables. Either
algebraic substitution or a numerical solver can be used to give

Tpa = 1.596 kN, and Tca = 1.166 kN.
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Problem 4.73 Thetensioninthecable BD is1 kN. As
aresult, cable BD exerts a 1-kN force on the “ball” at
B that points from B toward D. Determine the moment
of this force about point A.

Solution: We have the force and position vectors
1 kN . . . .
F= T(_4| +2j+4k), r=AB=4i+3+k)ym

The moment is then

y
M =r x F = (1.667i — 3.33 + 3.33k) kN-m
C
0,4, -3)m
B
b (4,3, 1)m
0,5,5)m
X
A
E
V4
Problem 4.74* Suppose that the mass of the sus Solution: We have the following forces applied at point B.

pended object E in Problem 4.73 is 100 kg and the mass
of the bar AB is 20 kg. Assume that the weight of the
bar acts at its midpoint. By using the fact that the sum
of the moments about point A due to the weight of the
bar and the forces exerted on the “ball” at B by the three
cables BC, BD, and BE is zero, determine the tensions
in the cables BC and BD.

F1 = —(100 kg)(9.81 m/s?)j, Fp= %(—m +] —4k),

F3= T%(—m +2j +4k)

In addition we have the weight of the bar F4 = — (20 kg)(9.81 m/$);
The moment around point A is
My = (4 + 3 +k) mx (F1+F2 +Fs)

+(2i+15 +05k) mx F4 =0
Carrying out the cross products and breaking into components we find
M, = 1079 — 2.26Tgc + 1.667Tpp =0
M, =2089Tpc —3.333Tpp =0
M, = —4316 + 2.785T ¢ + 3.333Tpp = 0

Only two of these three equations are independent. Solving we find

Tpc =886 N, Tpp =555N
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Problem 4.75 The 200-kg dlider a A is held in place y

on the smooth vertical bar by the cable AB. Determine

the moment about the bottom of the bar (point C with 2n | @
coordinatesx = 2 m, y = z = 0) dueto the force exerted |-~ u

on the dider by the cable.

Solution: The slider is in equilibrium. The smooth bar exerts no
vertical forces on the slider. Hence, the vertica component of Fap
supports the weight of the dider.

The unit vector from A to B is determined from the coordinates of
points A and B A(2, 2,0), B(0,5,2) m

Thus, rap=-2i+3j+2km

and Fap = Fapeas

The horizontal force exerted by the bar on the dider is
H=H,i+HKk
Equilibrium requires H + Fap — mgj =0
i:H,—0.485F, =0 m =200 kg
j: 0.728F 3 —mg=0 g=9.81m¢
k: H; + 0.485F 45 =0
Solving, we get
Fap = 2697N = 2, 70 KN
H, = 1308N = 1.31 kN
H. = —1308N = —1.31 kN
rca=2m
Fap = Fap€an
Fap = —1308i + 1962 + 1308k N
i i k

0 2 0
—1308 1962 1308

M, =

M, = 2616i + 0j + 2616k N-m

M. = 2.62i + 2.62i kKN-m
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Problem 4.76 To evauate the adequacy of the design
of the vertical steel post, you must determine the moment
about the bottom of the post due to the force exerted on
the post at B by the cable AB. A calibrated strain gauge
mounted on cable AC indicates that the tension in cable
AC is 22 kKN. What is the moment?

Solution: To find the moment, we must find the force in cable AB.
In order to do this, we must find the forces in cables AO and AD aso.
This requires that we solve the equilibrium problem at A.

QOur first task is to write unit vectors esg, €10, €ic, and eyp. Each
will be of the form

i =xa)i 4+ (i = ya)i + @ —za)K
€ai =
V@i —x0)2+ (i — ya)2 + @ — )2

where i takes on the values B, C, D, and 0. We get
esp = 0.9861 + 0.164) + Ok

eic = —0.609i + 0.609] + 0.508k

esp = —0.744i + 0.248) — 0.620k

10 = —0.9491 — 0.316] + Ok

We now write the forces as
Tap = Tap€an
Tac = Tac€ac
Tap = Tap€sp

Tao = Tao€r0

We then sum the forces and write the equilibrium equations in compo-
nent form.

For equilibrium at A, > F4 =0

> Fa=Tap+Tac+Tap+Tao=0.

5m

D(0, 4, -5 m
L 4

C(0,8,5m

A(6,2,00m B(12,3,0) m

]
0(0,0,0) m
In component form,

Tapeapx + Taceacx + Tapeapx + Taoeaox =0
Tapeasy + Taceacy + Tapeapy + Taoeaoy =0

Tapeap: + Taceac: + Tapeap; + Taoeao; =0

We know T4c = 22 kN. Substituting this in, we have 3 egns in 3
unknowns. Solving, we get

Tap = 163.05 kN, Tup =18.01 kN T40 = 141.28 kN

We now know that T4p is given as

Tas = Tapeup = 160.8i + 26.8j (kN)

and that the force acting at B is (—Tag).

The moment about the bottom of the post is given by
MeotTom =T X (=Tag) = 3j x (=Tap)

Solving, we get

Mportom = 482k (KN-m)
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Problem 4.77 TheforceF = 20i + 40j — 10k (N). Use
both of the procedures described in Example 4.7 to deter-
mine the moment due to F about the z axis.

Solution: First Method: We can use Egs. (4.5) and (4.6)

r=(@8)m
F = (20i + 40; — 10k) N

Mz_ais = [K - (r x F)]k

0 01
IMz_aisl =k-(r xF)=|8m 0 0 = 320 N-m
20N 40N —-10N

M ,—_ais = (320 N-m)k |

Second Method: The y-component of the force is perpendicular to the
plane containing the z axis and the position vector r. The perpendicular
distance from the z axis to the y-component of the force is 8 m.
Therefore

[IMz_axis| = (40 N)(8 m) = 320 N-m

Using the right-hand rule we see that the moment is about the +z axis.
Thus

| M —axis = (320 N-m)k |

Problem 4.78 Use Egs. (4.5) and (4.6) to determine
the moment of the 20-N force about (a) the x axis,
(b) the y axis, (c) the z axis. (First see if you can write
down the results without using the equations.)

y

(7, 4., 0)m

20k (N)

Solution: The force is parallel to the z axis. The perpendicular
distance from the x axis to the line of action of the force is4 m. The
perpendicular distance from the y axis is 7 m and the perpendicular
distance from the z axisis v/42 + 72 = /65 m.

By inspection, the moment about the x axis is

M, = (4)(20)i (N-m)

M, = 80i (N-m)

By inspection, the moment about the y axisisM , = (7)(20)(—j) N-m

M, = —140j (N-m)

By inspection, the moment about the z axis is zero since F is parallel
to the z axis.

M. = 0 (N-m)
Now for the calculations using (4.5) and (4.6)

Mz =[e-(r xF)e

10 0

M,=|7 4 0i=80i (N-m)
0 0 20
01 0

M,=|7 4 0|j=—-140j (N-m)
00 20
00 1

M,=|7 4 0|k=0k (N-m)
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Problem 4.79 Three forces parald to the y axis act y
on the rectangular plate. Use Egs. (4.5) and (4.6) to
determine the sum of the moments of the forces about

the x axis. (First see if you can write down the result kN
without using the equations.) X
2kN 6 kN 600 mm
[
900 mm
z
_ 100
Solution: By inspection, the 3 kN force has no moment about the Mgkn =10 0 .6|i= —3.6i kN
x axis since it acts through the x axis. The perpendicular distances of 06 0
the other two forces from the x axisis 0.6 m. The H 2 kN force has a
positive moment and the 6 kN force has a negative about the x axis. Z M, = M3 oy + M2 ey + Mg

2_M: =206 ~ (©)06)i kN 3 M, =0+ 1.2 — 360 (kN)

S M, = —24i kN 3 M, = —2.4i (kN)

Calculating the result:

1 00

M3zn = |0 0 0|i=0i kN
0 -3 0
1 00

Mon =10 0 6|/i=12 kN
0 -2 0

Problem 4.80 Consider the rectangular plate shown in
Problem 4.79. The three forces are parallel to the y
axis. Determine the sum of the moments of the forces
(a) about the y axis, (b) about the z axis.

Solution: (a) The magnitude of the moments about the y axis is (b) The magnitude of each moment about the z axis is
M = ey - (r x F). The position vectors of the three forces are given

in the solution to Problem 4.79. The magnitude for each force is: 0 1 0
e -rxF=(09 0 0|=-27,
0 10 0 -30
ey-rxF)=|09 0 0|=0,
0 -3 0 0 0 1
e -rxF)=|109 0 06|=54
0 10 0+ 6 0
ey-(rxF)=109 0 06|=0
0 6 0 0 01
e -rxF)=|{0 0 06|=0.
0O 10 0 -2 0
ey-rxF)=|0 0 06/=0
0 -2 0 Thus the moment about the z axis is

Thus the moment about the y axis is zero, since the magnitude of each Z My = —2.7e; + 5.4e; = 2.7k (kKN-m)
moment is zero.
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Problem 4.81 The person exerts a force F =0.2i — y
0.4j + 1.2k (Ib) onthegateat C. Point C liesinthex—y
plane. What moment does the person exert about the
gate's hinge axis, which is coincident with the y axis?

Solution:

M =[e-(r x F)le

e=j, r=2ft, Fisgven
0 1 o0
My=|2 0 0 |j=-24 (ft-lb)
2 -4 12
Problem 4.82 Four forces act on the plate. Their y

components are

Fp
Fa = 2+ 4 + 2k (kN),

Fg = 3 — 3k (kN),

X
_ Ep Fe /
Fc = 2] + 3k (kN), /2 m
pa

Fp = 2i + 6] + 4k (kN).

Determine the sum of the moments of the forces
(a) about the x axis; (b) about the z axis.

Solution: Notethat F,4 actsat the origin so no moment is generated
about the origin. For the other forces we have

i j k i j k
Mo =|3m 0 0 +13m 0 2m
0 3kN —-3kN 0 2KkN 3kN
i j k
+| 0 0 2m
2kN 6kN 4kN
Mo = (—16i + 4j + 15k) kN-m

Now we find

My,=Mp-i=-16 kN-m, M, =My -k =15KkN-m
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Problem 4.83 The force F = 30i 4+ 20j — 10k (Ib). y

(& What is the moment of F about the y axis? T
(b) Suppose that you keep the magnitude of F fixed,

but you change its direction so as to make the

moment of F about the y axis as large as possible.

What is the magnitude of the resulting moment? =
| o
|
yL| (4,2,2)ft

Solution: / \
X
z
(@ My=j-[(4i+2 +2k) ft x (30 + 20] — 10k) Ib]
0 1 0

My=|4ft 2ft 2ft |=100ftlb
301b 20lb —101b

= M, = (100 ft-Ib)j

Mymax = Fd = (+/302 + 202 4 102 Ib)(v/4? + 22 ft)
= 167.3 ft-lb

(b)

Note that d is the distance from the y axis, not the distance from
the origin.

Problem 4.84 The moment of the force F shown in
Problem 4.83 about the x axisis —80i (ft-1b), the moment
about the y axisis zero, and the moment about the 7 axis
is 160k (ft-1b). If F, =80 Ib, what are F, and F.?

Solution: The magnitudes of the moments:

ex ey ez
xory 1z,
Fx Fy Fz

ee(rxF)=

0 0 1
4 2 =2
Fy 80 Fz

ez (I xF) = =320 2Fy = 160

Solve: Fx = 80 Ib, Fz = 40 Ib, from which the force vector is F =
80i + 80j + 40k
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Problem 4.85 The robotic manipulator is stationary.
The weights of the aaims AB and BC act a their
midpoints. The direction cosines of the centerline of arm
AB are cosé, = 0.500, cos6, = 0.866, cos¢, =0, and
the direction cosines of the centerline of arm BC are
cosd, = 0.707, cosé, = 0.619, cost, = —0.342. What
total moment is exerted about the z axis by the weights
of the arms?

£
£
. g
Solution: The unit vectors along AB and AC are of the form
e = cosf,i + cosbyj + cosé k. /
The unit vectors are ~ A
esp = 0.500i + 0.866] + Ok and ez = 0.707i + 0.619] — 0.342k.

The vector to point G at the center of aam AB is X

rac = 300(0.500i + 0.866j + Ok) = 150i + 259.8] + Ok mm,

and the vector from A to the point H at the center of arm BC is
given by

ran = Tap + gy = 60045 + 300epc

= 512.1i 4+ 705.3] — 102.6k mm.

The weight vectors acting at G and H are W = —200j N, and Wy =
—160j N. The moment vectors of these forces about the z axis are of

the form
ex ey e
e.(r><F)= rx ry rz |.
Fx Fy Fz

Here, Ws and Wy take on the role of F, and e = k.

Substituting into the form for the moment of the force at G, we get

0 0 1
ee(rx F)={0150 0.260 O|= —30 N-m.
0 —200 O

Similarly, for the moment of the force at H, we get

0 0 1
0512 0.705 -0.103
0 —160 0

ee(rxF)= = —81.9 N-m.

The total moment about the z axis is the sum of the two moments.
Hence, M, ais = —111.9 N-m
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Problem 4.86 In Problem 4.85, what total moment is
exerted about the x axis by the weights of the arms?

Solution: The solution is identical to that of Problem 4.85 except
that e = i. Substituting into the form for the moment of the force at

G, we get
1 0 0
e-(rxF)=0150 0260 O|=0N-m.
0 -200 O

Similarly, for the moment of the force at H, we get

1 0 0
0512 0.705 -0.103
0 —160 0

e-(rxF)= = —16.4 N-m.

The total moment about the x axis is the sum of the two moments.
Hence, M, xis = —16.4 N-m

Problem 4.87 In Active Example 4.6, suppose that the y
force changes to F = —2i + 3j + 6k (kKN). Determine
the magnitude of the moment of the force about the axis
of the bar BC.

F = —2i + 6j + 3k (kN)

A4,2,2)m

Solution: We have the following vectors

rpa=@A+2 —1k)ym

F = (=2i + 3j + 6k) kN
Ipc = (4] — 3k) m

I'BC

[recl

The moment of F about the axis of the bar is

€pc = = (0.8j — 0.6k)

0 08 -06
IMpc|=¢6€pc-(rxF)=|4 2 -1 | =-27.2kN-m
-2 3 6

Thus| Mpe = (=27.2 kN-m)egc, IMpc| = 27.2 kN-m |
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Problem 4.88 Determinethe moment of the 20-N force y
about thelineAB. Use Egs. (4.5) and (4.6), letting the unit
vector e point (a) from A toward B, (b) from B toward A. ArO50m 74 om
20k (N)
B X
(~4,0,0) m

V4

Solution: First, we need the unit vector Using es

(xg —xa)i + (yp — ya)i + (zg —za)K

s = —-0625 -0781 O
V(g —x4)2+ (yp — ya)2 + (z5 — 24)? My =

7 -1 0
0 0 20

(—0.625i — 0.781))

€sp = —0.625i — 0.781j = —€g4g
My = —76.1i — 95.1j (N-m)

Now, the moment of the 20k (N) force about AB is given as

using egs

ey ey e
0625 0.781 O
7 -1 0
0 0 20

re 1y 1;|€ Whereeiseyp or epy
Fy Fy F;

M =

My = (0.625i + 0.781))

For this problem, r must go from line AB to the point of application
of the force. Let us use point A. My = —76.1i — 95.1j (N-m)

r=7-0i+@-5j+(@0-0km *Results are the same

r=7—-14+0km

Problem 489 The force F = —10i 4+ 5j — 5k (kip).
Determine the moment of F about the line AB. Draw y B
a sketch to indicate the sense of the moment. (6, 6,0) ft

Solution: The moment of F about pt. A is

M4 = —6i x F
A

i j ok .
(6,0, 0)ft

-6 0 0
-10 5 -5

= —30] — 30k (ft-kip). z

The unit vector j is parallel to line AB, so the moment about AB is y

o (6,6,0) ft
Mag = ( - Ma)j B

= —30j (ft-kip).

A(6, 0, 0) ft

-30j (ft-kip)

C Q ~¥— Direction of moment

X

A
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Problem 490 The force F = 10i + 12j — 6k (N). y
What is the moment of F about the line OA? Draw a
sketch to indicate the sense of the moment.

Solution: The strategy is to determine a unit vector parallel to OA (0,6, 4)m A

and to use this to determine the moment about OA. The vector parallel o F

to OA is rps = 6] + 4k. The magnitude: F. The unit vector parallel .O X
to OA is eps = 0.8321j + 0.5547k. The vector from O to the point

of application of F isror = 8i + 6k. The magnitude of the moment

about OA is ¢ (8,0,6)m
z
0 0.8321 0.5547
IMo| =€pa - (ror xF)=1{8 0 6
10 12 -6

= 89.8614 + 53.251 = 143.1 N-m.

The moment about OA isMps = [Mpalepa = 119.1j + 79.4k (N-m).
The sense of the moment is in the direction of the curled fingers of
the right hand when the thumb is parallel to OA, pointing to A.

Problem 4.91 The tension in the cable AB is 1 kN. y

Determine the moment about the x axis due to the force

exerted on the hatch by the cable at point B. Draw a Ag (400, 300, 0) mm
sketch to indicate the sense of the moment.

Solution:  The vector parallel to BA is

rsa = (0.4 — 1)i + 0.3 — 0.6k = —0.6i + 0.3) — 0.6k.

The unit vector parallel to BA is \ 2%
/ 1000 mm

eps = —0.6667i + 0.3333] — 0.6667k. z

The moment about O is

i i K
Mo =rop xT = 1 0 0.6
—0.6667 0.3333 —0.66667

Mo = —0.2i + 0.2667] + 0.3333k.

The magnitude is

IMx| =ex -Mp = —0.2 KN-m.

The moment is My = —0.2i KN-m. The sense is clockwise when
viewed along the x axis toward the origin.
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Problem 4.92 Determine the moment of the force app- y
lied at D about the straight line through the hinges A
and B. (The line through A and B lies in the y—z plane) sn/

‘ L 20i — 60j (Ib)

Solution: From the figure, we see that the unit vector along the
line from A toward B is given by esg = —sin20°j 4+ cos20°k. The
position vector isrp = 4i ft, and the force vector is as shown in the
figure. The moment vector of a force about an axis is of the form

X

ex ey e
ee(rxF)=|rx ry rz|.
Fx Fy Fz
For this case,
0 —sin20° cos20°
ee(rxF)=1|4 0 0 = —240cos20° ft-Ib
20 —-60 0
= —2255 ft-lb.

The negative sign is because the moment is opposite in direction to
the unit vector from A to B.

Problem 4.93 In Problem 4.92, the tension in the
cable CE is 160 |b. Determine the moment of the force
exerted by the cable on the hatch at C about the straight
line through the hinges A and B.

Solution:  From thefigure, we see that the unit vector along the line
from A toward B isgiven by exg = — sin20°j + cos20°k. The position
vector is rpc = 4i ft. The coordinates of point C are (4, —4sin20°,
4c0s20°). The unit vector along CE is —0.703i + 0.592j + 0.394k
and the force vector is as shown acting at point D.

The moment vector is a force about an axis is of the form

ex ey e,
eo(er): rx ry rz |.

Fx Fy Fz
For this case,

roe = —4i 4 3.368] + 2.242

Tce = 160ecg = —112.488i + 94.715] + 63.049%

0 —sin20° cos20°
4 0 0
—112.488 94.715 63.049

ee(r xF)= = —240co0s20° ft-Ib

= 701 ft-lbs.

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o

209




o

Problem 4.94 The coordinates of A are (—2.4, 0, y
—0.6) m, and the coordinates of B are (—2.2, 0.7, :

—1.2) m. The force exerted at B by the sailboat’s main
sheet AB is 130 N. Determine the moment of the force
about the centerline of the mast (the y axis). Draw a
sketch to indicate the sense of the moment.

Solution: The position vectors:
Fon = —2.4i — 0.6k (M), Fog = —2.2i +0.7j — 1.2k (m),
Faa = (=244 2.2)i + (0— 0.7)] + (0.6 + L.2)k (m)

= —0.2i — 0.7 + 0.6k (m).

The magnitude is |rp4| = 0.9434 m.
The unit vector parallel to BA is
eps = —0.2120i — 0.7420] + 0.6360k.
The tension is Ty = 130ep,4.
The moment of Tp4 about the origin is
i i k
Mo =rogx Tpa=| —2.2 07 -12|,
—27.56 —96.46 82.68
or Mg = —57.88i + 214.97] + 231.5k.

The magnitude of the moment about the y axis is

IMy| = ey - Mo = 214.97 N-m.

The moment is| My = ey (214.97) = 214.97j N-m.
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Problem 4.95 The tension in cable AB is 200 Ib. y
Determine the moments about each of the coordinate

axes due to the force exerted on point B by the cable. Aq(25-Dft
Draw sketches to indicate the senses of the moments.
X
z B (10, -2, 3) ft
Solution: The position vector from B to A is y
443 ft-1b
rga = (2—10)i +[5— (=2)]j + (=2 3)k ( j

= —8i + 7] — 5k (ft), 187 ft-lb

So the force exerted on B is

F =200 — _136.2i + 119.2) — 85.1k (Ib). u

Ireal (-
The moment of F about the origin O is

. 919 ft-b
i j k
rop x F= 10 -2 3
—136.2 1192 -851

= —187i + 443 + 919k (ft-lb).

The moments about the x, y, and 7 axes are
[(ros x F)-ili = —187i (ft-lb),
[(ros x F)-jlj = 443 (ft-lb),

[(rop x F) -k]k = 919K (ft-Ib).

Problem 4.96 The total force exerted on the blades y
of the turbine by the steam nozzle is F = 20i — 120} +
100k (N), and it effectively acts at the point (100, 80,
300) mm. What moment is exerted about the axis of the
turbine (the x axis)?

[0 Fixed
Rotating

Solution: The moment about the origin is

i k
Mo=|01 008 0.3
20 —120 100

= 44.0i — 4.0 — 13.6k (N-m).

The moment about the x axis is

(Mo - )i = 44.0i (N-m).
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Problem 4.97 The pneumatic support AB holds atrunk
lidin place. It exerts a 35-N force on the fixture at B that
points in the direction from A toward B. Determine the
magnitude of the moment of the force about the hinge
axis of the lid, which is the z axis.

Solution: The vector from A to B is

a5 = [(60 — 480)i + (100 — (~40))j + (—30 — 40)k] mm

rap = (—420i 4+ 140j — 70k) mm y
The 35-N force can be written

F=(35N)—2 = (—328i 4+ 10.9] — 5.47k) N B (60,100, —30) mm

raBl

The moment about point O is

FAB
A

i i k
60 100 —30
~328 109 -547

M():I'OBXFZ

= (—219i 4 1310j + 3940k) N-mm
The magnitude of the moment about the z axisis

M, = Mo -k = 3940 N-mm = 3.94 N-m

M, =394 N-m

(480, —40, 40) mm
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Problem 4.98 The tension in cable AB is 80 Ib. What
is the moment about the line CD due to the force exerted
by the cable on the wall at B?

ft

z A(6,0, 10) ft

Solution: The strategy is to find the moment about the point C
exerted by the force at B, and then to find the component of that
moment acting along the line CD. The coordinates of the points B,
C,D ae B (8, 6, 0), C (3, 6 0), D3, 0, 0). The position vectors
are: rop = 8i+ 6j, roc = 3i+ 6], rop = 3i. The vector pardlel to
CD isrep =rop —roc = —6j. The unit vector paralel to CD is
ecp = —1j. The vector from point C to BiSrcp =top — Foc = 5i.

The position vector of A is rps = 6i + 10k. The vector parallel to

BA isrpy =rps —rop = —2i — 6] + 10k. The magnitude is |rp4| =
11.832 ft. The unit vector parallel to BA is

eps = —0.1690i — 0.5071j + 0.8452k.
The tension acting at B is

Tpa = 80egs = —13.52i — 40.57) + 67.62k.

The magnitude of the moment about CD due to the tension acting at
Bis

0 -1 0
IMcpl =¢€cp - (rcp X Tpa) = 5 0 0
—1352 —-40.57 67.62

=338.1 (ft Ib).

The moment about CD is M¢p = 338.1ecp = —338.1j (ft Ib). The
sense of the moment is along the curled fingers of the right hand when
the thumb is parallel to CD, pointing toward D.
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Problem 4.99 The magnitude of the force F is 0.2 N Solution: Wwe have

and its direction cosines are cosf, = 0.727, cost, =

—0.364, and cosf, = 0.582. Determine the magnitude "4z = (0.3i = 0.1j — 0.4k) m,
of the moment of F about the axis AB of the spooal.

ras = v/(0.32 + (0.12) + (0.42 m = /0.26 m

y
1
s = ————(0.3i — 0.1] — 0.4k
‘ AB m( J )
B F = 0.2 N(0.727i — 0.364j -+ 0.582)

(200, 400, 0) mm
rap = (0.26i — 0.025] — 0.11k) m

(160,475, 290) mm Now the magnitude of the moment about the spool axis AB is

A P
03 —01 —0.4
(=100, 500, 400) mm F 02N
Map= 5o|026m —00%5m 011 m)=00146 Nom
X .
0727 —0364 0582

Problem 4.100 A motorist applies the two forces  Solution: The unit vectors for the forces are the direction cosines.
shown to loosen a lug nut. The direction cosines of The position vector of theforce Fisror = —1.333k ft. The magnitude
F are cost, = 15, cosf, = 12, and cosf, = 2. If the  of themoment dueto Fis

magnitude of the moment about the x axis must be 32 ft-
Ib to loosen the nut, what is the magnitude of the forces
the motorist must apply?

1 0 0
0 0 —1.333
0.3077F 0.9231F 0.2308F

IMor| =¢€x - (ror x F) =

IMor| = 1.230F ft Ib.

The magnitude of the moment due to —F is

IM_or| =€&x - (r—or x —F)

0 0 1.333 | =1.230F ft Ib.

—.3077F —0.9231F —0.2308F

1 0 0

The total moment about the x axis is

Z My = 1.230Fi + 1.230Fi = 2.46F1i,

from which, for a total magnitude of 32 ft Ib, the force to be applied is

32

= — =131
2.46 31b

F
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Problem 4.101 Thetensionin cable AB is2 kN. What
is the magnitude of the moment about the shaft CD due
to the force exerted by the cable at A? Draw a sketch to
indicate the sense of the moment about the shaft.

S

S SA

N
3

e
N
N\

Solution: The strategy is to determine the moment about C due
to A, and determine the component paralel to CD. The moment is
determined from the distance CA and the components of the tension,
which is to be found from the magnitude of the tension and the unit
vector parallel to AB. The coordinates of the points A, B, C, and
Dae A2, 2 0),B(3 0 1), C (0, 2 0), and D (0,0,0). The unit
vector parallel to CD ishy inspection ecp = —1j. The position vectors
paralel to DC, DA, and DB:

rpc =2, rpa=2i+2j, rpg =3i + 1k.

The vector parallel to CA isrca = 2i. The vector parallel to AB is
rap =rpg —rpa =1i —2j + 1k.

The magnitude: |r4p| = 2.4495 m. The unit vector parallel to AB is
ey = 0.4082i — 0.8165] + 0.4082k.

The tension is

Tap = 2e4p = 0.8165 — 1.633j + 0.8165Kk.

The magnitude of the moment about CD is

0 -1 0
IMcpl =€cp-(rca xTap)=| 2 0 0
0.8164 —-1.633 0.8165

= 1.633 kN-m.
The moment about CD is
Mcp = ecp/Mcp| = —1.633] (kN-m).

The sense is in the direction of the curled fingers of the right hand
when the thumb is parallel to DC, pointed toward D.

Problem 4.102 The axis of the car's wheel passes
through the origin of the coordinate system and
its direction cosines are cosé, = 0.940, cosf, =0,
cosH, = 0.342. The force exerted on the tire by the road
effectively acts at the point x =0, y=—-0.36 m,z =0
and has components F = —720i + 3660] + 1240k (N).
What is the moment of F about the wheel’s axis?

Solution: We have to determine the moment about the axle where
a unit vector along the axle is

€ = Cosb,i + cosb,j + coso k
e = 0.940i 4 0j + 0.342k

The vector from the origin to the point of contact with the road is
r =0 —0.36) + Ok m

The force exerted at the point of contact is

F = —720i + 3660 + 1240k N

The moment of the force F about the axle is

MaxLe =[e- (r x F)]e

0.940 0 0.342

0 —0.36 0
—720 43660 41240

MaxLe = (0.940i 4 0.342k) (N-m)

MaxLe = (—508.26)(0.940i + 0.342k) (N-m)

MaxLE = —478i — 174k (N-m)
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Problem 4.103 The direction cosines of the centerline
OA are cosf, = 0.500, cosé, = 0.866, and cosé, = 0,
and the direction cosines of the line AG are cosf, =
0.707, cosé, = 0.619, and cos®, = —0.342. What is the
moment about OA due to the 250-N weight? Draw a
sketch to indicate the sense of the moment about the
shaft.

250N

Solution: By definition, the direction cosines are the scalar compo-
nents of the unit vectors. Thus the unit vectors are

e; = 0.5 +0.866j, and e = 0.707i + 0.619] — 0.341k.

TheforceisW = 250j (N). The position vector of the 250 N weight is

rw = 0.600e; + 0.750e, = 0.8303i + 0.9839] — 0.2565k

The moment about OA is

Moa = €oa(€oa - (rw x W))

0.5 0.866 0
=0.8303 0.9839 —0.2565|e; = —32.06e1
0 —250 0

= —16i — 27.77j (N-m)

The moment is anti parallel to the unit vector paralel to OA, with the
sense of the moment in the direction of the curled fingers when the
thumb of the right hand is directed oppositely to the direction of
the unit vector.

Problem 4.104 The radius of the steering wheel is
200 mm. The distance from O to C is1 m. The center C
of the steering whedl lies in the x — y plane. The driver
exertsaforce F = 10i 4+ 10j — 5k (N) onthewhedl at A.
If the angle « = 0, what is the magnitude of the moment
about the shaft OC? Draw a sketch to indicate the sense
of the moment about the shaft.

Solution: The strategy is to determine the moment about C, and
then determine its component about OC. The radius vectors parallel
to OC and CA are:

roc = 1(icos20° +j sin20° + Ok) = 0.9397i + 0.3420;.

The line from C to the x axis is perpendicular to OC since it liesin
the plane of the steering wheel. The unit vector from C to the x axis is

ecy = 1¢03(20 — 90) + j sin(20 — 90) = 0.3420i — 0.9397j,

where the angle is measured positive counterclockwise from the x axis.
The vector parallel to CA is

rea = 0.26cy = +0.0684i — 0.1879) (m).

The magnitude of the moment about OC

09397 03420 O
IMoc| =eoc - (rca x F) =(0.0684 —0.1879 0
10 10 -5

=0.9998 = 1 N-m.

The sense of the moment is in the direction of the curled fingers of
the right hand if the thumb is parallel to OC, pointing from O to C.
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Problem 4.105* The magnitude of theforce Fis10 N.
Suppose that you want to choose the direction of the
force F so that the magnitude of its moment about the
line L is a maximum. Determine the components of F
and the magnitude of its moment about L. (There are
two solutions for F.)

<

A(3,8,0)m

F

=

Solution:  The moment of the general force F = Fyi + F,j + F.k
about the line is developed by
3i+6/—6k 1. .
egs = 75) = §(| +2j — 2k),

rgp = (12i + 2j — 2k) m,
Mpa =eps - (rpp x F)
. . L 22m
This expression simplifiesto Mps = —T(Fy + F;)

We also have the constraint that (10 N)2 = F,2 + F,2 + F,?

Since F, does not contribute to the moment we set it equal to zero.
Solving the constraint equation for F, and substituting this into the
expression for the moment we find

22 dM pa
Mpa = ——(F, +4/100— F,?). => —2 =0
BA 3( y y ) = dFy

= Fy=+5V2N = F. = +5V2

We thus have two answers:

F=(7.07) + 7.07k) N or

F = —(7.07] + 7.07k)
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Problem 4.106 The weight W causes a tension of
100 Ib in cable CD. If d =2 ft, what is the moment
about the z axis due to the force exerted by the cable
CD at point C?

Solution: The strategy is to use the unit vector parallel to the bar
to locate point C relative to the origin, and then use this location to
find the unit vector parallel to the cable CD. With the tension resolved
into components about the origin, the moment about the origin can be
resolved into components aong the z axis. Denote the top of the bar
by T and the bottom of the bar by B. The position vectors of the ends
of the bar are:

rog = 3i +0j + 10k, ror = 12i + 10j + Ok.

The vector from the bottom to the top of the bar is

rer =ror —rog = 9i + 10 — 10k.

The magnitude:

Irpr| = V92 + 102 + 102 = 16.763 ft.

The unit vector parallel to the bar, pointing toward the top, is

epr = 0.5369i + 0.5965] — 0.5965k.

The position vector of the point C relative to the bottom of the bar is
rgc = 2epr = 1.074i + 1.193] — 1.193k.

The position vector of point C relative to the origin is

roc =rop+rpc = 4.074i + 1.193] + 8.807k.

The position vector of point D is

rop = 0i + 3j + Ok.

The vector paralel to CD is

rep = fop — Foc = —4.074i + 1.807) — 8.807k.

The magnitude is

Irep| = +/4.0742 4 1.8072 + 8.8072 = 9.87 ft.

The unit vector parallel to CD is
ecp = —0.4127i + 0.1831j — 0.8923k.

The tension is

Tep = 100ecp = —41.27i + 18.31) — 89.23k |b.

The magnitude of the moment about the z axis is

0 0 1
Mol =€z - (roc x Tep) =| 4.074 1.193 8.807
—41.27 1831 —89.23

=123.83ftIb

(12,10, 0) ft

e

(3.0, 10) ft

218

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o



o

Problem 4.107* The y axis points upward. The weight
of the 4-kg rectangular plate acts at the midpoint G of
the plate. The sum of the moments about the straight
line through the supports A and B due to the weight of
the plate and the force exerted on the plate by the cable
CD is zero. What is the tension in the cable?

A
(100, 500, 700) mm @(100.250.0) mm

g (200, 55, 390) mm

Z

Solution: Note that the coordinates of G ae

(150, 152.5, 195).

point

We calculate the moment about the line BA due to the two forces
as follows.

o _ 01i+007 — 036k
o= /0.1445

ry = (0.2i — 0.125) + 0.03k) m,

(—0.1i 4 0.445] + 0.31k)
+/0.304125

r, = (0.15i — 0.0275 — 0.165k) m,

Fi1=Tcp

Fs = —(4 kg)(9.81 m/sD)j

Mpy =€ - (r1 x F1+T12 x F2)

The moment reduces to

Mps = 3.871 N-m — (0.17793 m)T¢cp = 0= T¢cp = 21.8 N

Problem 4.108 In Active Example 4.9, suppose that
the point of application of the force F is moved from
(8,3, 0) mto (8, 8, 0) m. Draw a sketch showing the new
position of the force. From your sketch, will the moment
due to the couple be clockwise or counterclockwise?
Calculate the moment due to the couple. Represent the
moment by its magnitude and a circular arrow indicating
its direction.

Solution: From Active Example 4.9 we know that

F=(10i —4j) N
From the sketch, it is evident that the moment will be clockwise.

The moment due to the couple is the sum of the moments of the two
forces about any point. If we determine the sum of the moments about
the point of application of one of the forces, the moment due to that
force is zero and we only need to determine the moment due to the
other force.

Let us determine the moment about the point of application of the

force F. The vector from the point of application of F to the point of

application of the force -F is
r=[6-8)i+(6-8)j]m=(-2—2)m

The sum of the moments of the two forces is

i i k
M=rx(-F)=| -2 -2 0|=-28k N-m
-10 4 O

The magnitude of the moment is 28 N-m. Pointing the thumb of the
right hand into the page, the right-hand rule indicates that the moment
is clockwise.

M = 28 N-m clockwise

y

k(ﬁ, 6,0) m
(8,3,0) m

F

y

(8,8,0) m
F
660m F
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Problem 4.109 The forces are contained in the x—y
plane.

(@) Determine the moment of the couple and represent
it as shown in Fig. 4.28c.

(b) What is the sum of the moments of the two forces
about the point (10, —40, 20) ft?

y
1000 Ib 1000 1b
60° 60°
~———— X
20 ft 20 ft

Solution: The right hand force is
F = [1000 (Ib)](cos60°i — sin60°j)
F = +500i — 867} Ib.

The vector from the x intercept of the left force to that of the right
forceisr = 40i ft.

The momentisM¢ =1 x F
M¢ = 40i x (500i — 867j) (ft-1b)
M¢ = —34700 (ft-b) k

or M¢ = —34700 (ft-1b) clockwise

Problem 4.110 The moment of the couple is 600 k
(N-m). What is the angle «?

y

(0,4) m
@\ 100N

100 N \a

(5,0) m

Solution:
M = (100 N cosa)(4 m) + (100 Nsina)(5 m) = 600 N-m

Solving yields two answers:

[«=309 or a=71L8

Problem 4111 Point P is contained in the x—y
plane, |F| =100 N, and the moment of the couple is
—500k (N-m). What are the coordinates of P?

T
[ J s
/ F

/
/

/
/ 70°
A .

—F

Solution: The forceis

F = 100(i cos(—30°) + j sin(—30°)) = 86.6i — 50;.
Let r be the distance OP. The vector paralel to OP is
r =r(icos70° +j sin70°) = r(0.3420i + 0.9397j).

The moment is

i j k
M =r x F={0.3420r 0.9397r 0| = —98.48rk.
86.6 -500 O
From which, r = ﬂ = 5.077 m. From above,
98.48

r = 5.077(0.3420i + 0.9397j).

The coordinates of P are

x =5.077(0.3420) = 1.74 m, y = 5.077(0.9397) = 4.77 m
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Problem 4.112 Three forces of equal magnitude are
applied paralel to the sides of an equilatera triangle.
(a) Show that the sum of the moments of the forces is
the same about any point. (b) Determine the magnitude
of the sum of the moments.

Solution:

(@ Resolving one of the forces into vector components paralel to
the other two forces results in two equal and opposite forces with
the same line of action and one couple. Therefore the moment
due to the forces is the same about any point.

(b) Determine the moment about one of the vertices of the triangle.
A vertex lies on the line of action of two of the forces, so the
moment due to them is zero. The perpendicular distance to the
line of action of the third force is L cos30°, so the magnitude of
the moment due to the three force is

M = FL cos 308

Problem 4.113 In Example 4.10, suppose that the 200 vy

ft-lb couple is counterclockwise instead of clockwise. 200 ft-1b
Draw a sketch of the beam showing the forces and
couple acting on it. What are the forces A and B?

Solution:  In Example 4.10 we are given that the sum of the forces 200 ft-1b
is zero and the sum of the moments is zero. Thus

4 ft 4 ft
YFy=A+B=0 j

XMy = B (4 ft) 4200 ft-lb=0

Solving we find |A =501b,B= -501b A

Problem 4.114 The moments of two couples are
shown. What is the sum of the moments about point P?

y
CA 50 ft-Ib
P k'\ «
(=4, 0, 0) ft -/
10ft-Ib

Solution: The moment of a couple is the same anywhere in the
plane. Hence the sum about the point P is

ZM = —50k + 10k = —40k ft Ib
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Problem 4.115 Determine the sum of the moments
exerted on the plate by the two couples.

y

777

3ft

301b

301b

|
f
2ft
|

201b
201b

} 5t

4ft —

Solution: The moment due to the 30 Ib couple, which acts in a
clockwise direction is

M3 = —3(30)k = —90k ft Ib.

The moment due to the 20 Ib couple, which actsin a counterclockwise
direction, is

M2o = 9(20)k = 180k ft Ib.

The sum of the moments is
> M = —90k + 180k = +90k ft Ib.

The sum of the moments is the same anywhere on the plate.

Problem 4.116 Determine the sum of the moments
exerted about A by the couple and the two forces.

100 1b 4001b
900 ft-1b

r\)
A -

e
3ftﬁf4ft#3ftaL4ft—>

Solution: Let the x axis point to the right and the y axis point
upward in the plane of the page. The moments of the forces are

Moo = (—3i) x (100j) = —300k (ft-Ib),

and Moo = (7i) x (—400j) = —2800k (ft-Ib).

The moment of the couple is M¢ = 900k (ft-lb). Summing the
moments, we get

Mo = —2200K (ft-Ib) |

Problem 4.117 Determine the sum of the moments
exerted about A by the couple and the two forces.

100N
\30°

200N 02m

A
~ |
| | ] 1]+
‘ ‘ 300 N-m
0.2m 0.2m 0.2 ma‘

Solution:
> My = (0.2i) x (—200j) + (0.4 + 0.2))
x (86.7i 4 50j) + 300k (N-m)

Z M4 = —40K + 2.66k + 300k (N-m)

> My =262.7k (N-m) ~ 263k (N-m)

222

Problem 4.118 The sum of the moments about point
A dueto the forces and couples acting on the bar is zero.

(& What isthe magnitude of the couple C?

(b) Determine the sum of the moments about point B
due to the forces and couples acting on the bar.

4 kN

Solution:
@ > Ma=20kN-m—(2kN)5m)— (4kN)3m)

—(BKN)®) +C =0

C =26 kN-m

> My =—@kN)Bm)— (4kN)3 m) — (5 kN)(5 m)
(b)

+ 20 KN-m + 26 kKN-m =0
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Problem 4.119 In Example 4.11, suppose that instead y

of acting in the positive z direction, the upper 20-N force

acts in the positive x axis direction. Instead of acting in

the negative z axis direction, let the lower 20-N force

act in the negative x axis direction. Draw a sketch of the 20N ’m 30N 30N
pipe showing the forces acting on it. Determine the sum . 4m 4m

of the moments exerted on the pipe by the two couples. ( \‘(

[ ! T
ZON/ 602} 60°)

Solution: The magnitude of the moment of the 20-N couple is Y
unchanged, ‘ )20 N

(2 M)(20 N) = 40 N-m.

and the right-hand rule indicates that it points in the negative z axis

The direction of the moment vector is perpendicular to eh x-y plane, 27m
20N

direction. The moment of the 20-N couple is (—40 N-m) k.

%x
The sum of the moments exerted on the pipe by the two couples is

M = (—40 N-m) k + (30 N) cos60°(4 m) j — (30 N)sin60°(4 m) k

M = (60j — 144k) N-m|

Problem 4.120 (a) What is the moment of the couple? y
(b) Determine the perpendicular distance between the
lines of action of the two forces.

(0,4,0) m

2i — 2j — k (kN)
Solution: —2i + 2j + k (kN)

M = (4 —5k) m x (2i — 2] — k) kN
(€)
= (—14i — 10} — 8k) kN-m

(0,0,5) m

(b) M =+/(—14)? + (=10)2 + (—8)2 kN-m = 18.97 kN-m z

F=+(22+(-22+ (-1)2 kN = 3kN

M 18.97 kN-m
F ~ 3kN

M=Fd=d= =6.32m
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Problem 4.121 Determine the sum of the moments y
exerted on the plate by the three couples. (The 80-Ib
forces are contained in the x—z plane.) 3ft—=f~—3ft—=
201b 201b
401b
e
/ 8 ft
g,
401b
z7 60° \ 80lb 60° W 80lb
Solution: The moments of two of the couples can be determined The moment is
from inspection:
i ik
M1 = —(3)(20)k = —60K ft Ib. Mg=rgxFs=| 6 0 0|=-240.
69.282 0 40

M2 = (8)(40)j = 320 ftIb The sum of the moments due to the couples:

The forces in the 3rd couple are resolved:
> M = —60k + 320j — 240j = 80j — 60k ft Ib

F = (80)(isin60° + k cos60°) = 69.282i + 40k

The two forces in the third couple are separated by the vector

r3 = (6i +8k) — (8k) = 6i

Problem 4.122 What is the magnitude of the sum of }'\3“
the moments exerted on the T-shaped structure by the y \an\ 50i + 20j — 10k (Ib)
two couples? 50j (Ib)
\/
3ft
z e
oy
3 ft/
—
—50i — 20 + 10k (Ib)
Solution: The moment of the 50 Ib couple can be determined by Y
inspection: E
50j (Ib)

The vector separating the other two force isr = 6k. The moment is

i j kK
My=rxF=|0 0 6 |=—120i + 300.
50 20 -10

The sum of the moments is
> M = —120i + 300 — 150k.

The magnitude is

M| = +/1202 4 3002 + 1502 = 356.23 ft Ib
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Problem 4.123 The tension in cables AB and CD is
500 N.

(@ Show that the two forces exerted by the cables on
the rectangular hatch at B and C form a couple.

(b) What is the moment exerted on the plate by the
cables?

Solution: One condition for a couple is that the sum of a pair
of forces vanish; another is for a non-zero moment to be the same
anywhere. The first condition is demonstrated by determining the unit
vectors parallel to the action lines of the forces. The vector position of
point B isrp = 3i m. The vector position of point A isry = 2j. The
vector parallel to cable AB is

rpa=ra—rp=-3+2.

The magnitude is:

[rapl = +/32 + 22 = 3.606 m.
The unit vector:

r . .
e = —2 = —0.8321i + 0.5547].
Irasl

The tension is

Tap = |Tagleap = —416.05i 4 277.35j.

The vector position of points C and D are:

rc=3i+3k, FD=6i72j+3k.

The vector paralel to the cable CD isrep =rp —r¢c =3i — 2j. The
magnitudeis |rcp| = 3.606 m, and the unit vector parallel to the cable
CD is ecp = +0.8321i — 0.5547j. The magnitude of the tension in
the two cables is the same, and egs = —ecp, hence the sum of the
tensions vanish on the plate. The second condition is demonstrated by
determining the moment at any point on the plate. By inspection, the
distance between the action lines of the forces is

TCBZTB—I’C:?)i—3i—3k:—3k.
The moment is
i j k

0 0 -3
—416.05 277.35 O

M =rcp X Tap =

= 832.05i — 124815 (N-m).

The moment about the origin is

Mo =(rg—rc) x Tap =rcp X Tas,

which is identical with the above expression for the moment. Let rpc
and rpp be the distances to points C and B from an arbitrary point
P on the plate. Then Mp = (rpg —rtpc) X Tap =rcp X Tap which
is identical to the above expression. Thus the moment is the same
everywhere on the plate, and the forces form a couple.

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o

225



o

Problem 4.124 The cables AB and CD exert a couple (16,22, -12) m y
on the vertical pipe. The tension in each cable is 8 kN.
Determine the magnitude of the moment the cables exert
on the pipe.

(02,1.6, —02) m

Solution:

(1.4i — 0.6] + 1.0k)
V332 ’

M =rpp x Fap = (—3.34i + 0.702j + 5.09k) kN-m

=|M =6.13 kN-m

§(02,06,02)m

Fagp = 8 kN rpp = (3.2 — 2.2 +2.4k) m

B® (1.6,0,12)m

Problem 4.125 The bar is loaded by the forces y

Fp = 2i + 6 + 3k (kN), ‘ Fe

A Mc
Fe=i— 2 + 2k (kN), B .
and the couple 1m7Z / T«

z 1m —a

Mc = 2i +j — 2k (KkN-m). Fe
Determine the sum of the moments of the two forces
and the couple about A.
Solution: The moments of the two forces about A are given by
Mrg = (1) x (2 + 6] + 3k) (KN-m) = 0i — 3j + 6k (kN-m) and
Mre = (2) x (1i — 2j + 2k) (KN-m) = 0i — 4j — 4k (KN-m).
Adding these two moments and

Mc = 2i + 1 — 2k (kN-m),

we get | MrotaL = 2i — 6] + Ok (kN-m) |

Problem 4.126 In Problem 4.125, the forces Solution: From the solution to Problem 4.125, the sum of the
moments of the two forces about A is

Fs = 2i + 6] + 3k (kN), M 0i — 7j + 2k (KN-m)
Forces = Ul — /] + -m).

Fe=i-2+ K (kN)’ The required moment, M, must be the negative of this sum.

and the couple

Thus |Mcy =7 (KN-m), and Mc, = —2 (kN-m).

Mc = MCyj +MCzk (kN'm)-

Determine the values for M ¢, and M ¢,, so that the sum
of the moments of the two forces and the couple about
A is zero.
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Problem 4.127 Two wrenches are used to tighten an
elbow fitting. The force F =10k (Ib) on the right
wrench is applied at (6, —5, —3) in, and the force —F
on the left wrench is applied at (4, —5, 3) in.

(@ Determine the moment about the x axis due to the
force exerted on the right wrench.

(b) Determine the moment of the couple formed by the
forces exerted on the two wrenches.

(c) Based on the results of (a) and (b), explain why
two wrenches are used.

Solution: The position vector of the force on the right wrench is
rg = 6i — 5/ — 3k. The magnitude of the moment about the x axis is

1 0 O
IMpl =€x- (g xF)=|6 -5 -3|=-50inlb
0 0 10
(@ The moment about the x axisis
Mg = |[Mglex = —50i (in Ib).
(b) The moment of the couple is
i j k
Mc=(r—rp)xFr=|2 0 —6|=-20jinlb
0 0 10

(c) The objective is to apply a moment to the elbow relative to
connecting pipe, and zero resultant moment to the pipe itself.
A resultant moment about the x axis will affect the joint at the
origin. However the use of two wrenches results in a net zero
moment about the x axis the moment is absorbed at the juncture
of the elbow and the pipe. This is demonstrated by calculating
the moment about the x axis due to the left wrench:

1 0 0
IMx|=ex-(r. xF)={4 -5 3 |=50inlb
0O 0 -10

from which My, = 50i in Ib, which is opposite in direction and
equa in magnitude to the moment exerted on the x axis by the
right wrench. The left wrench force is applied 2 in nearer the
origin than the right wrench force, hence the moment must be
absorbed by the space between, where it is wanted.
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Problem 4.128 Two systems of forces act on the beam.
Are they equivalent?

Strategy: Check the two conditions for equivalence.
The sums of the forces must be equal, and the sums of
the moments about an arbitrary point must be equal.

System 1
y
100 N
C )— X
50N
} Im ‘ Im ‘
System 2
y
| 50N
C )— X
‘ 2m }

Solution: The strategy is to check the two conditions for equiv-
alence: (a) the sums of the forces must be equal and (b) the sums of
the moments about an arbitrary point must be equal. The sums of the
forces of the two systems: Y Fx = 0, (both systems) and

> Fy1=—100j +50j = —50j (N)

> Fy2=-50; (N).

The sums of the forces are equal. The sums of the moments about the
left end are:

> M1 = —(1)(100)k = —100k (N-m)
> M2 = —(2)(50)k = —100k (N-m).

The sums of the moments about the left end are equal. Choose any
point P at the same distance r = xi from the left end on each beam.
The sums of the moments about the point P are

> My = (=50x + 100(x — 1))k = (50x — 100)k (N-m)

3 M2 = (=50(2 - x))k = (50x — 100k (N-m).

Thus the sums of the moments about any point on the beam are equal
for the two sets of forces; the systems are equivalent. Yes
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Problem 4.129 Two systems of forces and moments System 1
act on the beam. Are they equivalent? y
|
a 201b
10lb i
Solution: The sums of the forces are: ' \/’ | X
21t | 21t
> Fx = 0 (both systems) ‘ ‘ ‘
Fy1 =10j — 20j = —10j (Ib

> Fri=10 — 20j j (Ib) System 2

i ! i y
> Fy2=—20] + 10} = —10j (Ib) |

201b
Thus the sums of the forces are equal. The sums of the moments about 101b 30ft-lb
the left end are: :
| | X

S "My = (~20)(4)k + 50k = —30k (ft Ib) l 2t l 2t j
> M2 = (+10(2))k — 30k = —10K (ft Ib)
The sums of the moments are not egual, hence the systems are not
equivalent. No
Problem 4.130 Four systems of forces and moments  Solution: For equivalence, the sum of the forces and the sum of

act on an 8-m beam. Which systems are equivalent?

System 1 System 2
10kN 10kN
D (=
‘ 8 m——{ 80 kN-m }78 m—»‘
System 3 System 4
10kN 20 kN 20 kN
D G 5 W
| gm— 80 kN-mn 10kN
L4 m—»‘k4 ma‘

the moments about some point (the left end will be used) must be
the same.

System 1 System 2 System 3 System 4
>F (kN) 10j 10j 10 10
> Mz (KN-m) 80k 80k 160k 80k

Systems 1, 2, and 4 are equivalent. yi

X
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Problem 4.131 The four systems shown in Problem Solution:  From the solution to 4.130, all systems have
4130 can be made equivalent by adding a
couple to one of the systems. Which system is it, and > F =10 kN
what couple must be added?
and systems 1, 2, and 4 have

> My =80k (kN-m)
system 3 has
> My =160k (kN-m).

Thus, we need to add acouple M = —80k (kN-m) to system 3 (clock-
wise moment).

Problem 4.132 System 1isaforce F acting at a point
0. System 2 is the force F acting at a different point O’
along the same line of action. Explain why these systems
are equivalent. (This simple result is called the principle
of transmissibility.)

System 1 System 2
d F 7
yZ 7
Ve
7
//

F - P

//O‘

Ve
. e
.70 70

Solution: The sum of forces is obviously equal for both systems.
Let P be any point on the dashed line. The moment about P is the
cross product of the distance from P to the line of action of a force
times the force, that is, M = rp;, x F, where rp, is the distance from
P to the line of action of F. Since both systems have the same line of
action, and the forces are equal, the systems are equivalent.
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Problem 4.133 The vector sum of the forces exerted
on the log by the cables is the same in the two cases.
Show that the systems of forces exerted on the log are
equivalent.

Solution:
x axisis

The angle formed by the single cable with the positive

12
0 =180 —tan~! | == | =143.13".
(1)
The single cable tension is
Ty = |T|(icos143.13° +j sin143.13°)

= T|(—0.8 + 0.6)).

The position vector to the center of the log from theleft endisr, = 10i.
The moment about the end of the log is

ik
10 0 0
—-08 06 0

M=rxTy= Ty = [T|(B)k (N-m).

For the two cables, the angles relative to the positive x axis are

12
6, = 180° —tan~?! <€> = 116.56°, and

0, = 180 — tan~! (%) = 155.22°.

The two cable vectors are

T, = |T.|(icos116.56° + j Sin116.56°)
= |T.|(—0.4472i + 0.8945)),

Tg = [Trl(i cos155.22° + j sin155.22°)

= |Tg|(—0.9079i + 0.4191j).

Since the vector sum of the forces in the two systems is egual, two
simultaneous equations are obtained:

0.4472|T; | + 0.9079|Tg| = 0.8/T4|, and

0.8945|T,| 4+ 0.4191|Tg| = 0.6/T4|

12m

20m
Solve:
|T,| = 0.3353|T1|, and

|Trl = 0.7160|T4|.

The tension in the right hand cable is Tz = |T1|(0.7160)(—0.9079i +
0.4191j) = |T1|(—0.6500i + 0.3000). The position vector of the right
end of the log is rg = 20i m relative to the left end. The moments
about the left end of the log for the second system are

i ik
20 0 o0
—0.6500 0.3000 0

M2 =rgr x Tp = |T1| = [T1|(B)k (N-m).

This is equa to the moment about the left end of the log for System
1, hence the systems are equivalent.
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Solution: The sums of the forces for System 1 are
> Fx =50, and

> Fy=—Fa+860.

The sums of the forces for System 2 are

> Fx=Fp, and

> Fy =40

For equivalent systems. Fz =50 N, and F4 = 60 — 40 = 20 N.
The sum of the moments about the left end for

System 1 is

ZMl = —(3)F4 — 120 = —180 N-m.

Problem 4.134 Systems 1 and 2 each consist of a System 1 System 2
couple. If they are equivalent, what is F? y y
200N
130° F
200
Solution: For couples, the sum of the forces vanish for both sys- 5m 200N (5.40m
tems. For System 1, the two forces are located at r11 = 4i, and rip = 2m
+5]. The forces are F; = 200(i cos30° + j sin30°) = 173.21i + 100j. 130°  ———s X
The moment due to the couple in System 1 is T F20
i ik
Mi=(un—-rp)xFi=| 4 -5 0| = 1266.05k (N-m).
17321 100 O
For System 2, the positions of the forces are ry; = 2i, and ry; =
5i + 4j. The forces are
Fy = F(icos(—20°) +j sin(—20°)) = F(0.9397i — 0.3420)).
The moment of the couple in System 2 is
i j k
Mo=(on—rp)xF,=F| -3 -4 0| = 4.7848Fk,
0.9397 —-0.3420 O
from which, if the systems are to be equivalent,
1266
Problem 4.135 Two equivaent systems of forces and System 1 System 2
moments act on the L-shaped bar. Determine the forces 120 N-m E
F, and F and the couple M. B
1w Al
60 N Fa M 3m

T

50N
‘Fs ma‘k3 m#

The sum of the moments about the left end for

System 2 is
> Mz =—(3)Fg+M = —150+ M N-m.

Equating the sums of the moments, M = 150 — 180 = —30 N-m
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Problem 4.136 Two equivalent systems of forces and
moments act on the plate. Determine the force F and

the couple M.
System 1 System 2
301b 101b 301b
\ 100in-1b
5in 5in
8in /3 8in 301b
\ M
501b F

Solution: The sums of the forces for System 1 are
> Fx=301b,

> Fy=50-10=401b.

The sums of the forces for System 2 are

> Fx=301b,

> Fy=F-301b.

For equivalent forces, F = 30+ 40 = 70 Ib. The sum of the moments
about the lower left corner for System 1 is

> Mi=—(5)(30) - (8)(10) + M = —230+ M in b.
The sum of the moments about the lower Ieft corner for System 2 is

ZMZ:—lOOinIb.

Equating the sum of moments, M = 230 — 100 = 130 in |b
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System 1
Problem 4.137 In Example 4.13, suppose that the 30- y
kN vertical force in system 1 is replaced by a 230-kN | 301 (KN
vertical force. Draw a sketch of the new system 1. If i (RN) A 20i + 20 (kN)
you represent system 1 by asingle force F as in system /
3, a what position D on the x axis must the force be i 7 B
placed? o
3m 2m 210 kN-m
Solution: Thefirst step is to represent system 1 by a single force 230] (kN) 20i+2OJ (kN)
F acting at the origin and a couple M (system 2). The force F must
equal the sum of the forces in system 1: /
(ZF)2 = (ZF)1 1) \ \
F = (230 kN) j + (20i + 20j) kN 3m 7 /
m
F = (20i + 250]) kN - 210 kN-m

The moment about the origin in system 2 is M. Therefore M must
equal the sum of the moments about the origin due to the forces and

moments in system 1: <
(SM)2 = (M) 0 )
M = (230 KN)(3 m) + (20 kN)(5 m) M

+ (210 kN-m) = 1000 kN-m

The next step is to represent system 2 by system 3.

The sums of the forces in the two systems are equal. The sums of
the moments about the origin must be equa. The j component of F is )
250 kN, so

(EM)3 = (EM)2
(1000 kN-m) = (250 kN)D

,_ 1000 kN-m
= mokn "

D=4m
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Problem 4.138 Three forces and a couple are applied
to a beam (system 1).

(@) If you represent system 1 by a force applied at A
and a couple (system 2), what are F and M?

(b) If you represent system 1 by theforce F (system 3),
what is the distance D?

System 1
y
20Ib| 401b s0ib
30ft-Ib
Al X
1 2ft ‘ 2t }
System 2
!
A | ——x
N
System 3
| F
A+ ° —_— X
%(—/
D

Solution: The sum of the forces in System 1 is

> Fx =0,

> Fy = (—20+40 - 30) = 10 Ib.

The sum of the moments about the left end for System 1 is
> M1 = (2(40) — 4(30) + 30)k = —10k ft Ib.

(@ For System 2, the forceat A isF = —10j Ib
The moment at A is M, = —10k ft Ib

(b) For System 3 the force at D is F = —10j Ib. The distance D is
the ratio of the magnitude of the moment to the magnitude of the
force, where the magnitudes are those in System 1:

D:£)=1f'[
10
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Problem 4.139 Represent the two forces and couple y
acting on the beam by aforce F. Determine F and deter- 60i + 60j (N)
mine where its line of action intersects the x axis. 280 N°m
e
— X
—40j (N)
Solution:  We first represent the system by an equivalent system y
consisting of a force F at the origin and a couple M:
This system is equivalent if M F
F = —40j + 60i + 60j /— X
X 1
= 60i + 20j (N),
M = —280 + (6)(60)
=80 N-m. y
F
We then represent this system by an equivalent system consisting of
F aone:
For equivalence, M = d(Fy), SO X
R
d
= K = @ =4 m.
F, 20
Problem 4.140 The bracket is subjected to three forces y
and a couple. If you represent this system by aforce F,
what is F, and where does its line of action intersect the
x axis? /_\
T @ 400 N
180 N
0.4 m 1
200 N <l— 140 N-m
0.2 m
T X
«—0.65m 4»‘

Solution: We locate a single equivalent force along the x axis a
distance d to the right of the origin. We must satisfy the following
three equations:

> Fy =400 N—200 N = R,
> Fy=180N =R,

3" Mo = —(400 N)(0.6 m) + (200 N)(0.2 m) + (180 N)(0.65 m)

+ 140 Nm = R,d

Solving we find

R, =200N, R,=180N, d =0.317 m

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o



o

Problem 4.141 The vector sum of the forces acting on
the beam is zero, and the sum of the moments about the
left end of the beam is zero.

(8 Determine the forces A, and A,, and the couple
M.

(b) Determine the sum of the moments about the right
end of the beam.

(c) If you represent the 600-N force, the 200-N force,
and the 30 N-m couple by a force F acting at the
left end of the beam and a couple M, what are F

and M?
y
‘ Ma 600 N
Ay (= “/‘Eow.m ’ "
Ay 200N
} 380 mm ‘ 180 mma‘

Solution: (a) The sum of the forces is

> Fx =Axi=0and

> Fr = (Ay — 600+ 200)j =0,

from which Ay = 400 N. The sum of the moments is

> "My = (M4 — 0.38(600) — 30 + 0.560(200))k = O,

from which M4 = 146 N-m. (b) The sum of the moments about the
right end of the beam is

> Mg = 0.18(600) — 30+ 146 — 0.56(400) = O.
(c) The sum of the forces for the new system is
> Fy =@y +F)j=0,

from F = —Ay = —400 N, or F = —400j N. The sum of the moments
for the new system is

ZM:(MA +M)=0,

from which M = —M 4 = —146 N-m

Problem 4.142 The vector sum of the forces acting on
the truss is zero, and the sum of the moments about the
origin O is zero.

(8 Determine the forces A,, A,, and B.

(b) If you represent the 2-kip, 4-kip, and 6-kip forces
by aforce F, what is F, and where does its line of
action intersect the y axis?

(c) If you replace the 2-kip, 4-kip, and 6-kip forces by
the force you determined in (b), what are the vector
sum of the forces acting on the truss and the sum
of the moments about 0?

2kip

4kip

Solution: (a) The sum of the forces is

> Fx=@Ax—2-4-6)i=0,

from which Ay = 12 kip

> Fy = Ay +B)j =0.

The sum of the moments about the origin is

D Mo =(3)(6) + (6)(4) + (9(2) +6(B) =0,

from which B = —10j kip. (b) Substitute into the force balance eg-
uation to obtain Ay = —B = 10 kip. (b) The force in the new system
will replace the 2, 4, and 6 kip forces, F = (—2 — 4 — 6)i = —12i kip.
The force must match the moment due to these forces: FD = 3(6) +
(6)(4) + (9)(2) = 60 kip ft, from which D = @ = 5 ft, or the action
line intersects the y axis 5 ft above the origin. (c) The new system is

equivalent to the old one, hence the sum of the forces vanish and the
sum of the moments about O are zero.
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Problem 4.143 The distributed force exerted on part
of a building foundation by the sail is represented by
five forces. If you represent them by a force F, what is
F, and where does its line of action intersect the x axis?

Solution: The equivalent force must equal the sum of the forces
exerted by the sail:

F = (80 + 35+ 30 + 40 + 85)j = 270 kN

The sum of the moments about any point must be equal for the two
systems. The sum of the moments are

ZM = 3(35) + 6(30) + 9(40) + 12(85) = 1665 kKN-m.

Equating the moments for the two systems FD = 1665 kN-m from
which

1665 kN-m

=———— =6.167m.
270 kN 6.167m

Thus the action line intersects the x axis at a distance D = 6.167 m to
the right of the origin.

—

. gl ol

40kN1
80 kN L L L 85 kN
3 m-—~r3m-~3m->==3m-

Problem 4.144 At a particular instant, aerodynamic
forces distributed over the airplane’s surface exert the
88-kN and 16-kN vertical forces and the 22 kN-m
counterclockwise couple shown. If you represent these
forces and couple by a system consisting of a force F
acting at the center of mass G and a couple M, what are
Fand M?

Solution:

> Fy=83kN+16 kN =R,

> Mg = —(88kN)(0.7 m) + (16 kN)(3.3 m) + 22 kN-m = M

Solving we find

R, =104 kN, M = 13.2 kN-m

y
88 kN
\ A 16, kN
‘\/i‘;\d\\':@ o .
L <
Sm } ‘
22 kN-m

Problem 4.145 If you represent the two forces and
couple acting on the airplane in Problem 4.144 by a
force F, what is F, and where does its line of action
intersect the x axis?

Solution:

> Fy=88kN+16 kN =R,

> Morigin = (88 kN)(5 m) + (16 kN)(9 m) + 22 kN-m = R.x

Solving we find

F =R,j =104 kNj, x =5.83 m
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Problem 4.146 The system is in equilibrium. If you y
represent the forces F4p and F4¢ by aforce F acting at Fas Fac
A and a couple M, what are F and M?
A
100 Ib
X
Solution: The sum of the forces acting at A is in opposition to the
weight, or F = |W|j = 100j Ib.
The moment about point A is zero.
Problem 4.147 Three forces act on a beam. y
(8 Represent the system by a force F acting at the
origin O and a couple M. SON
(b) Represent the system by asingle force. Where does
the line of action of the force intersect the x axis? 5
m
o ——— > x
Solution: (a) The sum of the forces is
~— A
30N 6m 4m 50N

ZFX =30i N, and

> Fr = (30+50)j =80j N.

The equivalent at O is F = 30i + 80j (N). The sum of the moments
about O:

3" M = (~5(30) + 10(50)) = 350 N-m

(b) The solution of Part (a) is the single force. The intersection is the
35i
moment divided by the y-component of force: D = 0 = 4.375 m
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Problem 4.148 The tension in cable AB is 400 N, and
the tension in cable CD is 600 N.

(& If you represent the forces exerted on the left post
by the cables by a force F acting at the origin O
and a couple M, what are F and M?

(b) If you represent the forces exerted on the left post
by the cables by the force F aone, where does its
line of action intersect the y axis?

Solution: From the right triangle, the angle between the positive
x axis and the cable AB is

400
6= —tan~? (%> = —26.6".
The tension in AB is
Tap = 400(i cOS(—26.6°)+j Sin(—26.6°)) = 357.77i — 178.89 (N).
The angle between the positive x axis and the cable CD is
300
a=—tan? (%> = —20.6".
Thetension in CD is

Tcp = 600(i cos(—20.6°) +j sin(—20.6°)) = 561.8i — 210.67j.

The equivalent force acting at the origin O is the sum of the forces
acting on the left post:

F = (357.77 + 561.8)i + (—178.89 — 210.67)]
= 919.6i — 389.6] (N).

The sum of the moments acting on the left post is the product of the
moment arm and the x-component of the tensions:

Z M = —0.7(357.77)k — 0.3(561.8)k = —419k N-m

Check: The position vectors at the point of application arer 5 = 0.7j,
and rcp = 0.3j. The sum of the moments is

D M = (rap x Tag) + (rep x Tep)

i j k i i k
- o 07 0/+| 0 03 0
357.77 —17889 0| |561.8 -210.67 O

= —0.7(357.77)k — 0.3(561.8)k = —419k

Check. (b) The equivalent single force retains the same scalar compo-
nents, but must act at a point that duplicates the sum of the moments.
The distance on the y axis is the ratio of the sum of the moments to
the x-component of the equivalent force. Thus

419

= 9196 = 0.456 m

Check: The moment is

i j k
M=rpxF=| 0 D 0| = —919.6Dk = —419Kk,
919.6 —-389.6 O
from which D = ﬁ = 0.456 m, Check.
919.6
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Problem 4.149 Consider the system shown in Problem
4.148. The tension in each of the cables AB and CD is
400 N. If you represent the forces exerted on the right
post by the cables by a force F, what is F, and where
does its line of action intersect the y axis?

Solution:  From the solution of Problem 4.148, the tensions are
Tap = —400(i cos(—26.6°)+] sin(—26.6°)) = —357.77i + 178.89],
and
Tep = —400(i cos(—20.6°)+j sin(—20.6°)) = —374.42i 4 140.74;.
The equivalent force is equal to the sum of these forces:
F = (=357.77 — 374.42)i + (178.77 + 140.74)j

= —732.19i + 319.5) (N).
The sum of the moments about O is

Z M = 0.3(357.77) + 0.8(140.74 + 178.89)k = 363k (N-m).

. Lo 363 - .
The intersection is D = 73219 = 0.496 m on the positive y axis.
Problem 4.150 If you represent the three forces acting y

on the beam cross section by a force F, what is F, and

where does its line of action intersect the x axis? 500 Ib
\ﬂ—_ 1
8001b

6in
Solution: The sum of the forces is % X
> Fx = (500 — 500)i = 0. 6in\

z

S Fy = 800). N |

500 Ib

Thus a force and a couple with moment M = 500k ft Ib act on the
cross section. The equivalent forceis F = 800j which acts at a positive

500
x axis location of D = 300 = 0.625 ft = 7.5 in to the right of the
origin.
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Problem 4.151 In Active Example 4.12, suppose that System 1

the force Fp is changed to Fp = 20i — 15j + 30k (kN), y

and you want to represent system 1 by an equivalent

system consisting of aforce F acting at the point P with J4.3,-2)m
coordinates (4, 3, —2) m and a couple M (system 2). p
Determine F and M.

F
. Fy B
Solution: From Active Example 4.12 we know that /
X

Fa = (—10i + 10] — 15k) kN (6,0,0) m

M¢ = (—90i + 150j + 60k) kN-m
The force F must equal the sum of the forces in system 1:

(EF)2 = (ZF)1:

F =F4 + Fg = (10i — 5/ + 15k) kN

In system 2, the sum of the moments about P is M. Therefore equiva-
lence requires that M be equal to the sum of the moments about point

P due to the forces and moments in system 1:

(EMp)2 = (EMp)1:

i ik i 0k
M=||-4 -3 2 |+|2 =3 2|+ (~90i+ 150 +60k)| kN-m
10 10 -15| |20 —-15 30

M = (—125i + 50] + 20k) kN-m

Thus| F = (10i — 5] + 15k) KN, M = (—125i + 50j + 20k) kN-m |

Problem 4.152 The wall bracket is subjected to the
force shown.

(8 Determine the moment exerted by the force about
the z axis.

(b) Determine the moment exerted by the force about
the y axis.

(c) If you represent the force by aforce F acting at O
and a couple M, what are F and M?

Solution:

(& The moment about the z axis is negative,
Mz = —1(30) = —30 ft Ib,

(b) The moment about the y axis is negative,
My =-13)=-3ftlb

(c) Theequivalent force at O must be equal to theforceat x = 12 in,
thus Fgo = 10i — 30j + 3k (Ib)

The couple moment must equal the moment exerted by theforce at x =
12 in. Thismoment is the product of the moment arm and the y- and z-
components of the force: M = —1(30)k — 1(3)j = —3j — 30k (ft Ib).

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

242

o



o

Problem 4.153 A basketball player executes a “sam
dunk” shot, then hangs momentarily on the rim, exerting
the two 100-1b forces shown. The dimensions are h =
143 in, and r = 9 in, and the angle o = 120°.

(@) If you represent the forces he exerts by a force F
acting at O and a couple M, what are F and M?

(b) The glass backboard will shatter if M| > 4000 in-
Ib. Does it break?

Yo —100j (Ib)

Solution: The equivalent force at the origin must equal the sum of
the forces applied: Fzp = —200j. The position vectors of the points of
application of the forces are ry = (h+ r)i, and rp = i(h + r cosa) —
kr sina. The moments about the origin are

M=(1xF1)+(raxF2)=(@1+r2)xF

i i k
= |2h+ r(1+ cosa) 0 —rsina
0 —100 0

= —100(r Sina)i — 100(2h + r(1 + cosa))k.

For the values of &, r, and « given, the moment is M = —822.72i —
3375k in Ib. This is the couple moment required. (b) The magnitude
of the moment is |M| = +/822.722 + 33752 = 3473.8 in Ib. The back-
board does not break.

Problem 4.154 In Example 4.14, suppose that the 30-
Ib upward force in system 1 is changed to a 25-Ib upward
force. If you want to represent system 1 by asingle force
F (system 2), where does the line of action of F intersect
the x—z plane?

Solution: The sum of the forces in system 2 must equal the sum
of the forces in system 1:

(EF)2 = (EF)1

F=(20+25-10)j Ib

F=235 Ib

The sum of the moments about a point in system 2 must equa the sum
of the moments about the same point is system 1. We sum moments

about the origin.

(EM)2 = (EM )1

T A T A " I O T X i ]k
x y z|=16 0 2/+|2 0 4|+|-3 0 -2
0 3 0/ |0 25 0 |0 -100 |0 2 0

Expanding the determinants results in the equations

—35z = —50+ 40+ 40

35¢ =150 — 20 — 60

Solving yields| x = 2.00 ft, z = —0.857 ft

System 1
y

20 (lb)I 301 1)
(—3,0,-2) ft

X
(6,0,2) ft

(2,0,4) ft

z —10j (Ib)
System 2
y
|
|
|
F
X
o
P

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

o

243



—p—

Problem 4.155 The normal forces exerted on the car’s C A

tires by the road are @ = ;

N = 5104j (N), 0.% m )
Ng = 5027] (N). O.SI m

N¢ = 3613] (N),

Np = 3559 (N).

If you represent these forces by a single equivaent force
N, what is N, and where does its line of action intersect
the x—z plane?

Solution: We must satisfy the following three equations

3" F, 5104 N + 5027 N + 3613 N + 3559 N = R,

> M, (5104 N + 3613 N)(0.8 m)
— (5027 N 4 3559 N)(0.8 m) = —R,z
> M. (5104 N + 5027 N)(1.4 m)

— (3613 N + 3559 N)(1.4 m) = Rx

Solving we find

Ry, =17303 N, x =0.239 m, z = —0.00606 m

Problem 4.156 Two forces act on the beam. If you Solution: The equivalent force must equal the sum of forces: F =
represent them by aforce F acting at C and a couple M, 100j + 80k. The equivalent couple is equal to the moment about C:
what are F and M?

> M = (3)(80)j — (3)(100)k = 240j — 300k
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Problem 4.157 An axial force of magnitude P acts on _b
the beam. If you represent it by a force F acting at the
origin O and a couple M, what are F and M?

Pi
Solution: The equivalent force at the origin is equal to the applied z
force F = Pi. The position vector of the applied forceisr = —hj + bk. /
The moment is h &
M

ik \
M=(xP)=|0 —h +b|=5bPj+hPk. X

P 0 O

This is the couple at the origin.

(Note that in the sketch the axis system has been rotated 180 about
the x axis; so that up is negative and right is positive for y and z.)

Problem 4.158 The brace is being used to remove a
screw.

(8 If you represent the forces acting on the brace by
a force F acting at the origin O and a couple M,
what are F and M?

(b) If you represent the forces acting on the brace by
a force F acting at a point P with coordinates
(xp, yp, zp) and a couple M’, what are F' and M’?

Solution: (a) Equivalent force at the origin O has the same value
as the sum of forces,

Zsz(BfB)izo,

D Fy=(-A+3A+34)j=0,

thus F = 0. The equivaent couple moment has the same value as the
moment exerted on the brace by the forces,

Z Mo = (rA)i.

Thus the couple a O has the moment M = rAi. (b) The equivaent
force at (xp, yp, zp) has the same value as the sum of forces on the
brace, and the equivalent couple at (xp, yp, zp) has the same moment
as the moment exerted on the brace by the forces: F = 0, M = rAi.
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Problem 4.159 Two forces and a couple act on the y
cube. If you represent them by a force F acting at point
P and a couple M, what are F and M? p

Fe™
Solution: The equivalent force at P has the value of the sum of 2= (kN)
forces, E =

W=
. . . =i+ +k (kN) X

DF =@-Di+(@—1j+k Fp=i+k (kN).

M=
The equivalentcouple at P has the moment exerted by the forces and T T— 4i —4j + 4k (kN-m)
moment about P. The position vectors of the forces relative to P are: z m &4

\

ra =—i—j+k, and rg = +k. The moment of the couple:

ZM = (ra x Fa) + (rg x Fg) + M¢

0 k| i k
=|-1 -1 1/+|0 0 1|+M¢
-1 1 1| |2 -1 0

= 3i — 2 + 2k (kN-m).

Problem 4.160 The two shafts are subjected to the
torques (couples) shown.

(& If you represent the two couples by aforce F acting
at the origin O and a couple M, what are F and M ?

(b) What is the magnitude of the total moment exerted
by the two couples?

Solution: The equivalent force at the origin is zero, F = 0 since
there is no resultant force on the system. Represent the couples of
4 kN-m and 6 kKN-m magnitudes by the vectors M1 and My. The
couple at the origin must equal the sum:

ZM =M1+ M.

The sense of M is (see sketch) negative with respect to both y and
z, and the sense of M3 is positive with respect to both x and y.

M1 = 4(—jsin30° — k cos30°) = —2j — 3.464k,

M2 = 6(i cos40° + j sin40°) = 4.5963i + 3.8567].

Thus the couple at the origin is My = 4.6i + 1.86] — 3.46k (kN-m)
(b) The magnitude of the total moment exerted by the two couples is

IMo| = v/4.6% + 1.867 + 3.462 = 6.05 (kN-m)

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

246

o



o

Problem 4.161 The two systems of forces and y
moments acting on the bar are equivalent. If

Fa = 30i + 30 — 20k (kN),
Fp = 40i — 20j + 25k (kN),
Mg = 10i + 40 — 10k (KN-m),

what are F and M?

System 1

F
F =F4 + Fp = (70i + 10j + 5k) kN
Z/ O
M =@2mi)x Fg + (@4 mi) x Fg + Mg \
M \x

= (10i — 20j — 30k) kNm

Solution:

System 2

Problem 4.162 Point G is at the center of the block. Solution: The equivalent force is the sum of the forces:

The forces are
3 F = (—20)i + (10 + 10 + (20 - 10)k

Fa = —20i + 10j + 20k (Ib), — —20i + 20j + 10k (Ib).
Fp = 10j — 10k (Ib). The equivalent couple isthe sum of the moments about G. The position
vectors are;

If you represent the two forces by aforce F acting at G

and a couple M, what are F and M? ra=—151+5 + 10k (in),

rp = 15i + 5/ — 10Kk.

y
F The sum of the moments:
B
F, > Mg = (ra x Fa)+ (15 x Fp)
f o o
10in [ J k [ j k

¢ =|-15 5 10|+|15 5 -10

X —20 10 20 0 10 -10

= 50i + 250j + 100k (in Ib)
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Problem 4.163 The engine above the airplane’s fuse-
lage exerts athrust To = 16 kip, and each of the engines
under the wings exerts athrust 7, = 12 kip. The dimen-
sionsareh = 8 ft, ¢ = 12 ft, and b = 16 ft. If you repre-
sent the three thrust forces by a force F acting at the
origin O and a couple M, what are F and M?

Solution: The equivalent thrust at the point G is equal to the sum
of the thrusts:

D T=16+12+12=40kip
The sum of the moments about the point G is
DM =(rw x Ty)+ (rw x Ty) + (o x To)

=(w+rw)xTy+@oxTo).

The position vectors are r1y = +bi — hj, ry = —bi — hj, and rgp =
+cj. For h =8 ft, ¢ = 12 ft, and b = 16 ft, the sum of the moments
is

i j kK i ] K
ZM: 0 —16 O|+|0 12 0= (—192+ 192)i = 0.
0 0 12| |0 0 16

Thus the equivalent coupleisM = 0

Problem 4.164 Consider the airplane described in
Problem 4.163 and suppose that the engine under the
wing to the pilot’s right loses thrust.

(8 If you represent the two remaining thrust forces by
a force F acting at the origin O and a couple M,
what are F and M?

(b) If you represent the two remaining thrust forces
by the force F alone, where does its line of action
intersect the x—y plane?

Solution: The sum of the forces is now

> F=12+16 = 28k (kip).
The sum of the moments is now:
> M =(rar x Ty) + (ro x To).

For h =8 ft, ¢ = 12 ft, and b = 16 ft, using the position vectors for
the engines given in Problem 4.163, the equivalent couple is

i j K ik
M=|16 -8 0|+|0 12 0 |=96i — 192 (it kip)
0 0 12| |0 0 16

(b) The moment of the single force is

M=

noox

= 28yi — 28xj = 96i — 192j.

P
x oy
00

N
o

From which

192 %
x= g =686ft and y= =343t

As to be expected, z can have any value, corresponding to any point
on the line of action. Arbitrarily choose z = 0, so that the coordinates
of the point of action are (6.86, 3.43, 0).
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Problem 4.165 Thetensionin cable AB is 100 Ib, and
the tension in cable CD is 60 Ib. Suppose that you want
to replace these two cables by a single cable EF so that
the force exerted on the wall at E is equivalent to the
two forces exerted by cables AB and CD on the walls
a A and C. What is the tension in cable EF, and what
are the coordinates of points E and F?

Solution: The position vectors of the points A, B, C, and D are

ra = 0i + 6] + 6Kk,

rg =3i+0j + 8k,

rc =4i+ 6] + 0k, and

rp="7+0 + 2k.

The unit vectors parallel to the cables are obtained as follows:
rap=rp—rs=23—6 +2k,

Iragl =vVE+ 2 +2=7,

from which
esp = 0.4286i — 0.8571j + 0.2857k.
fecp=rtp—rc=3—6 + 2k,

Irepl =vV3Z + 62+ 22 =7,

from which

ecp = 0.4286i — 0.8571j + 0.2857k.

Since esp = ecp, the cables are parallel. To duplicate the force, the
single cable EF must have the same unit vector.

The force on the wall at point A is

Fa = 100es = 42.86i — 85.71j + 28.57k (Ib).
The force on the wall at point C is

Fc = 60ecp = 25.72i — 51.43) + 17.14k (lb).
The total force is

Fer = 68.581 — 137.14j + 45.71k (Ib),

|Fer| = 160 Ib.

For the systems to be equivalent, the moments about the origin must
be the same. The moments about the origin are

D Mo =(ra x Fa)+ (rc x Fe)

i i k i j k
-l o 6 6 |+| 4 6 0
4286 —8571 2857| |2572 —5143 17.14

= 788.57i + 188.57] — 617.14k.

This result is used to establish the coordinates of the point E. For the
one cable system, the end E is located at x = 0. The moment is

i j k
M1=r x Fgr = 0 y z
68.58 —137.14 45.71

= (45.71y + 137.142)i + (68.58z)] — (68.58y)k

= 788.57i + 188.57] — 617.14k,
from above. From which

_ 617.14

= — = . e — f
e = 8999 9ft
188.57

= _—— =275ft.

‘= 6858

Thus the coordinates of point E are E (0, 9, 2.75) ft. The coordinates
of the point F are found as follows: Let L be the length of cable
EF. Thus, from the definition of the unit vector, yr — yr = Le, with

the condition that yr =0, L = ——- = 10.5 ft. The other coordi-

nates are xr — xg = Ley, from which xp = 0+ 10.5(0.4286) = 4.5 ft
zr — 28 = Lez, from which zz = 2.75 4 10.5(0.2857) = 5.75 ft The
coordinates of F are F (4.5, 0, 5.75) ft
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Problem 4.166 Thedistances = 4 m. If you represent y
the force and the 200-N-m couple by a force F acting at
origin O and a couple M, what are F and M?

. 100i + 20j — 20k (N)
Solution: The equivalent force at the origin is

F = 100i + 20j — 20k.

The strategy is to establish the position vector of the action point of
the force relative to the origin O for the purpose of determining the
moment exerted by the force about the origin. The position of the top (4,0,3) m
of the bar is z

rr = 2i 4+ 6] 4+ Ok. The vector parallel to the bar, pointing toward the
base, isrrp = 2i — 6) + 3k, with a magnitude of |rrg| = 7. The unit
vector paralel to the bar is

erp = 0.2857i — 0.8571j + 0.4286k.
The vector from the top of the bar to the action point of the force is
rrr = serg = 4erp = 1.1429i — 3.4286] + 1.7143k.

The position vector of the action point from the origin is

rp=rr+rrp = 3.1429 4+ 2.5714j + 1.7143k.

The moment of the force about the origin is

i j k
Mr=rxF=|31429 25714 17143
100 20 -20

= —85.71i + 234.20] — 194.3k.

The couple is obtained from the unit vector and the magnitude. The
sense of the moment is directed positively toward the top of the bar.

M¢ = —200erp = —57.14i + 171.42) — 85.72k.

The sum of the moments is

M =Mp + M¢ = —142.86i + 405.72) — 280k.

This is the moment of the equivalent couple at the origin.

(© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This materia is protected under al copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

250

o



o

System 2

Problem 4.167 The force F and couple M in system
1are

F = 12i + 4j — 3k (Ib),

M =4i + 7] + 4k (ft-1b).

Suppose you want to represent systeml by a
wrench (system 2). Determine the couple M, and the

coordinates x and z where the line of action of the force
intersects the x—z plane.

Solution: The component of M that is parallel to F is found as
follows: The unit vector parallel to F is

F
er = ﬁ = 0.9231i + 0.3077j — 0.2308k.

The component of M paralel to F is
Mp = (er - M)er = 4.5444i + 1.5148] — 1.1361k (ft-Ib).
The component of M normal to F is
My =M — Mp = —0.5444i + 5.4858] + 5.1361k (ft-Ib).

The moment of F must produce a moment equal to the normal compo-
nent of M. The moment is

i j k
Mrp=rxF=|x 0 z |=—(42)i+ 3x+12)j + (dx)k,
12 4 -3
from which
P e TR
—4
=51 o

Problem 4.168 A system consists of a force F acting
at the origin O and a couple M, where

F=10i (b), M =20 (ft-Ib).

If you represent the system by a wrench consisting of
the force F and a parallel couple M, what is M, and
where does the line of action F intersect the y—z plane?

Solution: The component of M parallel to F is zero, since Mp =
(er - M)erp = 0. The normal component is equal to M. The equivalent
force must produce the same moment as the normal component

i
0
10

M=rxF= = (1OZ)j — (10y)k = 20j,

o< —
on X

20
fromwhichz:1—0:2ftandy:0
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Problem 4.169 A system consists of a force F acting
at the origin O and a couple M, where

F=i+2 +5k(N), M =10i+ 8 — 4k (N-m).

If you represent it by a wrench consisting of the force F
and a parallel couple M, (a) determine M, and deter-
mine where the line of action of F intersects (b) the x—z
plane, (c) the y—z plane.

Solution: The unit vector parallel to F is

F
er = Gl = 0.1826i + 0.3651j + 0.9129k.

(a) The component of M parallel to F is

Mp = (e - M)er = 0.2i + 0.4j + 1.0k (N-m).
The normal component is

My =M — Mp = 9.8i + 7.6) — 5k.

The moment of the force about the origin must be equal to the normal
component of the moment. (b) The intersection with the x—z plane:

noox

My=r1xF= = —(22)i — (5x — 2)j + (20K

N O —

i
X
1

(6]

— 9.8 +7.6) — 5k,

from which
12%2—4.9“\, andx:i:—Z.Sm
-2 -2

(c) The intersection with the y—z plane is

My =rxF= = By — )i + () — (pk

(GRS

i
0 vy
1 2

= 9.8i + 7.6] — 5k,

from which

y=5mandz=76m

Problem 4.170 Consider theforce F acting at theorigin
O and the couple M given in Example 4.15. If you repre-
sent this system by awrench, where doestheline of action
of the force intersect the x—y plane?

y

Solution:  From Example 4.15 the force and moment are F = 3i +
6 + 2k (N), and M = 12i + 4] + 6k (N-m).

The norma component of the moment is

My = 7.592i — 4.816] + 3.061k (N-m).

The moment produced by the force must equal the normal component:
i

X
3

)

- —

My =rxF=

N O X

(o))

= (2y)i — ()] + (6x — 3y)k = 7.592i — 4.816j + 3.061k,
from which

4.816 7.592
x =

2O a8mand y= 222 — 3796 m
2 Y=
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Problem 4.171 Consider the force F acting at the ori-
gin O and the couple M given in Example 4.15. If you
represent this system by a wrench, where does the line
of action of the force intersect the plane y = 3 m?

Solution: From Example 4.15 (see also Problem 4.170) the force
isF = 3i + 6] + 2k, and the norma component of the moment is

My = 7.592i — 4.816j + 3.061k.
The moment produced by the force must be equal to the normal compo-

nent:

My =r xF= = (6—62)i — (2x — 37)j + (6x — Pk

N X

i
x 3
3 6

= 7.592i — 4.816j + 3.061k,

from which
9+ 3.061 6 — 7.592
= 22 oo mandz= 222 02653 m
6 6
Problem 4.172 A wrench consists of aforce of magni- Solution:  The vector paralle to the forceisry =i +j + 2k, from

tude 100 N acting at the origin O and a couple of magni-
tude 60 N-m. The force and couple point in the direction
from O to the point (1, 1, 2) m. If you represent the
wrench by a force F acting at point (5, 3, 1) m and a
couple M, what are F and M?

which the unit vector parallel to the forceiser = 0.4082i + 0.4082] +
0.8165k. The force and moment at the origin are

F = |Fleor = 40.82i + 40.82j + 81.65k (N), and

M = 24.492i + 24.492] + 48.99k (N-m).

The force and moment are parallel. At the point (5, 3, 1) m the equiva-
lent force is equal to the force at the origin, given above. The moment
of this force about the origin is

[ j k
Mr=rxF=| 5 3 1
40.82 40.82 81.65

= 204.13i — 367.43] + 81.64k.

For the moments to be equal in the two systems, the added equivalent
couple must be

Mc =M — My = —176.94i + 391.92) — 32.65k (N-m)

Problem 4.173 System 1 consists of two forces and
a couple. Suppose that you want to represent it by a
wrench (system 2). Determine the force F, the couple
M, and the coordinates x and z where the line of action
of F intersects the x—z plane.

System 1 System 2
Y 1000i + 600 (kN-m)
X
600k (kN) 300j (kN)
3m

Solution: The sum of the forces in System 1 is F = 300j +
600k (N). The equivalent force in System 2 must have this vaue.
The unit vector parallel to the force is er = 0.4472] + 0.8944k. The
sum of the momentsin System 1 is

M = 600(3)i + 300(4)k + 1000i + 600j
= 2800i + 600j + 1200k (kN m).
The component parallel to the force is
Mp = 599.963j + 1199.93k (kN-m) = 600j + 1200k (KN-m).

The normal component is My =M — Mp = 2800i. The moment of
the force

i k
My=1|x O z | = —300zi — 600xj + 300xk = 2800i,
0 300 600
from which
2800
x=0, z=

—— =-9333m
300
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Problem 4.174 A plumber exerts the two forces shown y
to loosen a pipe.

What total moment does he exert about the axis of

the pipe? /
If you represent the two forces by a force F acting z

at O and a couple M, what are F and M?

If you represent the two forces by a wrench

consisting of the force F and a paréallel couple My,

what is M, and where does the line of action of F

intersect the x—y plane?

-

50k (Ib)

~70k (Ib)

Solution: The sum of the forces is

> F =50k — 70k = —20k (Ib).

The total moment exerted on the pipe is
M = 16(20)i = 320i (ft Ib).

The equivalent force at O isF = —20k. The sum of the moments
about O is

> Mo =(r1xF1)+ (r2 x Fa)

ik ik
=|12 -16 0|+|18 —-16 ©
0 0 5| [0 0 -70

= 320i + 660j.

The unit vector parallel to the force is er = k, hence the moment
paralel to the force is Mp = (er - M)er = 0, and the moment
normal to the forceisMy = M — Mp = 320i + 660j. The force
at the location of the wrench must produce this moment for the
wrench to be equivaent.

i k
My =|x y 0 |=—20yi+ 20xj = 320i + 660j,
0 0 —-20
: 660 . 320 .
from which x = 0 = 33in, y= 0= —16in
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Problem 4.175 The Leaning Tower of Pisais approx- ]
imately 55 m tall and 7 m in diamteter. The horizontal i
displacement of the top of the tower from the vertical i
is approximately 5 m. Its mass is approximately 3.2 x jitiee
10° kg. If you model the tower as a cylinder and assume ”‘
that its weight acts at the center, what is the magnitude -,',-u..',,l,"f.'
of the moment exerted by the weight about the point at "-if'".'!ié-'
the center of the tower’s base? il ol

Sm|=—

Solution:  The unstretched length of spring is 1 m and the spring
constant is k = ZOE. Assume that the bar is a quarter circle, with

a radius of 4 m. Trﬂe stretched length of the spring is found from
the Pythagorean Theorem: The height of the attachment point is 4 =
4sine m, and the distance from the center is 4cosa. The stretched
length of the spring is

L =+/(3—h)2+ (4cosw)? m.

The spring force is F = (20)(L — 1) N. The angle that the spring
makes with a vertical line paralel to A is

l

—

S
3
—O—-w—’.
3
AR e S e

—re .

-

ﬁ:tan*(g_h). 120

4cosa

The horizontal component of the spring force is Fx = F cosg N. The 100 - g iihinn <y
vertical component of the force is Fy = F sing8 N. The displacement /’ \\
of the attachment point to the left of point A isd = 4(1 — cosa) m, 80 / A

hence the action of the vertical component is negative, and the action 4

of the horizontal component is positive. The moment about A is

A\
> Ma=—dFy + hFy. , / \

~>om 30X

40 X
Collecting terms and equations, N / \
m
. 20 o N~

h=4sina m, 3
Fy = Fsng N 0 \‘

v =FsngN, 0 10 20 30 40 50 60 70 80 90

Alpha, d

Fx = FcosB N, pha, aeg

F = (20)(L — 1) N,

L =+/(3—h)?2+ (4cosa)? m,

3—-h
— tan-1
p=tan (4005a>'

A programmable caculator or a commercial package such as TK
Solver® or Mathcad® is almost essential to the solution of this and
the following problems. The commercial package TK Solver PLUS
was used here to plot the graph of M against «. Using the graph as a
guide, the following tabular values were taken about the maximum:

a, deg Moment, N-m
415 101.463
42.0 101.483
42.5 101.472

The maximum value of the moment is estimated at Mg = 101.49 N-m,
which occurs at approximately o = 42.2°
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Problem 4.176 The cable AB exerts a 300-N force on y

the support A that points from A toward B. Determine the
magnitude of the moment the force exerts about point P.
B@ (0.3,06) m

. (-0.4,0.3) m
Solution:

0.7i + 0.3] P

F=G0ON—F=" '(05,-02)m

rpa = (0.9 + 05]) m

MPITPA ><F:—(244Nm)k = Mp:244Nm

sum of the moments due to the forces about A is zero. LKN
Determine the magnitude of the force F.

°) °) 71
Solution: ]
e

3" My = —(4 kN)(v/2b) — (2 kN c0s30°)3b Af* o) 2)

F—b 2b h—

Problem 4.177 Three forces act on the structure. The 45° ?,
2kN

+ (2 kNSin30°)b + F(4b) = 0

Solving we find
F = 2463 kN

Problem 4.178 Determine the moment of the 400-N  — 1 (%< /30
force (a) about A, (b) about B. 400N

220 mm

R
Solution: Usethetwo dimensional description of the moment. The
vertical and horizontal components of the 200 N force are 260 mm
Fy = —400sin30° = —200 N, B
Fx = +400c0s30° = 346.41 N.

| 500 mm |

(& The moment arm from A to the line of action of the horizontal
component is 0.22 m. The moment arm from A to the vertica
component is zero. The moment about A is negative,

M4 = —0.22(346.41) = —76.21 N-m

(b) The perpendicular distances to the lines of action of the vertical
and horizontal components of the force from B are d; = 0.5 m,
and d, = 0.48 m. The action of the vertical component is posi-
tive, and the action of the horizontal component is negative.
The sum of the moments: Mz = +0.5(200) — 0.48(346.41) =
—66.28 N-m
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Problem 4.179 Determine the sum of the moments
exerted about A by the three forces and the couple.

Solution:  Establish coordinates with origin at A, x horizontal, and
y vertical with respect to the page. The moment exerted by the couple
is the same about any point. The moment of the 300 Ib force about A
isMapo = (—6i — 5)) x (300j) = —1800k ft-Ib.

The moment of the downward 200 Ib force about A is zero since the

line of action of the force passes through A. The moment of the 200 Ib
force which pulls to the right is

Moo = (3i — 5j) x (200i) = 1000K (ft-Ib).

The moment of the couple is M¢ = —800k (ft-1b). Summing the four
moments, we get

| M4 = (—1800 + 0+ 1000 — 800)k = —1600k (ft-Ib) |

3001b

T

5ft

800 ft-Ib \
2001b

) 2001b
6t ‘

‘ 3ft—

Problem 4.180 In Problem 4.179, if you represent the
three forces and the couple by an equivalent system
consisting of a force F acting at A and a couple M,
what are the magnitudes of F and M?

Solution: The equivalent force will be equal to the sum of the
forces and the eguivalent couple will be equal to the sum of the
moments about A. From the solution to Problem 4.189, the equiva-
lent couple will be C = M4 = —1600k (ft-Ib). The equivalent force
will be FEQUIV. = 200i — 200j + 300 = 200i + 100j (Ib)

Problem 4.181 The vector sum of the forces acting on
the beam is zero, and the sum of the moments about A
is zero.

(8 What are the forces Ay, Ay, and B?
(b) What is the sum of the moments about B?

Solution:
force are:

The vertical and horizontal components of the 400 N

Fx = 400c0s30° = 346.41 N,

Fy =400sin30° = 200 N.

The sum of the forces is

> Fx=Ax+346.41=0,

from which Ay = —346.41 N

> Fy=Ay+B-200=0.

The sum of the moments about A is
> M4 =058 —0.22(346.41) =0,

from which B = 152.42 N. Substitute into the force equation to get
Ay =200 — B = 4758 N

(b) The moments about B are

Mp = —0.54y — 0.48(346.41) — 0.26Ax + 0.5(200) = 0

220 mm

260 mm

py 400 N

«—500mm ——
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Problem 4.182 The hydraulic piston BC exerts a 970-
Ib force on the boom at C in the direction parallel to the
piston. The angle « = 40°. The sum of the moment about
A due to the force exerted on the boom by the piston
and the weight of the suspended load is zero. What is
the weight of the suspended 1oad?

Solution: The horizontal (x) and vertical (y) coordinates of point
C relative to point B are

x = (9 ft)cosa — (6 ft) = 0.894 ft

y=(9ft)sina =5.79 ft

The angle between the piston BC and the horizontal is

c,

B =tan"1(y/x) = 81.2°

The horizontal and vertica components of the force exerted by the
piston at C are

Cy = (970 Ib)cosp = 148 |Ib
= (970 Ib)sinp =959 Ib

The sum of the moments about A due to the pistion force and the
suspended weight W is

XMy =—-W(A5 ft)ycosa + C, (9 ft)cosa — C; (9 ft)ysina =0

Solving, yields

258

(@ Determine the moment of F about point A.
(b) What is the perpendicular distance from point A to

Problem 4.183 The force F = —60i + 60j (Ib). y

the line of action of F? (4, —:1, 2) ft

X

Ae
(8,2,12) ft

Solution: The position vector of A and the point of action are (b) The magnitude of the moment is
ra =8 +2 + 12k (ft), and rp = 4i — 4j + 2k. M| = /6002 + 6002 + 6002 = 1039.3 ft Ib.
The vector from A to F is The magnitude of the force is |F| = +/602 + 602 = 84.8528 Ib.

The perpendicular distance from A to the line of action is

A =Tp—Tp=@4-8)i+(—4-2)j+ (2—-12)k

1039.3
D= =12.25 ft
= —4i — 6 — 10k. 84.8528

(& The moment about A is

i i kK
Moao=rtarpxF=| -4 -6 -10
—-60 60 O

= 600i + 600j — 600k (ft Ib)
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Problem 4.184 The 20-kg massis suspended by cables
attached to three vertical 2-m posts. Point A isat (0, 1.2,
0) m. Determine the moment about the base E due to the
force exerted on the post BE by the cable AB.

Solution: The strategy is to develop the simultaneous equations in
the unknown tensions in the cables, and use the tension in AB to find
the moment about E. This strategy requires the unit vectors paralel to
the cables. The position vectors of the points are:

roa =12,

rog = —0.3i + 2] + 1k,

roc =2j — 1k,

rop=2+2,

rog = —0.3i + 1k.

The vectors parallel to the cables are:

rag =rog —roa = —0.3i + 0.8 + 1k,

rac =Toc —roa = +0.8) — 1k,

rap =rop —roa =+2i +0.8j.

The unit vectors parallel to the cables are:

e = ~A5 — _0.2281i + 0.6082] + 0.7603k :

[ral

esc = 0i + 0.6247] — 0.7809K,

eap = +0.9284i + 0.3714j + Ok.

The tensions in the cables are
Tas = Tap€as,

Tac =Taceac, and

Tap = Tap€sp.

The equilibrium conditions are Tap + Tac + Tap = W. Collect like
termsini, j, k:

> Fx = (—0.2281Tap + OTac + 0.9284T4p)i =0
> Fy = (+0.6082 - Tap + 0.6247 - Tac
+0.3714 - T4p — 196.2)] =0

Z Fz = (+0.7603 - Ty — 0.7809 - Taoc 4+ 0- Tap)k =0

Solve:

Tap = 150.04 N,
Tac = 146.08 N,
Tap = 36.86 N.

The moment about E is

Mg =rgp X (—=Tap€ap) = —Tap(rEB X €4B)
i i K
= —150 0 2 0

—0.2281 +0.6082 +0.7603

= —228i — 68.43k (N-m)
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Problem 4.185 What is the total moment due to the y
two couples? 100 N
(8 Express the answer by giving the magnitude and
stating whether the moment is clockwise or coun-
terclockwise. 4m 100N
(b) Express the answer as a vector.
2m )
—
l 2m
100N 4m
Solution: 100 N

(@ The couple in which the forces are 4 m apart exerts a coun-
terclockwise moment of magnitude (100 N)(4 m) = 400 N-m.
The couple in which the forces are 8 m apart exerts a clock-
wise moment of magnitude (100 N)(8 m) = 800 N-m. The sum
of their moments is a clockwise moment of 400 N-m.

(b) The vector representation of the clockwise moment of 400 N-m
magnitude is —400k (N-m). This expression can aso be obtained
by calculating the sum of the moments of the four forces about
any point. The sum of the moments about the origin is

M = (2 m)i x (100 N)j + (=2 m)i x (=100 N)j
+ (4 m)j x (100 N)i + (=4 m)j x (—100 N)i

= (—400 N-m)k

| (8) 400 N-m clockwise (b) — 400k N-m |

Problem 4.186 The bar AB supporting the lid of the  Solution: The position vector of point B is rop = 3i + 4j + 3k.
grand piano exerts a force F = —6i + 35] — 12k (Ib) at The moment about the x axis due to the force is

B. The coordinates of B are (3, 4, 3) ft. What is the

moment of the force about the hinge line of the lid (the  Mx =ex-(ros xF)=i-(rop x F)

x axis)?
1 0 0
y My=| 3 4 3|=-1531tlb
-6 35 -12
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Problem 4.187 Determine the moment of the vertical y
800-1b force about point C.

Solution: The force vector acting at A is F = —800j (Ib) and the D (6,0,0) ft

position vector from C to A is

rea = (xa — xc)i + (a — yo)i + (za — zc)K
=(@4-5i+B-0)j+ (4—-6)k=—1i+ 3 — 2k (ft).

The moment about C is

i j k

-1 3 -2
0 -800 O

Mc = = —1600i + 0] + 800k (ft-Ib)

Problem 4.188 In Problem 4.187, determine the mo-
ment of the vertical 800-Ib force about the straight line
through points C and D.

Solution: In Problem 4.197, we found the moment of the 800 Ib
force about point C to be given by

M¢ = —1600i + 0j + 800; (ft-1b).

The vector from C to D is given by

rcp = (xp — xc)i + (yp — yo)i + (zp — zc)K
=(6-5i+(0-0)j+(0-6)k
=1i+0j — 6 (ft),

and its magnitude is

lrepl = V12 + 62 = /37 (ft).

The unit vector from C to D is given by

1i 6k
ecp = —=Ii— —=Kk.
cD NG

The moment of the 800 Ib vertical force about line CD is given by
M —< 1 i 6 k) (—1600i + Oj + 800; (ft-1b))
cp = NN

B < —1600 — 4800

N ) (ft-1b).

Carrying out the calculations, we get| Mcp = —1052 (ft-1b) |
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Problem 4.189 The system of cables and pulleys sup-
ports the 300-Ib weight of the work platform. If you
represent the upward force exerted at E by cable EF
and the upward force exerted at G by cable GH by a
single equivalent force F, what is F, and where does its
line of action intersect the x axis?

IE—

Solution: The cable-pulley combination does not produce a mo-
ment. Hence the equivalent force does not. The equivalent force is

equal to the total supported weight, or F = +?j =300 (Ib). The

8
force occurs at midpoint of the platform width, x = 5= 4 ft

Problem 4.190 Consider the systemin Problem 4.189.

(8 What are the tensions in cables AB and CD?

(b) If you represent the forces exerted by the cables at
A and C by a single equivalent force F, what is
F, and where does its line of action intersect the
x axis?

Solution: Thevertical component of the tension is each cable must
equal half the weight supported.

150
TapsSin60° = 150 Ib, from which T, = Sneo = 173.2Ib. By
symmetry, the tension Tcp = 173.2 Ib.

The single force must equal the sum of the vertical components; since
there is no resultant moment produced by the cables, the force is
F = 300j Ib and it acts at the platform width midpoint x = 4 ft.
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Problem 4.191 Thetwo systemsare equivaent. Deter- y System 1
mine the forces A, and A,, and the couple M 4.
20N
i 400 mm
Solution: The sum of the forces for System 1 is
> Fx = (Ax + 20)i, A ( ) —x
> Fy = (Ay +30);. A 30N
} 600 mm {«— 400 mm—|
The sum of forces for System 2 is
stem 2
> Fx = (—20)i and y &
> Fy = (80— 10)j. 8N-m Q
Equating the two systems: 400 mm
d 9 ¥ 10N
Ma
Ax + 20 = —20 from which Ax = —40 N 20 N@ )
—X
Ay + 30 = 80— 10 from which Ay =40 N
80N
The sum of the moments about the left end for System 1 is } 600 mm ‘ 400 mm—»

> M1 =—(0.4)(20) +30(1) = 22 N-m.

The sum of moments about the left end for System 2 is
> Mz =Ma—10(1) - 8= M4 — 18.

Equating the moments for the two systems:

My =18 + 22 = 40 N-m

Problem 4.192 If you represent the equivalent systems ~ Solution: Summing the forces in System 1, F = (Ax + 20)i +

in Problem 4.191 by a force F acting at the origin and  (Ay +30)j. Substituting from the solution in Problem 4.201,
a couple M, what are F and M? F = —20i 4+ 70j. Themoment isM = —20(0.4)k + 30k = 22k (N-m)

Problem 4.193 If you represent the equivalent systems
in Problem 4.191 by aforce F, what is F, and where does
its line of action intersect the x axis?

Solution: The force is F = —20i + 70j. The moment to be repre-

sented is
i ik
M=@rxF)=22k=| x 0 0O =T70xk,
—-20 70 O

from which x = % =0.3143 m
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Problem 4.194 The two systems are equivalent. If Solution: The sum of forces in the two systems must be equal,
thus F' = F = —100i + 40j + 30k (Ib).

F = —100i + 40j + 30k (Ib),
A+ (Ib) The moment for the unprimed systemisM7 =1 x F+ M.
M’ = —80i + 120 + 40k (in-Ib), The moment for the primed system isM; =1’ x F+M’.
determine F" and M. The position vectors are r = 0i + 6] + 6k, and r’ = 4i + 6] + 6k.
Equating the moments and solving for the unknown moment
System 1 System 2
y y i ok
M M=M 4+ —r)xF=—-80i+120+40k+| 4 0 O
—100 40 30

—80i + 120 + 40k — 120j + 160k

= —80i + 200k (in-Ib)

Problem 4.195 The tugboats A and B exert forces y
Fps=1KkN and Fp = 1.2 kN on the ship. The angle
6 = 30°. If you represent the two forces by a force F
acting at the origin O and a couple M, what are F
and M?

Solution: The sums of the forces are:

D Fx = (1+12c0s30")i = 2.0392i (kN)

> Fy = (1.2sin30°)j = 0.6j (kN).

The equivaent force at the origin is

Feo = 2.04i + 0.6j

The moment about O isMp =r4 x F4 +rp x Fg. The vector posi-
tions are

ra = —251 +60j (m), and

rg = —25i — 60j (m).

The moment:
i i k i j k
Mpo=|-25 60 O|+| —25 —-60 O
1 0 0 10392 06 O

— 12,648k = —12.6k (KN-m)

Check: Use atwo dimensional description: The moment is
Mo = —(25)Fp sin30° + (60)(Fp cos30°) — (60)(F4)

= 39.46Fp — 60F 4 = —12.6 KN-m
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Problem 4.196 ThetugboatsA and B in Problem 4.195
exert forces F4 = 600 N and Fz = 800 N on the ship.
The angle 6 = 45°. If you represent the two forces by
aforce F, what is F, and where does its line of action
intersect the y axis?

Solution: The equivalent force is

F = (0.6 + 0.8c0s45°)i + 0.8sin45°j = 1.1656i + 0.5656] (kN).
The moment produced by the two forces is

Mo =14 x Fs +rp5 x Fp.

The vector positions are

ra = —25i + 60j (m), and rg = —25i — 60j (m).

The moment:
i j k i j k
Mop=1]-25 60 0O|+| —25 —60 0|=-16.20k (kN-m)
06 0 O 0.5656 0.5656 0

Check: Use atwo dimensiona description:
Mo = —(25)Fp sin45° + (60)F g cos45° — 60F 4

= 24.75Fp — 60F, = —16.20 KN-m.

The single force must produce this moment.

i i k
Mo = 0 y 0| = —1.1656yk = —16.20k,
1.1656 0.5656 O
from which
16.20
Y= Tiem6 = 13.90 m

Problem 4.197 ThetugboatsA and B in Problem 4.195
want to exert two forces on the ship that are equivalent
to aforce F acting at the origin O of 2-kN magnitude. If
F, = 800 N, determine the necessary values of Fz and
angle 6.

Solution: The equivalent force at the origin is (F4 + Fg cos6)? +
(Fgsin#)2 = 20002. The moment about the origin due to F, and Fg
must be zero:

> Mo = —60F4 + 60Fj cos — 25F sinf = 0.

These are two equations in two unknowns Fgsing and Fg cos6. For
brevity write x = Fgcosf, y = Fpsind, so that the two equations
become x? + 2F 4x + F2 + y? = 2000? and 60x — 25y — 60F 4 = 0.
Eliminate y by solving each equation for y? and equating the results:

60 60 \?2
y2 = 20002—x2—2FAx—F§ = (—Z—SFA + 2—5,\1)

Reduce to obtain the quadratic in x:
60 ?

1 —
{*(%)

60\ 2
1+(£)

x2+2FA

(8]

+ F2 —2000% = 0.

Substitute F4 =800 N to obtain 6.76x> — 7616x 4+ 326400 = 0. In
canonical form: x2 4+ 2bx +¢ =0, where b= —563.31, and ¢ =
48284.0, with the solutions x = —b & +/b2 — ¢ = 1082.0, = 44.62.
From the second equation, y = —1812.9, = 676.81. The force F has
two solutions: Solve for Fp and 6: (1)

Fp=+/44.67 + 1812.9° = 18134 N

at the angle

= —88.6°, and (2)

- (—1812.9)

44.6

Fp = +/676.82 + 1082.02 = 1276.2 N,

a the angle
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Problem 4.198 If you represent the forces exerted by
the floor on the table legs by a force F acting at the
origin O and a couple M, what are F and M?

Solution: The sum of the forces is the equivalent force at the
origin. F = (50 + 48 + 50 + 42)j = 190 (N). The position vectors of
the legs are, numbering the legs counterclockwise from the lower left
in the sketch:

ri =+1k,
r, = 2i + 1k,
50 N
rz3 = 2i,
rg =0.

The sum of the moments about the origin is

Mo = + +

o x

ik
2 0 0
0 42 0

K| i ]
1|+]2 o
o/ |o s0

i
00
0 48

= —98i + 184k (N-m).

This is the couple that acts at the origin.

Problem 4.199 If you represent the forces exerted by ~ Solution:  From the solution to Problem 4.198 the equivalent force
the floor on the table legs in Problem 4.198 by aforce  is F = 190j. This force must produce the moment M = —98i -+ 184k
F, what is F, and where does its line of action intersect ~ obtained in Problem 4.198.

the x—z plane?

i j k
M=|x 0 z|=-190z + 190xk = —98i + 184k,
0 19 O
from which
184
= — =0.9684 m and
*~ 100
98
=—=05158m
‘7 100
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Problem 4.200 Two forces are exerted on the crank-
shaft by the connecting rods. The direction cosines of
F4 are cos6, = —0.182, cosd, = 0.818, and coso, =
0.545, and its magnitude is 4 kN. The direction cosines
of Fp are cos6, = 0.182, cosf, = 0.818, and cos6, =
—0.545, and its magnitude is 2 kN. If you represent the
two forces by a force F acting at the origin O and a
couple M, what are F and M?

y Fg

Solution: The equivalent force is the sum of the forces:
F4 = 4(—0.182i + 0.818] + 0.545k)
— —0.728i + 3.272] + 2.18k (kN)
Fg = 2(0.182i + 0.818] — 0.545k) = 0.364i+1.636) — 1.09k (kN).

The sum: Fy + Fg = —0.364i + 4.908) + 1.09k (kN)

The equivalent couple is the sum of the moments. M =r4 x F4 +
rp x Fp. The position vectors are:

ra = 0.16i + 0.08k,

rg = 0.36i — 0.08k.

The sum of the moments:

i i k i i k
M=| 016 0 008|+|03 0 —008
_0.728 3272 2180| |0.364 1.636 —1.090

M = —0.1309i — 0.0438] + 1.1125k (kN-m)

Problem 4.201 If you represent the two forces exerted
on the crankshaft in Problem 4.200 by a wrench consis-
ting of a force F and a paréallel couple M, what are F
and M, and where does the line of action of F intersect
the x—z plane?

Solution: From the solution to Problem 4.200,

F = —0.364i -+ 4.908] + 1.09k (kN) and

M = —0.1309i — 0.0438] -+ 1.1125k (kN-m).

The unit vector paralel to F is

F
er = G = —0.0722i + 0.9737j + 0.2162k.

The moment parallel to the force is

Mp = (er - M)er.

Carrying out the operations:

Mp = 0.2073er = —0.01497i + 0.2019j + 0.0448k (KN-m).
This is the equivalent couple parallel to F.

The component of the moment perpendicular to F is

My =M — Mp = —0.1159i — 0.2457j + 1.0688k.

The force exerts this moment about the origin.

i i k
M N = X 0 Z
—0.364 4.908 1.09
= (—4.908z)i — (1.09x + 0.364z)] + (4.908x)k
= —0.1159i — 0.2457j + 1.06884k.
From which
1.0688
=008 — 0.2178 m,
7= —O' 1159 =0.0236 m
4.908
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