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Chapter 2

2.1

The resultant of each force system is 500N 7.

Each resultant force has the same line of action as the the force in (a), except
(f) and (h)

Therefore (b), (c), (d), (e) and (g) are equivalent to (a) <«

2.2
" TR
R =3F : + R_=300cos70°+ 150 cos 20° = 243.6 Ib 5N
1
R =ZF: +1 R =300sin70"+1505in20°=3332 Ib AL
— 248,640
2 2
R=»\/Rx+Ry =.\/243.6 +3332° =4131b
—1(333. sl
0=t 1 3332) _ 5380 4
243.6 R= .
s3.8°
2.3
R, = XF,=-Ticos60°+ T3 cos40°
= —110cos60° 4 150 cos40° = 59.91 1b
R, = XF, =T sin60°+ T, + Tssin40°

= 110sin60° + 40 + 150sin40° = 231.7 1b

v59.912 +231.72 =239 1b «

931.7
0 = tan ' ——— =T755°
M 59.01 «

Iay
|

R=2391b

755
X
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24

R, = XF, + — 85 = —-30+ Pcosf + 40 cos 60°
. Pcosf =95.0kN
R, = XF, +1 20= Psin6 — 40sin 60°

Psinf = 54.64 kN

P =1/95.02 + 54.64%2 = 109.6 kN <«

_, 54.64

0=t —929.9°
an ooy 299 <
2.5
R =ZF: 4/ R =400 N
120
= . * =— — =-461 N
R =IF: % R =-60 —— =-4
100 +120
100
R =ZF,: +1 R =30+60 ————=68.4N

2 2
4’100 +120

- R=40.0i-46.1j+68.4k N acting through (0, 120 mm, 0) ¢

2.6
(a) P,=110j b P,=- 200c0s25°i + 200sin25° j = - 181.26i + 84.52 Ib

P3 =—150cos 40°i +150sin 40°k = - 114.91i + 96.42k 1b

R =ZP = (- 181.26 - 114.91)i + (110 + 84.52) j + 96.42k
=-296.17i + 194.52j + 96.42k 1b

2 2 2
. R=l\ (-296.17) +194.52 +9642 =36721b ¢

26
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A—Bx K_By K—Bz . 2y .z R
IR, IR | 7[R, 29617 19452 9642 5
- 2(194.52) —1.314 ft |
296.17 v
_2059D) 651 1
296.17
.. R passes through the point
(b) (0, 1.314 ft, 0.651 ft) ¢ (A
2.7

R=(-P, cos25° - P, cos 40%i + P, + stin25°)j +P, sin 40°k
=-600i + 500§ + 300k 1b

Equating like coefficients:
0.9063 P, + 0.7660P, = 600 Ib Solving gives: P, =386.9 Ib ¢
P, +0.4226P, = 500 1b P,=267.6 b +
0.6428P3=3001b P3=466.7 b ¢
2.8
—i42j+ 6k
T, — 100———t 3" — _15.617i + 31.23j + 93.70k kN
CZ+2 162
—92i — 3j + 6k
T, = 80 I = —22.861 — 34.29j + 68.57k kN
VO (B
% — 3j + 6k
T, = 50— 0K og6i — 91,435 + 42.86k kN

22+ (—3)2 + 62

R = T,+T,+Ts=(—15.617 — 22.86 + 14.286)i
+(31.23 — 34.29 — 21.43)j + (93.70 + 68.57 + 42.86)k
—24.19i — 24.49j + 205.1k kN <«
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Let R intersect the plate at point A. Using proportions:

xA:yAzi xA:yAZG
"R, R, R. 2419 2449 2051
w4 = 0708m <4  y4=0716m <«
2.9
—i42j+ 6k , _
T, = T = T3 (—0.15617i + 0.3123j + 0.9370k
1 1 571)2+22+62 1( J )
—2i - 3j+ 6k
T, = T Lot — Ty(—0.2857i — 0.4286 + 0.8571k)
V=22 (3P 46
2 — 3j + 6k
Ty = Ty——m AT = T3(0.2857i — 0.4286] + 0.8571k)

oz (—3)2 +62
T1+Te+T3=R

Equating like components, we get

—0.15617T7 — 0.285715 + 0.285713 = 0
0.3123T7 — 0.428675 — 0.428675 =0
0.93707% + 0.857175 4 0.857175 = 210

Solution is

Ty =134.5 kN « Ty =12.24 kN « T3 =85.8 kN «
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2.10

1 3 o
Z¥F: + Lp42p -20=
R =3F: % P, + 3P, ~20=40c0s30° (1)

'
2 4 . a0
= : +T — P, --P_=40sin30 2)
R =3F: + 1m5P

.\/-3
Solving (1) and (2) gives: _—
Py=20 RN
P =623kN ¢ 3=20k

P2=44.6kN L4

2.11

3 R 1*
R= 24 +18 =301b ¢ — o —
| 4\)8%

Using similar triangles: | 3
3 4 16 |

—_—— S, X=—=533in, ¢
4 x 3

2.12

First find the direction of R from geometry (the 3 forces must intersect at a
common point).

8—a = 85tan3h® -oa = 2.048 in.
a 2.048
= tan ! — =tan"! T = 13.547°
p WMoy T TR
R, = XF, +— Rsinl3.547° = —Psin35° + 30
R, = XF, + | Rcos13.547° = Pcos 35°

Solution is

P=3891b « R=3281b «
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2.13
By inspection:
R =2ZF =0 ¢ R =2ZF =0 ¢
x X y y

Rz = ZFz =(20+20+15+ 15)sin75° = 67.6 Ib ¢

Point on line of action is the center of the plate ¢

2.14

3i + 4k
P, — 100225 _ 60i + 80k Ib

NeEwe

3i+ 3j + 4k
Ve
P, = 60jlb

P, = 120 =61.74i + 61.74j + 82.32k b

Q = Qii

—3i—3j
Q = Q2 J

V32 + 32
3j + 4k

VT 22

Equating similar components of XQ = XP:

= Q2 (—0.7071i — 0.7071j)

Q = Q3 = (Q3(0.6j + 0.8k)

Q1 —0.7071Q, = 60+61.74
—0.7071Q2 + 0.6Q3 = 61.74 + 60
0.8Q; = 80+ 82.32

Solution is

2.15
R, = XF, + — 10 =50sin45° — @ sin 30° Q =50.711b
R, = XF, +1 0=50cos45° — W + 50.71 cos 30°

W=17931b «
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2.16

The forces must be concurrent. From geometry:

h = (44b)tan40° = (6 — b) tan 50° S.b=1.8682m <«
h = (4 + 1.8682) tan 40° = 4.924 m
h 4.924
= tan"'— =tan"’ = 69.22°
0 an”" & an” oees 69 <
R=%F = (25c0s40° 4 60cos69.22° — 80 cos50°)i

+ (25 5in 40° + 60 sin 69.22° + 80 sin 50°)j
—10.99i + 133.45] kN <

2.17
The three forces intersect at C. c lt I 2eme
h=1.2tan 25° = 0.5596 m
For the 240-N force :
- 240 (cos 25° i - sin 25° k) = /|
-217.5i+101.4k N 2400 /5 g/
For the 300-N force (300 TBC) : 3

, 1.787 7r
-201.5i-201.5j+93.95k N |.. .*A_.|

R=ZF
=(-217.5-201.5)i - 201.5 j + (101.4 + 93.95)k = - 419.0i - 201.5j+ 1954k N ¢
_ IR IR, LY

- Yy a2=""2312=057Tm ¢
Since R acts along AC W 12 X IRx|( ) 219.0

(— 1.2i-1.2j+0.5596 k) _
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T,

3i- ZJ 6k . .
200 =85.71i-57.14j- 171.43k Ib

Ng!
i

3J -6k
400 =178.89j~357.77k b

-4i- 6k
3-350 ——|=-194.15i-291.22k Ib

52

R =2T =(85.71 - 194.15)i + (- 57.14 + 178.89)j + (- 171.43 - 357.77 - 291.22)k
=-108.4i+121.8j - 820.4k Ib (acting through point A) ¢

2.19
(a)
R, Y F, = 160sin 30° cos 50° = 51.42 1b
R, = XF,=—80sin30°+ 160sin30°sin50° = 21.28 1b
R. = XF.=—120—80cos30° — 160 cos 30° = —327.8 Ib
R \/51.422 4 21.282 + (—327.8)2 = 332.51b <«
(b)
R. R, -R. 5142  21.28  327.8
x oy oz r oy 60
51.42(60) 21.28(60)
= T 941 f =" —390ft -«
v 327.8 VT s
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2.20

Choose the line of action of the middle force as the z-axis.

S

R, = XF, = F(cos25° + 1 + cos40°) = 2.672F
R, = XF,=F(sin25° —sin40°) = —0.2202F

F\/2.6722 + (—0.2202)2 = 2.681F
600 = 2681F . F=2341b <

ay)
|

*2.21

o) %

d ,
8
A s
Let Q be the resultant of the two forces at A.
0 (
At Qx=2Fx=10¢os35 + 8 cos 20° = 15.71 tons

+1 Q =3F =10 sin 35° — 8 sin 20° = 3.00 tons
s tana= Qy/Qx = 3,00/15.71 = 0.1910
Let R be the resultant of Q and the 8-ton vertical force.
* Rx = }ZFx = Qx =15.71 tons
= =8+Q =8+3=11tons
+1 Ry }:Fy Qy
~R=1571i+11.00j tons ¢
(Note that tan = Ry/Rx =11.00/15.71 = 0.7002)

To find x: d = 180 tan & = 180(0.1910) = 34.38 ft
x = d/tan B = 34.38/0.7002 = 49.1 ft ¢
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2.22

05m

+0O My = —06P +05P
—0.6(800 cos 38°) + 0.5(800sin 38°) = —132.0 N - m
My=1320N-mO <

2.23

601b R 24in.

A
N
=
/
’1
/
NS

40
P =60———= =57471b
VA 12
With the force in the original position:
My =24P, =24(5747)=13791b-in. O =
With the force moved to point C:

Mp =36P; = 36(57.47) =2070 1b - in. O«

2.24

R=Pj+P

—2.51 + 3.5j
SLES _ p(_0.5812i + 1.8137)
(—2.5)2 + 3.5

Choosing C' as the moment center, the combined moment of the two forces is
M¢c = 2.5P and the moment of R is M¢c = Ryb. Equating the moments, we get

25P =b(1.8137P)  .b=1378m <«
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2.25

Since M, and M, equal zero, the force A ‘\?
P passes through A and B, as shown. Ly
s os5| sN\%
+}) M . =-—P@04)=- . m 4
D M <20 P (0=~ 200 kNem P P
~P=640N N édo”
pod 5 o4 Bl %
- 640)i - —— 4003 — <00
_—(6.40 )} 6.40(640)j 400i-500j N ¢ -é-—F
6.40
2.26
Si =0, P passes though B. 9%
mceMB p A
D M, =04P =80 Nem
P =200 N 0.5
y m~m P,
% M, =04(200)+0.5P, =-200 Nem Iw .
[ A
P =-280/0.5=-560 N 4
x o o B %
- P=-560i+200j N ¢ o~
2.27
F=9iv+18j b ¢ S
o)
x
i j k
(a)Mo=r0Ax F=[12 5 o0
9 18 0
=k[18(12) - 5(9)] =171k Ibein, ¢
®) E) M, =18(12)-9(5) =171 Ibsin. .. M, =171 Ibein CCW ¢
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(¢) Unit vector perpendicular to OA is

- 5., E
R TARETE
-
F1=F-K

aspee S 102
=(91+181)-(-13 13.!

-45+ 216

= T =13.15 lbein.
3 M, =13 F, =13(13.15) =171 lbein, . My=171 lbein CCW ¢
2.28
@) ForT: ‘5) M =20(20) =400 kNem  20kWN 20m tom
. - I
7. Mp =400 kNem CCW ¢ l ys® B _1
[ _N20kN

(b) For W: 4) M =25(16) = 400 kNem
- Mp=400kNem CW ¢
(© ForTand W: %) EMg=+400-400=0 ¢

T=28.34N w=254N

2.29

The moment of F about O is maximum F
when 6 =90° ¢

M =F(125)= S0lbeft - F=——-=40lb ¢ l-"élx
o~ AT U125 )

2.30

Note that the horizontal component of P has no moment about A. Thus the
combined moment about A is

+ O 30(85)— (Pcos35°)(8) =0 . P=3891b <

2.31
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Because the resultant passes through point A, we have

SMy=0 +0O 24(4)—182=0 2=533in. <

2.32
6 1
yL 4@}\\\\
X g AN
8 1'51% 4804 W
l | 10 \
W, =W _08245W
YU VT 48042

Largest W occurs when the moment about the rear axle is zero.

+ O My = 6200(8) — (0.8245W) (10) = 0
W = 6020 Ib <

2.33

K0y

A 05106~ 07AT6 .
X
Dimendonsin meters K
+0O My = —F,(0.15) + F,(0.5196 + 0.7416 + 0.3)
210 = —0.15F, + 1.5612F, (a)
+O Mp = —F.(0.3+0.15)+ F,(0.7416 4 0.3)
90 = —0.45F, + 1.0416F, (b)

Solution of Egs. (a) and (b) is F, = 143.2 N and F,, = 148.3 N

F=+/143.22 4+ 148.32 =206 N «

F 143.2
0 = tan ! =tan" ' — = =44.0°
S N VT <
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2.34

—70i — 100k
P = 200 1- 100 = —114.69i — 163.85k N
V/(=70)2 + (—100)2
—
r = AB=-0.07i+0.09j m
i j k
My, = rxP=| —0.07 0.09 0
~11469 0 —163.85

= —14.75i—-1147j+10.32k N-m <«

2.35
g - 0.500i - 0.600 + 0.360k
= = =-58.14i-69.77j + 41.86k N
P=100A AB 100( 0.860 ) J
(a M0 =Iop X P op = 0.360k m (l'o A is also convenient)
i J k
_ Mo = 0 0 0.360 | =25.11i-20.93j Nem ¢

-58.14 -69.77 41.86
® M =rpxP rp=-0600j m (r ., is also convenient)
i J k
" MC = 0 ~0.600 0 =-25.12i-34.88k Nem ¢
-58.14 -69.77 4186

2.36

- 0.500i + 0.360k
0.6161

(a) Mo =FopX Q Top= 0360k m (rOD is also convenient)

Q=2501.BD=250( )=-—202.9i+146.1k N

i j k
“Mg=| o0 0 0360 |=-730j Nem ¢
-2029 0 1461

) MC =TcpX Q Tep=- 0.600j m (I'CD is also convenient)
i J k
o Mg = 0 - 0.600 0 |=-877i-121.7k Nem ¢
-202.9 0 146.1

38
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M =r, xP 1, =2i+4j-3km P = P(~ cos25°i + sin25°k)

i J k
M_=P 2 4 -3 | =P(1.6905i +1.8737j + 3.6252k)

—cos2s® 0  sin25°

- My =P \/ 1.69052 + 1.8737 + 3.6252% = 4.417P = 200 kNem

which gives P =200/4.417=453kN ¢

2.38
P = 50(- cos25%i + sin25°k) = - 45.32i + 21.13k kN

(a) MA=rACxP rAC=4j—3km
i J k
M, = 0 4 -3 |=8452i+13596j+181.28k kNem
-4532 0 2113
(b)MB=rBCxP rBC=4jm
i J k
_ M13 = 0 4 0 |=84.52i +181.28k kNem
-4532 0 2113

2.39

-3i+4j-8k

->
=20A,,=20
Q=204 g ( 9.434

) =-6.360i + 8.480j - 16.96k 1b
(a) Mo =Top X Q ToA = 8k ft (x'OB is also convenient)
i J k
_ Mo = 0 0 8 = —67.8i-50.9j lbeft ¢

-6.360 8480 -16.96
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(rC A is also convenient)
i J k
o MC = -3 0 0 ==50.9j - 254k lbeft ¢
-6.360 8480 -16.96

2.40

Noting that both P and Q pass through A, we have

Mo =roa(P+Q)

—4.9i — 2§ + 2k
P = 80 " — —66.36i — 31.60j + 31.60k Ib
V(=4.2)2 4 (—2)2 + 22

—2i — 3j + 2k
= 60
@ V(=22 +(=3)2 + 22

= —29.10i — 43.66j + 29.10k 1b

P+Q = —95.46i — 75.26j + 60.70k lb
i j k
Mo = 0 0 2 | =150.5i — 190.9j 1b - ft <«

—95.46 —75.26 60.70
241

M =rxF  r=-8i+12jin. F=-120k1b

i j k
"~ Mg=|-8 12 0 |=-1440i-960j lbein. = 120i-80j Ibeft ¢
0 0 -120

40
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2.42

= - 16c0s40°i + 165in40°k = - 12.257i + 10.285k Ib Q=-22.00j Ib
- P+Q=-12.257i-22.00j + 10.285k Ib
M,=ry ,x(P+Q) 1y, =-(3+8cos40”)i +(8sind0")k = - 9.128i + 5.142Kk in.
i j k
M,=(-9128 0 5142 |=113.12i+ 30.86] + 200.82k Ibein.
-12257 -22.00 10.285

2 2 2
M°= 113.12 +30.86 +200.82 =232.5 lbein. ¢

113.12 30.86 200.82
08 = == = 0.4865; cosf = —m =0.1327; =202 08637 ¢
x~ 2325 cos Oy = 2aps ~ 01327 cosB = oo =08637
2.43
ik
Mo=rxF=| z 0 z | =100zi + (70z + 50z)j — 100zk
50 —100 —70

Equating the z- and z-components of M to the given values yields

100z = 400 z=41t «
—100z = —-300 Lrx=31t «

Check y-component:

70z + 50z = 70(3) + 50(4) = 410 b - ft  O.K.

2.44

r = - 50i - (60 - 40sin30°)j + 40cos30°k
=~ 50.00i - 40.00j + 34.64k mm

= - 150cos60°j + 150sin60°k
=-75.00j + 129.90k N

i j k

-3
M, =rxF=|-5000 -40.00 34.64 (10 )= - 2.598i + 6.495j — 3.750k Nem ¢

0 -7500 129.90

41

© 2010. Cengage Learning, Engineering. All Rights Reserved.



M, =,\/ (- 2.598)% + (6.495)% + (- 3.750)* =7.937 Nem ¢

2B 05273; conf = S5 08183; cost), = - 210 - 04725 ¢
x= 77937 OOy T qe37T U T T g T T
2.45
| S P
Pl-ﬁo_k) = di P2=\/—_5(i+j-k) r,=(a-d)i
i i ' . .
o P J k p i J k
A-l'1><l’1+ r, xP2=— ~-d 0 0 +\/—3 (a=d) 0 0l=0
01 -1 1 1 -1
. . ) . d N a-d |,
Canceling P and expanding the determinants gives: — (-j-k)+ (G+k)=0

2

Equating either the j-components or the k-components yields:

I

i a-d

V2 3

from which we find: d= -ﬂL =0.449a ¢

oy

2.46
i j k
Mp = rgaxF= 3 4—y 2—2z
—20 4 6

= (—6y+4z+16)i— (58 —202)j+ (92 —20y)k =0
Setting y- and z-components to zero:

58 -20z = 0 z2=29ft «
92 -20y = O y=4.6ft «

Check z-component:

—6y + 42416 = —6(4.6) + 4(2.9) + 16 =0 O.K.

42
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=
&
|

(b)

MO:I‘OAXF:

i j  k
05 085 0
90 160 75

—75(0.85) = —63.75 kN -m
75(0.5) = 37.5 kN - m <

160(0.5) — 90(0.85) = 3.5 kN -m <«

= —63.751 4+ 37.5] + 3.5k kN - m

The components of Mo agree with those computed in part (a).

2.48
(a) moment arm is BF
(b) moment arm is DH

(c) moment arm is GH
(d) moment arm is zero

(e) force is parallel to EG

2.49

-— 2 2
FG=4/9 +75 =11715# B

9 X
P_=400[ ——| =307. %
x 400(11.715) 30731 l
A
7.5 .
P, =400 ——| =256. l
z 00(11.715) 261l D }_
@) M, =P (AE)i=256.1(4)i 5 X
s
=10241 lbeft o 7
_ ¢ G
®) M, ="P(CG)i=256.1(4)i aad
=1024i lbeft o *
43
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MAB=40(0.9)=36kN.m/ﬁ .
M, = 40(0.9) = 36 kNem /EL .
M = 40(0.8) = 32 kNem /A_ .

MCH=0 *

MBG=0 .




(© MBF =0 (because the force passes through F) ¢
@ M, =- Pz(f}_!i)j =-256.1(9)j =- 2305 Ibeft ¢

(€ Myp =P (DH)k = 307.3(4)k = 1229k lbeft ¢

2.50
(a)

Z

Ky
~F=75lb

g |2

Only F, has a moment about z-axis (since F, intersects z-axis, it has no moment
about that axis).
6.928

F, = 75— =72.061b
Y V6.9282 + 22

+ O M,=G6F,=6(72.06) =432 1b- ft <«

(b)
—2i + 6.928k
F =75———— = —20.80j + 72.06k 1b r = 6j ft
V6.9282 4 22 ) )
0 6 0
My=rxF-A=| 0 —-2080 7206 |=4321b-ft «
1 0 0
2.51
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@ M= [— 6(0.480) + 12(0.160)]j =-0960j Nem ¢

() M, =[-8(0.480+0.120) + 12¢04) [k=0 ¢

2.52

M_ =1080 =F (AC)
X z

Fz =1080/12=90 N
M,p= Fd

A convenient way to compute d:
1 1
area ABC = 7(12)(5) = —2—(13)d

which gives d =4.615 m
: MAB =90(4.615) =415 Nem ¢

2.53
M, (20 4 18)(0.6) — 40(0.2) — 30(0.6) = —3.20 N - m
M, = (404 18)(0.5) — (30 + 20)(0.5) = 4.00 N - m
Mo = -3.20i+4.00jN-m <«

2.54

My = (F + 18)(0.5) - (30 + 20)(0.5) =0

25-
= ———9= 320N o
0.5

Mx = (20 + 18)(0.6) - 30(0.6) - F(0.6 -d)=0

Substituting F = 32.0 N, and solving for d gives:

-22.8+18 + 32.0(0.6
d= @ )=0.450m *
32.0
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2.55

= ing gives: =267 ft ¢
Maa = 30(4- yo) +20(6 - yo) - 40y0- 0 Solving gives: ¥,

o _ .
Mbb =0+ 40)x0 - 30(6- xo) =0 Solving gives: X, 2.00 ft

2.56

Only the component T, has a moment about the y-axis: M, = —4T,.

’LBZ =40 i =18.7411b
AB VA2 +42 432

T
M, = —4(18.741) = —=75.0 Ib - ft. <«

T, =

2.57

Only the z-component of each force has a moment about the z-axis.

SoM, = (Pcos30°+ Qcos25°) 15
(32c0s30° + 36 cos25°) 15 =905 1b - in. <«

2.58
—0.42i — 0.81j + 0.54k
P — 480 0421 ~ 0.81) + 0.5 — —190.15i — 366.7j + 244.5k N
V/(=0.42)2 + (—0.81)2 + 0.542
0.42i + 0.54k
roa = 042 Aop = ——A T2 (0.6139i + 0.7894k
od o P /0427 + 0.542
0.42 0 0
Mep = roaxP-Acp =| —190.15 —366.7 2445 | = —121.58 N-m
0.6139 0 0.7894
Mcp = MepAen = —121.58(0.61391 + 0.7894k) = —74.6i — 96.0k N-m <

46
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2.59

Let the 20-1b force be Q:
- —12j-4Kk
- _oof 222 4K\ 189745 6324k I
Q=201 zo( e ) j
P=P x ( 4 iF k) P(- 0.7071i + 0.7071K) Ib
2

-
MG =TppX Q- cB * TBA® Pe XGB=0
ik L3 12i-4k
rBB=41+4k in. rBA=4| in. 6B = 12.649
4 0 4 4 0o o
1
=——1o - -6. -07071 0 07071 =0
Mgg= o | 0 18974 -6324 | + g
0o 12 -4 0o 12 -4
607.1
i i ves: 2, P 3394y-0 .~ P=17891b ¢
Expanding the determinants gives 2689 12 649(
2.60
Mpc =rpa X F - Apc
—3i+3j— 3k
rpa = 5i F=F Lo — 0.5774F(—i +j — k)
\/(—3)2 +32 + (-3)2
4j — 2k
Ape = —3 =X _0.8044j — 0.4472k
21 (22
5 0 0
Mpe = rpaxF-Apc=057T14F| -1 1 -1 | =12911F
0 0.8944 —0.4472
Mpe = 1501b-ft  1.2911F =1501b-ft F=11621b =
A7
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*2.61

—
Let A be a unit vector perpendicular to the plane ABC:

—_— -
A=-—""" whae AB=-3j+4km and AC=3i-3jm
lABxACI
i j k g
- — > 12i+12j+9
ABxAC=|0 -3 4|=12i+12j+9k m® - A =—214d*+9%
19.21
3 -3 0
-
M)frOA‘F')‘ roa=3im
> ~3j+4k
F=250XAB=250(T)=—150j+200kN,
0 3 o0
1
M, =——| 0 -150 200|=3748 Ne
A~ 1921 > m
12 12 9

Written in vector form, we have:

( 12i+12j+ 9k

—ry
MX=M A =3748 ) =234i+234j+ 176k Nem ¢

A 19.21
2.62
e -3i+2j-7k g ~3i+6j+7k
P=240A =240 ————|Ib A, =—H-m—
CE ( 4\/5 ) AD @
(a) r=rAC=6j+7kft
0 6 7
M 4 ).. -3 2 -7 240 (168) = 528 Ibeft ¢
x 3 = —_— = o
AD = AD”™
(b) r=r . =3ift
30 0 240
M, = xP- -7 |= ——(168) = 528 Ibeft ¢

=T,
o e et T 22| T

48
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P = —1200klb Q=800klb rop=4jft rog=8jft
o 6i+8 )
Moa = ropxP-Aosa+rogxQ-Aoa
0 4 0 0 8 0
= 0 0 —=1200 |4+| O O 800 |=9601b-ft «
0.6 0.8 0 06 08 0
(b)
o 4 4 y
/W /
v G
/W6
X 5
ro3 A
Proportions

Moy = —2.4P + 4.8Q = —2.4(1200) + 4.8(800) = 960 1b - ft <«

2.64
- - .
MBC=M'B' )”BC=rBDx Fe XBC=0 rBD=—1.6,|-(1.2-—zD)k m
—
. . : BC _1.2i—0.6j—1.2k
F = F(0.6i + 0.8j) Bo= = =
[B
0 -16 -Q2- zD)
F
M.BC= -1—§ 06 08 0 =0
12 -06 -12

Expanding the determinant:  1.6(0.6)(- 1.2) - (1.2 - zD)(— 0.36-0.96)=0
which gives: z,= 0327 m ¢
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2.65

= _3i+4j .
Mg =5 =~ 0.600i +0.800]

For the pulley at A:
M, =M, =20(0.5)- 60(0.5)=-20kNem .. M, =-20i kNem

For the pulley at B:
M.B = My = 40(0.8) - 20(0.8) = 16 kNem MB =16j kNem

For both pulleys combined:

-
MAB=(MA+M.B)- A zp = (- 20i + 16§) (- 0.600i + 0.800)
=12 +12.8=248kNem ¢

2.66

From the figure at the right:
X =30sin 30° = 15.000 in.

Yo =30cos 30°-24=1.981 in.

xD=18sin30°=9.000 in.

=24 - 18 cos 30° = 8.412 in.

" B
(MB)x=rBCx l’coi + g X PDoi y
l’c=20klb PD=-20klb d e Un ted.

Tpe =xci- ycj =15.000i~-1.981j in.
Tpp= xDi+ yDj =9.000i+8412j in.
15.000 -1981 0 9.000 8412 0

(MB)x = 0 0 201(+] 0 0 -20|=-39.62-168.2 = - 208 Ibein

1 0 0 1 0 0

Written in vector form: (MB)x = (MB)x i=-208i Ibein ¢

50
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(a)
43+ 8j + 10k
F o= 12029 10% g5 7gi 1 71,55 + 89.44k Ib
V18 1 102
—6 cot 40°) i + 6k
rpo = —6k ft (Z6cot40°)i+ 6k _ 6605 + 0.6428k

Aag =

\/(—6 cot 40°)% 4 62
: 71.55425 + 89.442 7k + 0.0 + 35. 777 1i
0 0 —6

Map =rpo XF:-Aup = 35.78 7155 89.44 |=-3291b-ft «
—0.7660 0 0.6428

(b)

Note that only F, = 71.55 Ib has a moment about AB. From trigonometry, the
moment arm is d = 6:sin 50° = 4.596 ft.

S Myp =—F,d=—-71.55(4.596) = =329 Ib - ft «

2.68

Assume counterclockwise couples are positive.

(a) C=-10(0.6)=-6 Nem () C=-5(0.6)-7.5(0.4) =- 6 Nem
(b) C=-6Nem (g) C=-22.5(0.4) + 5(0.6) = - 6 Nem
(c) C=-15(04)=-6Nem (h) C=-5+5(0.3)=-3.5Nem

(d) C=~6Nem (i) C=3-4-6+3=-4Nem

(¢) C=9-3=6Nem

o1
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2.69
z
(a) C=-60(5)k=-300k lbeft
(b) C=-75(4)k = - 300k Ibeft 4
(

©C, =75(5) N —375(——)-—1&)"-225,] 300k Ibeft 3t

(d) C=100(3)i=300i lbeft s
(e) 75-1b forces: C1 =-225j- 300k lbeft [asin (c)]

45-Ib forces: C, = 45(5)j = 225 Ibeft
C1 + C2 =- 300k Ibeft
() 45-1b forces: C3 =45(4)i = 180i lbeft
—_
50-1b forces: C = 50 (\/—32) A 4

=50 (@)(%} - 150i - 250k Ibeft

C3 + C4 = 30i- 250k lbeft

Comparing the above results: (b) and (e) are equivalent to (a). ¢

2.70
C = (75sin45°) (1.5) — 60 = 19.55 Ib-ft O <
2.71
A 3ft
1 18ft
. .
B
&7
451b2Y

Moment of a couple is the same about any point. Choosing A as the moment
center, we get

+ O C=My=(45c0s60°) (1.8) + (45sin60°) (3) = 157.4 Ib - ft
C=-1574k b-ft <

92
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2.72

C = —30(5)i+60(2)k = —150i + 120k Ib - ft
C =/(~150)2 + 120> = 192.1 1b - ft. <«
2.73

- 0.4i-0.3j+0.4k
= =80 = 49.98i - 37.48j + 49.98k Nem
C=80hpp ( 0.6403 ) J

. - - 0.3j+0.4k .
=-400k N rAD=-0.4lm XAB=T-—0.63+0.8k
For Couple C:

ry 3
MAB =Coe )‘AB = (49.98i - 37.48 + 49.98k) » (- 0.6j + 0.8k)
= (- 37.48)(- 0.6) + (49.98)(0.8) = 62.47 Nem

For Force P:
-04 0 0
—_
MAB=rADxP-XAB= 0 0 -400(=-0.4(-240)=96.00 Nem
0 -06 08
D" | AB=62.47+S>6.00=158.5 Nem ¢
*2.74

C1 = - 200i Ibein. C2 =140k Ibein.

Identify the three points at the corners of the triangle:
A(@9in, 3in,, 6 in.); B(3in,, 7 in., 6 in.); C(9 in., 7 in., 2 in.)

C,=220 X Ibein. where X is the unit vector that is perpendicular to triangle ABC, with
its sense consistent with the sense of Cs.

93

© 2010. Cengage Learning, Engineering. All Rights Reserved.



—

- ACxAB - . . - e e
A= ——— where AC=4j-4kin. and AB=-6i+4jin.
IACxABl
i j k
— — 2
ACxAB=| 0 4 -4|=16i+24j+24k in’
-6 4 0
i+24j+24k
. _i=£§;7—;2——-—=0.4264i+0.6397j+0.6397k

C3 =220(0.4264i + 0.6397 j + 0.6397k) = 93.81i + 140.73j + 140.73k Ibein.

. CR= C1 + C2 + C3 = - 2001 + 140k + (93.81i + 140.73 + 140.73k)
=-106.2i + 140.7j + 280.7k Ibein. ¢

2.75

Moment of a couple is the same about any point. Choosing B as the moment
center, we have

F=-24ikN  rps=-18—12km

i j k
C=Mp=rpaxF=| 0 —18 —12|=288j—432kkN-m <«
—24 0 0

2.76

Moment of a couple is the same about any point. Choosing B as the moment
center, we have
rpa = 180i — bj mm

180 —b 0
C. = (Mp),=rpaxF-k=|200 —110 —80 | =200b— 19 800 kN - mm
0 0 1

2000 — 19 800 =0 b=99.0 mm <«

o4
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2.77

As seen in the figure, the forces form two couples (30-1b pair and 50-1b pair).
Couple of the 30-Ib forces:

C; = —30(16)j = —480j 1b - in.
Couple of the 50-1b forces:
Cy =rac X (—50i) = (24j + 16k) x (—50i) = 1200k — 800j 1b - in.

Applied couple:
C3 = —500j 1b - in.

Resultant:

Cf = £C; = —480j + (1200k — 800j) — 500j = —1780j + 1200k b - in. <«

2.78
= - 360cos30°i - 360sin30° j = — 311.8i - 180.0j Ibeft
ke 0. . 0 Os , - 0 . 0 . .
XCD=—cos30 i-sin30 cos40 j +sin30 sin40 k =~ 0.8660i — 0.3830j + 0.3214k
" M, =Ce x cp= (- 311.8)(- 0.8660) + (- 180.0)(- 0.3830) = 339 Ibeft ¢
2.79

TDC = sin30° 5in40° i — sin30° cos 40° j + cos 30°k = 0.3214i - 0.3830 + 0.8660k

(@) C=52 X [ =16.71i- 19.92) +45.03k Ibeft o
(b) M, =C,=4503k Ibeft #

%)
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2.80
CP = 600(6)i = 3600i Ibein.

Co
O . e (1]
Co=-Cooos30 1+Cosm30 k

= - 0.8660C. i +0.5000C. k Ibein.
0 4] ?
G
Cp=- 2Rsin30%i - 2Rcos30°k
s
= - Ri-1.7321Rk Ibein. +

- ZC=3600i + (- 0.8660C i + O.SOOOCOk) +(-Ri-17321Rk)=0
Equating like components: (i) 3600 - 0.8660 C0 -R=0

(k)  0.5000C,- 1.7321R=0
Solving gives: R=9001b ¢ and CO = 3120 lbein. ¢

2.81

The system consists of the four couples shown, where
C =0.36F(icosf + ksinf) N-m

YC = —2(1.8)k + 3(—icos25° + ksin25°) + 0.36 F(icos§ + ksinf) =0

Equating like components:

—3cos25° 4+ 0.36F cos 0
—3.6 + 3sin 25° + 0.36 F sin 0

3 cos 25°
Fcosf 7 7.
cos 036 7.553
3.6 — 3sin 25°
Fsinf = —— =64
sin 036 6.478
56
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6.478
tan = ——==0. 6 = 40.6°
an — 553 0.8577 0.6° «

F = +/7.5532+6.4782 =995 N <«

2.82

Represent each of the systems by an egivalent force-couple system with the force acting at
the upper left corner of the figure.

100N looN 100N 100N {ooN 200N
HoON'm 400N-m 400N 400N -m Yoo Nom
(a) (b) ©) @ e) (63

By inspection, the systems in (c) and (e) are equivalent to the system in (a). ¢

2.83
40,94L~ 40.9¢b-

c . — —=m — — e
2200, 04 v 4094

B — - — | — le—

L ISU- ISt 8 | 55.94

buw,

A le— — _ A

(54 CT=15(6)=90 Ibein. 9022 =409 Ib

Original (i) Equivalent system (ii) Equivalent system: one force
system with force at B. at B and one force at C.

(a) Fig. (i): A 15-1b force acting to the left at B, and a 90 Ib-in. clockwise couple. ¢
(b) Fig. (ii): A 55.9-Ib force acting to the left at B, and a 40.9-1b force
acting to theright at C. ¢

o7
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2.84
120N 120N

R
40 Nom C =140 -0:1(120)= 56 Nm.

A 0. 7m. A_J
(a) From above figure: a 120-N downward force at A, and a 56 Nem CCW couple. ¢
120N T 373N

56 N-m {20N
A A

0.150m ' B
373N 373N

56 _
6—.‘—5;—373N

253N

1
]

B

(b) From above figure: a 253-N upward force at A, and a 373-N downward force at B. ¢

2.85
Moving the three forces to A: Therefore,
P-F+ 204N P-F+20=50 N ¢))
' 2P-5F+140=170 kNem (2)
A Solving (1) and (2) gives

p P=40kN and F=10kN ¢
C = 2P-5F+7(20) 4N-rm
2.86

R = —90j+50(isin30° — jcos30°) = 25.0i — 133.3j Ib <«
+ O CR=90(9)—50(12) =2101b-in. CR=210k1lb-in. <

2.87
The resultant force R equals V.
SV=R=12001b «

ct = SMp=0: 20V —10H —C =0
20(1200) — 10H —-900x12=0 H=13201b «

98
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2.88

Transferring force from O to A gives 100N _
force =100k N ¢ 100(0.5) 100 (0.¢) = 60 N-m
T T = 50N'm ‘MON
(C)_=60 Nem; (C) =-50 Nem A iy,
x y A l ’ét
. — . ° . yo
- CR=60i-50j Nem ¢ /0-61«»\ Ve / y
/o
2.89

The force acting at O equals F, and the couple equals the moment about O.
-22i+2.0j-2.0k
3.583

i J k
=M =r xF=| 0 2 0 |=-178.6i+196.5k kNem ¢
-98.24 89.31 -89.31

—
F =160 XAB=160( ) =-98.24i+89.31j-89.31k kN ¢

2.90
—3i— 2k
40-Ib force: P = 40 3 — —33.98i — 22.19k b
(=3)2 + (—2)?
—3i— 5j ) )
90-1b - ft couple: C = 90 = —46.30i — 77.17j Ib - ft
(=3)2 + (—5)2
roa = 3i+5jft
R = P= 3328 —2219k1b <«
i j Kk
Cl = CHrosxP=—-46.30i — 77.17j + 3 5 0

-33.28 0 -22.19
= —157.31i —10.6j + 166.4k Ib - ft «
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*2.91

(a)
R = F = —2800i+ 1600j 4 3000k 1b «
roa = 10i+5j—4k in.
i j k
CE = roaxF=| 10 5 —4
—2800 1600 3000
= 21 400i — 18 800j 4 30 000k 1b - in. <«
(b)
Normal component of R : P=|R,|=16001b «
Shear component of R : V= /R2 + R2 = /(—2800)2 + 30002 = 4100 Ib «
(c)

Torque: T = |CF|=188001b-in. <

(CR)2 + (CR)2 = /21 4002 + 30 0002

= 369001b-in. «

Bending moment: M

2.92

-

XDC = 5in30° 5in40° i - sin30° cos40° j + cos30°k
= (0.3214i - 0.3830j + 0.8660k
The force at O equals the original force:

-
F=98 A'DC =9.8(0.3214i - 0.3830 + 0.8660k) = 3.150i — 3.753j + 8.487k Ib

The given couple is:
-
C=52) pc= 52(0.3214i - 0.3830j + 0.8660k) = 16.71i - 19.92j + 45.03k Ibeft
Moving the force to O, and letting C® be the resultant couple, we have: cR-c+ Mo

M. =r. . xF

3 O . O «
o =Top rOD--4.2sm40 i+4.2cos40 j+ 2.800k

= ~2.700i + 3.217j + 2.800k ft

60
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i j k
M, =|-2700 3217 2800 | = 37.81i+3173] lbeft
3.150 -3.753 8.487
o CR=C+My = (16711 - 19.92] + 45.03k) + (37.81i + 31.73))

=54.52i + 11.81j + 45.03k lbeft

The equivalent force-couple system with the force acting at O is:
Force: 3.150i — 3.753j + 8.487k 1b; Couple: 54.52i + 11.81j + 45.03k lbeft ¢

2.93
Original system:
~1.8i + 0.9k
F = 80 Lt = —71.55i + 35.78k N
(—1.8)2 +0.92
~1.8i + 1.3
C = 250 Lt 90274 146.37) N - m
(—1.8)2 +1.32

(a) Since the 80-N force passes through B, it has no moment about B.
Thus the equivalent force-couple system at B is
R = F=-7155i4+35.78k N «
Clt = C=-2027i+14637j N-m <«

(b) The equivalent force-couple system at D is

R = F=-71.551+35.78k N «
i j k
Cl = CH4rpyxF=-20271+146.375+| 1.8 —13 0
—71.55 0 35.78

—249i + 82.0j — 93.0k N-m <
2.94

-
M,p=r,oxPe X, =6001beft

Fpo=-8J ft  P=Pcos20°i+Psin20°k X, =- cos30°i + sin30°k
0 -8 0
- Myp=Pcos20° 0 Psin20° | =8(Pcos20°sin30° + Psin20°cos30°) = 600 Ibeft
-cos30° 0 sin30°
Solving for P gives: P=97.91b L 4
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2.95

Given force and couple:

_3i— 4j+ 6k

F o= goo oo WHOK 9999 - 16380 + 24.58K kN
V(=3)2+ (—4)? + 62

3§ — 4

32 + (—4)2

C = 180 = 108.0i — 144.0j kN - m

Equivalent force-couple ststem at A:

R = F=-12.29i—16.39j + 24.6k kN <
i j k
Clt = CHrypxF=1080i—144.0j + -3 4 0
—12.292 —16.389 24.58
= 206i —70.3j+ 98.3k kN - m <«

2.96
- -10j- 12k .
T1 = T1 A AB= Tl( —W) = Tl(_ 0.6402j - 0.7682k)
6i-12k .
T,=T,% .= Tz( = ) = T,(0.4472i - 0.89441)

-4i+3j-12k
13
R= T1 + T2 + T3 Equating like components gives:

-
T3 =T3 A AD= T3( ) = T3(— 0.3077i + 0.2308 j — 0.9231k)
(i-components) 0.4472 T2 -0.3077 T3 =0
(j-components) - 0.6402T; 0.2308 T3 =0
(k-components) ~ 0.7682 T1 - 0.8944 T2 -0.9231 T3 =-400
Solving yields: T1 =79.4 N; T2 =1516 N; T3 =2203N ¢

2.97
i ok
MO = I‘OAXFZ b 0.25 0.3
10 20 -5
= 7251+ (3+5b)j + (—2.5 + 20b)k kN - m
M, = 3+5b=8 . b=10m <«

Mo = —7.25i + 8j + 17.5k kN - m <«
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© 2010. Cengage Learning, Engineering. All Rights Reserved.



2.98

M

nd .
CD=rCAx Pe. XCD=50 Ibein,

o - -3i-2j+5k > -4j+5k
o, =6i-2j in. P=P).AB=P(———-——)II:

|38 @ 4
Using the determinant form of the scalar triple product:
6 -2 0
P
3 -2 5=

P
M, =——— |-
T 0 -4 5 VY4
M=65.81b0
30

[6(— 10 + 20) + 2(- 15)] =50 Ibein.

Solving for P gives: P =

2.99
The resultant couple in Fig. (a) is
+ O C®=1400+120—160(2) = 200 N - m
The couple in Fig. (b) must equal C*:
(2-bF,=C"  (2-b)120=200 b=0.333 m <
2.100

(a) Mo= A% P+C

To
3i-4k

-
rOA=4kft P=PXAB=500( )=3001—400k Ib C=1200k Ibeft

i j k
“Mg=| 0 0 4 |+1200k=1200j+1200k lbeft ¢
0

300 - 400

2 2
The magnitude of the moment about O is: M0 =4 / 1200 +1200 = 1697 lbeft

N ) 31412 + 4Kk
() Myp =M+ X = (12005 + 12001;).( _E_)
_120012) | 12004)

13 13

= 1477 lbeft ¢
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2.101
4 R =ZF =T sin45°-T,sin30°= 0 )]

+1 Ry=2Fy=T1cos45°+Tscos30°+ 300=500 1b (2)
Solving (1) and (2) simultancously gives: T, =103.5 Ib and T, =146.4 Ib ¢

2.102
(a) F«C =200(- 400) + 100(300) + 250(200) =0
Because F and C are perpendicular, they can be reduced to a single force. Q.E.D.

(b) Let A(x, y, 0) be the point in the xy plane where the combined moment of F and C is
zero, and let O be the origin of the coordinate system. Since F acts at O, we have:

MA=rA0xF+C=0 (where rA0=—xi—yj in.).
i j k

- MA= -x -y 0 |+(-400i+300j+200k)
200 100 250

= (- 250y)i + (250x)j + (- 100x + 200y)k — 400 + 300j + 200k = 0

Equating the i- and j-components to zero gives:

-250y-400=0 250x+300=0
y=-1.60 in. x=-1.20 in.
Check using k-components:

- 100(- 1.2) + 200(- 1.6) + 200 =0 it checks!
Therefore, the coordinates of point A are (- 12in.,-1.6in.,0) ¢

2.103
R = XF = 50j + 30k kN«

Note that the 30-kN force has a moment only about the xz-axis. Also, the 50-kN
force has a moment only about the z-axis.

. CR =30(4)i + 50(2)k = 120i + 100k kN - m <
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2.104
+ R =2ZF =P-P=0
b d X X

+1 R = sz =P
Therfore, the force acting at A is R = P (acting upward) ¢

Because R passes through point A, the moment of the three forces about A is zero.

D) =M, =P(L-0)-P(L/2)=0 whichgives x=L/2 ¢

2.105

Because the resultant force passes through O
and there is no resultant couple, the combined
moment of the two forces about O is zero.

loo Qi
-—

240UV

‘-E) IM, = 240(4 cos30°) + 100(45in30°) — 0.8 P(5 cos60®) — 0.6 P(5sin60°) = 0
Solving for P gives: P=2241b ¢

2.106
BA = - 3i - 3c0s20%j + (4~ 35in20%)k = — 3i - 2.819j + 2.974k Ib

—_
CA =2i-2819j+2974k 1b
-3i-2819j+2.974k
5.0785
2i-23819j + 2.
T2= ”KCA - 90( i-2819j+2974k
4.5600

R= T1 + T2 =21.752i - 72.291j + 76.265k Ib

=
T1 =30 )"BA = 30( )= -17.722i - 16.653j + 17.568k 1b

) = 39.474i - 55.638j + 58.697k 1b

. R= ‘/ 21.752% + (- 72.291)% + 762652 =1073 1b ¢
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2.107

2 :
P = - 300i + 200j + 150k 1b C=C XBB =C(-0.6j + 0.8k) lbeft

-
Tpa =33 ft ).DB=-0.61+0.8k
0 3 0
For P: M‘DE=rDAx P'KDE = {-300 200 150 |[=-3(- 240+ 90) =450 lbeft
-06 O 08

For C: MDE =Ce XDE = C(- 0.6 + 0.8k) o (- 0.6i + 0.8k) = 0.640C

Combined moment of P and C: EM.DE =450 + 0.640C = 800 Ibeft
which gives: C = 547 lbeft ¢

2.108

Split the 500-N force at D into the 200-N and 300-N forces as shown. We now
see that the force system consists of three couples.

C? = XC=-300(0.4)i — 200(0.4)j — 400(0.2)k
—120i — 80j — 80k N-m <«
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