COSMOS: Complete Online Solutions Manual Organization System

Chapter 4, Solution 1.

Free-Body Diagram:
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(@)+) =My =0:  —A4,(3.6 ft) — (146 Ib)(1.44 ft) — (63 1b)(3.24 ft) — (90 Ib)(6.24 ft) = 0
A, =-271.101b or A, =2711b | <

(b)+) M, =0:  B,(3.6 ft)— (146 1b)(5.04 ft) - (63 1b)(6.84 ft)— (90 1b)(9.84 ft) = 0

B, =570.10 b or B,=5701b | «
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Chapter 4, Solution 2.

Free-Body Diagram:
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(a)
F)EMe=0: (35kips)| (1.6 + 1.3 +19.5c0s15° )t | = 27, [ (1.6 + 1.3+ 14)t] + (9.5 kips) (1.6 1) = 0
2F, =5.4009 kips
or Fy =2.70 kips T <
(b)
) EMy =00 (3.5 Kips)[(19.500515" ~ 14)ft | - (9.5 Kips)[ (14 +1.3)f ] + 27 [(14+13 + 1.6) ] = 0
2F, =17.5991 kips, or

or F. =3.80 kips | «
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Chapter 4, Solution 3.

Free-Body Diagram:
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(25 kN)(5.4 m) + (3 kN)(3.4 m) — 2F;; (2.5 m) + (50 kKN)(0.5 m) = 0

(a)+) My = 0:
or F,; =340kN | «

2F, = 68.080 kN

(25 kN)(2.9 m) + (3kN)(0.9m) — (50 kN)(2.0 m) + 2F (2.5m) =0

(b)+) =My = 0:
or Fy =4.96kN | <

2F, =9.9200 kN
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Chapter 4, Solution 4.

Free-Body Diagram: (boom)

rs‘f
2.0 wm ‘O-GM ‘ 01 g HO-:’:M

(@)+) EMy=0:  (25KkN)(2.6 m)+ (3 kN)(0.6 m) — (25 kN)(0.4 m) = T, (0.7 m) = 0
Top = 81.143 kN or Tpp =81.1KN <«
(b) . TF,=0: B, =0 sothat B = B,
+] TF, =0:  (-25-3-25-81.143)kN+ B =0

B =134.143 kN or B=1341kN | «
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Chapter 4, Solution 5.

Free-Body Diagram:

(z0m)sin= "
(Qin) Cose— w G A

For

a; = 20sin35° — 8cos35°

0in.)siner — (8in.)cos o

b = (64in.)cosar
From free-body diagram of hand truck
+)EMy =0: P(b) =W (a)+W(a)=0 (1)

+1ZF, =0: P-2w+2B=0

a, = (32in.)coser — (20 in.)sinex

2

a, = 32c0s35° — 20sin35° = 14.7413 in.

b = 64c0s35° = 52.426in.

(@) From Equation (1)

P(52.426 in.) — 801b(14.7413 in.) + 80 1b(4.9183in.) = 0

(b) From Equation (2)
14.98961b — 2(801b) + 2B = 0

- P =14.9891b

.. B =72.5051b

or P=14991b | «

or B=7251b |«
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Chapter 4, Solution 6.

Free-Body Diagram: a, = (20in.)siner — (8 in.)cos &
(n,) COS
- a, = (32in.)coser — (20 in.)sinx
(z0mm)sin=
(5] cosscdeg W < X b = (64in.)cosar
From free-body diagram of hand truck

+)EMy = 0: P(b) =W (ay)+W(a) =0 (1)

+15F, =0: P-2w+2B=0 )

For o = 40°

a; = 20sin40° — 8cos40° = 6.7274 in.
a, = 32c0s40° — 20sin40° = 11.6577 in.
b = 64cos40° = 49.027 in.
(@) From Equation (1)
P(49.027 in.) — 80 1b(11.6577 in.) + 80 1b(6.7274 in.) = 0
P =8.04501b
or P=8.051b T‘
(b) From Equation (2)
8.04501b — 2(801b) + 2B =0
B =7597751b
or B=76.01b !«
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Chapter 4, Solution 7.

Free-Body Diagram:

39 L 6-3lend T 7.3k
[o.N o
A)c = h gw\# I*Q,g_”lm GY
Ay 12w -

(@) a=29m
4U3F =00 A4,=0
£)EMp =0:  —(12m)4, +[(12-2.9)m (3.9 kN) +[(12 - 2.9 — 2.6)m | (6.3 kN)
+[(2.8+1.45)m (7.9 kN) + (1.45 m)(7.3 kN) = 0
or  A,=10.0500 kN or A=10.05kN | «

+T 2F, =0: 10.0500 kN —3.9kN - 6.3 kN -79kN -73kN + B, =0

or B, =153500 kN or B=1535kN | «
(b)) a=8.1m
£)EMp =0:  —(12m)4, +[(12-8.1)m (3.9 kN) +[(12 - 8.1 - 2.6)m | (6.3 kN)
+[(2.8+4.05)m (7.9 KN) + (4.05 m)(7.3 kN) = 0
or A, =89233kN or A=892kN | 4
+f TF, =00 89233KN-39KN-63kN -7.9kN - 73kN + B, =0
or B, =164767 kN or B=1648 kN | «
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Chapter 4, Solution 8.

Free-Body Diagram:
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L 3¥F, =0: A =0

X

+)IMp=0:  —(12m)4, +(12m - a)(3.9kN) +[(12 - 2.6)m — a (6.3 kN)
+ (2.8 m + gj(7.9 kN) + %(7.3 kN) = 0

or  (12m)d, =128.14kN-m - (102 kN)a + (152 kN) 5

(12m)4, =128.14 kN-m — (2.6 kN)a

Thus Ay is maximum for the smallest possible value of a:

a=0<
(b) The corresponding value of Ay is
(4,) =10.6783 kN, and or A =1068kN | <
+] TF,=0: 106783KN-3.9KN - 63kN-7.9kN-73kN + B, =0
B, = 147217 kN or B=14.72kN | <
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Chapter 4, Solution 9.

Free-Body Diagram:

T%okb Tv_rg TIL

—

For (T,)

T, =0

max?

+)EM,=0:  (T.) _(4.8in.)—(801b)(2.4in)=0
[(7)a =40 16| > [Ty, =36 1b]
(Tc),. =360

For (T¢), . Ty = Tpg = 36 I

mi

+)EMy =0 (T) . (4.8in.)+(361b)(1.6in.) — (80 Ib)(2.4in.) =0

(Te),. =28.01b

Therefore:

28.01b < T, <36.0 Ib 4
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Chapter 4, Solution 10.

Free-Body Diagram:

-lh

-}J

v

=

——

«

Q| —r
=

1~
12

A

) N
o 9% g T 0Fgm

For Qin> Ip =0
) IMp =0 (7.5KN)(0.5m) - Opn(3m) =0
Oin = 1.250 kN

For O,

max >

T, =0
) IMp =0:  (7.5KN)(2.75m) = Oy (0.75 m) = 0
Oax = 27.5 kN

Therefore: 1.250 kN < O <27.5kN <
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Chapter 4, Solution 11.

Free-Body Diagram:
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) =M, =00 (7.5kN)(2.75m) - T5(2.25 m) + (5 kN)(1.5 m) - 0(0.75m) = 0

0=(375-3T5) kN (1)
+> XMy =0: (7.5kN)(0.5m) — (5kN)(0.75m) + 7;,(2.25m) - Q(3 m) =0
0=(0.75T,) kN 2)
For the loading to be safe, cables must not be slack and tension must not exceed 12 kN.
Thus, making 0< 75 < 12 kN in. (1), we have
1.500kN < Q < 37.5kN 3)
And making 0< Tp < 12 kN in. (2), we have
0<0<9.00kN “)
(3) and (4) now give: 1.500 kN < O < 9.00 kN <
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Chapter 4, Solution 12.

Free-Body Diagram:

For (W )ax> F =0

Thus

l - 4. £t
"i’Al "“bl f‘a‘"" 4g5e |0
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€ '(—-)
= 184t E
| |
™ age 2ee
For (W) . ,E=0

(w,),. =4.64001b

(w,), . =531201b

D EM=0: (W) (158)+ (91b)(48 &) + (28 1b)(3 ) - (90 1b)(1.8 1) = 0

DMy =0: (W) (15£) - (91b)(1.2 ft) - (28 1b)(3 ft) — (90 Ib)(7.8 ft) = 0

4641b<W,<5311b <4
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Chapter 4, Solution 13.

Free-Body Diagram:
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) EMp =0: (750 N)(0.1m —a)— (750 N)(a + 0.075 m — 0.1 m) — (125 N)(0.05 m) + B(0.2m) = 0

:(87.5N+0.28] )
1500 N

Using the bounds on B:

B =-250 N(i.e. 250 N downward) in (1) gives a,,;, = 0.0250 m

B =500 N(i.e. 500 N upward) in (1) gives a,,,, = 0.1250 m

Therefore: 25.0 mm < a £125.0 mm <
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Chapter 4, Solution 14.

Free-Body Diagram:

mul lu-s s J’E-,, A w

A, 't J

1Zwn T OB r
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1.8 wr 2.2m 1

Note that W = mg is the weight of the crate in the free-body diagram, and that

0<E,<25kN
. SF, =0:
+)IM, = 0:

or

+T ZFy =0

or

4, =0
~(12m)(1.2kN) - (2.0 m)(1.6 kN) — (3.8 m) E, + (6 m)W =0
6 = 4.64 kKN +3.8E,

A, ~12KN-16kKN—E, + W =0

A, =28kKN+E, - W

Considering the smallest possible value of E,;:

For E, =0, W =Wy, =0.77333 kN

From (2) the corresponding value of Ay is:

Ay =2.02667 kN < 2.5 kN, which satisfies the constraint on Ay.

For the largest allowable value of E:

E, =25kN, W = Wy, = 23567 kN

From (2) the corresponding value of Ay is:

Ay = 2.9433 kN > 2.5 kN which violates the constraint on Ay.

Thus (Ay) = 2.5 kN. Solving (1) and (2) for W with (Ay) = 2.5kN,
max

max

W =W, =159091kN

Therefore:

77333 N < W <159091 N, or

773.33 N < m(9.81 m/s*) <1590.91 N, and

(M

2

78.8 kg <m <162.2 kg 4
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Chapter 4, Solution 15.

Free-Body Diagram:
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Calculate lengths of vectors BD and CD:

BD=4(112)* +(21.0)* ft = 23.8 fi

CD =+(112) +(8.4)* ft =14.0 ft

11.2 fi 11.2 fi
S EM,=0:  —(1611b)24 ft)+ 221 1b)(24 ft)+| —=— |1, (11.4 ft)=0
@ 9, 61164 )+ 12 oot ks 112 R0 )
T, = 150.000 Ib T, =150.01b 4
) +. 5k =0 1611 — | L2 on ) J[ 120505y 44 = 0
23.8 fi 14.0 ft
A, =63.0001b or A, =63.0001b —
21.0 ft 112 ft
+ Trv=0 4, —(23‘“)(221 1b)—(14_0ﬁj(150 Ib) =0
4,=285001b or A,=2850010b |
A= 42+ 42 = (637 + (285)° = 29188 b
_ -1 & _ o
6 = tan ( o3 ) = 77.535
Therefore A=2921b A 77.5° 4
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Chapter 4, Solution 16.

Free-Body Diagram: .
I EL-TE.N
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2
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(a)  Equilibrium for ABCD:
+) ZM = 0: (Ac0s60°)(1.6 in.) — (6 1b)(1.6 in.) + (4 1b)(0.8 in.) = 0
A = 8.0000 Ib A =8.00 b 60° <
() . ZF =0: C, +41b+(81b)cos60° = 0
or C, =—8.00001b or C, =8.00001b ~—
+ ZF, =00 C,~61b+(81b)sin60° =0
or C, = -0928201b or C, =0928201b |

Cc=JCt+C? = \/(8)2 +(0.92820)° = 8.0537 Ib

6 = tan™! [Lzzszoj = 6.6182°

Therefore: C=8.051b 2 6.62° 4
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Chapter 4, Solution 17.

Free-Body Diagram:

330

250 wm 250 wam

—— A
300 mw
- Y A
A
2y

o2

Equations of equilibrium:

+‘) M, =0: —(330 N)(0.25 m) + Bsine(0.3 m) + Beosx(0.5m) = 0 (1)
+.3ZF =0: A, — Bsina =0 (2)
+ $F, =0 4,-(330N)+ Beosar = 0 3)

(a) Substitution ¢ = Ointo (1), (2), and (3) and solving for 4 and B:
B =165.000N, 4, =0, 4, =1650N

or A=1650N 1 B=1650N | «
(b) Substituting o = 90° into (1), (2), and (3) and solving for 4 and B:

B =27500N, 4, =27500N, 4, =330.00N

A= 42+ 42 =275 + (330" = 42956 N

6=tan L = ‘[an_lﬁ = 50.194°
275

L A=430N « 502°, B=275N -— <
(c¢) Substituting o = 30° into (1), (2), and (3) and solving for 4 and B:

B =141.506 N, A4, =70.753 N, 4, =20745N, =

A=A+ 4 = (70753 + (20745 = 219.18 N

A
6 =tan 'L = tanfl% = 71.168°

WA =219N £ 71.2°, B =141.5N ™ 60° 4
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Chapter 4, Solution 18.

Free-Body Diagram:

2C0mm | 20 wmm
N

(a) Substituting & = Ointo (1), (2), and (3) and solving for 4 and B:
B =165.000N, 4, =0, 4, =-1650N

B =27500N, 4, =275.00N, 4,=0

B =141506 N, 4, =70.753 N, 4, =-122.548 N

A=A} + A2 =(70.753)? + (~122.548)° =141.506 N

A
0 = tan”' =L = tan™! 122.5 438 = 60.000°

(b) Substituting & = 90° into (1), (2), and (3) and solving for 4 and B:

(c¢) Substituting « = 30° into (1), (2), and (3) and solving for 4 and B:

1 A ‘

%:u “ \d

300w e

=T f_’.
=
&y
Equations of equilibrium:

+‘> M, =0: —(82.5 N-m)+ Bsin (0.3 m)+ Bcos (0.5 m)=0 (1)
+.3F =0: A — Bsina =0 (2)
+T XF, =0: A, + Beosar =0 3)

or A=1650N ), B=1650N | <

ZA=2T5N—, B=275N-— <

S~A=141.5N X 60.0° B =141.5N ™ 60° <
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Chapter 4, Solution 19.

Free-Body Diagram:

P=200NA\ (a) From free-body diagram of lever BCD
+) M = 0: T;5(50 mm) — 200 N(75 mm) = 0
o Tup = 300
® (b) From free-body diagram of lever BCD
Tas F.%F,=0: 200N+C, +0.6(300N) =0
c. 5 . C,=-380N or C,=380N ~—

+] ZF, =0: C, +0.8(300N) =0
. C,=—240N  or  C,6=240N |

£b.d. Then C=C2+C2 = /(380)° + (240)° = 449.44 N
C _
and f=tan"'| — |=tan” [ﬂj =32.276°
C, —~380

or C=449N.7323° <4
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Chapter 4, Solution 20.

Free-Body Diagram:

From free-body diagram of lever BCD
+) IMc = 0: T,5(50 mm) — P(75 mm) = 0
o Ty =1.5P )
L ¥F, =0: 06T,3+P—-C, =0
" C,=P+06T, 2)
From Equation (1) C.,=P+ 0.6(1.5P) =1.9P
+]ZF, =0: 087, -C, =0
. Cy = 08T, 3)
From Equation (1) C, =08(1.5P) =1.2P
From Equations (2) and (3)
C=,C?+C? =\(1.9P) +(1.2P) =22472P

Since C,,, = 500N,
- 500N = 2.2472P, .
or P =222.491b

max

or P=221b— <«
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Chapter 4, Solution 21.

Free-Body Diagram:

[F—— 24" — e Lain.

(a)
) EM,, =0: —(2'4 m'jA ~(09in)F, =0
cosx
or F, = 8 Ib = kx = k(1.2 in.)
cos30°
Solving for £:
k = 7.69800 Ib/in.
(b)
4. IF, =0: (3lb)sin30°+Bx+( 8 1b Jzo
cos30°
or B, = —10.7376 1b
+] TF,=0: —(31b)cos30°+ B, =0
or B, =2.5981 Ib
2 2
B= \/(—10.7376) +(2.5981)" =11.0475 Ib, and
6 = tan' 22281 _ 13 60200
10.7376
Therefore:

k =7.70 1b/in. €4

B =11.051b ™ 13.60° 4
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Chapter 4, Solution 22.

Free-Body Diagram:

-]
Y 3

|&=—— 2.4,

8, T, Foe
o I 1 )

(a)
) EMy, = 0: (2'4 in'j(3.6 Ib) - (0.9 in.)(12 1b) = 0
cosx
or cosa = 0.80000, or & = 36.870° o =36.9°4
(b)
4. 3F, =0:  (31b)sin36.870°+ B, +(121b) = 0
or B, = —14.1600 Ib
+] TF,=0: —(3.61b)cos36.870° + B, = 0
or B, = 2.8800 Ib
B= \/(—14.1600)2 +(2.8800)> = 14.4499 Ib, and
6 = tan"' 25200 _ 11 4966°
14.1600
Therefore: B =14451b ™ 11.50° 4

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




COSMOS: Complete Online Solutions Manual Organization System

Chapter 4, Solution 23.

Free-Body Diagram:
— :oﬂd 100w
100 m [l‘:o-v-m 150 vam
, - '7""’_4'_
] T T Team
From free-body diagram for (a):
+) M, =0:  -B(0.2m) - (100 N)(0.3 m)+ (50 N)(0.05m)~10 N-m = 0
B =-187.50 N or B=187.5N ~— <
FoSF =0:  -I875N-50N+4, =0
A, =23750 N
+ 2F,=0: 4,-100N=0
A, =100.000 N
and: A= [42+ 4 =(237.5) +(100)" = 257.69 N
0= tan—lﬁ —tan =20 _ 5y 8340
A, 237.5
A =258N A 22.8° 4
From For (b)
+) IM,=0:  —Bcos45°(0.2m) - (100 N)(0.3 m) + (50 N)(0.05m) — 10 N-m = 0
B =26517TN or B =265.17 N ™. 45° 4
+.FF, =0: —(265.17 N)cos45° =50 N + 4, = 0
A =23750 N
+f TF, =00 A, +(265.17)sin45° ~ 100 N = 0
A, = -87.504 N
and: A= 42+ 4 = [(237.50 + (-87.504)* = 253.11N
0 = tan”! i = tan"! 87.504 =20.226°
A 237.50
~A=253N < 20.2°4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 24.

Free-Body Diagram:

From free-body diagram for (a):

+) My =0 —(100 N)(0.3 m)+ 4(0.2 m) — (50 N)(0.15m) =10 N-m = 0

A=23750N or A=238N— <«
+_3F,=0: B, +2375N-50N=0

B, =—187.50 N

+ ZF,=0: B, -100N=0

. = 100.000 N
and: B= B +B = \/(—187.5)2 +(100)° = 212.50 N
(B, _ 4 100

0 =tan — = tan —— = 28.072°
B 187.5

B =213N ™ 28.1° 4
From free-body diagram or (b):
+‘> IMg =0  —(100 N)(0.3 m)+ Acos45°(0.2 m) — (50 N)(0.15m) —10 N-m = 0
A =33588N or A =336N A 45° 4
XL XF. =0: B, + (335.88 N)COS45O -50N=0
= —187.503 N
+] TF,=0: B, +(335.88 N)sin45° — 100 N = 0
B, =-137.503 N

and: B =B+ B = (-187.503)* + (-137.503)> = 232.52 N
B
0 = tan~' = = tan ' 27393 _ 369540
B 187.503

X

B =233 N> 36.3° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 25.

Free-Body Diagram:

Geometry:
X, = (81in.)cos20° = 7.5175 in.
Ve = (8in.)sin20° = 2.7362 in.
= Yy = 9.6 in. — 27362 in. = 6.8638 in,

o = tan”! Ipa | _ tan~! (@J = 42.397°
X,c 7.5175

B = 90° - 20° — 42.397° = 27.603°
Equilibrium for lever:
(@) +) M =0:  T,;,00827.603°(8 in.) — (60 Ib)[ (12 in.)cos 20°] = 0
Ty = 95.435 Ib
(b) . ZF, =0:  C, +(95.4351b)cos42.397° = 0
C, = -70.478 Ib
+ ZF, =00 C,-601Ib— (95435 Ib)sin42.397° = 0
C, =124.348 b

Thus: € =[C2+C2 = [(-70.478)" + (124.348)* =142.9321b

C
and 6 =tan"'—L = tan”! 124.348

C 70.478

X

= 60.456°

T, =95.41b 4

S~ C=14291b ™ 60.5° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 26.

Free-Body Diagram:

(@) a =2in.
+) EM, =0: (2in.)(201b) - (1.5 in.)(16 Ib) — 32 Ib-in. — (2 in.) Esin 60° — (5.5 in.) Ecos 60° = 0
E =-3.5698Ib or E=3.571b X 60.0° 4
4. 3F, =0: A, —161b+(3.5698 Ib)cos60° = 0
4, =1421511b
+] TF,=0: 4, -201b—(3.5698 Ib)sin60° = 0
A, =23.0921b

A= \/(14.2151)2 +(23.092)” = 27.117 Ib

6 = tan 2202 _ 553840
14.2151
Therefore: A=2711b A 58.4° 4
() a=75in.
+)EM, = 0: (7.5in.)(20 1b) - (1.5 in.)(16 Ib) = 32 Ib-in. — (2 in.) Esin 60° — (5.5 in.) Ecos 60° = 0
E =209731b or E=21.01b ™ 60.0° 4

FL3F, =0 A4, —161b—(20.973 Ib)cos60° = 0
A, = 26487 Ib

+] TF, =00 4, -201b+(20.973 Ib)sin60° = 0
A, =1.83685 Ib

4= J(26.487)" + (1.83685)" = 26,551 1b

9 = tan~' 1838 _ 5 56710

26.487
A =2661b « 3.97° 4

Therefore:

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 27.

Free-Body Diagram:

l 2.S2%w
< y
‘-—__ ==
=
oc = —8c | 3
" Ll
= o
—
A, Ka
225w 1T
By

066w 1S wA

Geometry:

Distance BC = \/(2.52)2 +(0.39)* =255m

Equilibrium for mast:

2.55
Tye = 593.79 N
2.52
(B) A ¥F =00 A - T30 [(59379N) - 225N - 135N =0
A, = 586.80 N
0.39
+ ZF, =00 A +| = |(593.79 N) 225 N =135 N = 0
y » 255
A, =269.19N
Thus: A= J42+ 42 = |[(586.80)" + (269.19)" = 645.60 N
y
and 6 = tan' 22 = tan~ 29919 _ 54 6430
A 586.80

@ )M, =0 KEJTBC}(OJSm)—(135N)(2.16m)—(225N)(O.66m)=0

or Ty =594 N «

A =646 N £ 24.6° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 28.

Free-Body Diagram:

Geometry:

Distance BC = \/(2.52)2 +(0.462)* = 2.562 m

Equilibrium for mast:

@ ) M, =0 H%}rgc}(ms m) = (90 N)(2.16 m) (135 N)(0.66 m) = 0

Ty = 38430 N or Ty =384 N«
() — F-3F, =0 4, - [ﬂj (38430 N) = 0

2.562
A, =378.00 N
+ TF, =00 A4, + (w)(%mo N)-135N-90N =0
Y ¥ 2562

A, =155.700 N

Thus: A= 42+ 42 = (378.00)" + (155.700)" = 408.81 N
4

and 0= tanflA—y = tan”! 155'70(;) = 22.387°

X

LA =409 N £ 22.4° <4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 29.

Free-Body Diagram:

- = &
12§ ram -7 '
\ T ‘
A 1
i
175 ram G
S - —dn
s
|§o-jr 2z o e
Geometry:
Distance AB =+/(0.3) +(0.125) =0.325 m

Equilibrium for bracket:

C, = —180.000 N
12
S)EF, =00 C,—150 N+ 21227 (195 N) +195 N = 0
Y Y 0.325
C, = —120.000 N

C = JC2+C? = [(-180)" + (~120)* = 21633 N

C
and 6 =tan"' —L = tan™! 120 _ 33.690°
C 180

X

Thus:

0.3 0.125
M, = 0: 150 N)(0.225 m) — | ——T [(0.175 m) — | ——=T
+) TMc ( )( m) (0.325 j( m) (0.325
T =195.000 N
+.%F. =0:  C, +(OO3'§5 Tj(195 N)=0

j(o.zzs m) + 7(0.075m) =0

T =195.0N «

~C=216 N 2 33.7° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 30.

Free-Body Diagram:

d
-
.
I s
2 s
a4’
B A,
47n \
ain

Geometry:

Distance BC = (4)2 + (3)2 = 5in.

Distance CD = \/(14)* + (3)° = 14.3178 in.

Equilibrium for bracket:

X

143178
T =32.108 Ib
4 14
4. SF =0: A +|—|(32.108 Ib) - (32108 1b) = 0
5 143178
A, =5.7089 Ib
3 3
+ ZF, =00 A, +2(32.108 Ib) + (32.108 Ib) + 10 1b = 0
5 143178
A, = -35.992 Ib
Thus: A= 42+ 4 = [(5.7080)" + (-35.992)" = 36.442 Ib
4
and 6 = tan"' 22 = an~1 22292 _ g0 9g7°
4 5.7089

S EM,=0: (101b)(9 in) -Grj(mn.) - [%Tj@ in.) +(LT](4in.) +(;T](9 in)=0

14.3178
or T=3211b 4

A =3641b X 81.0° «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 31.

Free-Body Diagram:

4= 0%
{ &R

=it = 101s
3in.
4in.

Distance BC =+/(7.2)*> + 3)> = 7.8 in.
Distance CD = +/(10.8)% + (3)> =11.2089 in.

Equilibrium for bracket:

Geometry:

10.8

£)EM,=0:  (101b)(9in.) - (%ij in.) - [%T}@ in.) + (11.2689 T](4 in.)

+( . T)(9 in.)=0
11.2089

T =101.014 1b or T=101.01b «
HOZF =00 A+ 72 (101.014 1b) — 108 (101.0141b) =0
7.8 11.2089
A, =4.0853 1b
+ =F =00 4+ =a (101.014 Ib) + . (101.0141b) +10 b =0
g RNV A 11.2089
A, =-75.887 Ib

Thus: A= 42+ 42 = [(4.0853)" + (~75.887)" = 75.997 b
4
and 6 =tan"' X = tan™' % =86.919°

A =76.01b X 86.9° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 32.

Free-Body Diagram:

D
K
— 7
r_ "~ 7 T
/ I 4
T _ — k ’g
rznﬂnw 100: ¥
So00 ™
Yize e

Geometry:

Distance AD =4/(0.9)% + (0.375)> = 0.975 m

Distance BD = /(0.5 + (0.375)? = 0.625 m

Equilibrium for beam:

0.375 0.375
My =0:  (135N)(0.7m) - =227 [(0.9 m) - | ——=>T |(0.5m) =0
@ M=o (135N)07m)- (27|09 m) - (2227 f05m)
T =146.250 N or T =1463N 4
0.9 0.5
(b) +.3F =0 C,+ ( Tj(146.250 N) + [ Tj(146.250 N)=0
0.975 0.625
C,=-252.00N
+ =R =00 C 4 (mrj(mazso N) + (MTj(ms.zso N)-135N =0
0.975 0.625
C, =—9.0000 N
Thus: C=JC?+C? = [(-252)" +(-9)" = 252.16 N
C
and 0= tan~' = — tan~' —— = 2.0454°
C 252

X

C=252N < 2.05° <

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 33.

Free-Body Diagram:

For both parts (a) and (b)

+)EM,=0:  —RP-RC,=0
¢, =-P (M
+. 3F.=0:  Bcos@-P=0
P
B = 2
cos@ @

+ =F, =0 Cy—(

P Jsin6’+P=0
cos

C, = P(tan@ —1)

3)
(@)  The magnitudes of the forces at B and C are equal:
B=,C+C;
2
P 2 2
=(-P) +| P(tan8 — 1
(23] =y +[Ptamo-)
or
12 =1+ (tan29 —2tand + 1)
cos“ @
continued
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Noting that tan’ @ +1 = % , this gives
cos” @
12 =1+ 12 — 2tané , or
cos” @ cos” @
tan@ = l, SO
2 S ‘
L
=)
2
0 = 26.565° 0 =26.6° 4
(b) Using (2)
=L,or 2 B=£P < 26.6° 4
NG 2
and using (1) and (3)
C,=-P, C,= _P
2
2
C= (_P)2 + (—gj = gP . C= gP > 26.6° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 34.

Free-Body Diagram:

For both parts (a) and ()
<) IMp =0:  —RP-RC, =0
C, =-P (1)
+L3F, =0: Bcos@ - P =0
P
B = 2
cos@ @
+ =F, =0 cy—( P jsin0+P=0
cos@
C, = P(tan6 — 1) 3)

(a) The magnitude of the reaction at C:
C=,Cl+C}
C = \/(—P)Z + [P(tané’ - 1)]2

which is smallest when tan@ =1, or

6 =45.0° 4
(b) Using (2)

B = or B=+2P < 45.0° <

and

or C=P — 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 35.

Free-Body Diagram:

A
~

{
I
|
|
!
|
!

Equilibrium for bracket:
+) M =0:  —T(a)— P(a) + (Tsin40°)(2asin40°) + (T cos40°)(a + 2acos 40°) = 0

T =0.56624P or T=0.566P 4
tUSF =0: C, +(0.56624P)sin40° = 0
C, = 0.36397P

+T XF, =0: C, +0.56624P — P + (0.56624P)cos40° =0

or C=0364P— 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 36.

Free-Body Diagram:

(@) +)EMc =0 —aT, —aP +( 2a

+ ajTABD cosf =0
cosd

orwith Tz, = 3P/4:

—aiP —aP + (
4 cos@

+ IJEPCOSQ =0
4
cosf = %, and € = 70.529°

(b) *-3F. =0 C, —?(EPJ =0

=

C, =+~
2
+ =R, =0 §P+cy—P+l[3PJ 0
3
C,=0

Therefore:

0 =70.5° 4

—P — 4

NG

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 37.

Free-Body Diagram:

AFCwmm FOmm
Goodlx— b — SOwmm
3 P /K

Equilibrium for bracket:

(@ + EF,=0: —600N+T=0
T =600 N

(b) +) =M =0:  —(600 N)(0.6 m)+ A(0.09m) =0
A=4000 N

F.3F.=0: B-4000N=0

B =4000 N

or T=600N <

or A=4kN-— 4

or B=4kN— <«

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 38.

Free-Body Diagram:

Note that W, = (80 kg)(9.81 m/s?) = 784.80 N

W, = —(52 kg)(9.81 m/s?) =510.12 N

(@)
+) =M, =0:  —(784.80 N)(0.8 m)cos30° — (510.12 N)(2.2 m)cos30° + B(3.5 m)cos5° = 0
B =434.69 N or B=435N ™ 55° 4
(b)
+T 2F, =0: Acos10° —784.80 N —510.12 N + (434.69 N)cos35° =0

A =95333 N or A=953N ™ 80° «
FLUFF . =0: P- (953.33 N)sin10° — (434.69 N)sin35° = 0

P =41487N

or P=415N— <

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 39.

Free-Body Diagram:

Equilibrium for rod:
(@ +)IMp=0: (61b)cos60°(dyy)— (T cosd5°)(dpy) =0
T =4.2426 1b T=4241b <

(b)) - 3F,=0:  (4.2426 Ib)cos45° — (6 Ib)cos60° — N ,sin45° + N, cos45° =0

N,=N,p (1
+ 2F,=0:  —(61b)sin60° —(4.2426 Ib)sin45° + N ,cos45° + N, cos45° = 0
N, +Np=11.59111b 2)

Solving (1) and (2) gives:
N,=Np=5.79561b
Therefore:

N, =5.80Ib ™ 45° 4
N, =5.801b < 45° <

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 40.

Free-Body Diagram:

Equilibrium for rod:
(@ +)IMp=0: (61b)cos60°(dyy)— (T cos8)(dpp) =0

T_3

= Ib
cosé

Thus 7 is minimum when cos @ is maximum:

(b) With @ =0°, (1)gives: T=31b

(¢ F.ZF, =0: 31b—(61b)cos60°— N, sin45° - N,sin45°=0
Ny=Np
+T TF,=0:  —(61b)sin60° + N cos45° + Np,cos45° =0
N, +Np=73485Ib
Solving (2) and (3) gives:
N, =N, =3.67421b

Therefore:

()

6 =04

T =3.001b 4
)

(€)

N, =3.671b ™ 45° <
N, =3.671b A 45° <4
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Chapter 4, Solution 41.

Free-Body Diagram:

BIFS wm 250 ram
*=20°
T\

| o o oo 2700

Equilibrium for bracket:

+] 5F, =0:  Tsin20°-270 N=0
T =789.43 N
Note that: T, =(789.43 N)cos20° = 741.82 N, and
T, = (789.43 N)sin 20°=270 N

Thus 7}, and the 270-N force form a couple:
270 N(0.25 m) = 67.5 N-m clockwise

¥) IMy =0:  (741.82N)(0.125m) — 67.5 N-m + Fp (0.2 m) = 0

F.p =—-126.138N or F., =126.138 N ~—

+T 2F, =0: F,p —126.138 N - 741.82 N =0

F,; =8796N or F,; =86796 N—

Thus, Fcp acts to the left, while Fp acts to the right, i.e. these forces are exerted by rollers B and C,
respectively. Rollers 4 and B exert no force. The forces exerted on the post are the opposites of the forces
exerted by the rollers:

A=D=04
B =868 N— «
C=126.1N-— <«
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Chapter 4, Solution 42.

Free-Body Diagram:

27C mm ' 250wl

V25 mm

200 mwm

Equilibrium for bracket:

+f TF =00 Tsin30°0-270N=0
T =540 N
Note that: T, = (540 N)cos30° = 467.65 N, and
T, = (540 N)sin30° = 270 N
Thus T}, and the 270-N force form a couple:
270 N(0.25 m) = 67.5 N-m clockwise
+) My =0: (46765 N)(0.125m) - 67.5 N-m + Fgp (0.2 m) =0
Fop=45219N or Fop =45219 N —

+] BF, =0 Fy+45219N-467.65N =0

F,; =42243N or F,, =42243N —

Thus, both Fp and F4p act to the right, i.e. these forces are exerted on the bracket by rollers D and B,
respectively. Rollers 4 and C exert no force. The forces exerted on the post are the opposites of the forces
exerted on the bracket:

A=C=04
B=422N -—<«

D=452N —4

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




COSMOS: Complete Online Solutions Manual Organization System

Chapter 4, Solution 43.

Free-Body Diagram:

4.3,

Geometry:

x2

Equation of the slot: y = ”

[ﬂ] = slope of slotat C = [2—)1 =1.20000
dx )¢ (x=24in)
It follows for the angles that:

o = tan”' (1.2) = 50.194°

6 =90° — a = 90° — 50.194° = 39.806°

=12.6804°

5 = tan”! (4.8 - 2.64)

Coordinates for C, D, and E:

(2.4)°

.xC = 2.4 il’l., yC = = 2.44 in.

xp=24in,  y,=184in + (1.6 in.)tan
=1.84in. + (1.6 in.)tan12.6804° =2.20000 in.
xp =0, Ve =ye +(24in)tan@

= 1.44 in. + (2.4 in.)tan 39.806° = 3.4400 in.

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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With P =1 Ib:

+)EMp=0:  P(yg)—(OsinB)(yz - yp) — (Qcos f)(2.4in) = 0
(11b)(3.44 in.) — (Osin12.6804°)(1.24 in.) — (Qcos12.6804°)(2.4 in.) = 0
0=1316161b

+_3F. =0: P-Ngcosf—Qsinf=0
11b — N c0s39.806° — (1.31616 Ib)sin12.6804° = 0
N¢ =0.92563 Ib

+] SF, =00 Ny + Nesind - Qcos S =0
Ny +(0.92563 1b)sin39.806° — (1.31616 Ib)cos12.6804° = 0

Ng =0.69148 1b

(@) N, =0.6911b |, N = 0.926 Ib ™ 39.8° 4

b) 0=13161b 3 773" <
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Chapter 4, Solution 44.

Free-Body Diagram:

!@B ‘ H

5.6 i | Zain ainl
Geometry:
2
Equation of the slot: y = XT
[QJ = slope of slotat C = [2—36} =1.20000
e Je (x=2.4 in.)

It follows for the angles that:
o = tan”' (1.2) = 50.194°
6 =90° — ¢ =90° — 50.194° = 39.806°

B =tan™! (%) =12.6804°

Coordinates for C, D, and E:

2
(24) = 2.44in.

Xc =2.4in, Ve =
Xp=24in,  y,=184in.+(1.6in.)tan

=1.84in. + (1.6 in.)tan12.6804° = 2.20000 in.
xp =0, Ve =y +(241in)tan 0

=1.441in. + (2.4 in.)tan39.806° =3.4400 in.

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

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.
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With O =2 Ib:

(a) )EIME =0 P(yg) - (OsinB)(yz — yp) - (Ocos B)(2.4 in.) = 0

P=1519571b
(b) FL.3F. =0:  P—Ngcos@—Qsinff =0

1.51957 Ib — N c0s39.806° — (2 1b)sinl2.6804° =0

+T IF, =0: Ng + Ngsin@ — Qcos =0
N,y + (140656 Ib)sin 39.806° — (2 Ib)cos12.6804° = 0

Ny =1.050751b

P(3.44in.) —[ (2 1b)sin12.6804°](1.24 in.) — [ (2 Ib) cos12.6804° |(2.4 in.) = 0

or P=15201b — 4

N = 1.40656 Ib or Np = 1407 Ib >, 39.8° <

or Ny =1.0511b | <

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 45.

Note: Weight of block is W = (10 kg)(9.81 m/sz) =98.1 N
(a) Free-Body Diagram:

45D mm )
Zn

ELHG\ l

A*r Q%1
L 3F =0: A4, =0
+f =F, =0 A4,-98.1N=0
A, =98.1N
Therefore: or A=098.1 NT(

+)EM,=0: M, —(98.1N)(0.45m)=0
M, =44.145N-m or M, =441N-m )<

(b) Free-Body Diagram:

+oSF.=0: A4, -981N=0
A, =98.1N

+2F, =00 4, -981N=0

continued
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Thus: A= A2+ A2 = \/(98.1)2 +(98.1)° =138.734 N
or A=1387N £ 45° <
+)EM,=0: M, +(98.1N)(0.45m +0.1m) =0

M, = 44.145 N-m or M, =441Nm ) 4
(¢) Free-Body Diagram:

40 wawa ‘
A, '
N
K
! WA TBAN
- 3F =o0: A, =0
+ =F, =0: A, - 981N -98.1N =0
4,=1962N or A=1962 N4

F)EM,=0: M, —(98.1N)(0.45m 0.1 m)~(98.1N)(0.45m +0.1m) =0

M, =88.290 N-m or M, =883N-m ) «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 46.

Free-Body Diagram:

|-ia

3.2

[
=

With M=0and 7;=T)=121b

+. 3F, = 0: C,~121b=0
Co=121b

+ =F =0 ¢, -12b=0
Cy=121b

Thus: C=\C2+C2 = (12 +(12)* =16.9706 b
or C=16.971b 4 45° 4
F)IMe =00 Me—(121b)[(1.8~1)in] + (12 Ib)[(2 + 1-2.4)in] =0

M = 2.40 Ib-in. or Mg =2401bin.") «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 47.

Free-Body Diagram:

3.2%a.

With M=8lbin.and 7;=161b, 7, =8 Ib

+.3F, =0 C,—161b=0
C,=161b

+ =F, = 0: C,—81b=0
C,=81b

Thus: C=\C2+C2 = J(16) +(8)° =17.8885Ib

C
and 6=tan”' =2 = tan™' [ij =26.565°
C 16

X

+> My =0:
Mc=16.00 Ib-in.

Mc— (16 1b)[(1.8 — 1) in.] + (8 Ib)[(2 + 1 —2.4) in.] — 8 Ib-in.= 0

or

C=17.89 « 26.6° 4

Mc=16.00 Ib-in. ) «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
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Chapter 4, Solution 48.

(@)

(b)

Free-Body Diagram:

3
" [} c
A, N
2y 2 (b
I_L Q i 4. i
+.3F =0 A, =0
+ =F, =0 A4,~21b~1b=0
A4,=31b
£)IM, =0 M~ (2 1b)8 in.) — (1 1b)(12 in.) = 0
M, =28 Ib-in.
Free Body Diagram:
H
g (/_M\\A‘A & c D
N[~ ' '
1’5‘1 lz‘b l“b T’!'}_lb
‘ S
!q B in 4 in 1 "hv\%
+.3F =0 A, =0
+ =F, =0 A4,-2b-11b+121b=0
A4,=181b
£)IM, = 0 M, — (2 1b)8 in.) — (1 Ib)(12 in.) + (1.2 Ib)(16 in.) = 0

M, =838 Ib-in.

0rA=3le <

or M, =28 1bin. ) «

orA=181b! «

or M, =88 1b-in. ) «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 49.

Free-Body Diagram:

é " A <) C D
* > le—3|<—— 3
N R . b oam 4in 7| o
A 2l 15 €
Y
Set M ,= 20 Ib-in. counter-clockwise to find F_. :
+‘> M, =0: 20 Ib-in. — (21b)(8 in.)— (1 1b)(121in.) + F,;, (16in.)=0
F.,=051b
Set M ,= 20 Ib-in. clockwise to find F,_ :
+) M, =0: -201Ib-in. — 216)(8in.)— (1 Ib)(121in.) + F, (16in.)=0
Fox=31b
Therefore: 0.5Ib<F;<31b «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 50.

(@) Free-Body Diagram:

2 1S
/ 2w
=y
2.2m | 26w [
r Y
PRATEACTY | B 4w
e
.
g‘f
+. 3F, = 0: E.=0
+ =F, =0 E,~162kN-54kN-18kN =0
E,=39.6 kN orE=39.6 kN | «
+> My =0:

M, + (162 kN)(4.8 m) + (5.4 kN)(2.6 m) — (18 KN)(1.5 m) = 0

M, = —648 kN-m orMz=648kN'm ) «
(b)  Free-Body Diagram:

m 1 $m
|' pm—
\ $2m
N
2.6m | 2:2m
v
16-2pny S kn A
WA ,
b
Ay )
+L3F, =0: E.=0
+ =F, = 0: E,~162kN-54kN=0
E,=21.6 kN

orE=21.6kN| «

+) EMy = 0: Mg + (162 kKN)(4.8 m) + (5.4 kKN)(2.6 m) = 0

M, =-91.8kN-m

orM;=91.8 kN-m ) «

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



COSMOS: Complete Online Solutions Manual Organization System

Chapter 4, Solution 51.

Free-Body Diagram:

Fwa 1:Cm
S L
] 2w
' 2.6m h
IG-‘Z"-'\* ’S"-qla.u er e
= "
e
Ex f_ Je
I
&y
+) XMy =0: Mg + (162 kN)x + (5.4 kN)(2.6 m)— T(1.5m) =0
Mg=(1.5T -16.2x—14.04) kN-m (D)
Forx=0.6 m, (1) gives:

(Mg) =(1.5T —23.76) kN-m
For x =7 m, (1) gives:

(Mg ), =(1.5 T —127.44) kN-m

(@) The maximum absolute value of M is obtained when (Mg ); = — (Mg ) and
1.5T -23.76 kN = — (1.5 T—127.44 kN)
T =50.400 kN or 7=50.4 kN <«
(b)  For this value of T:

Mg =1.5(50.400) kN-m — 23.76 kN-m
=51.84 kN-m

orM;=51.8 kN-m ) «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr
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Chapter 4, Solution 52.

Free-Body Diagram:

T
%{

CEwn

Geometry:
Distance BD = /(1.8)> + (4> =4.3863 m
Note also that: W =mg = (160 kg)(9.81 m/sz) =1569.60 N
With M, =360 N-m clockwise: (i.e. corresponding to Tiax )

1.8

£) =M, = 0: ~360 N-m — [(540 N) cos 15°](5.6 m) + [[

Tinax = 1998.79 N
With M, =360 N-m counter-clockwise: (i.e. corresponding to 7oy )

1.8

+)IM, = 0: 360 N-m — [(540 N) cos 15°](5.6 m) + K

Tmin =1560.16 N

4.3863

4.3863

j]—;nax:|(4 m) =0

of Thax = 1.999 kKN «

JTminj|(4 m) =0

or Toin = 1.560 kKN «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 53.

Free-Body Diagram:

(a) Using W =mg:

+, ZF, =0: —Acos45° + Bsin45° =0
B=4

+ =F, =0: Asin45°+ Bsin 45°—mg =0
A+ B = \/Emg

From (1) and (2) it follows that

24 = \/Emg and A4 = ng

2
+) ZMy = 0: mg[(é)cosﬁ} + M- (%mg][lcos(%" -0)]=0

Using that cos(ax— ) = cosercos f+sinasin §, (3) gives

(ngljcosﬁ + M- (ngl](cosé? +sind) =0

M - (ngljsinﬁ =0, and

sin @ =2—M
mgl
(b) @ =sin" 227 N'zm) = 20.122°
(2kg)(9.81 m/s2)(0.8 m)

(1

2)

A3)

or 6 = sin”! [2—M] |
mgl

or @ =20.1° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 54.

Free-Body Diagram:

For both parts (a) and (b)
+‘) M, = 0: [Zcos(@ + 30°)cos30°]W - [lcos(é? + 30°)}T
+| 1sin (6/+ 30°)cos 60" | + [ 15in 6+ 30°) |7 = 0
or I cos(8 + 60°) + T [ sin (6 + 30°) — cos(6 +30°) ] = 0
(@) ForT=0,(1)gives
cos(6 +60°) = 0
(b) For T =W, (1) gives:

cos @ cos60° — sin@sin 60° + sin @ cos30° + cos@sin 30°

—co0s@cos30° + sin@sin30° = 0
or tan#sin30° + (cos60° +sin30° — cos30°) =0
Solving for &:
tan@ = 2(cos30° — 1)

or 8 = —150000°

(M

or 8 =30.0° 4

or 8 =-15.00° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 55.

Free-Body Diagram:

Using W = mg:
(a) +‘> My =0: P(Rcos® + Rcosf) — mg(Rsing) = 0
2P = mgtan@
tan6 = 2P
mg

(b) Withm=0.7kgand P=3N:

0 = tan™' 26 N)
(0.7 kg)(9.81 m/s?)

= 41.145°

or 6 =tan"! [2—1)] |
mg

or 0 =41.1° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 56.

Free-Body Diagram:

Using W=mg, and h = étana

+) IM¢ = 0: M — (mg)(hsin6) = 0
or sinf = M
mgh
wilie
=—| —cota
mg \ [
or 0 = sin_1£2M cotaj
mgl

Note: 8 < 90° — a for cord BC to remain taut, (i.e. for Tpc > 0).

With/=1m,m=2kg,and M =3 N-m:

0 = sin! 2(3 N-m)cot30°
(2 kg)(9.81 m/s?)(1 m)

= 31.984°

or 8 =32.0° <4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr
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Chapter 4, Solution 57.

Free-Body Diagram:

First note

T = tension in spring = ks

where s = elongation of spring

- (), ().,
- 2sn(2) - 1502
fufe)- (4]

(3] o

(a) From free-body diagram of rod BC

+)IM( = 0: T{lcos(gﬂ — P(Isin8) =0

Substituting 7 From Equation (1)

{5 (2] oo
(5] ( () Yn( 5]

Factoring out 21 cos(%}, leaves

continued
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or

[0) 1( Kl J
sin| — | = —
2 2\kI-P

kl
b) P=-

6 = 2sin”! [ K

= 2sin”" (0.94281)

= 141.058°

g [ Bl ()

or 6 =141.1° <4
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Chapter 4, Solution 58.

Free-Body Diagrams:

Note that ¥, = mg = (10 kg)(9.81 m/s”) = 98.1N

)IM,; =0  M-rT=0
roM_ (58 N-m)¢
4, 0.035m

Since the torsion spring is unstretched when 6 = 0:

(70 mm)¢ = (35 mm)8
1
¢ = 59

Therefore:
_ (58N-m)6
~2(0.035 m)

-f) Mg =0: rgl — IWzcos@ =0
(58 N-m)&

(0.070m)
2(0.035 m)
6 = 0.60890 cos @

—(0.090m)(98.1N)cos8 = 0

Solving for 6 numerically:

6 = 0.52645 rad

or 8 =30.2°d

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 59.

Free-Body Diagram:

Geometry:
Triangle ABC is isosceles. Thus distance CD = lcosg ,

Elongation of spring is equal to distance 4B:
x =2/ sing,
2
. 0
and 7 = kx = Zklsmz.
(a)  Equilibrium for rod:

+)IMe=0:  P(lcos) - T(lcosg) =0

Plcos6 — k12(2sin§cos§) =0

Pcos@ — kisin@ =0

P
tan @ = — or @ = tan”' (iJ <
ki ki
(b) For p = 2ki:
0= tan—l(zk—’;lj = tan”'(2) = 63.435° or 6 = 63.4° «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 60.

Free-Body Diagram:

lsine

Spring force: F, = ks = k(I —Icos®) = kI(1 — cos8)
(@) +)ZMp =0: F,(Isin®) — W(écosej =0
. . w
kl(sin@ — cos@sinf) — ?cosﬁ =0

kl(tan@ — sin @) — % =0

(b)  For given values of W=41b,/=30in., k= 1.8 Ib/ft = 0.15 Ib/in.

tan@ — sinf = 4.lb — = 0.44444
2(0.15 Ib/in.)(30 in.)

Solving numerically: 0 = 50.584°

or tan@ —sin@ = L |
2kl

or @ =50.6° 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 61.

Free-Body Diagram:

(@)
(b)
(©)

From free-body diagram of bracket:

1. Three non-concurrent, non-parallel reactions

Completely constrained 4
Determinate 4

Equilibrium <

+)IM, =0: B(1m)-(100N)(0.6m) =0

FLZF. =0: 4, —-60N =0

A, =600N —

+! ZF, =0: 4,—100N =0

B=600N -— <«

A, =100N
Then A= \/(60.0)2 +(100)° =116.619N
and 6 = tan-‘[ﬂj = 59.036°
60.0
8 A =116.6 N ~ 59.0° 4
3 2. Four concurrent reactions through 4
C (a) Improperly constrained 4
A (b) Indeterminate <4

A o (©)
P =] 00 N 3. Two reactions

(@)
(b)
(©)

No equilibrium <«

Partially constrained <«
Determinate 4

Equilibrium <

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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From free-body diagram of bracket

+)EM, =0: C(1.2m)- (100 N)(0.6m) =0

C=50.0N |«
+ ZF, =0: A-100N+50N =0
A=500N |«
4. Three non-concurrent, non-parallel reactions
c (a) Completely constrained 4

$_C (b) Determinate 4
A P = | 00 N (c) Equilibrium <

From free-body diagram of bracket

0 = tan™! 103 _ 39.8°
1.2

BC = \/(1.2)* + (1.0)° =1.56205 m
1.2

+)IM, = 0: [[ : jB}(l m) — (100 N)(0.6 m) = 0

1.56205

B =78.1N ™ 39.8° 4
FLZF =0 C- (78.102 N)cos39.806° =0
C=60.0N — <«
+T LF, =0: A+ (78.102 N)sin39.806° — 100 N = 0

A=500N 1<
5. Four non-concurrent, non-parallel reactions
(a) Completely constrained 4
(b) Indeterminate 4
(o) Equilibrium <

From free-body diagram of bracket

+) =M = 0: (100N)(0.6m) - 4,(1.2m) =0

" A,=50N or A, =500N |«
6. Four non-concurrent non-parallel reactions
(a) Completely constrained <4
(b) Indeterminate 4
(c) Equilibrium <
continued
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From free-body diagram of bracket
+)EM, =0: —B,(1m)-(100N)(0.6m) =0
B, =—-60.0N
or B, =60.0N ~— <«
FL3XF. =0: =60+ 4, =0
A, =60.0N
or A, =60.0N — «

7. Three non-concurrent, non-parallel reactions

(a) Completely constrained 4
(b) Determinate 4
(c) Equilibrium <
P=100N '
From free-body diagram of bracket
FL%F, =00 4, =0
+)IM, =0: C(1.2m)~(100N)(0.6 m) = 0
C =500N
or C=500N 1«
+] ZF, =0: 4, -100N +50.0N =0
4, =50.0N
B 8 .. A=500N |«
A A E 8. Three concurrent, non-parallel reactions
c (@) Improperly constrained 4
(b) Indeterminate <4

A3 P=100M (©) No equilibrium <«
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Chapter 4, Solution 62.

Free-Body Diagram:

<300, C 1. Three non-concurrent, non-parallel reactions
¥ o) C (a) Completely constrained <«
20Lh. (b) Determinate
. A & (¢) Equilibrium <

A b A HOlb From free-body diagram of plate
v} +)IM, =0: C(30in.)-501b(15in.) =0

C=2501b |«
FLXF. =0 4,=0
+]ZF, =0: 4,-501b+251b=0
A, =251b A=2501b |«
AD C 2. Three non-current, non-parallel reactions
(a) Completely constrained <«
D C (b) Determinate <«
c Equilibrium
A sl B ilibrium <
+ I From free-body diagram of plate
501b
H3F, =0: B=04

+) =My =0: (501b)(15in.) — D(30 in.) = 0

D=2501b [«

+] ZF, = 0: 25.01b-501b+C =0
C=2501b [«
continued
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4D
Dy J
D ¢
Al B
A'\' LSOIb
A,

3. Four non-concurrent, non-parallel reactions

(a) Completely constrained <«
(b) Indeterminate <4
(c) Equilibrium <

From free-body diagram of plate
+) EMp, = 0: A4,(20in.) - (50 Ib)(15 in.)
A, =3751b — <«
4. 3F. =0: D,+3751b=0
D, =375 — <«

4. Three concurrent reactions

(a) Improperly constrained 4
(b) Indeterminate <4
(c) No equilibrium <«

5. Two parallel reactions
(a) Partial constraint 4
(b) Determinate <«
(c) Equilibrium <

From free-body diagram of plate
+) M, = 0: C(30in.) - (50 1b)(15in.) = 0

C=2501b |«
+1ZF, =0: D-501b+251b=0
D=2501b |«
6. Three non-concurrent, non-parallel reactions
(a) Completely constrained 4
(b) Determinate 4
(c) Equilibrium <

From free-body diagram of plate
+) EMp = 0: B(20in.) - (50 1b)(15 in.) = 0
B=375lb — 4
4. ¥F =0: D,+3751b=0 D _=3751b —
+/5F,=0: D,-501b=0 D, =5001b{
or D =62.51b ™ 53.1° 4

continued
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Y
'S
Dx D C
A B8
8
50l

7. Two parallel reactions

(a) Improperly constrained 4

(b) Reactions determined by dynamics 4

(0) No equilibrium <«
8. Four non-concurrent, non-parallel reactions

(a) Completely constrained <«

(b) Indeterminate 4

(c) Equilibrium <

From free-body diagram of plate
+) =Mp, = 0: B(30in.) - (50 1b)(15in.) = 0
B=2501b [«
+| ZF, =0: D,-501b+2501b=0

D, =2501b [ «

. SF. =0: D +C=0
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Chapter 4, Solution 63.

Free-Body Diagram:

100 e

lCIOM

Note that the wheel is a three-force body, and let point D be the intersection of the three forces.

With a = 75 mm, it follows from the force triangle that

A _ P _90N
125 100 75

Then:
100
4=12(90N) =150 N, and
= (75) < 36.870°
0 = tan (100) = 36.870

or P=120.0N «

or A =150.0 N ™ 36.9° 4
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Chapter 4, Solution 64.

Free-Body Diagram:

100w | gg

1‘10&!

Note that the wheel is a three-force body, and let point D be the intersection of the three forces.

From the force triangle it follows that
9N A
a B 2 2
J100)? + (a)

A<igon

jﬂmo)ﬂ at

QoW
v 5
100)*
a=90 124, M
(«)
Setting 4 = 180 N and solving for a:
ON _ 180 N
a \/(100)2 +(a?)
2 2
, (100 +(a?)
4 =—"
4
(100)?
a=,|——=>57.735 mm
3
From (1) it follows that 4 will decrease as a increases. Therefore the value of a
calculated is a lower limit:
a>577mm 4
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Chapter 4, Solution 65.

Free-Body Diagram:
E c
} e T > Toe

\ 0.9
8
e |'4h~—)-l

o
60"/ N\ 20°
e = ..

Geometry:
EF = (2.4 tan30° + 0.9)in.
AF = EF tan30°

0.9

t =
M9 = (2 aw@n30° 1 0.9)@n30° + 2.4

¢ =13.6019°

Equilibrium: force triangle

Ee

)<

Using the law of sines on the force triangle:

B Fyp _ 3

sin120°  sin(60° — ¢)  sing

B=11.051b

F,, =9.2376 b

(a) Fy, = kx
9.2376 1b = k(1.2 in.)
Solving for &:
k = 7.698 Ib/in. or k = 7.70 Ib/in. <4
(b) B=11.051b ™ 13.60° «
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Chapter 4, Solution 66.

Free-Body Diagram:

Note that the bent rod is a three-force body. D is the point where the lines of action of the three
forces intersect.

(a) The requirement B = C means that the force triangle must be isosceles. Therefore 8 = ¢.
Which leads to the force triangle shown.

0 = 26.565° or 6 = 26.6° 4

(b) From the force triangle:

2Bsin@ = P, or with sinf =

1
J5

Therefore: B= % < 26.6° 4

C=@7 26.6° 4
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Chapter 4, Solution 67.

(a) Free-Body Diagram: (o = 90°)

A

A [») 3

Y

N

12n. 2]

c

&'n- (0in.

The bracket is a three-force body and 4 is the intersection of the lines of action of the three forces.

6 = tan”! 6. 26.565°
12

From the force triangle:
A = (75 1b)cotl

| —

= (75 Ib)cot 26.565° e

= 150.000 Ib A =

75 1b 75 1b
= Sin@ - sm26565° 1077051 +
F<ib

or A =150.01b | €
or C=167.71b ™ 63.4° 4

continued
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(b) Free-Body Diagram: (o = 45°)

| 16 .

Let E be the intersection of the lines of action of the three
forces acting on the bracket.

Triangle ABE is isosceles and therefore

AE = AB =16 in.

7o From triangle CEF

9 =tan~'[ $F | = tan1[ & | = 12.0948°
EF 28

M. {\Q_

From force triangle:
B =180°-135°-6
=180° — 135° — 12.0948°
= 32.905°

Using the law of sines:

A . Cc 75 1b
sin32.905°  sin135°  sin12.0948°

Solving for 4 and C:

A =194.4521b
C=253.101b

or A=19451b | 4

or C=2531b ™ 77.9° 4
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Chapter 4, Solution 68.

Free-Body Diagram:

Let C be the intersection of the lines of action of the three

Ta. | 204t 40 §t o forces acting on the girder
_1\ I “A b A - From triangle BCD:
h = (40 ft)cot30° = 69.282 ft
6000 Ul
From triangle ACD:
o
o = tan~'| 92821 ) _ 73 8979
20 ft
A
or o = 73.9° 4
P From force triangle:
B =90°—a =90° - 73.8979° = 16.1021°
y =180°—30° - B =180° —30° —16.1021° = 133.898°
€000 (b
Using the law of sines:
36°W

T, T, 6000 Ib

sin30°  sin16.1021°  sin133.898°
Solving for 7', and T} :

T,=416331b, T, =230941b

or T, = 4160 1b 4

and T, = 2310 1b <
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Chapter 4, Solution 69.

Free-Body Diagram:

P 5

From the free-body diagram:

0 = tan! {(900 mm)sin 50°

= 82.726°
88 mm

From the force triangle:

Fy = (130 N)tan@ = (130 N)tan82.726° = 1018.48 N

Force on nail is therefore

Ry = 130 N = 130 N =1026.74 N
cos@ c0s82.726°

-

g

e

130N

or Fy = 1.018 kN | «

or Ry = 1.027 kN ™ 82.7° «
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Chapter 4, Solution 70.

Free-Body Diagram:

From force triangle:
6 = tan'| 220N | _ g3 6360
290 N

From free-body diagram:

_ (900 mm)sin50°
/ 290N

2600M

tan @

B (900 mm)sin50°
"~ tan 83.636°

= 76.894 mm

or [ =769 mm 4
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Chapter 4, Solution 71.

Free-Body Diagram:

We note from the free-body diagram that the ladder is a three-force body. Point C in the free-body diagram is
the intersection between the lines of action of the three forces.

It then follows that:

. 1.75 m
sin = ——
(9.2 - 1.8) m
0 =13.6793°

Also:
AG = (9—22 - 1.8)111 =28m

BD = (9—;mjcos€ = (4.6 m)cos@

CD=CG+GD
AG

sin @

+ BGsin@

28 9.2 .
= +—sin @
sind 2

continued
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Then

28
tang = 2 _ sin13.6793°
BD 4.6¢c0s13.6793°

¢ = 70.928°

+ 4.6sin13.6793°

Now using the law of sines on the force triangle:

F, B w
sin(90° — @) sin@  sin[g + (90° — )]

Fy, B w
cos¢ sinf@  sin(g — )

(a) From the law of sines and noting that
W = (53 kg)(9.81 m/s*) =519.93 N

Fy 519.93 N

c0s70.928°  cos(70.928° — 13.6793°)
Fy =314.03N

(b) In the same way

B 519.93 N

sin13.6793°  ¢c0s(70.928° —13.6793°)

B =22728 N

$(\V

W

or F, =314 N « 76.3° 4

or B=227N ™ 70.9° 4
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Chapter 4, Solution 72.

Free-Body Diagram:

F-vJ
w
B  Fokce
TRIANGLE

We note from the free-body diagram that the ladder is a three-force body. Point D in the free-body diagram is
the intersection between the lines of action of the three forces.

It then follows that:

BD — 92 m

cos@ = (4.6 m)cosé =, but also that

BD = (1.75tan0 + 175 jm

tan @
Therefore
BD = 9.2m cosd = (4.6 m)cos@
This implies:
4.6cos@ =1.75tan@ + 175
tan @

92sin6 = 35(1 + tan’ 6) = 35sec’ 6

92sinfcos’ 6 = 35

continued
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Solving numerically for the smallest possible root:

6 =31.722°
Then sin31.722° = 75
92—-a
a=58717m or a =>5.87m <
(b) From the force triangle
g W
cos31.722°
Fy =61124 N or F, =611 N « 58.3° «
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Chapter 4, Solution 73.

Free-Body Diagram:

Let D be the intersection of the lines of action

201k of the three forces acting on the tool.

From the free-body diagram:

Xpe (14.4 in.)cos35° )
= = =32.409 1in.
pC tan 20° tan 20°

vae = (14.4 in.)sin35° = 8.2595 in.
Y tan_l( 3.6in. ]
Ypc — Ypc — 1.8 in.

—1 3.6 in.
= tan -
. — 0. — 1.0)1n.
(32.409 - 8.2595 — 1.8)

= 9.1505°
From the force triangle, using the law of sines:
20lb 4
7% sinax  sin20°
20°
or A=43.01b
A ? < 80.8° on tool, and A =43.0 Ib ™. 80.8° on rim of can. 4
AT *
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Chapter 4, Solution 74.

Free-Body Diagram:

Let E be the intersection of the lines of action
of the three forces acting on the tool.

From the free-body diagram, using law of sines:

L  6in+ (0.76 in.)tan 35°

sin 95° sin 30°

L =13.0146 in.

Also:

ygp =L -y, p —0.88in.

0.76 in.

" =13.0146 in. —
cos35°

—0.88 in.

=11.2068 in.

And

., (1.8 in.j
o = tan
YD

—an [ L3I0 o470
11.2086 1n.

Then from the force triangle and using the law of sines:

B 14 b
sin150°  sin9.1247°

Solving for B:
B =44.1411b, or

on the member B = 44.1411b 4" 80.9°, and on the lid B = 44.1 Ib 4~ 80.9° «
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Chapter 4, Solution 75.

Free-Body Diagram:

Based on the roller having impending motion to the left, the only contact
between the roller and floor will be at the edge of the tile.

First note W =mg = (20 kg)(9.81 m/s>) =196.2 N

From the geometry of the three forces acting on the roller

f o = cos ! [ 22 ) _ 53 0740
100 mm
and 0 =90°-30°-¢
= 60° — 23.074
= 36.926°
Applying the law of sines to the force triangle,
w P
sind sina
or 1962N P
sin36.926°  sin23.074°
S P =127991 N

or P=128.0N . 30° 4
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Chapter 4, Solution 76.

Free-Body Diagram:

100mm P

a0°
4

G

92mm @

W

~—

Based on the roller having impending motion to the right, the only
contact between the roller and floor will be at the edge of the tile.

First note W =mg = (20 kg)(9.81 m/sz)

=196.2 N

From the geometry of the three forces acting on the roller

o = cos™ [ 22 ) _ 53 0740
100 mm

and 6 =90°+30°-«
=120° — 23.074°
= 96.926°
Applying the law of sines to the force triangle,
w__ P
sinf  sina
196.2 N P

or =
sin96.926°  sin23.074

s P =77.460 N

or P=77.5N <~ 30° <4
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Chapter 4, Solution 77.

Free-Body Diagram:

Note that the clamp is a three-force body. D is the intersection
of the lines of action of the three forces.

From the free-body diagram it follows that:

Yp =(4.21in.)tan 78" = 19.7594 in.

1 Ypp = YV4p — 2.81n.
=(19.7594 — 2.8) in. = 16.9594 in.
Y
@ Then
Yao
6 = tan”'| 2D
7.8 in.
Vo 2igih = tan™! (—16‘95?4 m‘J = 65.3013°, and
L in.

o =90°-6-12°
FRTES W = 90° — 65.3013° — 12° = 12.6987°

(@) Using the maximum allowable compressive force on
the clamp:

(Rg), = Rysin® = 40 Ib

or Ry = ﬁ = 44.028 Ib
or R; =44.01b ™ 65.3° 4
(b) Using the law of sines for the force triangle:
Ry N, T

sinl2°  sine  sin(90° + 0)

440281 N, T

sin12° sin12.6987°  sin155.301°
which gives:

N, = 46.5511b or N, =46.61b | «

T =88.4851b or T =88.51b «4
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Chapter 4, Solution 78.

Free-Body Diagram: (for hoist AD)

_WE

Yee

\in

Note that the hoist AD is a three-force body.

E is the intersection between the lines of action of the three forces
acting on the hoist.

From the free-body diagram:
X, = (48 in.)cos30° = 41.5692 in.
Yp = (48 1in.)sin30° = 24 in.
Ypr = X4ptan75° = (41.5692 in.)tan75°
=155.1384 in.
Then:
. tan_l[yBE ~16 in.J _ ta11_1(139.1384)
X4p 41.5692
= 73.36588°

B =75 —a=75°-7336588° =1.63412°
6 =180° —15° - =165° —1.63412° =163.366°

From the force triangle and using the law of sines:

2600b B A4
sinf  sin€  sinl5°
2601b B A

sin 1.63412°  sin 163.366°  sin 15°
Solving for 4 and B:
(a) B =2609.9 Ib

or B =2.61kips ™ 75.0° «
#)  A=235981b

or A =236 kips = 73.4° 4
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Chapter 4, Solution 79.

Free-Body Diagram:

| 400 mm [

[

]
4
v

300wm

-

'1-4\

< wllo-d

Note that the member is a three-force body. In the free-body diagram, D is the intersection between the lines

of action of the three forces.

(a)  From the force triangle: T >
T-110N 3
T 4 4
3T = 4T — 440 N L 1
C

T =440 N 4

(b)  From the force triangle:
c 5

T 4
5 5
C=2T=2(440N) = 550 N
4 4
or C=550N 7 36.9° 4
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Chapter 4, Solution 80.

Free-Body Diagram:

T
e I & B0
. »
12 in. Fin.
N
BN b |
—_—— < iy -
A
Fin,
o
B
B |
Bin. | V6 . -t

Note that the member is a three-force body. In the free-body diagram, E is the intersection between the lines

of action of the three forces.
From the free-body diagram:

o= tan_l[%j = 61.928°

(8
= tan~'| = | = 33.690°
=)

From the force triangle:
o— f =61.928°—33.690° = 28.238°

180° — o = 180° — 61.928° = 118.072°

Using the law of sines:

T-18b T C
sinfe — ) sinf sin(180° — @)

T-18b T
sin(22.238°) ~ sin(33.690°)

B C
sin(118.072°)

Then:
(T -18 1b)sin(33.690°) = Tsin(28.238°)
or T=122.41b 4

T =122.4141b

and  (122.414 Ib)sin(118.072°) = Csin(33.690°)

C=194.723 1b
or C =194.7 b < 33.7° 4
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Chapter 4, Solution 81.

Free-Body Diagram:

Ittt

Note that the peavey is a three-force body.

In the free-body diagram, D is the intersection of the lines
of action of the three forces acting on the peavey.

44 in.
44 in. + 8 in.

B = tan_l( ] = 40.2364°

o =45° - 3 = 45° — 40.2364° = 4.7636°

From the force triangle, using the law of sines:

wo_ Cc 4
sinff  sin  sinl135°

801b C 4
sin40.236° sin4.7636°  sin135°
Solving for C and 4:

(@  C=1028521b
or C=10.291b << 45.0° 4
(b)  A=875761b
or A =87.61b ™ 85.2° ¢
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Chapter 4, Solution 82.

Free-Body Diagram:
Note that the peavey is a three-force body.

D In the free-body diagram, D is the intersection of the lines
of action of the three forces acting on the peavey.

ﬂ _ tal’l_l 44 in.
DC + 8 in.

where DC = (44 in. + a)tan30°

a= R - R
(tanSOo]

= 4 in. — 4 1in.
tan 30°

=2.9282 in.
Then:
DC = (46.9282 in.)tan 30° =27.0940 in.

and

. tan_][ 44 in.

— | =51.4245°
35.0940 in.)

o =60°— f=60°—51.4245° = 8.5755°

Now from the force triangle, using the law of sines:

wo_C A
sinff  sina sinl20°
80 1b C A

sin51.424°  sin8.5755° sin120°

Solving for C and A4:
(a) C =15.25871b

or C=15261b T 30.0° 4

(b)  A=88.6211b
or A =88.61b ™ 81.4° ¢
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Chapter 4, Solution 83.

Free-Body Diagram:

From the free-body diagram, the member AB is a three-
force body. Let D be the intersection of the lines of action of

ET— — — AD the three forces acting on AB. Then, using triangle BCD:
: 30° CD = (250 mm ) tan 60° = 433.01 mm
[ Also:
| gl AF = AE + EF = AE + CD
l 330N 3 o
£ I XCr3e = (300 + 433.01) mm
KN e = 733.01 mm
7 famemn T 250 e ™ FD 250
doom= ] @ =tan' == =tan"!
1.9 AF 733.01
Y (N =18.8324°
A From the force triangle
B o =180° — 30° — 18.8324°
| 12.9324° = 131.168°
A Using the law of sines
A B 330N
330 sin30°  sin18.8324°  sin131.168°
’)t’( Solving for 4 and B:
A=219.19N, B=141.507N
Oﬁ
AW or A=219N « 71.2° 4

or B=141.5N ™ 60.0° <
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Chapter 4, Solution 84.

Free-Body Diagram:

From the free-body diagram it follows that

9.6 — 8sin20°
tanf = ————
8c0s20°
0 = 42.397°

Also:
BE = 20sin20° + (20c0s 20°) tan 42.397° = 125in 20°(12 c0s 20°) tan ¢

@ = 60.456°
Then using the law of sines on the force triangle:
Tip _ C __601b
sin(90° — @)  sin(90° +6) sin(¢ —0)
Tip C 60 Ib

= = FolCcE€ TRiANELE

c0s60.456° co0s42.397° sin18.059°
(@) T,p=954381 or T,p, =95.411b 4
() C=1429351b or C=142.9351b ™ 60.5° 4
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Chapter 4, Solution 85.

Free-Body Diagram:

(a)  Using the law of cosines on triangle ABC:

R*=(2R)* + (2R)* - 2(2R)(2R)cos 6

1=8—-8cosf
cost9=1
8
6 = 28.955°

Also,
2Rcos(0 + o) = Reosar

2R(cos@cosor —sin@sinar) = Rcosor

_2cosf —1  2c0s28.955° -1

= ing 25in 28.955°
o =37.761° or ¢ =37.8° 4
(b)  From the free-body diagram:
2R R
sing sind
sing = 2sin@ = 2sin 28.955°
@ = 75.522°
Now using the law of sines on the force triangle:
N, Ng B w

sin[90° — (9 — )] sin[90°— (8 + )] sin[ (6 +a)+ (9 -a)]

N, Npg mg

cos(¢ — &) - cos(6 + ) N sin(6 + ¢)

10°-(0 + %)

NA
c0s37.762° cos 66.716°  sin104.478°

Ng _ mg Dol - W

qo’-(4-=)
Solving for N , and N:

N, =0.816 mg £ 66.7° 4
N, =0.408 mg ™. 37.8° 4
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Chapter 4, Solution 86.

Free-Body Diagram:

(a)  Note that the rod is a three-force body. Using the law of cosines on triangle ABC:

R? =(2R)* + I* — 2(2R) Lcos

3R? + I?
4RL

cosf =
Also,

%cos 45° = 2R cos(@ + 45°)
L s
ECOS 45° = 2R(cos @ cos45° — sinfsin 45°)

i = cos@ — sinf
4R

Using (1) and that sin@ = /1 — cos’ @
\/(4RL)2 ~ (3R> + L2)2
4RL

sinf = , this gives

(1)
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I 3R 42 \/(4RL)2 - (382 +L2)2

4R 4RL 4RL

P -(3R + 12)= —\/(4RL)2 ~(3R*+ L2)2
Squaring both sides and simplifying:
9R* =16R°L’ — (9R* + 6R*[> + L), or
L' —10R*L* +18R* =0
Solving for I*:
I? = (5 +7 )Rz, and taking the largest root
L =(5+7)R’
(b)  Using the value of L obtained in (a) and (1)
3R + (5 +7)R?
4R(5+7 )V2 R

6 =15.7380°

cosf =

Now using the law of sines on triangle ABC in the free body diagram:

2R R
sing sind

sing = 2sin@ = 2sin15.7380°
¢ = 32.852°
Now using the law of sines on the force triangle:

N, Ny mg

or L =2.77R 4

Q- (9 +4¢,

- (359~

cos(135° —32.852°)  sin(45° —15.7380°)  sin(15.7380° + 32.852°)

Solving for N , and N:

N, =1303mg £ 60.7° 4

N, =0.652 mg 3= 12.15° <4
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Chapter 4, Solution 87.

Free-Body Diagram:

Note that the wheel is a two-force body and therefore the
force at C is directed along CA and perpendicular to the
incline.

The wheelbarrow is a three-force body. Let D be the
intersection of the lines of action of the three forces acting
on the wheelbarrow. Then, using the triangle DEG

DE = EGtan72° = (8 in.)tan 72° = 24.6215 in.
DF = DE — EF =24.6215in. — 9 in. =15.6215 in.
Using triangle DFB:

FB 4
o= tan” — = tan_l( 0

15.6215

= 68.667°
DF

From the force triangle:
a=¢—18°=68.667° —18°=50.667°
B =180° - 50.667° —18°=111.333°
Using the law of sines:
B C 120 1b

sin18°  sin50.667°  sin111.333°
B =39.809 b, C=9.6441b
(a) Noting that the force on each handle is B/2:

%B =19.90 Ib ™ 39.3° 4

(b) Reaction at C:
C=99.61b « 72.0° 4
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Chapter 4, Solution 88.

Free-Body Diagram:

-c
FoRCcES gny
wINEE L
3 \&
From the free-body diagram:
8in.— (23 in.)tan18°
a=(40in.)tan@ — 32 in. = in. - (23 in.)tan
tan18°
6 = 40.048° 9°
Then, cC
@ =90° — 18° — 40.048° =31.952° 120 (o - “ ¢
162"~
Now, using the law of sines on the force triangle:
2B2) C _ 120 Ib b {/' B
sin18°  sin31.952°  sin(162° — 31.952°) -
and solving for B/2 and C:

(a) %B =2421b « 58.0° 4

(b) C=83.01b ™ 72.0° 4
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Chapter 4, Solution 89.

Free-Body Diagram:

Note that the rod is a three-force body. In the free-body
diagram, E is the intersection between the lines of action
of the three forces.

L=loin.

Using triangle ACF in the free-body diagram:
Yo =dtanf
From triangle CEF:

Xpp = Veptan@ = dtan’ @

and from triangle AGE:

2
cos¢9=d+xFE=d+dtan9 (1

(%) (%)

Noting that 1 + tan® @ = sec’ 8 = 12
cos“ @

(1) gives

2 1

cosf = —d(—2j, or
L \ cos” @
cos’@ = ﬁ
L

Using the given values of d = 2.8 in., and L =10 in.
~2(2.8in.)

0s> 6 =0.56
m.
cosf = 0.82426
0 = 34.486° or 8 =34.5° <4
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Chapter 4, Solution 90.

Free-Body Diagram:

As shown in the free-body diagram of the slender rod 4B, the three forces
intersect at C. From the force geometry

tan § = 2GB.
Yan
where
Y5 = Lcos@
|
and Xgp = ELsmﬁ
L Lsin@
tanff = 2— = l‘[ané?
Lcos@® 2

or tan@ = 2tan 5 4
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Chapter 4, Solution 91.

Free-Body Diagram

Yec

£b.d.

(a) As shown in the free-body diagram. of the slender rod AB, the three
forces intersect at C. From the geometry of the forces

(b)

where

and

or

For

tan § = Xes.
YBC
1, .
Xcp = ELsmG
Yge = Lcos@

1
tan f = EtanH

tan@ = 2tan
B =25°

tan@ = 2tan25° = 0.93262
6 = 43.003°

or 6 =43.0°4

W =mg = (10kg)(9.81m/s*) = 98.1N

From force triangle

and

B =

cosff cos25°

A=Wtanf
= (98.1 N)tan25°
=45.745N
or A=457N-— <

w__98IN _ 108.241N

or B=1082N «~ 65.0° 4
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Chapter 4, Solution 92.

Free-Body Diagram:

A
P
V'/ [
o
QQ
b 9%\
E 3§
\a7

Note that the rod is a three-force body. In the free-body diagram, D is
the intersection between the lines of action of the three forces.

Using triangle BCE:
a = BE = BCsiné
and from triangle BCD

BC = BDsin@

Then a = BDsin*#@
Also from triangle ABD

BD = Lsin#, so

a = Lsin’@

~| e
—_
A

or 6 = sinl(
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Chapter 4, Solution 93.

Free-Body Diagram:

[

Note that the athlete is a three-force body. From the free-body diagram

3a + latané?
2 _ 4a
tan & tan (6 + ¢)
4tan @
tan(6+¢)=———— (1)
3+ —tan @
2
From the force triangle, using the law of sines W
Fu_ : " or, using F,, = 0.8W (30°- (0 +)
sin@  sin [180o -(60+ ¢)J
sin(6 + ¢) = 1.25sin 6
Now, using (1)
0+¢= tan™! _dtan6 = sin"!(1.25sin )
3+ —tan@
2
Solving numerically for
6 =15.04° <
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Chapter 4, Solution 94.

Free-Body Diagram:

(a)

From triangle BCD:
1251
a=—2
cos@
L
—=1.6cosd
a
Using (2) in (1):

1.6cos@ =1+ tan @ tan 260

sin@ sin26  sin@ 2sinfcosf _ 2(1 —00529)

Using triangle DBC which is isosceles
DB =a
and using triangle BDE
ED = DB tan 20 = atan 26
From triangle GED

L —

D = ( a) , and therefore
tan @

atan26 = L= a’ or
tan @

atan@tan20+1)=L

Noting that tanftan 26 = = 5 = 5 , (3) gives
cos@ cos28  cosf 2cos“ 6 —1 2cos“ 6 —1
2(1 — cos® 6‘)
1.6cosf =1 +—————,or
2cos“ 8 — 1
3.2cos” @—1.6c0s0—1=0
Solving numerically, 8 = 23.515°
(b) Substituting into (2) for L = 8 in,,
8 in.
= é& = 5.4528°
8 c0s23.515°

Note that the rod is a three-force body. In the free-body diagram, E is
the intersection of the lines of action of the three forces.

(M

2

3)

or 8 =23.5°4d

or a=5.45in. 4
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Chapter 4, Solution 95.

Free-Body Diagram:

The forces acting on the three-force member intersect at D.

(a) From triangle ACO
6 = tan™' (L) = tan”! (l) = 18.4349° or 6 =18.43° 4
DO 3r 3
(b) From triangle DCG tanf = ——
DC
DC=_"_ - r -
tand tan18.4349°
and DO=DC+r=3r+r=4r
a = tan™! [yﬂj
X4G
where Voo = (DO)cos = (4r)cos18.4349°
— 3.4947r
and X, = (2r)cos@ = (2r)cos18.4349°
=1.89737r
o = tan | 222477 ) _ 63 4350
1.89737r
where 90° + (0! - 9) = 90° + 45° = 135.00°

Applying the law of sines to the force triangle,
mg Ry

sin[90° + (o - 49)]  sin@

R, = (0.44721)mg
Finally, P =R, cosox

= (0.44721mg)cos 63.435°

= 0.20000mg or P= % <
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Chapter 4, Solution 96.

Free-Body Diagram:
&

(S0 mm

100 mwm
-y S

200 rima

IM, = 0:  [(450 mm)i|x D +[ (150 mm)i]x [ (=180 N)j]+[(250 mm)i]x[(-300 N)k] =0

(450 mm) D,k — (450 mm)D.j — (150 mm)(180 N)k + (250 mm)(300 N)j = 0
Setting the coefficients of the unit vectors equal to zero:
k: D450 mm) - (180 N)(150 mm) =0, or D, =60.000 N
i: (300 N)(250 mm) - D, (450 mm) =0, or D, =166.667 N

D = (60.0 N)j+(166.7 N)k «

SF,=0: A =0
SF, =0: A, +60.000N-180 N =0, or A, =120.000 N

SF,=0: A +166.667N-300N =0, or 4, =133333N
A =(120.0 N)j+(133.3 N)k «
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Chapter 4, Solution 97.

Free-Body Diagram:

96 \b -

XF, =0:

=0

D,
M, =0: [(=7in)i|xC+[(2in.)i+ (3in)k]x[(530 Ib)j+ (~192 Ib)k |

+[ (-3 in.)i+ (6in.)j]x[(-96 Ib)j + (265 Ib)k | = 0

or = (7in)Ck + (7 in)C.j+ (2in.)(530 1b)k + (2 in.)(192 Ib) j - (3 in.)(530 Ib)i
+(31in.)(96 Ib)k + (31in.)(2651b)j + (6 in.)(265 Ib)i = 0
Setting the coefficients of the unit vectors to zero:
k:  —C,(7in)+(961b)(3in.) + (530 1b)(2in.) =0, or C, =192.5711b
it C.(7in)+(2651b)(3in) + (1921b)(2in.) =0, or C. =-168.429 b
C =(192.61b)j - (168.4 Ib)k «

Then:

2F, =0: 19257116 -96 b+ D, +5301b =0, or D, =-626.571b

SF,=0: —1684291b+2651b+D. -1921b=0, or D, =954291b

D =—(6261b)j+(95.41b)k «
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Chapter 4, Solution 98.

Free-Body Diagram:

SF,=0: D,=0
IMj, =0: [(=7in)i]x C+[(2in)i+(3in.)k |x[(5301b)j+ (- 192 Ib)k |
+[(=3in.)i+(6in.)j]x[(2651b)j+ (-96 Ib)k | =0
or —(7in.)C k + (7 in.)C.j+ (2 in.)(530 Ib)k + (2 in.)(192 Ib) j — (3 in.)(530 Ib)i
— (3in.)(265 1b)k — (3 in.)(96 Ib)j — (6 in.)(96 Ib)i = 0

Setting the coefficients of the unit vectors equal to zero:

k: -C,(7in)—-(2651b)(3in.) +(5301b)(2in.)=0, or C,=37.8571b
it C.(7in.) + (96 Ib)(3in.) + (192 1b)(2in.) =0, or  C. =-96.000 Ib
C=(3791b)j—(96.01b)k «

Then:
ZFy =0: 37.8571b+2651b + Dy +5301b=0, or Dy =-832.861b

SF,=0: -961b+961b+D.-1921b=0, or D, =192.000Ib

D =—(8331b)j+(192.0Ib)k «
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Chapter 4, Solution 99.

Free-Body Diagram:

Note that W = mg = (18 kg)(9.81 m/sz) =176.580 N

Moment equilibrium:

IM, =0: 1y, % (B,j+ BK)+ 10, x Ck+15,x(~176.580 N)j=0

or
i k| i j k i j k
1.5 0 0]+[1.2 1.25in60° —1.2¢0860° +|0.6 0.65in60° —0.6c0s60° =0
0 B, B |0 0 C, 0 -176.580 0
or [1.2C. sin60° — (105.948 N)cos60° i + (=1.5B, — 1.2C. ) j + (1.5B, —105.948 N)k = 0

Solving the equation one component at a time:

From i component: 1.2C. sin60° — (105.948 N)cos60° =0, or C.=50974N
From j component: -1.5B. -12C. =0, or B.=-0.8(50.974 N)=-40.779 N
From k component: 1.5B, —105.948 N=0, or B, =70.632N

Force equations:

2F,=0: 4,-176.580 N +70.632N=0, or A4,=105948N

2F,=0: A4 +50974 N -40.779 N =0, or A, =-10.195N

Therefore:

A =(1059N)j- (1020 N)k «
B =(70.6 N)j— (40.8 N)k «

C=(51.0N)k «
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Chapter 4, Solution 100.

Free-Body Diagram:

(@) =M =0: [(250 mm)i | x D +[ (150 mm)i + (50 mm)j] x (150 N)k
+[ (150 mm)i + (=50 mm) j| x Tk +[ (325 mm)i + (55 mm)j | x (=F})j = 0

or (250 mm)D k — (250 mm)D,j+ (150 mm)(150 N)j - (50 mm)(150 N)i
— (150 mm)T j — (50 mm)7 j — (325 mm)F k = 0

continued
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Setting the coefficients of the unit vectors equal to zero:

i: (150 N)(50mm)-7(50mm)=0, or T =150N T =150 N «

i (=150 N)(150 mm) — (150 N)(150 mm) — D, (250 mm) =0, or D, =-180N

325
k:  (D,)(250 mm) - F;(325mm) =0, or D, = T

Spring force Fj = kx, where
k =366 N/m
elongation of spring x = (yE)0:180° - (vg )9:0°
= (300 + 55) mm — (300 — 55)mm
=110 mm
So,  Fy =(366 N/m)(0.110 m) = 40.26 N

Substituting into expression for D,:

D, =52.338 N
Force equations:
2F, =0: D.=0
2F, =0: C, +52338N-4026 N=0, or C,=-12.078 N
2F, =0: C.+150 N+150 N-180 N=0, or C,=-120.000N

Therefore:

C =—(12.08 N)j—(120.0 N)k «

D =(523N)j—(180.0 N)k «
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Chapter 4, Solution 101.

Free-Body Diagram:

Start by determining the spring force, Fy:
F; = —F;cos@j + Fsinfk
The magnitude Fj = kx, where

k =366 N/m, and

elongation of spring x = (¥),_gee = (¥£)g_ye

= \/(300 mm)2 +(55 mm)2 — (300 mm — 55mm)
=305 mm — 245 mm = 60 mm

So, F = (366 N/m)(0.06 m) = 21.96 N. Note that the length of the spring at & = 90° is therefore 305 mm.
Then

F, = —(21.96 N)(%jj +(21.96 N)(%)k

or F; =—(21.6 N)j+(3.96 N)k

continued
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IMe =0: [(250 mm)i|x D +[(150 mm)i + (50 mm)j]x (150 N)k
+[ (150 mm)i + (=50 mm) ] x Tk
+[ (325 mm)i + (-55 mm)k | x [ ~(21.6 N)j+ (3.96 N)k | = 0
or (250 mm)Dk — (250 mm)D.j+ (150 mm)(150 N)
~(50 mm)(150 N)i - (150 mm)7 j — (50 mm)T j
—(325 mm)(21.6 N)k — (325 mm)(3.96 N)j — (55 mm)(21.6 N)i = 0

Setting the coefficients of the unit vectors equal to zero:
(a)
i: (150 N)(50 mm) — 7(50 mm) — (21.6 N)(55mm) =0, or T =126.240 N

T =1262N <«
i: (-150 N)(150 mm) — (126.24 N)(150 mm) — (3.96 N)(325 mm) — D_ (250 mm) = 0,

or D, =-170.892 N
k:  (D,)(250 mm) - (21.6 N)(325 mm) =0, or D, =28.080 N

Force equations:
3F. =0: D.=0

X

SF,=0: C,+28080N-21.6N=0, or C,=-64800N

XF, =0: C,+126240 N+150 N-170.892 N+396 N =0, or C, =-109.308 N
Therefore:

C=—(6.48N)j—(109.3 N)k «
=(28.1N) j— (1709 N)k «
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Chapter 4, Solution 102.

Free-Body Diagram:

The weight is IV = mg = (170 kg)(9.81 m/s?) = 1667.7 N
My =0: 1oy XN +rp XNp+r,XW=0
or  [(-03m)i+(12m)k]|xN,j+[(1.8m)i+(0.9m)k|x Nyj
+[(0.6 m)i + (0.6 m)k | x (- )j =0

or  —(03m)Nk —(12m)N i+ (1.8m)Nzk — (0.9 m)Nyi — (0.6 m)Wk + (0.6 m)Wi = 0

Equating the coefficients of the unit vectors to zero:

i:  —12N, - 09N, +0.6/ =0
AN, +3Ny0 =20 (1)
it —03N,+18N,—0.6W =0
~N,+6Nz0=2W 2)
~2x[Eq. (1)]+Eq. (2)  gives
9N, =2W

Ny = %W =370.60 N

continued
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Now (2) gives

Ny = Low+ 2w | =%
6 9 27

Ng =617.67N,
and from (1)
2F,=0: Ny+Ng+Nc—-W=0
370.60N + 617.67 N + N- —1667.7 N =0
Ne =679.43 N
Therefore the forces on the blocks are:
N,=371N| <«
N, =6I8N | <
N = 679N | <
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Chapter 4, Solution 103.

Free-Body Diagram:

The location of the bucket of sand will be (xg,c,zg).
The weight is ¥ = mg = (170 kg)(9.81 m/s*) = 1667.7 N
SF,=0: 3N-W-Wg=0
N = %(W + W) (1)
XM, = 0: Yoy XN +Top XN + 150 XN + 156 X W =196 X Wy =0
or  [(03m)i+(1.2m)k]|xNj+[(2.4m)i+(0.9m)k]|xNj
+(0.6 m)ix Nj+[(1.2m)i+ (0.6 m)k | x (=W )j+ (xgi + zgk) x (W) j =0
or  (03m)Nk—-(12m)Ni+(24m)Nk—(09m)Ni+(0.6m)Nk
~(12m)Wk + (0.6 m)Wi — xgWsk + zgWsi = 0

Equating the coefficients of the unit vectors to zero:

i —(1L2)N = (0.9)N +(0.6)W + zgg =0

continued
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or, using (1)
—2.1[§(W + WS)} + 0.6/ +zWg =0

0.w

Wy =—"""—
S z,-07m
k: 03N +24N+06N —12W —x Vg =0

or, using (1)

W = 0.1 2
ST
L.Im — xg

For (Wj )min , (1) and (2) imply that xg, should be chosen as small as possible and that zs should be chosen as
large as possible with the constraint that

(1.1 m — xS) = (ZS - 0.7 m)
or Xg +zg =1.8m.

The smallest xg and the largest zg that satisfy this condition are

zg=12m |

The corresponding value of Wy is:

0.1(1667.7 N)

o =——————> =33354N

1.1m-0.6m
Therefore the smallest mass of the bucket of sand is

333.54 N

me) . = """~ =34.000k or (m¢) . =34.0ke 4
( S)mm 9281 1’1’]/82 g ( S)mln g
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Chapter 4, Solution 104.

Free-Body Diagram:

Cbd.
First note W = (51b/ft)(2 ft) =10 1b
Wee = (51b/ft)(4 ft) = 20 1b
W =W, +Wg =301b
To locate the equivalent force of the pipe assembly weight

l‘G/B X W = Z(l‘i X Wl) . I‘G(AB) X WAB + l‘G(BC) X WBC
or (31 + 26K) X (=30 1b) j = (1 ft)k x (~10 Ib)j + (2 ft)i x (-20 Ib) j

—(30 Ib) xgk + (30 Ib) zgi = (10 Ib-ft)i — (40 Ib-ft) k

From i-coefficient Zg = 101b-ft _ lft
301b 3

k-coefficient Xg = 40Ib-ft 1l

301b 3

From free-body diagram. of piping
IM, =0  W(zg)-T,(21t)=0
1 1
T, = Eﬂ 301b Eﬂ =51b or T,=5.001b
YF, =0: 5b+7,+7,-301b=0

T,+T. =251b (1)

continued
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SM, =0:  Tp(1.25ft)+ T (4 ft) - 30 1b(§ftj =0
1.25T, + 4T = 40 Ib-ft

—4[Equation (I)J —4T}, — 4T, = -100

Equation (2) + Equation (3) -2.75T,, = —60

T, =218181b or T, =2181Ib

From Equation (1) T =25-21.818 = 3.1818 Ib or

Results:

T. =3.181b

(2)

3)
T, =5.001b <4
T. =3.181b 4
T, =21.81b 4
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Chapter 4, Solution 105.

Free-Body Diagram:

First note W, =(5Ib/At)2ft)=101b
Wye = (51b/ft)(4 ft) = 20 1b
From free-body diagram. of pipe assembly
2F,=0: T,+T-+T,-101b-201b=0
T,+T.+T,=301b (1)

M, =0: (10b)(1ft)-T,(2f)=0

or T,=5.001b 2)
From Equations (1) and (2) To+T, =251b 3)
IM, =0: To(41t)+Tp(apy) —201b(2ft) =0
or (4 ft)Te + Tpay,, = 401b-ft 4)

continued
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Using Equation (3) to eliminate 7

4(25 = Tp) + Tppg, = 40

or amax=4_T_
D

By observation, a is maximum when 7}, is maximum. From Equation (3), (7p,)__

Therefore, (7,) =251b and

max

60
Opax =~ -7
25

=1.600 ft

Results: (a)

(b)

occurs when 7, = 0.

Gy = 1.600 ft 4

T, =5.001Ib <
T. =04
T, =2501b 4
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Chapter 4, Solution 106.

Free-Body Diagram:

]‘1’
0.531b
0-44 b

lzcnnh'l'*.""

The free-body diagram indicates the forces on the camera and tripod slid along their lines of action to the
plane ABCD.

Note that the x-coordinate of the center of mass of the camera is:
Xeam = —(24in.—1in.) =-1.4 in.
My =0: (=3in)kxCj+[(~1.5in)k - (1.4in)i]x (-0.44 1b)j
+[(-1.5in.)k — (2.8in.)i]x (=0.531b)j+ [ (-1.5in)k — (3.2 in.)i|x 4,j =0

or  (3in.)C,i—(1.5in.)(0.44 Ib)i + (1.4 in.)(0.44 Ib)k — (1.5 in.)(0.53 Ib)i
+(2.81in.)(0.53 Ib)k + (1.5in.) 4,i — (3.2 in.) 4 k = 0

Setting the coefficients of the unit vectors equal to zero:

k:  —4,(3.2in.)+(0.531b)(2.8in.) +(0.44 1b)(1.4 in.) = 0

A, = 0.65625 Ib or A, =06561b | «

continued
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i (3in.)C, - (1.5in.)(0.44 Ib) — (1.5 in)(0.53 Ib) + (1.5 in.)(0.65625 Ib) = 0
C, = 0.156875 Ib or C, =0.15691b | «
SF, = B, —0.53 b — 0.44 b + 0.156875 Ib + 0.156875 Ib = 0
B, = 0.156875 Ib or B, =0.15691b | <
(b) Free-Body Diagram:

\,.‘_l cAn

=Y

Condition for no tipping: B, > 0
M, =0:  [(32in)i+(-1.5in)k]|xCj+[(3.2in)i+ (15 in)k |x B,j
+(1.81in.)ix (~0.44 Ib)j +{[1.8 in. - (1.4 in.)cos® Ji — (1.4 in.)sinOk} x (~0.53 Ib) j = 0
or  (32in)Ck +(1.5in.)C,i+(3.2in.) B,k — (1.5 in.) B,i — (1.8 in.)(0.44 Ib)k
+[1.8 in. - (1.4 in.)cos & |(=0.53 Ib)k + (1.4 in.)sin&(~0.53 Ib)i = 0
Setting the coefficients of the unit vectors equal to zero:

i: C, (1.5in.) - B, (1.51in.) — (0.53 1b)(1.4 in.)sin@ = 0

14 .
C,=B,+(053 lb)gsmé’
k: (B, +C,)(3.2in.) = (0.4 Ib)(1.8 in.) — (0.53 Ib)[ 1.8 in. — (1.4 in)cos# | = 0

or

28, (3.2 in) + (0.53 1b){(%}(3.2 in.)sing + (1.4 in.)cose} ~(0441b +0.53 b)(1.8n.) = 0

continued
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Solving for B, :

B, = m{(O.M Ib +0.53 1b)1.8 in. — 0.53 lb{[%)(&Z in.)sin 6 + (1.4 in.)cosﬁ}}
and By >0

2.3531 > 2.1333sin 8 + cos@

To solve for @:

2.1333sin8 + cos@ = Acos(H + 0{)

= A(cos@cosex — sinfsin )

where

A = (2.1333)> + (1)* = 2.3561, and
o = tan™! (ﬂj, which (noting that cosa > 0) gives

o = —64.885°
The inequality for B, becomes:
2.3531 > 2.3561cos(8 — 64.885°)
or cos(6 — 64.885°) < 0.99873

or @ - 64.885° < cos™'(0.99873)

or 6 < 64.885° + 2.8879°
6, = 62.00° 4
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Chapter 4, Solution 107.

Free-Body Diagram:

9
AT, I
6o

A J
Q& 0 & = —

T 7 Whs B

L

& W EA {E’_" L

&

Lo T
[]

z i"

¥

IMp =00 rp XT, +1p0 X T + 150 X Wyp + 150 X Wpp + 156 X W, 5 =0

)L . 3 L 1
or —LixT,j+||——*—i+2Lk||xT-j——ix|——Wj
4 { @n60° | 4 J S ( 3 J)

+ —£i+£Lk x(—lej+ —£i+£Lk x(—le)zo
4 4 3 4 4 3

5 5

or —LTk- ﬁLTCk i Emcr e Eomi - B Bowi= 0
4 4 6 12 12 4 12

Equating the coefficients of the unit vectors to zero:

WS WA relL=0

3 4 3 4
oW

T, =—_
C 3\/5

wW3L WL WL 2W 3L

k: T L+l TR A0
T34 T34 32 3343

w

TAZ?

continued
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sEo=0. T+l e oo

yo 3 33

Therefore:

r, = 2

o

2w

33

TC =
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Chapter 4, Solution 108.

Free-Body Diagram:

1’4
Note that:
vt L,
C 2 \/gC
(a)Setting: T, =T, =T
XM, =0: You X T +xop X T +¥oc X T + x5 XW + 150 X Wyp + 156 X W, =0
L L L ()L, 3
or ——ixXT j+—ixTpj+ || —— i+—Lk |xXT.j
o ATl [2 tan60° | 4 !

+[%i + éLkJ X (—%Wjj + [—£i + gu(] X (—%Wjj + (xci + zck) x (=Wj) = 0

2
L L [L (3)L

2  tan60°

3
or -—Tk+—-Tk+ Tk +=LT:i
2A 2A ]C 4 C

13 13

B AL T S L C XK + z A =
34 34 4 34

continued
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Equating the coefficients of the unit vectors to zero:
3 4 3 4

or, using the relation between x¢, and z¢:

3 L V3
2T+ | ——+ | =Bxo + 2L | W =0
k: —£T+LT Ll—ﬁ TC—LLW+LLW—xCW—0
2 4 12 12
1 3
Ll =—— T, = xW
(2 4JC C

Substituting (3) into (2)

e Sl

4
TC = EW
4
ZFy=0 2T+§W 2W =0
r="
3
Therefore:

(b) Using T¢ in (1):
W\/_ WﬁL—[iW)%L+WZC =0

347374 3

ST

and from geometry

=£—Lz zl(z_ﬁ)L

X
cT5 \/§ cT3
Therefore:

(M
2
3)
w
= TB = ? 4
T. =2 <

(2-3
1
"G
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Chapter 4, Solution 109.

Free-Body Diagram:

(a) £F,=0:  3(R)-135N =0
R=450N

M, =0: rp xRy +r, o XRe+r1r,6xF;, =0

or  [(0.9m)i+/k]xRj+[li+(0.9m)k]|xRj+[(0.450 m)i+(0.450 m)k | x (~Fy j) = 0

or  (0.9m)Rk —[Ri+/Rk — (0.9 m)Ri—(0.450 m)F, k +(0.450 m)Fj, i = 0
Equating the coefficients of the i unit vector to zero:

i: —IR-(09m)R+(045m)F, =0
Using that Fj, =3R
—/—(0.9m) +(0.45m)(3)=0

[/ =0.450 m or / =450 mm 4

continued
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(b) Free-Body Diagram:

M, =0: rpXRp+r, o XRe+rxXE, =0

or

[(0.9m)i+(0.5m)k]|xRj+[(0.5m)i+ (0.9 m)k]x Rj+[(0.450 m)i+ (0.450 m)k | x (~135N)j =0

(0.9 m)Rk — (0.5 m)Ri + (0.5 m)Rk — (0.9 m)Ri — (0.450 m) Fy,k + (0.450 m) Fyi = 0

Equating the coefficients of the unit vectors to zero

i:  —0.5R; —0.9R. +60.75 = 0
k:  09Ry +0.5R. —60.75 =0
0.5%[Eq. (1)] + 0.9% [Eq.(2)]  gives
[-0.5(0.5) +(0.9)(0.9) | Ry + (0.5 - 0.9)60.75 = 0
Ry = 43393 N

Now using (1)
—0.5(43.393) —09R- +60.67 =0

Ro = 43393 N

2F, =0: R, +43.393+43393-135=0

(1)
()
R, =482 N «
Ry = 43.4N <«
R. = 434N <
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Chapter 4, Solution 110.

Free-Body Diagram:

(0.75 ft)ix (4,j+ AK)+(3.75 ft)ix (B,j+ B.k) + [ (225 ft)i + (3 fi)k | x (=27 Ib)
+[ (45 ft)i+ (525 ft)k [x C,j =0

or

(0.75 ft) A )k — (0.75 ft) A, + (3.75 ft) Bk — (3.75 ft) B.j — (2.25 ft) (27 Ib)k
+ (3 £t)(27 Ib)i + (4.5 ) C )k — (5.25 ft)C,i =0

Setting the coefficients of the unit vectors equal to zero:

i (27)(3f)-C,(5256) =0

C, =15.4286 Ib

K (271)(15 ) + B, (3 t) — (154286 1b)(3.75 ft) = 0
B, =-5.78575 Ib

IF, =0 A, —5.785751b - 27 1b +15.4286 Ib = 0
A4, =17.3572 1b

Therefore:

(a) A, =17361b | <
(b) B, =5791b, «
() C,=15431b | <
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Chapter 4, Solution 111.

Free-Body Diagram:

0.1kt

IMg =0: (075 ft)ix (A,j+ AK)+(3.75 ft)ix (B,j+ B.k)+[(2.25 ft)i + (3 fi)k | x (-27 Ib) j
+[(3.75 ft)i + (6 f)k | C,j =0
or (075 ft) Ak — (0.75 ft) Aj + (3.75 ft) Bk — (3.75 ft) B.j — (2.25 ft)(27 Ib)k
+(3ft)(27 Ib)i + (3.75 ft)C k — (6.0 ft)C,i =0
Setting the coefficients of the unit vectors equal to zero:
M, =0:  (271b)(3ft)-C,(6ft)=0

C, =13.5000 Ib

=M, =0: —(271b)(1.5 ft) + B, (3 ft) - (13.5000 Ib)(3 ft) = 0
B, =0

SF,=0: A, +13.50001b—271b =0

A, =13.5000 Ib

Therefore:
(a) A, =13501b | «
(b) B,=0 <
() C,=13501b | <
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Chapter 4, Solution 112

Free-Body Diagram:

Express all forces in terms of rectangular components:
rp = (3 ft)i+ (3 ft)]
ry = (3 ft)sin30°) + (3 ft)cos30°k = (1.5 ft)j + (2.598 ft )k
r,=—(3 )i+ (3 ft)j
r, = (10 ft)sin30°j — (10 ft)cos30°k = (5 ft)j + (8.66 ft)k

BE =r1p —1p = (3ft)i+ (3 ft)j— (1.5 ft)j — (2.598 ft)k
or BE =(3ft)i+(1.51t)j—(2.598 ft)k, and BE = 4.243 ft
BD =1, -1y =—(3ft)i+ (3 ft)j—(1.5)j—(2.598 ft)k
or BD=—(3ft)i+(1.51t)j—(2.598 ft)k, and BD = 4.243 ft
Then
Tep = TBD% = Typ (~0.707i + 0.3535j — 0.6123k)

Tse = TBE% = T (0.707i + 0.3535j — 0.6123k)

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

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
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M, = 0: rp X Tgpy + 15 X Ty +[ (5 ft) j + (8.66 ft)k | x (~75 Ib)
i j k i j k
or | 0 15 2598 |Typ+| 0 1.5 2598 |+649.5i =0
~0.707 0.3535 —0.6123 0.707 0.3535 —0.6123

Equating the coefficients of the unit vectors to zero:

j: —1.837T,, +1.837T,, =0

i:  —1.837Ty, +1.837T,, +649.51b = 0

Force equations:

X

C, +(176.8)(-0.707) + (176.8)(0.707) =0, or C, =0
C, +(176.8)(0.3535) +(176.8)(0.3535) = 751b =0, or C, =-501b

C. +(176.8)(-0.6123) + (176.8)(—0.6123) =0, or C, =21651b

Typ = 1768 1b <

Tyr = 1768 1b 4

C = —(50 1b) j+ (216.5 Ib)k «
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Chapter 4, Solution 113.

Free-Body Diagram:

Express the forces in terms of their rectangular components:

FB 12i — 18j + 36k 2 .3 . 6
Tpp = TFBE = 1pp > B > =7TFBI_7TFBJ+7TFBk
\/(12) +(—18)" +(36)
FC —12i — 18j + 36k 2. 3. .6
Too = Tpo— =T = — ST — 2 Tipj + ~Tipk
FC FCpe FC Bl FBJ 7' FB

\/(—12)2 +(-18)° +(36)° 7

From the free-body diagram, note that

g 12
27 18
z; = 18.00 ft

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
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Then, using Ty, = 2720 Ib

-27j+ 57.75k

T,,, = 2720 . .
J(=27) + (18 +39.75)

Typ = (32 1b)(=36j + 77k)

(a9 ZM, =0: Yp X Ty + 1, XTep + 1, XW =0

i k i j k i j kK
or 32|10 0 39.75 +h0 18 —12 +TFTCO
0 -36 77 2 -3 6 -2 -3 6

Equating the coefficients of the unit vectors to zero
i 32(39.75)(36) + %(72) n TL;(n) +2720(~18) = 0

j: Tg_B(-z4) " TL;(%) =0

Tpp = Trc
Substituting Eq. (2) in (1) gives

2(?)@,3 ~3168=0

2

b) XF =0: —
(b) ZF, 7

A+ %(154.0) ~Z(154.0) = 0

4. =0

3 3
TF, =0: 4, - 2(1540) - 2(1540) - (32)(36) - 2720 = 0

Ay = 4004 1b
6 6
XF, =0: A+ 7(154.0) + 7(154.0) + (32)(77) =0
A, =-27281b
Therefore:

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell

18 —12|+2720|0 27 -18 =0

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

2

or Ty =154.01b <

Tpe = 154.0 1b 4

A = (4.00 kips) j — (2.73 kips)k <
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Chapter 4, Solution 114.

Free-Body Diagram

First express tensions in terms of rectangular components:

BE —8i — 8j + 4k 2 .2 1
Ty :TBE§:TBE\/( )2 (J)2 ( )2 :_ETBEI_ETBEJ_’_ETBEk
-8) +(-8) +(4
BF 8i — 8j + 14k 4_ . 4 . 1
Ty :TBFE: BF > ] > > ZETBFI_ETBFJ'i';TBFk
B + (=8 + (14)

Tep = Tp (cos@sinBi — singj — cospcos k)

M, =0: Y X Tpp + 1, X T + 10 XTep =0
. TBE . . . TBF . .
or SJXT(—zl -2j+k)+ SJXT(41 —4j+7Kk)

+10j X Te (cos @sin Bi — sin@j — cospcos Ok ) = 0

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

continued




COSMOS: Complete Online Solutions Manual Organization System

Equating the coefficients of the unit vectors to zero:

8 56

i: ETBE + ?TBF — 107,y cosgpcosd = 0

(@) —2x|[Eq.(1)]+Eq.(2) gives:

{—2(%) - %}TBF —10(600)c0s10°(—2c0s30° + sin30°) = 0
Ty = 455.00 N

Using this in Eq. (1),

%TBE + 59—6(455.00) —10(600)cos10°cos30° = 0

Tyr = 857.29 N

Therefore:

4

4, =739N
2 4 N
TR, =0: 4, = (85729 N) - (45500 N) + (600 N)sin10° = 0
A, =878 N

SF,=0: A + %(857.29 N) + %(455.00 N) - (600 N)cos10°cos30° = 0

A =-1279N

Therefore:

(b) IF. =0 4, - %(857.29 N) +5(455.00 N) + (600 N) cos10°5in30° = 0

(1

(2)
Tyr = 857 N <
Tyr = 455 N 4

A=(739N)i+ (878 N)j— (1279 N)k «
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Chapter 4, Solution 115.

Free-Body Diagram:

First express tensions in terms of rectangular components:

or 8jx%(—2i—2j+k)+8jx%(4i—4j+7k)

+10j X Ti (cos @sin Bi — sin @j — cospcos Ok ) = 0

Tpe = TBE% = Tpg _fl _ 8 +24k S = _gTBEi - %TBEj + %TBEk
J=8) +(=8)" + (4)
Ty = TBF% = Typ fl Ll +214k 2 = gTBFi - gTBFj + %TBFk
JB) + (=8 + (14)
Tep = TCD(cos¢sin9i —singj — cos¢cos€k)
M, =0: Yp X Tpp +x,p X Tpp + 1,0 XTop =0

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
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Equating the coefficients of the unit vectors to zero:

i

107-pcospsin® 3

%TBE + 59—6TBF — 107 cosgpcosd = 0
8 56

5(840 N) + ?(450 N) = 107, cos ¢ cos

?TBE —%TBF =107y cosgsing = 0

?(840 N) - %(450 N) = 107, cos ¢sin &

gives:

E(840) . %(450)

107, cos ¢cos B §(840) + §(450)
3 9

tan @ =L

1.75

0 = 29.745°

(b) Substituting into (1) gives:

8

56

5(840 N) + ?(450 N) — 107, cos8°¢0s29.745° = 0,

(M

2

6 =29.7° 4

or Trp =586 N 4

A, = (840 N) + (450 N) + (586.19 N) cos8°5in 29.745° = 0

A+ %(840 N) + %(450 N) - (586.19 N)cos8°c0s29.745° = 0

(¢ ZF. =0: 2 4
A, =72.0N
) 2 4 . oo
ZFy =0: Ay - 5(840 N) - 6(450 N) - (586.19 N)s1n8 =0
Ay =842 N
XF, =0:
A, =-126.0 N
Therefore:

A =(72.0 N)i + (842 N)j - (126.0 N)k <

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




COSMOS: Complete Online Solutions Manual Organization System

Chapter 4, Solution 116.

Free-Body Diagram:

Express all forces in terms of rectangular components:
r,= (24m)i
ry = (1.8m)j
AD =—(2.4m)i+ (03m)j+ (1.2 m)k

BE = —(1.8m)i+ (0.6 m)j— (0.9 m)k

W = —(880 N)j
Then
- AD —2.4i +0.3j + 1.2k 8. . 1. . 4
T =Top" o =Tup - L - = =~ T + 5 Tap + 5 Tank
J(=2.4) + (037 + (12)
- BE —1.8i + 0.6j — 0.9k 6. . 2 . 3
Toe =Ty = Ty e - =~ Tk S Tpl = S Tk
J(-1.8) +(0.6) +(-0.9)

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

continued




COSMOS: Complete Online Solutions Manual Organization System

XM, =0: r, XTyp+r,XTep +1r,XxW=0
i jk i j k
or 24 0 O[T, +|1.8 0 0 [Ty +(2.4)ix(—-880)j=0
814 623
99 9 77 7

Equating the coefficients of the unit vectors to zero:

26 Tip +STATBE =0

k: %TAD +%TBE ~2112=0

Tgr = 2990 N «
Force equations:

C, - 2(2160.0 N) - 2(2986.7 N)=0, or C,=4480.0N

C, +2(2160.0 N) + 2(2986.7 N) ~880 N =0, or C, = -213.34 N
9 7

C. + g(zléo.o N) - %(2986.7 N)=0, or C,=32001N

C = (4480 N)i — (213 N)j+ (320 N)k «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 117.

Free-Body Diagram:

Express all forces in terms of rectangular components:

r,= (24 m)i

o
|
—
—
o0
8
~—

Gt

Then
~ AD —2.4i 4+ 0.3j + 1.2k 8. . 1. . 4
Tap =Tpoe =T 2‘ J : - =~ T + 5 Tap + 5 Tank
J(=2.4) + (03 + (12)
~ BE ~1.8i + 0.6j — 0.9k 6. . 2. . 3
TBE :TBE_EZTBE 3 12 3 =_7TAD1+7TADJ_7TADk
J(=1.8) +(0.6) +(0.9)

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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XM, =0: Y, XTyp+rgXTep +1r, XW, +1r;, xW; =0
i jk i j k
or 24 0 O[T +(1.8 0 0 |Tyz +(2.4)ix (—440)j + (1.8)i x (—440)j = 0
314 623
999 77 7

Equating the coefficients of the unit vectors to zero:

26 Typ + 57.47}319 =0

i

© o 27,030 s

or T,, =1890 N «

Tyr = 2610 N 4

Force equations:

C, - %(1890.00 N) - 2(2613.3 N)=0, or C,=39200N

C, + l(1890.00 N) + g(2613.3 N)-440N-440N=0, or C,=-76.657N
9 7 Y

C, + 3(1890.00 N) - %(2613.3 N)=0, or C,=279.99N

C = (3920 N)i — (76.7 N)j + (280 N)k <«
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Chapter 4, Solution 118.

Free-Body Diagram:

Express all forces in terms of rectangular components:
r, = (140 in.)i
re =(72 in.)i
EG =—(120 in.)i + (126 in.)k

FH = —(120 in.)i — (90 in.)k

CI =—(72in.)i + (44.8 in.)

W =—(140 1b)j
Then

- EG —120i + 126k 20 21

TEG:TEG_:TEG :__TEGi+_TEGk
EG \/(—120)2 +(126)) % 29

Trn = Ty il — 7, _120; — 90k — = —0.8Ti = 0.6T K
FH J(=120)% + (~90)

- Cl ~72i + 44.8j 45, . 28

Tor =Ty— =T, = ——Tgi+ =T,

ar ey cl \/(_72)2 . (44.8)2 53 c/ 53 crl

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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M, = 0: I X Tpo + 1 X Ty + 10 X Ty +1,XxW =0
i kT i j k . i kT
or 120 0 10[-£% +]120 0 —10|£L 4+ 72 0 O%—I%OO Ib-in. =0

29 5
=20 0 21 -4 0 -3 —-45 28 0
Noting that 7, = T}, and equating the coefficients of the unit vectors to zero:

j: —93.793T,; + 80T, = 0

k:  38.038T, — 19600 Ib-in. = 0
or Ty =Tpy =5151b 4

or Tyg =440 1b <«
Force equations:

IF,=0: D, - 2—2(439.50 Ib) - 2(515.28 Ib) - ?(515.28 b)=0, or D, =1152.831b

SF, =0 D, +2(515281b)-1401b =0, or D, =-1322231b
53
21 3

SF,=0: D+ (439.501b) - 2(515.28) b =0, or D, =-9.0906Ib

D = (1153 1b)i — (132.21b)j - (9.09 Ib)k 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 119.

Free-Body Diagram:

Express all forces in terms of rectangular components:
rp = (120 in.)i
ro =(72in.)i
EG =—(120in.)i + (126 in.)k
FH =—(120 in.)i - (90 in.)k

CI =—(72in.)i + (44.8 in.)

W = —(140 Ib) j
Then
- EG —120i + 126k 20 . 21
TEG:TEGE=TEG\/( )2 ( )2 =_5TEG1+5TEGk
~120)" + (126
T = Toy Tl — 7, _120; — 90k — = —0.8T;i — 0.6Tk
rH J(=120)" + (~90)
- Cl —72i + 44.8j 45, . 28
Tar =T — =Ty - l_ ——Tci+—T4j
CL 7 [-72) + (4487 33 53

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

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
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M, = 0: I X Tpo + 1 X Ty + 10 X Ty +1,XxW =0

gk ok R
or 120 0 102L§+ 120 0 —10%+ 720 o§—196oo Ib-in. = 0
~20 0 21 -4 0 -3 —45 28 0

Noting that 7., = T,, and equating the coefficients of the unit vectors to zero:
it —93.793Ty; + 80T, =0

k: 38.0387; — 16800 Ib-in. = 0

or Ty =Ty =442 1b 4

Ty =377 1b <
Force equations:

$F, =0: D, - %(376.72 Ib) - 3(441.67 Ib) - %(441.67 Ib) =0, or D, =988.151Ib

SF,=0: D, +=0(441671b)-1401b =0, or D, =-933351b
53 y

TF.=0: D .+ ;—;(376.72 Ib) - %(441.67 Ib)=0, or D =-7.79521b

D = (998 1b)i—(93.31b)j—(7.80 Ib)k «
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Chapter 4, Solution 120.

Free-Body Diagram:

h{

So
A B
A b .
2 Y B, =y
26,
Geometry:
Using triangle ACD and the law of sines
siner _ sin 50 o o = 20.946°

7 in. 15 in.

B =50°+20.946° = 70.946°
Expressing F_,, in terms of its rectangular coordinates:
Fop = Fypsin Bj + Fpcos Sk
= Fpsin70.946°j + Fp c0s70.946°k

Fep = 0.94521F ) + 0.32646 Fpk
My =0:  (=26in)ix A +[(=13in.)i+ (16 in.)sin 50°j + (16 in.)cos 50°k | x (~75 Ib)j
+[(-26in)i+ (7 in)k]x Fep =0
or  —(26in.)4k +(26in.)4j+ (13in.)(75 Ib)k + (16 in.)(75 Ib)cos 50°

—(26 in.)(0.94521F )k + (26 in.) (0.32646F;, ) j — (7 in.) (0.94521Fp )i = 0

continued
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(a) Setting the coefficients of the unit vectors to zero:

i (751b)[(16 in.)cos50°] - (0.94521F)(7 in.) = 0

(b) 5F,=0: A4, =0
k:  —[0.94521(116.580 Ib) |(26 in.) + (75 Ib)(13 in.) — 4, (26 in.) = 0
A, =-72.6931b

j: [032646(116.580 1b) |(26 in.) + 4, (26 in.) = 0

A, =-38.0591b
2F, =0: —72.693 1b + 0.94521(116.580 1b) — 75 Ib + B, =0
B, =37.500 Ib
XF, =0: —38.059 Ib + 0.32646(116.580 Ib) + B, = 0
B =0
Therefore:

A =—(72.71b)j - (38.11b)k «

B =(3751b)j <«

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 121.

Free-Body Diagram:

Express tension in terms of rectangular components:
DG =—(4.8in.)j— (9 in.)k
DG —-4.7j - 9k 8 .15

Tpe =Tpe—— =Tpg =——Tpgi——Tpck

Equilibrium:
IM; =0:  [(64in.)i+(-24in)j]x Ty, +(5.2in)jx E
+[(7.6in.)j+ (9.6 in.)k | x (=55 1b) i = 0

. (15 . . 8 . (15 .
or (2.4 m.)(ﬁ)TDGl - (6.4 m)(ﬁj Tpok + (6.4 m)(ﬁJ The §
—(52in)E Kk + (5.2 in.)E. i + (7.6 in.)(55 Ib)k — (9.6 in.)(55 Ib)j = 0
Setting the coefficients of the unit vectors equal to zero:

(a) o2

5 Too (6:41n) = (551b)(9.6 in.) = 0

continued
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)  k: (551b)(7.6in) - E (52in.) - {%(93.500 1b)}(6.4 in)=0

E, =262311b

i:  E (52in)+ [%(93.500 1b)}(2.4 in)=0

E. =-38.0771b
XF, =0: —551b+26231b+ F, =0
F, =28.796 Ib
>F, =0: F 8 93.5001b) =0
y -V vy ﬁ( : ) -
F, =44.000 Ib
15
XF, =0: —-38.077 b + F, — ﬁ(93.500 lb) =0

F, =120.577 Ib

Therefore:

E =(26.21b)i — (38.11b)k «

F =(28.81b)i + (44.01b)j+ (120.6 Ib)k «
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Chapter 4, Solution 122.

Free-Body Diagram:

First note W =mg=(15 kg)(9.81 m/sz) =147.15N

(a)
(0.08 m)i + (0.25m)j— (0.2 m)k

J(0.08) +(025)* +(0.2)° m

T,

From free-body diagram of rectangular plate

IM, =0:  (147.15N)(0.1m) = (7z) (0.2 m) = 0

or 14.715 N-m—{(%yﬁ}(o.z m) =0

or Top =97.119 N
or T =97.1N «

X

(b) SFo=00 A +(Tg), =0
A+ (%j(w.m N)=0
0.33

A, =-23.544N

continued
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EM g ais) = 02 4,(0.3m) = (Tgr) (0.04m) + W (0.15m) = 0
or { 25 97.119N}(0.04m)+147.15 N(0.15m) =0
. A, =63.765N
EM oy, anis) = 4,(0.3m) + (Tpr) (0.2 m) + (Tp)_(0.04m) = 0
0.08 0.2
A, =-7.848N
and A = —(23.5N)i+(63.8N)j—(7.85N)k «
IF, =0 A =W +(Tg), +B,=0
0.25
63765N—14715N+( j(97119N) L, =0
0.33
B, =9.81N
SF,=0: A —(Tg), +B. =0
~7.848 N — (EJ(97.119 N)+B.=0
0.33
B. = 66.708 N
and B =(9.81N)j+(66.7N)k «
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Chapter 4, Solution 123.

Free-Body Diagram:

First note W =mg = (15kg)(9.81 m/s>) = 147.15N

—(03m)i+(0.12m)j—(0.2m)k
\/(0.3)2 +(0.12)* +(0.2)° m

(@) Tgy = AgyTey =

EH Tgf% [-(0.3)i +(0.12)j - (0.2)k ]

0

From free-body diagram of rectangular plate

IM, =0:  (14715N)(0.1m) = (T ), (0.2m) = 0

or (147.15N)(0.1 m) - K%}rw}(o.z m) = 0
or Ty = 232.99 N

or Ty = 233N 4
(b) SF, = 0: A +(Tgy), =0

A, - [E)(23Z.99 N)=0
0.38

A, =183.938 N

continued
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IMy(ogiy =05 —4,(0.3m) = (Tgy), (0.04 m) + W (0.15m) = 0
0.12
or ~4,(03m) ~| =2(232.99N) |(0.04 m) + (147.15 N)(0.15 m) = 0
" A, =63.765N
IMpy i) = 00 A (0.3m)+(T), (02m) + (Tyy ), (0.04m) = 0
or A.(03m) - (ﬁ)(mw N)[(02m) - (£](232.99) (0.04m) =0
- 0.38 0.38
. A =138.976 N
and A = (183.9N)i + (63.8N)j+ (139.0N)k <
TF,=0: A+ B, —W +(Tgy), =0
0.12
63.765N + B, — 147.15N + (—j(232.99 N)=0
0.38
. B, =9.8092N
SF, =00 A +B —(Ty), =0

0.2

138976 N + B, — (;)(232.99 N) =0

0.38
. B, =-163497T N

and B =(9.81N)j—(16.35N)k «
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Chapter 4, Solution 124.

Free-Body Diagram:

Express tension, weight in terms of rectangular components:
EF = (300 mm)i + (1350 mm)j — (700 mm )k

p - EF _ o 300i +1350j - 700k

EF \/(300)2 + (1350 + (=700)*

LS
31 31 31

W = —(mg)j = —(7 kg)(9.81 m/sz)j = —(68.67 N)j
IMy =0 —(750 mm)ix A +[ (375 mm)i + (350 mm)k | x (=68.7 N) j
+[ (=100 mm)i + (700 mm)k |x T = 0

or —(750 mm)Ayk + (125 mm) A4.j + (375 mm)(68.7 N)k + (350 mm)(68.7 N)i
i j k
+|-100 0 700 3—T](mm) =0
6 27 -14
continued
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Setting the coefficients of the unit vectors equal to zero:

(@) i: —%TUOO mm) + (68.67 N)(350 mm) = 0

T =39.422 N or T =39.4N «
(b)  k:  —A,(750 mm) + (68.67 N)(375 mm) — {%(39.422 N)}(lOO mm) = 0

4, = 29.757T N

A4 (750 mm) - [%(39.422 N)}(IOO mm) + [%(39.422 N)}(700 mm) = 0

A, =—47476 N

IF,=0: B, + %(39.422 N)=0

B =-7.6301N

2F, =0: 29757 N + B, — 68.67 N + 2—7(39.422 N) =0
31

B, =4.577T N

IF,=0: —47476 N+ B, - ;—‘:(39.422 N)=0

B. = 22.55IN

Therefore:
A=(298N)j-(475N)k 4

B=—-(7.63N)i+ (458 N)j+(22.6 N)k «
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Chapter 4, Solution 125.

Free-Body Diagram:

“‘m/o el

Express tension, weight in terms of rectangular components:

IF = (75 mm)i + (1350 mm)j — (250 mm)k

T=T£=T 751 + 13505 — 250k

F \/(75)2 +(1350)* + (—250)*

LY L
55 55 55

W = —(mg)j =—(7 ke)(9.81 m/s’) j = ~(68.67 N)j

IMy=0:  —(750 mm)ix A +[ (375 mm)i + (350 mm)k | x (=68.7 N j
+[ (125 mm)i + (250 mm)k | x T = 0

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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or ~(750 mm) 4, k + (125 mm) 4,j + (375 mm)(68.7 N)k + (350 mm)(68.7 N)i
i Kk
+125 0 250 %(mm) = 0
3 54 -10
continued




COSMOS: Complete Online Solutions Manual Organization System

Setting the coefficients of the unit vectors equal to zero:
(o) 1: —%T(%O mm) + (68.67 N)(350 mm) = 0

T =97918 N or T=979N «

54

b k: —Ay(750 mm) + (68.67 N)(375 mm) — [§

(97.918 N)}(125 mm) = 0

A, = 50358 N

i A(750 mm) - [%(97.918 N)}(lzs mm) + [%(97.918 N)}(ZSO mm) = 0

A, =—-47475N
IF,=0: B + i(97.918 N)=0
55
B, =-53410N
54
3F, =0: 50358 N+ B, —68.67 N+-—(97.918 N) =0
55
B, =-77.826 N
10
XF.=0: -47475N+ B, - 3(97.918 N)=0
B. = 22.551N

Therefore:

A =(504N)j-(475N)k <

B=-(534N)i-(77.8 N)j+(22.6 N)k «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 126.

Free-Body Diagram:

N
Ase ! Fee
/ o
2

Express forces, weight in terms of rectangular components:
CE=(3ft)i+(41ft)j—(2ft)k

CE 3i + 4j + 2k
Fep :FCEC_=

E % JF + (4 + 2

= 0.55709 F i + 0.74278 F; j + 0.37139 Fpp k

W = —(mg)j =—(300 Ib)j

My =0: (4 ft)kxA+[(15ft)i+(2ft)k |x(-3001b)j
+[(3 )i+ (4ft)k|xFy =0

or  —(4ft)A,i+ (4 ft)Aj— (1.5 )(300 Ib)k + (2 ft)(300 Ib)i
i j k
+| 3 0 4 |Fep(ft)=0

0.55709 0.74278 0.37139

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
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Setting the coefficients of the unit vectors equal to zero:

k:  (0.74278 F)(3 ft) — (300 Ib)(1.5 ft) = 0
Fey =201.94 1b
or Fop =2021b 4
j: A(4 1) +[0.55709(201.94 1b) ] (4 ft) ~[0.37139(201.94 Ib) | (3 ft) = 0
A, =-56.250 1b

i: —4,(41t)—[0.74278(201.94 Ib) |(4 ft) + (300 1b)(2 ft) = 0

4,=0
SF,=0:  —56.2501b+ B, +0.55709(201.94 Ib) = 0
B, =-56.249 b

2F, =0: 0+ B,—3001b+ 0.74278(201.94 1b) = 0
B, =150.003 Ib
XF, =0: B. +0.371391(201.941b) = 0
B, =-74.999 b
Therefore:
A=-(5631b)i 4

B =—-(56.21b)i+ (150.01b)j—(75.0 Ib)k «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 127.

Free-Body Diagram:

Express forces, weight in terms of rectangular components:
CA=-(12m)i+(1.2m)j- (0.6 m)k
CB=(12m)i+(1.2m)j- (0.6 m)k

By symmetry F, = F5, and at the load corresponding to buckling
Fry=Fpp =18 kN

oy = oy G (1 k) 2121+ 12 - 0.6K
A J=12) +(1.2)" + (—06)?

Fey =—(1.2 kN)i + (1.2 kN) j - (0.6 kN)k

FCBZFCB%:(l'g kN) 1.221+1.2_]2— 0.6k :
J2) +(1.2) + (~0.6)

Fep = (1.2 kN)i + (1.2 kN)j — (0.6 kN)k

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

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.
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M, =0:  (24m)ixE+[(24m)i+(1.2m)j]xFep +(12m)jxF,

+[(1.2m)i+ (0.6 m)j]x Pk =0

i d k| |i§ ok
or (24m) 0 0[+24 12 0 |[kN-m

E, E, E| [12 12 06
i ik i ik

+| 0 12 0 [KN-m+|(12m) (0.6m) 0[=0

-12 12 -06 0 0o P

Setting the coefficient of the unit vector i equal to zero:
(@) i:P0.6m)—(0.6)(1.2)kN-m —(0.6)(1.2)kN-m =0

P =2.4000 kN

(b) By symmetry, D, = E,
XF,=0: D,+D,+24kN-0.6kN-0.6kN=0

D, = E, =-0.60000 kN

z

Therefore:

or P=2.40kN «

E. =—(0.600 kN)k «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 128.

Free-Body Diagram:

Notice that the forces in the belts can be equivalently moved to the center of the pulley because their net
moment about this point is zero.

(a) TF, =0: 31b+(31b)cos30°—T =0

T =5.59811b

or T =5.601b 4

(b) TF,=0: D, =0

¥F,=0: D, —(31b)sin30°=0

D = (1.500 Ib)k <

M, =0:  Mp+[(0.72in)j— (1.2 in.)k | x (-T)i

+[(0.88in.)j - (3in.)k | x[(3 Ib)(1 + cos30°)i — (3 1b)sin30°%k | = 0

i

-T

i

0

k

or (Mp i+ Mp,j+Mpk)+[ 0 (0.72in) (-12in.)+

0

i
0
1+ cos30°

i

k

(0.88in.) (=3in.)|(31b) =0

0

—sin30°

continued
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Setting the coefficients of the unit vectors equal to zero:

i o

Mp, —[(31b)sin30°](0.88 in.) = 0
M, =1.3200 Ib-in.
i Mp, +(5.59811b)(1.2 in.) — (3 1b)(3 in.)(1 + cos30°) = 0
M, =10.0765 Ib-in.
k:  Mp, +(5.59811b)(0.72 in.) — (3 1b)(0.88 in.)(1 + cos30°) = 0

M, =0.89568 Ib-in.

or M, = (1.320 Ib-in.)i + (10.08 Ib-in.) j + (0.896 Ib-in.)k «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 129.

Free-Body Diagram:

Express the tension in terms of its rectangular components:

DG = —(48in.)j— (9 in.)k

DG -4.8j-9k 8 .15
TDC:TDGD_G:TDG\/ = pcd— —=Tpck

(cagp (o 7 17

IM; =0: Mg +[(64in)i+(-7.6in)j]x Ty,

+ [(2,4 in.)j+ (9.6 in.)k] X (~441b)i = 0

. . . [ 15 . . 8 . [ 15 .
or (MExl + My, j+ MEZk) +(7.6 m')(ﬁjTDGl - (6.4 1n.)(ﬁjTDGk + (6.4 m')(ﬁjTDGJ
+(2.4in.)(44 Ib)k — (9.6 in.)(441b)j =0
Setting the coefficient of the unit vector j equal to zero:
. 15 . .
(@) j: (ETDGJ(6.4 in.) — (44 1b)(9.6 in.) = 0

T = 74.800 Ib

or Tp; =74.81b <

continued
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() XF,=0: E,—441b=0, or E, =44.000Ib
8
3F,=0: E, - ﬁ(74.8 Ib) =0, or E, = 35200 Ib

SF.=0: E, —%(74.8 Ib) =0, or E, = 66.000 Ib

or E=(44.01b)i+ (35.21b)j+ (66.01b)k 4
Using the moment equation again and setting the coefficients of the unit vectors i and k equal to zero:
i: Mg +(76 in.)(%)(74.800 Ib)=0
M, =-501.60 Ib-in.
ki My +(441b)(241n) - [%(74.8 lb)}(6.4 in) = 0
Mg, =119.680 Ib-in.

or My =—(502 Ib-in.)i + (119.7 Ib-in.)k <«

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 130.

Free-Body Diagram:

Express forces and moments in terms of rectangular components:
—40i — 70 + 40k _ Fpg
(-40)" + (=70)" + (40" °

Fpe = FDE\/ (-4i—7j+4Kk)

F, = (24 N)(sin20°i — c0s20° )
B=Bj+Bk M= Myj+ Mk

4

(a) TF, =0: = Fpp + 245in20° = 0
Fpp = 184691 N or Fp, =18.47 N «
XM; = 0: Ype X Fep +Ypp XFpp + 15, XF, + M, =0
i j Kk i j ok i ik
18.4691 :
or  Fepl0 =48 36|+ == 0 -80 60 +(80)(24)| 0 0 —ll+[ My j+ Myk]

0 -1 0 —4 -7 4 sin20° —cos20° 0

continued
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Equating the coefficients of the unit vectors to zero:
i 36F, + 529 100) 4 (80)(24)(~c0s20°) = 0
Fop = 44417 N
(b)
i 22240 + (80)(24) (~sin 20°) + My, = 0
Mp, =1149.19 N-mm
k: 184691 (=320)+ My =0
My, = 656.68 N-mm
3F, =0: B, —44.417 - 1(18.4691) — 24 c0s20° =0
9
B, =813N
4
IF.=0: B, +§(18.4691) =0
B, =-821N
Therefore:

or Frpp = 444N <

B = (81.3N)j— (821 N)k «

My = (1.149 N-m)j + (0.657 N-m)k <«

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 131.

Free-Body Diagram:

1350 v

Express tension, weight in terms of rectangular components:

EF = (300 mm)i + (1350 mm)j — (700 mm )k

EF 7 300i +1350j — 700k
EF J(300)? + (1350)" + (~700)’

LRSI LY
31 31 31

W =—(mg)j=—(7 kg)(9.81 m/sz)j = —(68.67 N)j

Mg =0: My +[—(375 mm)i+ (350 mm)k | x (—68.7 N)j

+[ (=100 mm)i + (700 mm)k |x T = 0

or Mpj+ Mpk)+ (375 mm)(68.7 N)k + (350 mm)(68.7 N )i
( Byl Bz) ( )( ) ( )( )

i j Kk
+|-100 0 700£(mm)=0
6 27 -14

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Setting the coefficients of the unit vector i equal to zero:
27

(@) i - ET(7OO mm) — (68.67 N)(350 mm) = 0
T =39.422 N or T =394 N <
(b) XF,=0: B + %(39.422 N)=0
B, =-7.6301 N
27
3F,=0: B, —6867N+-—-(39.422N) =0
31
B, =34335N
14

XF, =0: B, - 5(39.422 N)=0
B, =17.8035 N
B =—(7.63N)i+(343N)j+(17.80 N)k «
Using the moment equation again and setting the coefficients of the unit vectors j and k to zero:
- [%(39.422 N)}(IOO mm) + [%(39.422 N)}(700 mm) = 0

ZA4B(y—axis) =0: MBy

My, = -3.5607 N-m

My i = 0: My, +(68.67 N)(375 mm) — {%(39.422 N)}(IOO mm) = 0

My, =-22318 N-m,

Therefore:
M; = —(3.56 N-m)j - (22.3 N-m)k |

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 4, Solution 132.

Free-Body Diagram:

Express tensions, load in terms of rectangular components:

BD =—(60in.)i + (25 in.)k

BE =—(60in.)i + (25 in.) j

CF =—(60 in.)i + (25 in.)

BD = BE = CF =,/(-60)" + (25)> = 65 in.

BD 12 5
Top = Top— = ——Tppi + —Tpp Kk
BD BD Br 1380 13 8D
BE 12 5
Tpp = Tpp—— = ——Tpri+ —Thp
BE BE pp 13 BE 3 BE
CF 12 5
Top = Tpp—— = ——=Tppi+ —Tpp j
CF CF CF 13 CF 13 crl
M, =0: Ip XTpp +1p X Tpp +¥c XTep + 15 XW =0
i jk i jk i j Kk i j k
or |60 0 0%in.+ 60 0 O%in.+ 60 0 —30?—;in.+ 60 0 —15/Ib-in.=0
-12 0 5 -12 50 -12 5 0 0 =500 O

continued

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



COSMOS: Complete Online Solutions Manual Organization System

Equating the coefficients of the unit vectors to zero:

150
ii Ty —7500=0
13"
Ter = 650.00 1b
300 360
i =Ty, +—(6501b) =0
J 13 B2 T3 ( )
Typ = 780.00 Ib
k: ﬂTBE — 30000 + @(650.00 Ib) =0
13 13
Ty = 650.00 Ib
SE, =0 A, —12(780 b) - 12(650 1b) - 12 (650 Ib) = 0
13 13 3
A, =1920.00 Ib
IF,=0: A, + i(780 Ib) +i(650 Ib) - 500 1b = 0
Yoo Y3 13
4,=0
5
SF,=0: A, + E(780 Ib) =0

A, = -300.00 Ib

Therefore,

or T = 650 1b 4

or Tgr = 650 1b 4

A = (1920 1b)i - (300 Ib) k €
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Chapter 4, Solution 133.

Free-Body Diagram:

Express tensions, load in terms of rectangular components:

o

= —(60 in.)i + (25 in.)k

o]
Il

—(60 in.)i + (25 in.) j
CF =—(60 in.)i + (25 in.) j
BD = BE = CF = \/(-60)" +(25)° = 65 in.

BD 12 5

Toy =Ty —=—-Tpi+—Tp Kk

BD BD B 13 8P 1380
BE 12 5

T,. = —_— = i+—T5:j

BE BE pp 13 BE 13 BE
CF 12 5

T.. = — =T i+ —T-j

CF CF R 13 CF 3 cr]

W, =—(5001b)j

W, = —(800 Ib)

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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M, =0: Yp X Tpp + 1y X Tpp + 1o X Tep + 156 X Wo + 10 X W =0
i kT i kT i j k . i i k
or (60 0 O%il’l.ﬁ- 60 0 O%in.+ 60 0 —BO%in.Jr 60 0 —I5(lb-in.
=12 0 5 -12 50 =125 0 0 =500 O
i i k
+160 0 -30|lb-in.=0
0 -800 O

Equating the coefficients of the unit vectors to zero:

i: %TCF — 7500 — 24000 = 0
T = 2730 1b or T = 2.73 kips 4
300 360
j: ——Tgp +—(27301b) =0
J 13 B2 T3 ( )
Tgp =3276 1b or Ty, = 3.28 kips 4
k: %TBE —~ 30000 + %(2730 Ib) — (60)(800 Ib) = 0
Ty = 650.00 Ib or Ty, =650 1b 4
SE, =0 A, —2(3276 b) — 22(650 Ib) — 12 (2730 Ib) = 0
13 13 13
A, =61441b
SE,=0: A, + (2730 Ib) + (650 Ib) — 500 b — 800 Ib = 0
g R 13
4,=0

IF, =0 A+ %(3276 Ib) =0

A, =-1260.00 Ib

Therefore,
A = (6.14 kips)i — (1.260 kips)k 4
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Chapter 4, Solution 134.

Free-Body Diagram: First note
—(0.65m)i +(0.2m)j - (0.44 m)k

\/(0.65)2 +(0.2)" +(0.44) m

Ty = Ap/Tp = Ty

= b1 (_0.65i + 0.2 - 0.44K)
0.81

—(0.45m)i + (0.24 m)jT
\/(0.45)2 +(0.24)’ m

Tpy = }"EHTEH =

Ten . .
= Lo (_0.451) + (0.24
0.\~ 0451) + (0-24))

~(0.45m)i +(0.2m)j+ (036 m)k
\/(0.45 )> +(0.2)° +(036)’ m

Trg = )"FGTFG =

= h(—0.45i +0.2j + 0.36k)
0.61

From free-body diagram of frame
IM, = 0: 1y X Ty, + 1, X (=280 N)j+ 1y, X Ty + ¥y X Trg + 15, X (-360N)j =0

i j Kk i j ok i j K i
or | 06502 0 (%j+ 0.65 0 0[(280N)+| 0 032 0(%)+ 045 0 0.06(TF—G)
~0.65 0.2 —0.44 0 -10 ~0.45 024 0 -0.45 0.2 0.36

T T
+]0.45 0 0.06/(360N) = 0
0 -1 0
or (—0.088i + 0.286j + 0.26k)% +(~0.65k)280 N + (0.1441()%

+(=0.012i — 0.189 + o.ow)% +(0.06i — 0.45k)(360N) = 0

continued

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



COSMOS: Complete Online Solutions Manual Organization System

From i-coefficient —0.088(hj - 0.012(TF—GJ +0.06(360N) =0
0.81 0.61

0.1086427T,,; + 0.0196721T,; = 21.6 (1)
. . Tpr Trg
From j-coefficient 0.286| —=- |- 0.189| == | =0
0.81 0.61
Tpg = 1.13959T, 2)

From k-coefficient

o.%(h) - 0.65(280 N) + 0.144[TE—HJ + 0.09(TF—G)
0.81 0.51 0.61

~0.45(360 N) =0
0.32099T;,, + 0.28235T,,, + 0.147541T;, = 344 N 3)

Substitution of Equation (2) into Equation (1)
0.108642T), + 0.0196721(1.13959T),; ) = 21.6

T, = 164810 N

or Ty, = 1648 N 4
Then from Equation (2)
Trg =1.13959(164.810 N) = 187.816 N
or Twg =187.8N 4
And from Equation (3)
0.32099(164.810 N) + 0.282357;;, + 0.147541(187.816 N) = 344 N
Tpy =932.84N
or Ty = 933N 4
The vector forms of the cable forces are:
Ty = %(—O.ﬁi +0.2j — 0.44k)

=—(132.25 N)i+(40.694 N) j—(89.526 N)k
_ 932.84N

Ty = = (~0.45 +0.24]) = ~(823.09 N)i + (43898 N)
T = %(—0.4& +0.2j +0.36k)

=—(138.553 N)i+(61.579 N) j+(110.842 N)k

continued
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Then, from free-body diagram of frame

SF, = 0: A, —132.25-823.09 — 138.553 = 0
A, =1093.89 N

SF, = 0: A, + 40.694 + 438.98 + 61.579 — 360 — 280 = 0
A, =98.74TN

SF, =0: A, —89.526+110.842 =0
A, =-21316N

or A =(1094N)i+(98.7N)j—(21.3N)k «
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Chapter 4, Solution 135.

Free-Body Diagram:

First note

—(0.65m)i+ (02m)j—(0.44 m)k
Ty, :}"DITDI = ( )2 ( 2) ( > ) Ty
J(0.65) +(02)" + (0.44)* m

= %(—65i +20j — 44k)
—(0.45m)i + (0.24 m)j
\/(0.45)2 +(0.24)’ m

Tpy = }"EHT EH Tey

- Tlf_;(_m +8j)

—(0.45m)i+(02m)j+ (036 m)k T
\/(0.45)2 +(02)* +(036)’ m

Tre = ?\'FGTFG =

= Tg—lG(—45i +20j + 36k)

From free-body diagram of frame
IM, = 0: 1y, X Ty +1g, X[ —(280 N)j+ (50 N)k ]

+ 4 X Ty + 0y X T + 1 X (_360 N)j

i j kK i j kK i
or 06502 0 (%j+ 065 0 O0|+| 0 032 O(T;E—H)
—65 20 —44 0 -—280 50 |-15 8 0
i j kK i j K
+/0.45 0 0.06 (Tg—f)+ 0.45 0 0.06/(360N) = 0
—45 20 36 0 -1 0

and (—8.8i +28.6j + 26k)(%) +(—32.55 - 182k) + (4.8k)(?—;’)

+(-1.2i - 18.9j + 9.0k)(Tg—lGj +(0.06i — 0.45k)(360) = 0

continued
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From i-coefficient —8.8(%) - 1.2(%—?] +0.06(360) = 0

0.108642T,,; + 0.0196721T; = 21.6 (1)
. : Tpr Trg
From j-coefficient 28.6 T 32.5-18.9 ol =0

0353097, — 0.30984T}; = 32.5 )

From k-coefficient
26 h - 182 + 4.8 TE—H +9.0 TF—G - 0.45(360) =0
81 17 61

0.32099T;,, + 0.28235T,, + 0.147541T,,, = 344 3)
~3.25 x Equation (1) ~0.353097},, — 0.063935T;; = —70.201
Add Equation (2) 0.353097),, — 0.30984T;,, = 32.5

~0.37378T;; = —37.701
T = 100.864 N

or Trg =100.9 N «
Then from Equation (1)

0.108642T),; + 0.0196721(100.864) = 21.6

T, = 180.554 N

or T, =180.6 N «
and from Equation (3)

0.32099(180.554) +0.28235T;,; + 0.147541(100.864) = 344

. Tpy =960.38 N
or Ty =960 N 4
The vector forms of the cable forces are:
T, = —180'§f4 N (—65i + 20j — 44k)
= —(144.889 N)i + (44.581 N)j— (98.079 N)k
Ty = W(—lsi +8j) = —(847.39 N)i + (451.94 N) j
T = 100.864 N 00'2?4 N (—45i + 20j + 36k)

= —(74.409 N)i + (33.070 N) j + (59.527 N)k
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Then from free-body diagram of frame

XF, =0: A, —144.889 —847.39 - 74.409 = 0
A, =1066.69 N

LF, =0: 4, +44.581+451.94 +33.070 — 360 — 280 = 0
4, =110.409 N

SF, =0: A —98.079+59.527+50 =0
A =-11.448N

Therefore, A=(1067N)i+(110.4N)j—(11.45N)k 4
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Chapter 4, Solution 136.

Free-Body Diagram:

T
_<
&g —

Do

YF,. =0: B . +C,=0,0r B, =-C, (1)
IF, = 0: 4,+B,+C, =0 (2)
IF, = 0: A —P=0,0r4d =P =4001b (3)

XM, =0: Yo XA+ XB+r0e XC+Mi-Mk=0
or  aix(A4j+Ak)+bjx(Bi+Bj)+ckx(Ci+C,j)+Mi-Mck=0

or adk—adj—bBj+cCj—cCyi+Mji-Mck=0

continued
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Equating the coefficients of the unit vectors to zero:

ir —cC,+M,; =0

c,=Ms_30 DR 3601
c 1ft

—aA, +cC, =0, orusing (3)

== 2™ (401b) = 3001
c 12 in.

k: ad,-bB, - M, =0, or, using (1) and (5)

A =-bpy Mo Oy O _ 001
Y c a 12 in. n.

Finally substituting into (1) and (2) gives:

B, =-30.01b

B, =-A4,~C, =20.01b-36.01Ib =-16.00 Ib

Therefore:

A =—(20.01b)j+(40.01b)k «
B =—(30.01b)i - (16.00 Ib) j 4

“4)

)

(6)

C =(30.01b)i +(36.01b)j «
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Chapter 4, Solution 137.

Free-Body Diagram:

XF, =0: B.+C.=0,0or B, =-C

IF, =0: 4,+B,+C, =0
XF, =0: A, —P=0,0or 4, =P =60.0N

XM, =0: Yo XA +rps XB+r)e XC+Mi-Mk=0

or aA)k —adj—bBj+cCj—cCji+ Mi-Mk=0

or  aix(Aj+ AK)+bjx(Bi+Bj)+ckx(Ci+Cj)+Mi-Mck=0

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Equating the coefficients of the unit vectors to zero:

i —cC,+ M, =0
M 6.3 N-m
Y c 0.180 m
i —aA, +cC, =0, orusing (3)
C, =EP=W(60 N) =80.0 N
c 0.180 m

k: ad,-bB, - M, =0, or, using (1) and (5)

b, M _ 0200m 13 N-m

7 ¢ a 0.180 m 0.240 m.
Finally substituting into (1) and (2) gives:

B, =-80.0N

B,=-4,-C, =1250 N-35.0N = -225N

Therefore:

A, =-2p4+2C = (60 N) + ——— =

“4)

)

~12.50 N (6)

A =—(12.50 N)j+ (60.0 N)k «

B =—(80.0N)i—(22.5N)j <
C =(80.0N)i+(35.0N)j <
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Chapter 4, Solution 138.

Free-Body Diagram:

IMpy-axis) = 0: (80N)(2.6 m)—B.(2m) =0

B, =104.000 N or B=(1040N)k 4

SMp i =0: C,(4m)-144N-m =0

C, =36.000 N
EMpymisy =00 —C.(4m)— (104 N)(6 m) + (80 N)(6 m) = 0
C. = —36.000 N

and C = (36.0 N)j—(36.0 N)k «
$F,=0: D, +36=0,or D, =-36.000 N

2F, =0: D, -36+104-80=0,or D, =12.000 N

Therefore:

D = —(36.0 N)j+(12.00 N)k «
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Chapter 4, Solution 139.

Free-Body Diagram:

2F. =0: B. =0

X X

Mpais) = 0: (80 N)(2.6m)~B,(2m) =0

B, =104.000 N or B =(104.0 N)k <

ZMD(z—axis) = O: Cy(4 m) = 0

C, =0
EMpiyain =00 = C.(4m)— (104 N)(6 m) + (80 N)(6m) = 0
C. =—36.000 N

and C = —(36.0 N)k 4
IF,=0: D,=0

SF.=0: D.-36+104—80=0,0r D, =12.000 N

Therefore:

D = (12.00 N)k «
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Chapter 4, Solution 140.

Free-Body Diagram:

Express the forces in terms of rectangular components:

W = —(mg)j = —(3ke)(9.81 m/s?)j = —(29.43 N)

Ny = Ny(0.8j + 0.6k)

L, =525mm = \/(x3)2 +(325+75) + (100)*
Xp = 325 mm

Then,

BC 325i + 4005 — 100k 13 . 16 . 4
Ty = Tpe—= = Tpe = —Tpci+ —Tpc) ——Tpck

BC J(325) +(400)? + (-100)> 2! 21 21

continued
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Equilibrium:
M, = 0: Yo X W +rp XNp+15,XTsr =0
i j k i j k i j k .
or [162.5 —200 50/+|325 —400 100|Ngz +[650 0 O ZLIC =0
0 -2943 0 0 08 0.6 13 16 -4

Equating the coefficients of the unit vectors to zero:
i: 1471.5-320 Ny =0
Ny =4.5984 N

or Ny =(3.6787 N)j+(2.7590 N)k

i 195N, + 29907 g
21
Tpe = 7.2425 N

TF, =0 A, +£(7.2425 N)=0

A, = -4.4835N

XF, =0: A4, —29.43 N +3.6787 N + E(7.2425 N)=0
21

4, =20233 N
LF, = 0: A, +2.7590 N — %(7.2425 N) =0
A, =-137948 N

Therefore:

(@) Tpe = 724 N 4
(b) A =—(448N)i+ (202 N)j- (1379 N)k «

N, = (3.68 N)j+(2.76 N)k <
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Chapter 4, Solution 141.

Free-Body Diagram:

(a) The force acting at E on the free-body diagram of rod AB is

perpendicular to 4B and CD. Letting A, = direction cosines for force E,

Iy, Xk
_[-(32in.)i+(24in.) j— (40 in.)k |xk
) (32)" +(24)" in.
=0.6i +0.8]
Also, W=-(101b)j
B = Bk

E = E(0.6i +0.8j)
From free-body diagram of rod 4B

i j k i i k i j K
-16 12 =20{(10Ib)+|-24 18 -=30|E+|-32 24 —-40|B=0
0 -1 0 0.6 08 0 0 0 1

(=20i +16k)(10 Ib) + (24i — 18— 30k) E +(24i +32j) B=0

From k-coefficient 160-30E =0
. E=533331b
and E =5.3333 Ib(0.6i + 0.8])
or E=(3201b)i + (427 Ib)j 4
(b) From j-coefficient -18(5.33331b) +32B=0
. B=3.001b
or B=(3.001b)k «
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From free-body diagram of rod AB
2F=0: A+W+E+B=0

Aji+Aj+Ak—(101b)j+[(3.20 1b)i+(4.27 1b)j]+(3.00 Ib)k =0
From i-coefficient A, +3201b=0
A4, =-3201b

j-coefficient A4,-101b+4271b =0

4, =5.731b
k-coefficient A, +3.001b=0
A4, =-3.001b
Therefore A=—(3201b)i+(5.731b)j—(3.00 1b)k «
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Chapter 4, Solution 142.

Free-Body Diagram:

There is only one unknown of interest and, therefore only one equation is needed:

SM 5 =0

Geometry:

6 = tan~!| L9 ™ | _ 162602
3.5m

xg = (1.25 m)c0s16.2602° = 1.2 m
yg =1.95m —(1.25 m)sin16.2602° = 1.6 m

BA -3.6i + 1.05j 24,7,
Mgy =——-= =——1+—]

BA 36y +(1os)? 2528

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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ri, = (1.8m)i—(0.525 m)j+ (0.225 m)k
o =(12m)i—(1.95m-1.6 m)j+ (0.45 m)k
=(1.2m)i-(0.35m)j+(0.45 m)k

W = —(mg)j = —(25 kg)(9.81 m/s” ) j = —(245.25 kg) j

HG ~0.05i +1.6j — 0.4 k 1,32, 8
16\ 733" T 331 T 33

Py = Pug—— = Puc =P,
HG J(<0.05) +(1.6)" + (~0.4)’

Now,
IMp, =0: Mgy '(rK/A X W) + )"BA'(rG/A X PHG) =0

24 7 0 24 70
18 —0525 0.2252i5+ 12 -035 0.45—2511033 _
0 -24525 0 Lo -3
132435 34245
B + g =0

25 (25)(35)

Therefore: Py, =127.620 N

or Py, =127.6 N 4
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Chapter 4, Solution 143.

Free-Body Diagram:

There is only one unknown of interest and, therefore only one equation is needed:
M, =0

Geometry:

6 = tan!| L™ | _ 162602
3.5m

x; =(2.50 m)cos16.2602° = 2.4 m

y; =195m - (2.50 m)sin16.2602° =125m

BA “3.6i+1.055 24, 7.

BA = 5, = =-—;1+tC]
BA [36) + (105 25 28

continued
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rg, = (1.8 m)i - (0.525 m)j + (0.225 m)k
r, =(24m)i—(0.7m)j+(0.45m)k
W = —(mg)j = —(25 kg)(9-81 m/s)j = —(245.25 kg)

JI —0.0251 + 1.25j — 0.25k 1.
P, =P,—=F,

JI \/(—0,025)2 + (1'25)2 N (_0'25)2 =Py (_El

Now,
Mgy =0: Apy(rig X W)+ Agg-(1, X Py ) = 0

24 7 0 24 7 0
18 —0.525 0225 +)12.4 —0.7 04524 _

25 (25)(51)
0 -24525 0 -1 50 -10

PJI

(132435 53685 ,
25 (25)(51)

Therefore: P, =125.811 N

10
51

‘

or P, =125.8N «
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Chapter 4, Solution 144.

Free-Body Diagram:

Express forces in terms of their rectangular components:

BG —40i + 74j - 32k 20, 37. 16
Tpe =T~ = Tse = BG(——1+—1——k)
BG \/(—40)2 +(74)" + (-32)° a4 4
BH 30i + 60 j — 60k 1. 2. 2
Tpy ZTBHﬁ:TBH 21 .12 > :TBH[—1+—J—§kJ
J(30)” + (60)" + (~60)
P =—(751b)j
h AD 80i — 60 j 081 - 06]

"~ 4D~ \/(80)2 +(-60)°

continued
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rg, = (40 in.)i
ro, = (80 in.)i
Now,

IM yp = 0: ?\'AD'(rB/A X TBG) + ?\'AD'(rB/A X TBH) + )‘AD'(rC/A X P) =0
0.8 0 -0.6 0.8 0 —-0.6 0.8 0 -0.6

40 0 O ];f_SG-'- 40 0 O TBTH+ 80 0 0 (=0
-20 37 -16 1 2 =2 0 =75 0

888 48

———1Tp; ——Tpy +3600 =0
45 (BG T 3 iBH

Noting that Ty, = Ty = T and solving:

T =100.746 Ib or T =100.7 b <
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Chapter 4, Solution 145.

Free-Body Diagram:

Express forces in terms of their rectangular components:

BG —40i + 74j - 32k 20, 37. 16
Ty = TBGE = Ty 2 2 > BG(_4_51 4—5J —4—5k)
J(=40)? + (74)" + (-32)
P = —(751b)j
Ay =20 802'_60’ =08i—06j
AD \/(80) +(~60)
rp, = (40 in.)i
e = (80 in.)i
Now,
0.8 0 -0.6 0.8 0 -0.6
40 0 O %+ 80 0 0 =0
-20 37 -16 0 =75 0
888
———Ty; +3600 =0
45 "¢
Solving for Tp;:
Tpe = 182.4321b or Tye =182.41b 4
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Chapter 4, Solution 146.

Free-Body Diagram:

6kt

Express forces in terms of their rectangular components:

T=TE=T (x—611+yj—6k2
BH \/(x -6) + v+ (-6)
_AF 6i—3j— 6k 2, 1. 2

Mp=—2= L R
AF J(6) +(=3) + (-6 3 3 3

rgu = (3 fi)i

gy = (6 ﬂ)i

v, = (6 )i - (3 )k

continued
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Now,
2 -1 =2 . 2 -1 -2 r 2 -1 =2 .
30 o(§j+ 6 0 0 3 +6 0 —3&]:0

2
0 -30 0 (x-6) y —6\/(x—6) +72+36 1o —30 0

T
3 +60=0

60 + (=36 — 12y)
\/(x —6)" + 7 +36

Solving for T':

30 2 2
T= —6) 1% 436
30+ y (xr=6)+»

It is thus clear that for a given y, T will have its minimum value when x = 6 ft. Denoting this minimum by 7,

T, 30 Jy? +36

_3+y

Now to find the minimum of 7, differentiate T, with respect to y and equate the derivative to zero.

a7, [GJB +3)(36+57) 2(29) = (36 + y*)2(1) 30

= 5 =0
dy (3 + y)
Setting the numerator equal to zero and simplifying:
(B3+y)y-»"-36=0
y=121t
(@) Minimum occurs at: x=61ty=12ft 4
(b) Using the expression for 7:
in =3 3012 (6-6) +(12)" +36 = 26.833 1b or T, =2681b«
+
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Chapter 4, Solution 147.

Free-Body Diagram:

Express forces in terms of their rectangular components:
BH r__—6i+yj—o6k

T=T-"" =
BH 2 2 2
J(=6) + 17 +(-6)

AF 6i—3j— 6k 2. 1. 2

}"AFZF: J =-l——]—§k

J(6) +(=37 + (-6 3 3
g0 = (3 0)i

= (6 )i

r = (6 R)i- (3 f)k

continued
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Now,
My =00 A (1u X Wi )+ Ay (g X T) + Ao (0 X W5 ) = 0
2 -1 =2 2 -1 -2 2 -1 =2

T
30 0[§j+6 0 0 23 +6 0 —3(%):0
2
0 -30 0 6y —6\/(—6) +y7+36 |o —30 0

T
3

60 + (=36 — 12y)
\/(—6)2 +12 +36

+60=0

Solving for T:

30
30+ y

r =Y V¥ + 72

3+y

(~6)" + % +36

Now to find the minimum of 7, differentiate 7 with respect to y and equate the derivative to zero.

1 1

[(;j@ +3)(72+ %) 2(29) - (72 + ¥*)2 (1) |30

dT,,
— > =0

dy (3+y)

Setting the numerator equal to zero and simplifying:
(3+y)y—»"—72=0,0ry =241t
(a) Minimum occurs at: x=0, y=241ft 4
(b) Using the expression for 7:
hin = 30 (24)2 +72 =28.2841b or T. =283Ib<
3+24
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Chapter 4, Solution 148.

Free-Body Diagram:

Express forces in terms of their rectangular components:

W5 = —(1.25 keg/m)(9.81 m/s?) (0.9 m) j = —(11.0363 N)
Wi = —(1.25 kg/m)(9.81 m/s?} (0.3 m) j = —(3.6788 N) j
Wep = —(1.25 kg/m)(9.81 m/s?) (135 m) j = —(16.5544 N)

FE —0.6i + 0.9j — 1.35k T
FE J(-06)" +(0.9) +(-1.35) V3325

(2 + 3j — 4.5k)

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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A _AD _  09i-03j-135k 6. 2. 9
Pap J0.97 2 TR TRT
(0.9)° +(-03)" + (~1.35)

roq = (045 m)i

rpy = (0.6 m)i

rg, = (0.9 m)i

1 = (0.9 m)i—(03m)j—(0.675m)k
Now,

IMyp = 0: }“AD'(rG/A % WAB) + A’AD'(rF/A X T) + }“AD'(rB/A * WBC) + XAD'(rH/A X WCD) =0

6 -2 -9 6 -2 -9 6 -2 -9
0.45 0 0 (%} +106 0 O ﬁ#— 0.9 0 (%)
0 -11.0363 0 -2 3 -45 ' 0 -3.6788 0

6 -2 -9
+10.9 -03 -0.675 (%) =0
0 -16.5544 0

4.0634 — 0.34054T + 2.7089 + 6.0950 = 0
Solving for T:
Tpe =37.785 N or Ty =378 N «
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Chapter 4, Solution 149.

Free-Body Diagram:

Express forces in terms of their rectangular components:

W5 = —(1.25 kg/m)(9.81 m/s>) (0.9 m) j = —(11.0363 N) j
Wi = —(1.25 kg/m)(9.81 m/s?} (0.3 m) j = —(3.6788 N) j
Wep = —(125 kg/m)(9.81 m/s?) (135 m) j = —(16.5544 N)

T:T£=T -09i+1.2j-1.35k T

CE \/(—0.9)2 + (1.2)2 + (—1.35)2 B \45.25

(=3i +4j — 4.5k)
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A _AD _  09i-03j-135k 6. 2. 9
PTap " ooy 2 TR TRT
(0.9) +(=03) + (~1.35)

roq = (045 m)i

re = (0.9 m)i—(03m)j

rg, = (0.9 m)i

1 = (0.9 m)i—(03m)j—(0.675m)k

Now,

M, = 0: }“AD'(rG/A X WAB) + XAD‘(I’C/A X T) + A’AD'(rB/A X WBC) + ?\'AD'(rH/A X WCD) =0

6 -2 -9 6 -2 -9 6 -2 -9

0.45 0 0 (11—1)+ 09 -03 0 ﬁ-k 0.9 0 (1—11]
0 -11.0363 0 -3 4 -45 ' 0 -3.6788 0

6 -2 -9
+10.9 -03 -0.675 (LJ =0
0 -16.5544 0

4.0634 — 0.328407 + 2.7089 + 6.0950 = 0
Solving for T:
T =39.182 N or T=392N <«
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Chapter 4, Solution 150.

Free-Body Diagram:

Express forces in terms of their rectangular components:

FG 18i — 6j — 9k Trg (e o
TFG:TFGF_G: FG > JZ > :%6(61_%_31‘)
J8)* + (=67 +(-9)

A, = AB _ 13.52i+9j2—27k : 302525
4B 35y +(9f + (277 T T 7

IM,p =0: )"AB'(rAEXFE)+7"AB'(rBGXTFG) =0

-15 3 —9(lj18+ 13.5 =13 0 TFTGG

3 2 -6 3 2 -6
7 Jz
0 1 0 6 -2 -3

18(9 +27) + TFTG(m +162 — 468 + 81) = 0

Solving for Trg:
T = 42.000 1b

or

Tpe = 42.01b 4
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Chapter 4, Solution 151.

Free-Body Diagram:

(a) The location of D follows from the geometry of the problem. Since the steel plate is rectangular ry,, is

perpendicular to 75, and therefore:

*paTpa=0
Denoting the coordinates of D by (0, y, z):
rp, =—(0.1m)i+ yj+(z—-0.7m)k
and 1y, =(0.3m)i- (04 m)k
Thus, rp,, 15, =-0.03-0.4z + 0.28 =0

or z=0.625m.

| = \/(—0.1 m)’ + 3% +(0.625m - 0.7 m)’ =0.75 m

continued
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Solving for y:
y=0.73951 m

Location of D is therefore: x=0,y=0.740m, z =0.625 m 4
(b) Consider moment equilibrium about axis 4B:

Mg =B 08K 6ok

4B J0.3) + (~04)?

rp = —(0.1m)i + (0.73951 m)j — (0.075 m)k
rpp = —(0.4 m)i+(0.73951 m)j+ (0.625 m — 0.3 m)k
Np = Npi
W =—(mg)j = —(40 kg)(9.81 m/s’ | j = —(392.4 N)
Then,

IMup =00 Agg(rpu XNp )+ Ap(rep X W) =0

0.6 0 -0.8 0.6 0 -0.8
—-0.1 0.73951 -0.075|+|-0.2 0.36976 0.1625/=0
Np 0 0 0 -3924 0

0.59161 N, —24.525=0

N, =41.455N or N, =(41.455N)i «
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Chapter 4, Solution 152.

Free-Body Diagram:

200N
I0ON l
3

300N

From free-body diagram of beam

*.3F =0: B.=0 sothat B=B,

+1 ZF, = 0: 4+ B — (100 + 200 + 300)N = 0

or A+ B =600N

Therefore, if either A or B has a magnitude of the maximum of 360 N,
the other support reaction will be < 360 N(600 N — 360 N = 240 N).

) IM, = 0: (100N)(d) - (200 N)(0.9 - d) - (300 N)(1.8 — d)

+B(1.8-d)=0

or d =

720 -1.8B

600 - B

Since B < 360 N,

720 - 1.8(360)
© 600 — 360

= 0.300 m or d =2 300 mm

) IMy = 0: (100 N)(1.8) — 4(1.8 — d) + (200 N)(0.9) = 0

or J= 1.84

Since 4 < 360 N,

g 1.8(360) — 360
B 360

= 0.800 m

- 360

A

or d < 800 mm

or 300 mm < d < 800 mm <«
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Chapter 4, Solution 153.

Free-Body Diagram:

P 4C,
C

Have Cpax = 1000 N
Now C*=Cl+C,
C
2 2
C, =4/(1000)" - C; (1)

From free-body diagram of pedal
4 ¥F =0: C. -T,, =0
C, =T, 2

X max

+) IMp =0: C,(04m) T, [(0.18 m)sin60° | =0

max

C, = 0389717,

Equating the expressions for C, in Equations (1) and (3), with C, = T},

from Equation (2)

J(1000) = 72 = 0.389711T,.

T2 . = 868,150

and T, =93L75N

or T..=932N<d
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Chapter 4, Solution 154.

Free-Body Diagram:

T D
+—f From free-body diagram of inverted T-member

+) M = 0: T(25in.) - 7(10 in.) - (30 1b)(10 in.) = 0
~ T=201b
or T =20.01b<
H3F,=0: C,-201b=0
30 Ib C,=201Ib

. .
T Cy L or C, =2001b —
a

+1 ZF, =0: C,+201b-301b=0

€ 6
C, =101b
or C, =10.001b
Then C =JC?+C? =/(20)* + (10)* = 22.361 Ib
c
and 6 = tan!| =2 | = tan[ 12 = 26.565°
C, 20
or C=2241b < 26.6° 4
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Chapter 4, Solution 155.

Free-Body Diagram:

fbd

From free-body diagram of frame with 7 = 300 Ib

H.SF =0: C,—1001b + (%)300% =0

C, =-1538461b or C

+1 ZF, =0: C,—1801b- [12]300%—0
13

. =15.38461b ~—

C,=456.921b  or  C, =456.921b |

Then = ,/C; +C2 \/15 3846 (456. 92) =457.181b

C
and 0 =tan”'| =2 | = tan™ (ﬂj = —88.072°
C, —15.3846
or C=4571b ™ 83.1° «
+) Mo = 0: Mc +(1801b)(20in.) + (100 1b)(16 in.) — Hg)mo lb}(min.) =0

M, = —769.23 Ib-in.

or M¢ =7691b-in. ) <

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr
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Chapter 4, Solution 156.

Free-Body Diagram:

(a) From free-body diagram of rod AB
+) My =0: P(lcosf)+ P(Ising)— M =0

or sin@ + cosf = M |
Pl

(b) For M =1501b-in,, P =201b, and / = 6in.

sin@ + cos@ = & = > =1.25
(201b)(6in.) 4

Using identity sin@ + cos* 6 = 1

N =

sin@ + (1 - sin20) =125

1
(1 — sin? 9)2 =1.25 -siné
1 —sin?@ =1.5625 — 2.5siné + sin’ @

2sin’@ — 2.5sin 6 + 0.5625 = 0

Using quadratic formula

—(-2.5)  ,J(6.25) - 4(2)(0.5625)

sin@ =
2(2)
_25£41.75
4
or sind = 0.95572 and sin@ = 0.29428

0 = 72.886° and 0 =17.1144°
or @ =17.11° and 8 = 72.9° 4
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Chapter 4, Solution 157.

D
Sf“ T asg f From geometry of forces
i E 3 1L.5Ft
(3 — 1ol _VBE
Al 36: ﬁ/ <he [o5%t f = tan (ﬁj
€]
200!51 B where
=56t
#ibud 2= Y = 2.0 = ypi
= 2.0 —1.5tan35°
= 0.94969 ft
B = tan_1(0’94969J =32.339°
1.5
and o =90° - f =90°—32.339° = 57.661°
6 = B +35°=132.339°+35° = 67.339°
Applying the law of sines to the force triangle,
200b T B
siné sin  sin55°
200lb (200 1b) T B
or = =
sin67.339°  sin57.661°  sin55°
200 1b)(sin57.661°
(@) _ (2001b)(sin ) 18311610
sin67.339°
or T=183.11b <«
200 1b)(sin55°
(b) _ (20010)(sin557) _ 127 6361
sin67.339°

or B=17751b X 32.3° 4
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Chapter 4, Solution 158.

Free-Body Diagram:
Since

Also

and

Now

For

and

Slope of ED is . 45°
slope of HC is L 45°

DH =HE=(%]DE =—

C =

YEp = Xgp = @,

DE = \2a

a

N

For triangles DHC and EHC

a/\/z_ a

R 2R

¢ = Rsin(45° - f3)

sin # =

a=25mm and R =125mm

25 mm
sinff = ———— = 0.141421
A \/5(125 mm)
. = 0. or = .
8.1301° 8.13° «

(125 in.)sin (45° — 8.1301°) = 75.00 in.

or ¢ =75.0in. 4
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Chapter 4, Solution 159.

Free-Body Diagram:

First note W =mg = (17 kg)(9.81 m/s*) = 166.77 N

h= \/(1.2)2 —(1.125)* = 0.41758 m

From free-body diagram of plywood sheet

M, =0: C(h)- W{@} =0

C(0.41758 m) — (166.77 N)(0.5625 m) = 0

C=22465N  or C=-(225N)i

EMp(, i) = 00 —(224.65N)(0.6 m) + 4, (1.2m) = 0
A, =112324N  or A, =(1123N)i
EM (i) = 00 (166.77N)(0.3m) — 4, (1.2 m) = 0
A, =41.693N  or A, =(417N)j
EM (s = 00 (224.65N)(0.6 m) — B, (1.2m) = 0
B, =112325N  or B, =(1123N)i
IM 4 ais) = 00 B, (1.2m) = (166.77 N)(0.9m) = 0

B, =125.078 N or B, =(1251N)j
A =(1123N)i+(41.7N)j <
B = (1123 N)i+ (125.1N) j 4

C=—(225N)i €
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Chapter 4, Solution 160.

Free-Body Diagram:

First note W =mg = (30kg)(9.81 m/s”) = 2943 N
Foe = ApcFre = [(sin15)i + (cos15°) j | Fe
From free-body diagram of cover
(a) M, = 0: (Fyecos15°)(1.0m) — W (0.5m) =0
or Fpc cos15°(1.0 m) — (2943 N)(0.5m) = 0
Fye =152.341N or Fye = 1523N <
(b) M, =0: W(04m)-4,(0.8m)— (Fjcos15°)(0.8m) =0
or(294.3 N)(0.4 m) — 4,(0.8 m) — [ (152.341 N)cos15°](0.8 m) = 0
4,=0
IM, =0: A (0.8m)+ (Fgsin15°)(0.8m) =0
or 4,(0.8 m) +[(152.341 N)sin15°](0.8 m) = 0
. A, =-39.429N
IF, =0: A, + B, + Fyesinl5° =0
~39.429 N + B, + (152.341 N)sin15° = 0
B, =0
SF, = 0: Fyecosl5°—W + B, =0
or(152.341 N)cos15° = 2943 N + B, = 0
B, =147.180N
or A =—(39.4N)i <

B =(1472N)j <
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Chapter 4, Solution 161.

Free-Body Diagram:

(23 in.)i +(22.5in.)j - (15 in.)k

First note Acp = — -
35.51n.
1
=——(-23i+22.5j—-15k
35.5( ' ! )
P (9in.)i+ (22.5in.)j— (15 in.)k
< 28.5 in.
1
=——(91+22.5j—-15k
28.5( ' ! )
W =—(2851b)j

From free-body diagram of plate

T =100.1211b

(a) IM, =0: (2851b)(7.5in.)— Hii—::jT}(ls in.) — K%JT}@S in)=0

or T =100.11b 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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(b) SFo=0: A4 -T2 ]+ 7[—2]=0
35.5 28.5

A, —(100.1211b) £j+(100.1211b) 2 -0
35.5 28.5

A, =332501b
Moy = 0 —4,(2610) + W (13in.) - H%ﬂ(é in.) - H%Hm in.) = 0
or ~4,(26 in.) + (285 1b)(13 in.) - {(100.121 lb)(i—:zﬂ(6 in.)

{(100 121 1b)@§§ﬂ(6 in) =0

4, =109.615 Ib
. 15 . 23 .
IMp(yaig) = 00 A (26 in.) — [T (EH@ in.) — [T [ﬁﬂ(w in.)

- [T(%ﬂ(6 in.) + {T(%ﬂ(ls in.) =0

-1 1

A_(26 in. ——(90 + 345) — ——(90 —135) |(100.121 Ib) =

or (2610 +| 2Z1(90+345) - (90 -135) 100121 )
A, = 41.106 1b

or A =(33.31b)i+(109.61b)j+ (41.11b)k «

F,=0: B, -W+T| == 223\, p[ 223 +4,=0
g 35.5 28.5

B, —2851b + (100.121 Ib) E+£ +109.6151b =0
35,5 285
B, =32.8851b
SF,=0: B+ A -T|— 15 T1—5 =0
35.5 28.5

B, +41.106 1b — (100.121 1b) —+i =0
35.5 285

B. =53.8941b
or B=(3291b)j+(53.91b)k «
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Chapter 4, Solution 162.

First note
Free-Body Diagram:
—(18in.)i + (13.5 in.)k T

\/(18)2 +(13.5) in.

= T (—0.8i + 0.6k)

T = ﬂBGTBG =

~(18in)i+(24in)j
\/(18)2 +(24) in,

= Tpy (~0.6i + 0.8])

Tpy = ADHT DH —

Since Az = Apy»

From free-body diagram of member ABF
IM 4 ais) = O (0.87,)(48 in.) + (0.8T, ) (24 in.) — (120 Ib)(36 in.) — (120 Ib)(12 in.) = 0
3.2T:; +1.6T,, = 480 (1)
ZMA(Z_M.S) =0: (0.87p)(18 in.) + (0.87); )(18 in.) — (120 Ib)(18 in.) — (120 Ib)(18 in.) = 0
—3.2T; —3.2TH,; = 960 2)
Equation (1) + Equation (2) Tpy =300 1b <

Substituting in Equation (1) Try =04

IM () i) = 05 (0.6T;,)(48 in.) +[0.6(300 Ib) ] (24 in.) — (0.6T45)(18 in.) = 0

continued
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SF, =0: —0.6T, — 0.6Tp; — 0.8Tz; + A, =0

—0.6(300 1b) — 0.8(400 Ib) + 4, = 0
4, =5001b

3F, =0: 0.8y, +0.87), —2401b+ 4, =0

0.8(3001b) — 240 + 4, = 0
4,=0

IF, =0: 0.6Tp; +A. =0

0.6(4001b) + 4. =0

A, =-2401b

Therefore, A =(5001b)i—(2401b)k «
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Chapter 4, Solution 163.

Free-Body Diagram:

First note
—(70 mm)i + (240 mm)k 1

J(70)? +(240)> mm >

re, = (90 mm)i + (100 mm)k

F. = —(600 N)j
rp, = (90 mm)i + (240 mm)k

T = AppT = —(160 mm)i + (110 mm) j — (80 mm)k
\/(160)2 +(110)* + (80)> mm

T
=—(-16i+11j-8k
21 ( ! )
From the free-body diagram of the bend rod

IM 4 =00 Agp-(re XFo) + A g(rp X T) = 0

7 0 24 -7 0 24

90 0 100[@)+ 90 0 240 —|=0
25 25(21)

0 -1 0 -16 11 -8

(=700 — 2160)[%) + (18 480 + 23 760){

25(T21)} =0

T =853.13N

or T =853N «
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