COSMOS: Complete Online Solutions Manual Organization System

Chapter 10, Solution 1.

Link ABC:
Assume 66 clockwise
dX, S
o C-D |—3}<D Then, for point C
[ ! ~]
RS A Sxp. = (125 mm) 50—

A "B g
G e N 8 and for point D

1
N Oxp = Oxp = (125 mm) 50 —
F

N and for point £
Yol 4

‘—:3}%’

) Xg =

|

(250 mm

2
= |0x, ==O0x,—
375 mm) O

Link DEFG: dxp = (375 mm) 5p
Thus (125 mm) &6 = (375 mm) 5¢

1
op =—06
4 3

Then oG = (100\/5 mm)5¢ = (%ﬁ mm]5€

0yg = 05 c0s45° = (%ﬁ mm] 06 cos45° = (% mmj 06

Virtual Work: Assume P acts downward at G
U =0: (9000 N-mm)d8 — (180 N)(dx; mm) + P(Sy; mm) =0

9000066 — ISO[gx 125§9j + P(%é‘ej =0

or

P=180.0 N/ <«
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Chapter 10, Solution 2.

Have F,=201blat4
F, =301b— at D

Link ABC: 0y, = (16 in.)5¢9 Link BF:  O0yr =0y,
Oyg = (10 in.)§0
Link DEFG: Oyp = (6 in.)§¢ = (10 in.)56’
or 0¢= Eé’&

3
5y = (12 in.)5¢ = (20 in.) 50

dip =(5:51n) +(48in)" =73 in

op = (7.3 in.)5¢ = [g x 7.3 in.jﬁé?

Sxp = % D= %G x 7.3 in.jé‘@ = (8 in.)50
Virtual Work: Assume P acts upward at G
sU =0: Fy8y 4 + Fpdxp + PSyg =0
or (20 1b)[ (16 in.)50 | + (30 1b)[ (8 in.) 50 | + P[(20 in.)60 | = 0
or P=-2801b

P=2801b, «
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Chapter 10, Solution 3.

Link 4BC:
g Assume 06 clockwise
xe &x,
C 2 '-:1, Then, for point C
~
S & |
A ﬁl\ie E--ﬁ"— 8o N Oxp = (125 mm) 50 —
A 4\ 54: and for point D

I and for point £
[ S—
- 250 mm 2
Oxp =| —— |0xp ==0xp —
tE (375 mmJ =3 0%
Link DEFG: dx = (375 mm) 5¢p
Thus (125 mm) 86 = (375 mm) &
1
or op =—06
3
Virtual Work: Assume M acts clockwise on link DEFG

6U =0: (9000 N-mm)d8 — (180 N)(Sx; mm) + M 5p=0

9000686 — 180(%125 59) + M[%é‘ﬁj =0

or M =18000 N-mm

or

M =18.00 N-m ) «
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Chapter 10, Solution 4.

Sy, . Have F,=201bat4
(]
5‘:!,1‘"‘(“&—- F, =301b— at D
A

s =g

Link ABC: oy, = (16 in.) 56 Link BF:  O0yp =3Jyy
Syg =(10n.)66
Link DEFG: Oyp = (6 in.)5¢ = (10 in.)56’

or op = %59

dip =(5:51n) +(4.8in)" =73 in

op = (7.3 in.)5¢ = (g x 7.3 in.jd@

4.8 48(5 . )
oxp = 7390 = H(E x 7.3 1n.j5¢9 = (8 1n.)50
Virtual Work: Assume M acts ‘; on DEFG
or (20 b)[ (16 in.)50 | + (30 1b)[ (8 in.) 50 | + Meaej =0
or M =-336.01b-in.

N
M=2801b-ft ) «
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Chapter 10, Solution 5.

Assume 5:9;
ox, =1060 in. ~—
0yc =406 1in.,
0yp =0yc =400 in.,

5)/ 2 A
op =—L ==50
b 6 37

0xg =150¢ = 15(%5@) =1000 in.—

Virtual Work: Assume that force P is applied at 4.
oU =0: oU =-Pox, +300y. + 600y, + 24064 + 805x,; =0

_P(10 60 in.) + (30 1)(450 in.) + (60 Ib) (4 50) + (240 1b.in.)(§5ej

+(80 1b)(10 60 in.) = 0
~10P +120 + 240 + 160 + 800 = 0

10P =1320 P=13201b— <«
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Chapter 10, Solution 6.

Xgp = 2xp Oxp =20xp
Xg =3xp 0xg =30xp
Xy =4xp, Oxy =40x),
x; = 5xp o0x; =50xp

(@) Virtual Work: o6U =0: F;0x; — Fgpox; =0

(90 N)(36xp) — Fgp(56xp) =0

or
Now Fop = kAx;
54 N = (720 N/m)Ax,
Ax; =0.075 m
and oxp = lﬁxH = léx,
4 5
Axy = %Ax, = %(0.075 m) = 0.06 m
or

Fgp =540 N 4

Ax;; = 60.0 mm — <
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(b)  Virtual Work:  6U =0: F; x5 + Fp; Sxy — Fep(Sx;) =0

(90 N)(3 6xp) + (90 N)(46xp) — Fyp(56x5) =0

or
Now Fop = kAx;
126.0 N = (720 N/m)Ax,
Ax; =0.175m
From Part (a) Axy = %Ax, = ?(0.175 m) =0.140 m
or

Ax;; =140.0 mm — <
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Chapter 10, Solution 7.

e . e
Note:
xp =2x Oxp =20x)
xg =3xp 0xg =30x)
Xy =4xp O0xy =40x),
x; =5x, ox; =50x),

(a) Virtual Work: 60U =0: Fp0x; — FgpOx; =0

(90 N)(2 8xp) — Fgp(50xp) =0

or
Now  Fgp = kAx,
36 N = (720 N/m)Ax;
Ax; =0.050 m
and oxp = lﬁxH = léx,
4 5
Axy = %Ax, = ?(0.050 m) = 0.04 m
or

Fgp =360 N 4

Ax;; =40.0 mm — <«
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(b)  Virtual Work: 06U =0: Fj,0xp + Fpoxp — Fgpox; =0

(90 N)&xy, + (90 N)(28x) — Fep(5xp) =0

or
Now Fop = kAx;
54 N = (720 N/m)Ax;
Ax; =0.075 m
From Part (a) Axy = %Ax, = %(0.075) =0.06 m
or

Fgp =540 N <

Ax;; = 60.0 mm — <
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Chapter 10, Solution 8.

Assume 5y, f

0yy _ Syc.
16in. 8in.

1
Oyc = 55)’,4'

Bar CFDE moves in translation
1
Oyp =0yp =0yc = 55%4

Virtual Work:

oU =0: —P(é'yA in.) + (100 1b)(5yE in.) + (150 lb)(dyF in.) =0
-Poy, + 100(%5}@,] + 150(%5}@,) =0

P=1251b P=1251b, «
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Chapter 10, Solution 9.

Have y4 = 2lcosd; 0y, = —2lsinfd 50
CD = 2lsin§; 5(CD) = lcos%é‘@
Virtual Work:

oU =0 —PSy, —05(CD) =0

—P(-2Isin650) - Q(Zcos%&&j =0

0=

2P

sind

<
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Chapter 10, Solution 10.

Virtual Work:
Have x, = 2lsin@
0x, = 2lcos6 08
and yp = 3lcos@
0y = —3Isinf 0
Virtual Work: oU =0: Qox,+ Poy, =0

O(2/cos68) + P(-3Isin650) = 0

0= %Ptan9<
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Chapter 10, Solution 11.

Virtual Work:
We note that the virtual work of 4,, 4, and C'is zero, since 4 is fixed and Cis L to dxc.
oU =0: Poxp + Qoyp, =0
xp =3lcos@  Oxp =-3lsinf 50
yp =1sin@ Oyp =1cosd o0
Thus: P(—3l sin056’) + Q(lcosﬁdé’) =0
—3PIsin@ + Qlcosf =0

_ 3Psind

=3Ptan® O =3Ptan6d 4
cosé
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Chapter 10, Solution 12.

A
A | A PN
T e
Q
x, =(a+b)cosd Sx,=—(a+b)sind 560
Yo = asind 0yg = a cosf ol

Virtual Work:
The reactions at 4 and B are perpendicular to the displacements of 4 and B hence do no work.
oU =0: Téx, +Wdys; =0
T[~(a+b)sin050 |+ W (a cos050) = 0
—T(a+b)sin® + Wacos =0

a W cotd T = a

a+b a+b

T = W cotd 4
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Chapter 10, Solution 13.

Note: Yy =2lsin@
Where I = 600 mm (length of a link)
Then Oyy =2lcos860
1 1 1 )
Also JW = mg = (450 kg)(9-81m/s”)
=2207.3 N
2 2
3 5
dur =.|| =lcos@ | +|—=Isinf
" \/(4 j (4 j
/ -2
=—4/9 +16sin" 0
4
5d :i 16sinfcosf 50

4 ./9 +16sin% 60

=~ § Xcese —= _ sin@cosd 50
—— Hcese — 9 +16sin’ 0
Virtual Work: oU =0: F6d 4 — (%WjﬁyH =0
Fyl 4100050 551 (22073 kN)(2/cos056) = 0
ol| — = =
" Vo +16sin%0
sin@
Fo———2  =1.10365 kN
79 +16sin? 0
For 0 = 30° F, sin 30 =1.10365 kN

o sin30°
/9 + 16sin230°

or Foy =796 kN «
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Chapter 10, Solution 14.

From solution of Problem 10.13:

Fcylﬂ =1.10365 kN
\J9 +16sin’ 0
Then for F =35kN
sind
(35 KN)————=1.10365 kN

\J9 +16sin’ 0

(31.713 5in0)’ =9 + 16sin> @

9

sin® 0 = ——
989.71

or

0=547°4
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Chapter 10, Solution 15.

o4 ABC: yg =asind = Jyy = acosdol
Ye = 2asin@ = Sy, = 2acos 0560

CDE: Note that as ABC rotates counterclockwise, CDFE rotates clockwise
while it moves to the left.

Then 0yc = ady

or 2acos 000 = adp

or 0p = 2cos050
Virtual Work:

oU =0: —PSyy —PSyo+Mbp =0

—P(a cosﬁc%?) — P(2a cosHé‘H) + M(2cos€5€) =0

or M=%Pa<
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Chapter 10, Solution 16.

First note /siné + %lsingﬁ =1

or sing = %(1 - sin&)

Then cos¢pdp = —%cos@é‘e

o op--20s Pl R

3 cos¢ \/‘ézg = (Isiner~
= /5 + 8sind — 4sin’0
3
Now Xo =—lcos@ + —lcos¢
. 3, .
Then Oxp = 1sin6 66 — Els1n¢§¢
= 1| sind - Ssing| 22959 || 50
2 3 cos¢
= l(sin@ + cosHtan¢)§9

2c0s6(1 - sin@
_ il sing 4 _2c0s0(—sin®) | )
J5 + 8sin@ — 4sin? 0

Virtual Work:
oU =0: M60 — Pox =0
20059(1 - sin@)
J5 + 8sin@ — 4sin2 @

M50—Pl{sin6’+ }59:0
20059(1 —sinﬁ)

|
J5 + 8sin@ — 4sin2 0

or M = Pl{sin¢9+
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Chapter 10, Solution 17.

Have

Virtual Work:

Xxg = Isin@
Oxz = lcosBo0
v, =lcosf

Sy, = —Isin050

oU =0: M60 — PSxy + PSy, =0
M6o60 — P(Zcosﬁéb’) + P(—lsinﬁé‘@) =0

M = PI(sin6 + cosH) |
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Chapter 10, Solution 18.

F  Have Xp = lcosd
¢ Sxp = —1sin050
yp = 3Ilsiné

Oyp = 3lcosBo0

~ % Virtual Work: U = 0: M6 — (Pcosﬂ)&xD - (Psinﬂ)é'yD =0

Mo6 - (Pcosﬂ)(—lsinﬁ&é’) - (Psinﬂ)(3100s959) =0

M = PI(3sin Bcos® — cos Bsin6) (1)
(a) For P directed along BCD, g =46
Equation (1): M = Pl(3sin6cos6 - cos&sinﬁ)
M = PI(2sinfcosb) M = Plsin20 4
(b) For P directed |, B = 90°
Equation (1): M = Pl(3 sin90°cos @ — cos90°sin 9)
M =3Plcost 4
(¢) For P directed —, g = 180°

Equation (1): M = Pl(3sin180°cos€ - cosl80°sin9)

M = Plsinf 4
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Chapter 10, Solution 19.

Analysis of the geometry:

Law of Sines

sing _ siné

AB BC
AB
singg = —sind 1
¢ BC &)
Now
Xxo = ABcos6 + BCcos¢
0xc = —ABsin866 — BC'sin ¢op 2)
. AB
Now, from Equation (1) cos Pop = Ecos 660
or 5¢ = ﬁﬁ (3)
BC cos¢
From Equation (2)
Sx. = — ABsin650 — BCsing| 22659 5
BC cos¢
B . :
or Oxp = — (sin@cos ¢ + singcosd) 50
cos ¢
ABsin (6 +
Then Oxp = —Mé‘ﬁ
cos @

continued
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Virtual Work: oU =0: —Poxo— M9 =0
_p{_wgg} — M0 =0
cos ¢
Thus, M =4 BM P (4)
cos ¢

For the given conditions: P = 1.0 kip = 1000 Ib, AB = 2.5 in., and BC =10 in.:
. 2.5 .
(a) When 6 =30 sing = Wsm30°, ¢ =17.181°

sin (30° + 7.181°)

M =(25in, 1.0 kip) = 1.5228 kip-in.
( ) cos7.181° ( p) P
= 0.1269 kip- ft
or M =12691b-ft ) «
(b) When @ =150 sing = %sinlSOi ¢ =7.181°
in(150° + 7.181°
M = (25 )5 ) (1.0 kip) = 0.97722 kip-in.

cos7.181°
or M=8l41b-ft )«
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Chapter 10, Solution 20.

sin(6 + ¢)P

From the analysis of Problem 10.19, M = AB
cos ¢

Now, with M = 751b-ft =900 1b-in.
(a) For € = 60°

sing = 21—'(;5sin60°, ¢ =12.504°

sin(60° + 12.504°)
cos12.504°
or P =368.51b

(900 Ib-in.) = (2.5 in.)

(P)

(b) For 8 =120°
sing = %sianO", ¢ =12.504°

sin(120° + 12.5040)
cos12.504°

or P =476.71b

(900 Ib-in.) = (2.5 in.)

(P)

P =3691b— <«

P=4771b — 4
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Chapter 10, Solution 21.

Virtual Work: 6U = 0:

Consider a virtual rotation o¢ \/ of link AB.

Then 65 = adg

Note that 5y, = 05 cos8 = acosbog

Disregarding the second-order rotation of link BC,
0ye = 0yy = acosbog

acosbop _ _a

Then J, = éjyc = - o
sin@ sind tan @
p
Mégp — Pé, =0
M5¢—P( a 5¢j—0
tan @
or Mtan8 = Pa

Thus (27 N-m)tan30° = P(0.45 m)

P =346N

P=346N ™ 30.0° <
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Chapter 10, Solution 22.

Consider a virtual rotation ¢ \/ of link 4B.
Then 65 = adgp
Note that 5y, = 05 cos@ = acosb o¢

Disregarding the second-order rotation of link BC,

0ys = 0yp = acosb og

Then 5. = Oyc _acos@op  a
€7 sing sind tan @

59

Virtual Work: 6U =0: Md¢p — Pé, =0

a
Méb¢p — P op|=0
4 (tan& ¢j
or Mtan8 = Pa

Thus M tan40° = (135 N)(0.60 m)
M =96.53 N-m
M =96.5N-m ) 4
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Chapter 10, Solution 23.

From geometry

Virtual Work:

or

With

or

v, = 2lcosé, 0y, = —2lsin6 60

CD = 2lsin§, 5(CD) = Icos%é‘@

SU =0: —P8y, —Q35(CD) =0

—P(-2Isin686) — Q(lcos%é‘ﬂj =0

sin@
—op M7
(]
COS| —
2
P=60lb, Q=75lb
(75 1b) = 2(60 Ib) smz
COS| —
2)
sinb __ ) 625

0 =36.42°
6 =36.4° 4

(Additional solutions discarded as not applicable are 8 = £180°)
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Chapter 10, Solution 24.

From the solution to Problem 10.16
20059(1 - sin@)

M = Pl|sin@ +
J5 + 8sin@ — 4sin? 0

Substituting
2cosO(1 - sind)
\/5 + 8sin@ — 4sin’ 0

13.5 N-m = (60 N)(0.25 m)| sin6 +

20056’(1 - sinH)

= 0.90
J5 + 8sin@ — 4sin20

or sinf +

Solving numerically 0 =57.5° 4
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Chapter 10, Solution 25.

Geometry oC =r
cosf = % = L
B Xxp
- r

B cosO

rsin@
Ox, = o0

5 cos> @

Virtual Work:

rsin@

Plsin€ 66 — 0———36 = 0
cos” @
cos* @ _or
Pl

5%s Then, with / =15in.,» =4.5in., P =151b,and Q =30 1b

» _ (301b)(4.5in.)

S s)isin)

or 0 =39.231°

(1

6 =39.2° 4
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Chapter 10, Solution 26.

Geometry oC =r
cosf = % = L
OB  xp
v = r
B cosO
rsin@
Ox, = o0
5 cos’ 6

Virtual Work:

rsin@

Plsin@ 66 — Q———066 = 0
cos“ @
cos? @ = o
Pl

9]
% — Tpen with / = 14in.r = Sin. P =75 Ib,and O = 150 Ib

cos? @ = M = 0.7143
(751b)(14 in.)

or 60 =32.3115°

(1

6 =323 4
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Chapter 10, Solution 27.

The reactions at 4 and B are perpendicular to the displacements of 4 and B hence do no work.

We have X, = (a + b)cos@ Ox, = —(a + b)sin959
Vg = asin@ 0y, = acosf ol
Virtual Work:
oU =0: Tox, +Wdys =0
T[~(a+b)sin050 | + W (acosf56) = 0
—T(a +b)sin€ + Wacos = 0
or T=—2"Wecotd
a+b
We have sinf = 5D _ 8D .(42 in.) X
AB  a+b (42in)+(281in.)
sind = 0.600
0 =36.87°
Thus e (42 in.)

160 1 87°
(42in.) +(28 in.)( 60 Ib)cot 36.87

=127.99 1b

T =128.01b «
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Chapter 10, Solution 28.

Note that

y4 =—(0.15m)tan6

yp =—(0.15m)tand + (0.9 m)sin®
Then

0y, = —(0.15 m)se02659

Oyp = —(0.15 m)se02659 + (0.9 m)cos&é‘@

Virtual Work:
oU =0: Qoy,+Poyz =0

or (135 N)[ ~(0.15 m)sec* 950 |

+(75 N)[—(O.IS m)se026’56’ + (0.9 m)cosé’é‘@] =0

or —20.25 sec’> @ — 11.25sec’> @ + 67.5¢c0s8 = 0
or —=31.5 + 67.5¢c08°0 = 0

cos’ @ = 0.4667
or 6 =239.1°«
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Chapter 10, Solution 29.

Now

Xo = 2lcos¢ —Icos@

= 1(2cos¢ — cosb)
Then
Sxc = 1(-2singSp + sin 69)
= [(sin@ — cos@tan ) 50
Also
Fgp = kxsp = k(31 — xp)
= kI[3 - (2cos¢ + cosf) |

Virtual Work:

Then P[Z(siné’ - cosé’tangz))é‘é?] - kl[3 —(2cos¢ + cosﬁ)]l(sinﬁ + cosftan )0 = 0

First note
BC = BD .. ABCD is isosceles

Then ZBCD = £BDC =6
and BE = [sin@ = 2/sin¢

1
or sing = —siné
¢ 2
Then cos¢dp = %cos¢959

or 0¢ = lﬂ&ﬁ’
2 cos¢
xp = 2lcos¢ + [cos@

=1(2cos¢ + cosb)

Oxp = 1(—2sing ¢ — sin6 59)
= —[(sin@ + cosftan ¢) 56

oU =0: Poxy — FSP|§xD| =0

sin@ + cosftan @

or P= kl[S —(2cosg + cos@)]
= k1[3 —(2cos¢ + cosﬁ)]

. 1. 1.
Now sing = —sinf = —sin25°
2 2

or ¢ =12.1991°

L P= (16OOEJ(O.150 m)(3 - 2c0s12.1991° — cos25°)

m

sin@ — cosftan @

tan@ + tan ¢
tan@ — tan ¢

tan 25° + tan12.1991°
tan25° — tan12.1991°

or P=909N «
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Chapter 10, Solution 30.

X
3 X X Xx 1
=—+>== SOy =—6
- YE 376 2 YE > X
&
Linear Spring: Fgp = ks = (5000 N/m)(x — 0.30 m)
Virtual Work: oU =0
SU = —Fgpdx + PSp = 0
—(5000 N/m)(x — 0.30 m)&x + (900 N)(%&x) =0
—5000x + 1500 + 450 = 0
x =0.390 m or x =390 mm <«
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Chapter 10, Solution 31.

1
5yc = g&)&'

Linear Spring: ~ Fgp = ks = (5000 N/m)(x — 0.30 m)
Virtual Work: oU =0
oU =—-Fupox + Poy- =0

(5000 N/m) (x — 0.30 m)&x + (900 N)[édx] ~0

—5000x + 1500 + 150 =0
x=0330m

or x =330 mm 4
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Chapter 10, Solution 32.

First note: yp = (250 mm)siné 5yp = (250 mm)cosd 50
Xy =2(300 mm)cosH Sx, =—(600 mm)sinﬁ(—ﬁﬁ)
Also, the spring force Fop = k[xA - (xA )0]

= (2.5 N/mm)(600cos¢9 - 600005450)(mm)
= (1500 N)(cos8 — cos45°)

Virtual Work:
SU=0: (250 N)Sy, — FgpSx, =0
(250 N)(250 mm)cos€ 56 — (1500 N)(cos& — cos45°)(600 mm)sin& 56 = 0
or 5- 72tan9(cos6? - cos45°) =0

Solving numerically
0 =15.03° and 36.9° 4
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Chapter 10, Solution 33.

" Es; ts
I8
From geometry:
xc =2(15in.)cos® 5xc =—(301n.)sin6 50
yg =(15in.)sin@ 5yg = (15 in.)cos(50)
s =(30 —30cos8)in.
=30(1 - cos®)in.
Then Fgp = ks = (12.5 Ib/in.)[ 30(1 - cos@)in. |
= (375 Ib)(1 — cos &)
Virtual Work:
sU =0: PSyy + Fgpdxc =0
or (150 Ib)(15 in.)cos 056 + [ (375 Ib)(1 - cos#) | ~(30in.)sin0 50 | = 0
or 2250cos6 — 11250(1 — cos)sind = 0
or (1- cos@)tan@ = 0.200
Solving numerically, 0 = 40.22°

0 =40.2° 4
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Chapter 10, Solution 34.

From geometry:
xc =2(15in.)cos @ 5xc =—(301n.)sin6 50
yg =(15in.)sin@ 5yg = (15 in.)cos 6 560
s =(30 —30cos)in.
=30(1 - cos®)in.
Then Fgp = ks = (12.5 Ib/in.)[ 30(1 - cos0)in. |

= (375 1b)(1 — cos®)

Virtual Work:
oU =0: Poyp + Fopdxo =0
or P[(15 in.)(cos25°)360 | + [ (375 Ib)(1 - cos25°) |[ (30 in.)(sin 25°) 56| = 0

or P=3281bd

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 10, Solution 35.

S s=ré
— os =rob
A & sp
“ Spring is unstretched at 8 = 0°
m FSP = kS = kr@
X =1[sin@
X O0xc =1lcos0 00
o
Y& -
I
XC
Virtual Work:
P(Zcosﬁ&&) - kr¢9(r50) =0
PL__0
or kr?  cos@
(40b)(12in.) @
Thus (9 Ibfin.)(5 in.)?  cos®
o
=2.1333
or cosd
6 =1.054 rad = 60.39°

0 =60.4° 4
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Chapter 10, Solution 36.

v, =1Isin@
0y, = lcos866
Spring: v=CD
Unstretched when =0
so that vy = NG,
For 6:
v = 2lsin(90O i 0)

ov = lcos(45° + g)é‘@

Stretched length:

S=v—y, = 2]sin[45°+§]—\/§l

Then F =ks = kl{2sin(45° + g} - \/5}

Virtual Work:
oU =0: PSy,—-Fov=0

Plcos8 66 — kl{2sin(45° + gj - \/E}lcos(%o + gj&Q =0

or £= ! 2sin 45°+2 cos 45°+2 —\/Ecos 45°+£
kKl cos@| 2 2 2
= ! 25in(45° + gjcos[45° + g)cosﬁ - \/Ecos(45° + QJ
cosd | 2 2 2
005(45o + g)
oY)
cos@
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Now, with P =1501b,/ = 30 in., and £ = 40 Ib/in.

. 0
(150 lb) 005(45 + 2)
0b) g _2)
(40 1b/in.)(30 in.) cosd
cos(45° + gj
or — =2 =0.61872
cosé
Solving numerically, 60 =17.825° 6 =17.83°4
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Chapter 10, Solution 37.

From geometry: v, =1Isiné
0y, =1lcos8o0
Xo =1lcosf + [sind
=1(cos® + sin6)
Yo =1Isin@ — [cos®
=Z(sin0 —cosH)

lep = l\/(cosﬁ + sint9)2 + [(sing - cosg) _ (_1)]2

= l\/3 + 2sin@ — 2cos @

cos@ + sinf

Ol =1
b \/3+2sin6?—2cos¢9

and Fop = k(lCD - Z)

= ki(f3+2sin0 — 2cos0 — 1)

Virtual Work: U _ 0: POy, —Fgpdlop =0
- cosd + siné
or P(lcosz95¢9)—kl(\/3+251n6’—2cos6’ —1) / - =0
\/3 + 2sinf — 2cosé
or 1- ! (1+tan6):£
\/3+25in9—20059 ki
B 600 N
(4000 N/m)(0.8m)
=0.1875
Solving numerically 6 =10.77° 4
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Chapter 10, Solution 38.

Have ye = (375 mm)tan @ 5yc = (375 mm)sec® 659
8g = (75 mm)s0

Fgp = kye = (0.8 N/mm)(375 mm)tan 6

= (300 N)tané

Virtual Work:
oU =0: Pog — Fopoyo =0

(480 N)(75 mm)é't? - [(300 N)tanH](375 mm)sec2 0660 =0

or 3.125tanfsec’ O = 1
Solving numerically, 6=1641° 4
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Chapter 10, Solution 39.

Have v, =1sin@ 0y, =1lcos8o0
Virtual Work:
oU =0: Poy, —Md6 =0
Plcos@00 — KOO =0

0__r
cosd K

or

0 (2000 N)(0.25 m)

Thus =
cosé (225 N‘m/rad)
4 =2.2222 rad
cosd

Solving numerically

6=612°4
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Chapter 10, Solution 40.

Have v, =1sin@ 0y, =1lcosdo0
Virtual Work:
oU =0: Poy,—Mo60 =0
Plcos866 — KOO =0

0 Pl
or =—
cosd K
Then 0 _ (6300 N)(0.25 m) 7 ad
cosé (225 N-m/rad)
or 0 =7cos@

. : 5 . . .
Plotting y =& and y = 7cos@ in the range 0 < 8 < 7” reveals three points of intersection, and thus

three roots:

o

-
b hbbonseow
————

y=Tcosh

i

Then, for each range

0<h< 90°(O<9<§]: 6 = 137333 rad or
kY4
270°< @< 3600(7 <@< 27r]: 0 = 5.6522 rad or
hY/4
360° < @< 450°(27r< 9<7]: 0 = 6.6160 rad or

6=717387°4
6 =324° <4
0 =379° 4
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Chapter 10, Solution 41.

Have d=+217+722 =222in.

tang = 72 or ¢ =18.9246°
21
Now a=0+¢
By Law of Cosines:

dip =22.2% +10% - 2(22.2)(10)cosr

d 45 =/592.84 — 444 cos (in.)

and
= 222sinx é'a(in.)
\[592.84 — 444cosar
By Virtual Work:

(120 b)(8 in.) 6er - F, 222 sinex in. |6 =0
\592.84 — 444cosar

4.3243
sino

ol = \/592.84 — 444 cosx (Ib)
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Given data: 6 =60° o =60°+18.9246° = 78.9246°

Thus =28 550 84— 444 c0s 78.9246° (Ib)
" sin78.9246°
=99.270 Ib
d p = [592.84 — 44405 78.9246° = 22.529 in.
B By Law of Sines:
10,
S 10 22529
c sinff  sin78.9246°
A L2220, or B =25824°

F =9931b 7 44.7° <
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Chapter 10, Solution 42.

Have d,o=+217+72% =222in.

tang = 72 or ¢ =18.9246°
21
Now a=0+¢
By Law of Cosines:

dip =22.2> +10% - 2(22.2)(10)cos

d 5 =+/592.84 — 444 cos (in.)

and
222si .
od = Sma dor(in.)
\/592.84 — 444 cosr
By Virtual Work:
oU =0: PSyp — Fy 6d 5 =0

222 sino
120 1b)(8 in.) 6er -~ F, in. |da =0
(12010)(8 in) °Y‘H\/592.84—444cosa] n}

Fo = 4.‘3243
sino

. \/392.84 — 444 cosx (Ib)
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4.3243

sino

Thus 1051b =

{/592.84 — 444 cosx (Ib)

24.28125 sina = ,/592.84 — 444 cosar
589.5791sin’ o = 592.84 — 444 cos

589.5791(1 — cos? a) =592.84 — 444 cosa

cos® o — 0.75307 cos @ + 0.0055309 = 0
Solving o = 41.785° and o =89.575°
0=0a—-¢=oa—18.9246°

Thus 6 =229°and 6 =70.7° 4
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Chapter 10, Solution 43.

First note @+ f=90°

a+ f=90° La=40

and s=ab (length of cord unwound for rotation &)
s Now Yo = a(l — cos 9) (Distance O moves down for rotation &)
and Yp=S+y
or yp=al + a(l — cos 9) (Distance P moves down for
rotation €)
C

Then oyp =(a + asin¢9) 00

9}3{1 By the Law of Cosines

Ya B I3 = (4a)2 + (Za)2 —2(4a)(2a)cosé
o
zo. or Igp = 2a,/5 — 4cos6
A 4asin@

and olgp = asm

A5 —4cosf o0
Fyp = k[Igp = (Isp), | = k(205 = 4cos0 - 2a)
= 2ka(,/5 —4cosf — 1)
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By Virtual Work:

P(a + asin®)50 - 2ka(f5 — 4cos0 - 1){MJ&9 -0

A5 — 4cosé
or %(1+sin9)—sin9}/5—4cos€ +sin@ =0

a

i 121b

1 in@) —sinf |/5 — 4 o ind =0
| 8(15 Ib/in.)(7.5 in.)( +sinf) - sin }JT +sin

Then

L 1 +sin@)—sind |/5 —4cosf +sinf =0
75

Solving numerically,

6=1527°4
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Chapter 10, Solution 44.

For Bar ABC: da = 52& (where a =151n.)
a

For Bar CD, using Law of Cosines
a* =12 + I3 — 211, cos55°
Then with a = constant, we have

0 = 21 8lp + 21515, — 2(61¢ )l c0s55° — 2 (81 cos 55°

Since Olp =0y
(IC -1 cosSSO)é‘yC = (ID -l 00555°)5ID

For the given position of member CD, ACDE is isosceles.

Thus Ip=a and [, =2acos55°
Then (2a cos55° — acos55°)5yc = (a — 2acos? 55°)5yD
cos55°
or oly =———75—
P 1-2c0s?55° Ye
By Virtual Work:

oU=0: Moba—-Psl,=0

5yCJ cos55°
M|—|-Pl————— 1[0y =0
(261 1 — 2cos®55° e
M 1-2cos*55°

2a  cos55°

or P

Thus for given data

1 _ 2 ggo
P (320 lb. 1n.) 1—-2cos“55 — 63605 Ib
2(15in.) cos55°

P=6.361b J 35° 4
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Chapter 10, Solution 45.

We have
x, =(101in.)sin@ + (24 in.)cos &

x4 =[(10cos6 — 24sin6)in. |66

Law of Cosines:

(cpy

BCY’ +(BD)’ - 2(BC)(BD)cosb

=(
(20 in. ) + (60 in. ) —2(20in.)(60 in.)cos &
(4000 in ) (2400 in )cosH

=[400(10 - 6cos O)in” |

Differentiating:
2(CD)8(CD) = (2400 in? )sin 650

(1200 in2)
5(CD) = sin 050
[20 10—6cosein.]
60 sin@
5(Ch)=| —22__in. |56
o ( ) [\/10—6cos6’m}

Virtual Work:
8U = PSx, + Fop 6(CD) =0
60sin 60°

V10 — 6¢cos60°

(4000 1b)[ (10 cos60° — 24sin 60°)in.] 50 + FCD{

or Fpp =321491b

in} 00 =0

F., =3.21kips /* 4
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Chapter 10, Solution 46.

Triangle ADE:
(2.7 ft)
tanor = =1.800

(15 f)

o = 60.945°

2.

D = ﬂ = 3.0887 ft

sin 60.945°
ye = (15 ft)sin@ Syc = (15 ft)cos 8 660

Law of Cosines: BD* = AB*> + AD* — 2(AB)(AD)cos(c + 6)
= (7.2 ft)" +(3.0887 ft)" — 2(7.2 t)(3.0887 ft)cos (e + 6)
= [61.38 — 44.4773cos (a + ) | ft*

2(BD)(6gp) = 44.4773 sin(a + 0) 66

44.4773 sin(a + 49)
531) =

sante=ol,

Virtual Work:
oU =0: —=P3yq + Fyp 03, =0

44.4773sin (o + 0)
2(BD)

—(500 1b)(15 ft)cos@ O + F, 00 |ft=0
(500 16)(15 ) { ]

Fyp = [337.25—°9__pp iy
sin(a + 6)

We have 8 = 20° BD? = 61.38 — 44.4773 cos(60.945° + 20°)
BD = 73743 ft

cos 20°

Thus Fyp = 337.25
PP sin (60.945° + 20°)

(7.3743)1b

= 2366.5 Ib

Fyp, = 2370 ™ 1b <
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Chapter 10, Solution 47.

Input work = Pdx
Output work = (W sina)dx

Efficiency:

W sin o0 x Wsina
— or n=

Pox P b

]7:

+/¥F =0 P-F-Wsina=0 or P=Wsina+F 2)
+\ ZFy =0: N—Wcosax=0 or N = Wcosa
F = uN = uWcosax
Equation (2): P = Wsina + ulW cosax = W (sine + pcosa)

. W sino 1
Equation (1): 7 = - or n=——
W (siner + pcosa) 1+ pcotar

If block is to remain in place when P = 0, we know (see page 416) that
¢, = « or, since

U = tang,, MU 2 tano

Multiply by coto: Ucota = tanarcotar =1
Add 1 to each side: 1+ ucotar =2 2
Recalling the expression for 77, we find n< % <
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Chapter 10, Solution 48.

Link BC: xg = lcos@
Oxp = —[sin@ 66
or Oxz =1[sinfd6 —

P
13 Yo =Isinf@
0y = 1cos60 T
Link 4B: Oxp = %l5¢ —_—
Thus %lé‘q} = [sin6 66
5 = 25in656 )
Virtual Work:

SU =0: My, 56— (P + uN)Sye =0
M, . (2sin0660) — (P + u,N)(Icos00) = 0

2tan @
Link BC Free-Body Diagram:

max

(+ =M= 0:

J or N = _r
tan@ — g,
Substituting N into relationship for M. :
o MP
_ tanH—,uSl: Pl(tan 6 — u, + 1)
e 2tan @ 2tan@(tand — u,)

For u, = tan@, we have M, = oo; the system becomes self-locking.

c
x l F=))-5'\)” N(Isin@) — (P + uN)lcos = 0
B _.BT =% F Ntan@ - P — uN = 0
B,

max

Pl

[2(tan6? - ﬂs)]

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 10, Solution 49.

Largest value of M is obtained from the solution of Problem 10.48

_ Pl
Minax = [2(tan8 - ,us)]

(400 N)(0.500 m)

Thus M, =
2(tan35° - 0.30)

= 249.87 N'm

M, =250 N-m <

Smallest value of M occurs when the friction force in Problem 10.48 is directed upward instead of downward.
The equations obtained in Problem 10.48 may be used if we replace y, by —u,. Thus

P—le

— S

min ) tan @

B P
tan@ + L

_ Pl
and Mo = [2(tan6 + 11,) ]

(400 N)(0.500 m)
Thus M i = =99.98 N-m
2(tan35° + 0.30)

M, =100.0 N-m <
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Chapter 10, Solution 50.

For the linkage:
+) =My = 0:

Then:
Now
and
Virtual Work:

OU =0 (Opax

[Qmax -

or
For Qmin’

change uto —u, and find

—xA+x7AP=O or A=§T

F=pd= ﬂs§ = %,USP

x, = 2/sin@
0x, = 2lcos6 08

Yp = 3lcosé
0yp = —3Isin6 50

— F)dx,+ PSy; =0

%,Uspj(21005959) + P(-3/sin636) = 0
3 1
Qmax = EPtanH + EIUSP

Omax = §(3tan9 +u,) 4

motion of 4 impends to the right and F acts to the left. We

O = §(3tan9 - u,) 4
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Chapter 10, Solution 51.

Using the results of Problem 10.50 with
6 =30°%7/=02m,P=40N, and g, =0.15

We have Onax = §(3tan€ + 41

= (402N)(3tan30° +0.15)

=37.64 N

Opax =376 N 4

~

and Qmirl = 5(3tan9 - /us)
40 N
! . )(3tan30° ~0.15)

=31.64 N

0. =31.6 N 4
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Chapter 10, Solution 52.

Recall Figure 8.9a. Draw force triangle

QO =Wtan(6 + ¢,)

y = xtan@ so that 0y = oxtané

Input work = O8x = W tan (6 + ¢,) 6x

Output work = W&y = W (Jx)tan&

Efficiency:

n

__ Wtanbx
Wtan(6 + ¢,)0x”

7= tan@
tan (6 + ¢, )

From page 432, we know the jack is self-locking if

Then

so that

From above

It then follows that

But

Then

¢, =20
0+¢, =20
tan (6 + ¢, ) > tan20

7= tan @
tan (6 + ¢, )

tan @
<
g tan 260

2tan @

tan 26 = —
1 —tan“ @

tan€(1 — tan? 0) - tan2 @

n<

N | =

2tan@ 2
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Chapter 10, Solution 53.

To determine Ay, consider a vertical displacement dy ,:

o
m
&ﬂ—
(o]

% 5'5& é&f\

o ~ o 1 Z G
A = 3

Note that dy, = Sy, =y,

Syc _ Sy
300mm 750 mm

or oy, =250y,

oy oyg 360
= or & 250 =3.750
220 mm 360 mm 86 = 549 (33904) 74

Virtual Work:
SU = 0: 4,8y, +(960 N)Sy, — (240 N) Sy, = 0
4,6y, + (960 N)Sy, — (240 N)(3.755,,) =
A4,=-60N or A, =60N |

To determine A, consider a horizontal displacement Ox :
Virtual Work: oU = 0: A0x,=0, or 4, =0
Thus the total force reaction is: A =60.0N i <4

To determine M ,, consider a counterclockwise rotation &6,:

g /15%
D
AYS =% c© & 2

T%ou W/ lz«row

Note that Sy, = 60056, Sye = 90050,
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oy 3 750
- or Sy, = 22(900880,) = 225050
300 mm 750 mm Ve = 300 1) 4
Oy oys 360
- r Sy = 222225080, = 337550
240 mm 360 mm Y6 = 0 1) 4
Virtual Work:
SU = 0: M, 88, + (960 N) Sy — (240 N)Syg = 0

M 86, + (960 N)(60056, mm) — (240 N)(337586,, mm) = 0

M , = 234000 N-mm,

or M=234Nm )«
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Chapter 10, Solution 54.

To determine D), consider a vertical displacement 8y),:

Ny

oy oy
Note that D _ k or oy, =3.50
300 mm 1050 mm VE b
oy; 0yg 360
= or 0y, =—(3.50 =5.250
240 mm 360 mm Y6 = 540 3390p) D

Virtual Work:
oU =0: Dy5yD + (240 N)5yG =0
Dy§yD + (240 N)(5.255yD) =0

D, =-1260 N

or

D, =1.260 kN

| <
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Chapter 10, Solution 55.

From the solution of Problem 10.41

Fy =99.270 Ib
By Virtual Work:
sU = 0: Foy(=0d )~ PSyp =0
(99.270 1b)(=6d 43) — (120 Ib) (1.2 in.) = 0

8d 5 = —1.45059 in.

or 6d,; =1.451in. (shorter) «
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Chapter 10, Solution 56.

¢ From Problem 10.46
—
Fpp =23701b as shown.

By Virtual Work: Assume both dy. and 0y, increase.
SU = 0: ~(500 1b) 8y + Fyp 8y = 0
—~(500 1b)(2.5 in.) + (2370 1b) &, = 0
Syp = 0.5274 in.

Thus g, = 0.527 in. Longer 4
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Chapter 10, Solution 57.

Apply vertical load P at C:
P -
A CL %+ )EIM=0: (12m)J,-(3m)P =0
:rx P
B1 D " oy S Jy = Z
By s
E FLZF . =0: J, =0
£6 5] T
RS + ZFy:0:§—3FFG—O
fw H 74 P 5
o P Frg =P (T)
A ESC—} Yc B (! [ T
¥ Virtual Work:
B % 5 Remove member FG and replace it with forces Fj; and —Fp; at pins F
e and G, respectively. Denoting the virtual displacements of " and G as
orp and OJ7;, respectively, and noting that P and 0y, have the same
direction, have by virtual work.
(&) = = _
-F -
Fe % e
_ e Poyq + FrgOrpcosOp — Frg Orgcosfy =0
fz e 7
F A-» N

Where (5”0 cos; — drp cos HF) = Opg, Which is the change in length of
member F'G. Thus

PSyc = FpgOpg =0
5
PSyq — (Epj@o mm) = 0

0ycs =12.50 mm

or 8yc =12.50 mm , 4
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Chapter 10, Solution 58.

Apply a horizontal load P at C:

A f.+ __E 6 B
c FUSF =0: P-J. =0 . J =P ~—
B EN
2 o P m 3 ) EMy=0: (12m)J, - (225m)P =0
Y !
34
oo = Tr=16"
;_a f
Fre 2 1 P 3 3
e el N P Frg =0
2 p
Te
b -F; Foo=2p (T
N P___,_H e ( FQG : FG — E ( )
C A
. L R Virtual Work:
D r (- H

Remove member FG and replace it with forces Fr; and —Fj at pins F

and G, respectively. Since P and dx. have the same direction, and since

Fr tends to decrease the length FG, have by virtual work.

5
Pox. - (EPJ(Z%O mm) = 0

0xc = 9.375 mm

or 0xo =9.38 mm — <«
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Chapter 10, Solution 59.

Potential Energy:

V= %ks2 + Wyg

S %k(x ~03)° - W[%j

For equilibrium:

Vo f(x—03)— 1w =0
dx 2

(5000 N/m) (x — 0.3)m — %(900 N)=0

Solving x =0.390 m

Spring:

x =390 mm 4
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Chapter 10, Solution 60.

Given: (xsp), = 300 mm

k =5kN/m

From geometry:

Potential Energy:
V="Vs +Vrc

1 2 1
=—k(x—-03) + F,| —x
P03+ e~
For equilibrium:

dv 1
P20 k(x-03)——F.=0
Py (x ) 6 ¢

(5000 N/m)(x — 0.3)m — %(900 N) =0
or x =0.330m

x =330 mm 4
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Chapter 10, Solution 61.

k=25kN/m

(Ssp), =0 at 0=45°

250N

From geometry: Yp = —(0.25 m)sin@
(xsp), = 2(0.3 m)cos45°
Ssp = (xsp)o - |xA|
= (0.6 m)cos45° — 2(0.3 m)cosd

= (0.6 m)(cos45° - cos&)

Potential Energy: V=Vep +Vip
- %k(0.6 m)’ (cos45° — cos#)” — (250 N)[~(0.25 m)sin |

av _
o
k(0.36)(sin 9)(cos45° - cosé’) +62.5¢c080 =0

For equilibrium: 0:

or tan9(00s45° - cosH) =— 62.5 N-m
(2500 N/m)(o.36 mz)
or tan 6 (cos45° — cos @) = —0.06944
Solving numerically
and 0 =15.03° 4

0 =36.9° 4
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Chapter 10, Solution 62.

k=12512 P=1501b
m.

s=0 when8=0

TDATuM

From geometry:
v =—(15in.)sin@
s =30 in. — 2(15 in.)cos &
=(30in.)(1 - cos®)
Potential Energy:

V=V +Vp

1.
=—ks“+ P
5 VB

= %k(SO in)’ (1 cos@)’ + P[~(15 in.)sin 6]

For equilibrium

a =0: k(900 inz)(l — oS 49)(sin 6’) - (15 in.)cos P =0
do
or (12.5 Ej (900 in?)(1 - cos 6)(sin ) - (15 in.)(150 Ib)cos 6 = 0
in.
or 11250(1 — cos@)(sin#) — 2250 cosO = 0
or (1 - cosH)tanH =0.200
Solving numerically, 6 =40.22°

6 =40.2° <
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Chapter 10, Solution 63.

y k=12512 0 = 25°
m.

FSP"'ZS s =0 when 8 =0°

From geometry:
yg =—(15in.)sin@
s =30 in. - 2(15 in.)cos @
=(30in.)(1 - cos)
Potential Energy:

1,5
=—ks“+ P
5 VB

= %k(30 in.)2 (1 - 0059)2 + P[—(IS in.)sinH]

v

For equilibrium —=0:
deo

k(900 inz)(l — cos 9)(sin 9) - (15 in.) cos@P =0
or [12.5 Ej (900 inz)(l - cosZS°)(sin25°) - (15 in.)(cos 25°) P=0
in.

or

P=3281b 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 10, Solution 64.

DﬁTuM*_.
"
Lsine =
A )
N7
)
Spring v =2l sin£90 i 0]

v =2 sin(45° + g]
2
Unstretched (6 = 0)
vy = 2[sin45° = /21

V-, = 2lsin(45° + gj —21

Deflection of spring

A
Il

2
V= %ksz + Py, = %k[2{2sin(45° + gj - \5} + P(~Isin6)

W _ 2| 2sin 45°+§)—J§ cos(45°+g — Plcos® =0
de 2 2

2sin 45°+2 cos 450+2 —\/Ecos 45°+§ =£cos€
2 2 2 kl

cos@ — \/5005(45° + gj = gcosé’
Divide each member by cos &
45+ Hj
2

COS( P
1-2

cosé B E
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Then with P = 150 1b, [ = 30 in. and & = 40 Ib/in.

cos(45° + gj 1501b
1-v2 = : :
cos®d (40 Ib/in.)(30 in.)
=0.125
cos(45° + Z’)
or ———2 =0.618718
cos@
Solving numerically, 6 =17.83°4
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Chapter 10, Solution 65.

From geometry: yy =—1sin@

lep = l\/(cosé’ + sin6’)2 + [1 —(cos — sint?)]2
= l\/3 +2sinf — 2cos6

Ssp = (ZCD - Z)
= l(\/3 + 2sinf — 2cosf — 1)
Potential Energy: V=Vyp+Vp

1
:Eksép + Py,

2
- %klz(\/3 +2sin@ - 2cos0 — 1) + P(~Isin0)
For equilibrium: a =0:
do

klz[ cosd + sind

\/3 sind =2 9](\/3+2sin9—20059—1)—Plcos9=0
+ 2sinf — 2cos

or [1— - ! ](14—t.a1n¢9)=£
\/3+251nt9—2cos<9 ki
~ 600 N
~ (4000 N/m)(0.8 m)
=0.1875
Solving numerically 6 =10.77° 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 10, Solution 66.

From geometry

Yo =dyctanf d 4 =375 mm
yp=r6 r =775 mm
Potential Energy:

1
VZVSP+VP=Ekyé‘_PyP

= %kdﬁc tan’6 — Pré

For equilibrium:

Z’—Z:o: kd?-tan@sec* 6 — Pr =0
(0.8 N/mm)(375 mm)2 tan@sec® 6 — (480 N)(75 mm) = 0
3.125tan@sec’ 0 =1
Solving numerically 6=1641°4
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Chapter 10, Solution 67.

125 v

250 wam

1004z wavn

s _1ve = [Gooaz ww) @l cosas®

looA72 mmj¢
P=180 N
Since Xo = Xp, 12560 =375¢, or
Also xg = (250 mm)g = (%QJmm
Potential Energy:
V=-M6+ Qx; — Py
=-M6 + @Qé’ - @PH
3 3
For Equilibrium:
Vg gy 20 100,
de 3 3

Thus at equilibrium, V is constant and the equilibrium is neutral.

= (100 &) vam

[SERIN

Q.E.D. €
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Chapter 10, Solution 68.

First note Vg =Vr
* For small 4, ¢: yg = (10 in.)H
yr =(6in)¢
Thus 100 =6¢
5
==0
¢ 3
Also V4= (16 in.)é’
o Yo = (12 in.)¢

_‘p.‘_x_.) _1- h+ xp (h = constant)
= = h+(8in)0
Xp = (4.8 in.)¢
=(8in.)0
Potential Energy:
V=V, +Vp+Vy
=—Fyyy— Py + Wy,
= —(201b)(16 in.)0 — P(20 in.)@ + (30 Ib)[ —(h + 86)in. |
= [(~320 - 20P - 240)6 — 304 |(Ib-in.)
For equilibrium: a =0
do

-320-20P—-240=0

V' is a constant therefore equilibrium is neutral.

Q.E.D.
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Chapter 10, Solution 69.

A Potential Energy:
; o |- : V= —W(écos&) - W(ésin@j
1 ' T-‘ = —?(cos@ + sin 6’)
Lk a _wm

| 7 T(Siné’ - cosH)

For equilibrium:

d—V:O: sind — cosf =0
déo
tand =1
0 =45°and 0 = —135° 4
2
Stability: % = %l(cosﬁ + sin 6’)
2
6 = 45°: d—z = Z1(0.707 +0.707) > 0 Stable «
deo 2
2
0 =-135° % = %(—0.707 -0.707) < 0 Unstable 4
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Chapter 10, Solution 70.

Potential Energy:

V=W (écosﬁ] -Wys [ésin@j

= —WCDi cosf + Msint9

Wap _ mypg _ 300 _

But
Wep  mepg 500
Thus V= —WCDé(cosH + 0.6sin9)
dv )
— =Wep—(sin@ — 0.6cos &
ag =" )
For Equilibrium:
d—V=0: sind — 0.6cos@ =0
do
tand = 0.6
6 =31.0° and 0 = -149.0° 4
. d’v ! .
Stability: T = WCDE(COSQ + 0.6sin 9)
2
6 =31.0° % = WCDé(cos31.0° +0.6sin31.0°) > 0
Stable <
O. dZV l o 1 o
0=-1499.0%  —5= WCDE[COS(—149.O ) + 0.6sin(~149.0°) |
= WCDé[—O.8572 +0.6(-0.5150) | < 0
Unstable <
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Chapter 10, Solution 71.

Let each rod be of length L and weight 7. Then the potential energy V is
V= W{%sin&) + W(%cosZﬁj

Then

d_V = KLcosH— WL sin 26
dg 2

For equilibrium
a
doe
or cos@ — 2sin20 = 0

=0: %Lcose —WLsin260 =0

Solving numerically or using a computer algebra system, such as Maple, gives four solutions:
6 =1.570796327 rad = 90.0°
6 = —-1.570796327 rad = 270°
6 = 0.2526802551 rad = 14.4775°
6 = 2.888912399 rad = 165.522°
Now
% = —%WLsine — 2WLcos26

= -WL (%Sinﬁ + 2cos 20)

continued
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At 0 =14.4775°

2
IV ) Lsin1aarrse+ 2cos[2(14.4775°)]
do 2
= -1.875WL (< 0)
At 8 = 90°
2
d_l; =-WL lsin 90° + 2cos180°
de 2
= 1.5SWL (> 0)
At 6 =165.522°
d*v L. o o
g7 = WL 5sin165.522° + 2c05(2x165.522°)

= —1.875WL (< 0)
At 6 = 270°
2
d_l; = -WL lsin 270° + 2cos540°
do 2

= 2.5WL (> 0)

6 = 14.48°, Unstable 4

6 = 90°, Stable 4

6 =165.5°, Unstable 4

6 = 270°, Stable 4
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Chapter 10, Solution 72.

Lcoslse
2

For equilibrium 20 =0:1.55in1.50 + sin@ = 0

= 2-(275) (> 0)

Potential energy V= W(écosl 59 + W ECOS 6’] W =mg

a _ Wl( 1.5sin1.50) + Wl(—siné’)

de 2

—%1(1.55in1.5¢9 +sind)

2
d_l; = —ﬁ(2.2500s1.56 + cosf)

doe

dv

2
Now % = —%1(2 25c0s1.50 + cos6)
2
At 6 =0: % = —%1(2 25¢0s0° + cos0°)
= " 325) (<0)
2
2
At 6 = 137.8°: % = —%’[2 25¢c0s(1.5x 137.8°) + cos137.8°
wi

Solutions: One solution, by inspection, is 8 = 0, and a second angle less than 180° can be found numerically:

6 = 2.4042 rad =137.8°

. @ =0, Unstable €

. @ =137.8°, Stable 4
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Chapter 10, Solution 73.

M=ké
N
_1— 4] 3 //’f
Lawie /:g/ B
4
Equilibrium:
P =2kN,

For

Solving numerically, we obtain

Stability

de?

Potential Energy

V= %K&z — Plsin@
d—V = K@ — Plcos@
do

2
v =K + Plsin@

dae*
d—V =0: cosf = £6’
de Pl
[ =250 mm, K = 225 N-m/rad
225 N-m/rad
(2000 N)(0.25 m)
= 0.45060

6 =1.06896 rad = 61.247°

2
9V _ (225 N-m/rad) + (2000 N)(0.25 m)sin61.2° > 0

6 =61.2°4d

Stable 4
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Chapter 10, Solution 74.

Potential Energy

V= %Ké?z — Plsin®

d—V = K@ — Plcos@
de
2
d_l; =K + Plsin@
de
Equilibrium a =0: cosf = £6’
de Pl
For P =63kN, / =250 mm, and K = 225 N-m/rad
225 N-m/rad
cosf =

(6300 N)(0.25 m)

or cosf = g
Solving numerically, 6 =1.37333 rad, 5.652 rad, and 6.616 rad
or 6 = 78.7°, 323.8°, 379.1°
.. . v . .
Stability At @ = 78.7°: 7o (225 N-m/rad) + (6300 N)(0.25 m)sin 78.7
=17695N-m > 0 6 = 78.7°, Stable 4
. dav . .
At 0 = 323.8°: T = (225 N-m/rad) + (6300 N)(0.25 m)sin323.8
=-7052N-m <0 6 = 324°, Unstable 4
. v . .
At 8 =379.1°; 7 = (225 N-m/rad) + (6300 N)(0.25 m)sin379.1
=74037N-m > 0 6 = 379°, Stable 4
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Chapter 10, Solution 75.

% 1

e

Have Ysp = r(6’ - 90), r=4in, 6,=20°= %rad

yg =1l5c080, [, =18in.
Potential Energy:
1
V= Ekyép + Wyg

_ %krz(ﬁ — 0,)" + Wi,y c0s0

dv .
T kr* (0 — 6,) — Wi,z sin@
dZ—V = kr* — Wi, cosO
do? a8
For equilibrium:
av . .2 T . . T
—=0: (4.5 1b/1n.)(4 1n.) e W(18 1n.)sm— =0
do 4 9 4
W =2.4683 1b
Stability:
d*v

. .2 . T
W = (4.5 lb/1n.)(4 1n.) - (2.4683 1b)(18 1n.)cosz

=40.6 Ib-in.> 0

W =2471b <

*. Stable 4
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Chapter 10, Solution 76.

Potential Energy:
1
V= Ekng + Wyp

_ %krz(ﬁ — 0" + Wl cos0
fl—g =kr* (0 - 0,) — Wl psin@
2
% = kr? — Wl 5 cos@

For equilibrium:

=109.252°
Stability:

do?

=111.1711b-in.> 0

‘jﬁ
Have Ysp = r(6 - 60), r=4in, 6, =20° = % rad

Z—g =0:  (45b/in)(4in.)’ (9 - %j ~ (6.6 1b)(18 in.)sin6 = 0
(9 - fj ~1.65sin0 = 0
9
Solving numerically: 6 =1.90680 rad

2
TV _ (4.5 bfin)(4n.) - (6.6 Ib)(18 in.)cos109.252°

0 =109.3° 4

.. Stable 4
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Chapter 10, Solution 77.

<
I

| X 'Ll\,\j A Note:

A

[20 - (1) - (20 x)z} in,

EN
(20 — -2+ 40x - 279) in.

Potential Energy:

V= %k(x ~75) + %k(y —7.5) + W, (20) + Wyy

2
- %k(x ~7.5) + %k(lz.s — =2 + 40x - 279) 200, + WB(ZO — -7 + 40x - 279)

Equilibrium Condition:

Y _o. k(x—7.5)+k(12.5—\/—x2 +40x—279) R
dx 2,/-x% + 40x — 279
W, 40 — 2x ~0
2,/-x> + 40x - 279
Simplifying,
12,5k (x = 20) + 12,5k x> + 40x — 279 + Wy (x — 20) = 0
Substituting k=11bin, Wy =101Ib:

12.5(1 Ib/in.)[ (x = 20) in. ] + 12.5(1 lb/in.)(\/—xz +40x - 279 in.) + (10 1b)[ (x = 20) in.] = 0
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or  (x=20)+-x> +40x — 279 + 0.8(x — 20) = 0

or  \J-x*+40x 279 =1.8(20 - x)
or  —x?+40x-279 = (36 - 1.8x)’

or 424x* —169.6x +1575=10

2
169.6 £ ,/(-169.6)" — .
S J(=169.6)* - 4(4.24)(1575)
2(4.24)

or x = 14.6579 in. and x = 25.342 in.

Since x<20i1n.

x =14.66 in. 4
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Chapter 10, Solution 78.

P A I4———“ Lo ——9[ c
lg/z ‘W
w =
- —P @
Deflection of spring = s, where s=yP+y? -1
s___ ¥
dy 12 _ y2
Potential Energy: V= %ks2 - W%
AV _ By
dy dy 2
d—Vzk( 12+y2—l) Yy
dy iy 2
l
>+ y? 2
Equilibrium a =0: |1- ! y = Lw
& o) 2k
Now W =mg = (12kg)(9.81m/s>) = 117.72 N, / = 0.75 m, and k = 900 N/m
. 117.72 N
Then 1- 0.75m y = lg
\/(0‘75 m)? + 2 2 (900 N/m)
or 1975 |, — 00654
\0.5625 + )2
Solving numerically, y = 0.45342 m

y =453 mm 4
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Chapter 10, Solution 79.

(a) We note that in A ABC,
1 o o
ZA=/B= 5[180 —(90°+0)]

_450_ Y
2

Thus AB = 2acos [45O - gj

= 2a(cos45°cos§ + sin45°sin§j

NG

o0 .0
=2a—| cos— + sin—
2 2 2

0 0
= \/Ea(cos— + sin—j
2 2
Elongation of Spring: s=AB —2a

= \/Ea(cosg + sing - 1)
2 2

Potential Energy: V =—ks* - W(l sin 49)

[N

2
Vzlk(2a2) cosg+sing—1 — Wisin@
2 2 2

= ka? cos22 + sinzﬁ +1+ 2cosgsing - 2cos§ - 2sin£ — Wlsin@
2 2 2 2 2 2

= kaz(l +1+sinf — 20052 - 2sin§) — Wlsin@

= 2ka2(1 - cosg - sin%] + ka* [1 - ﬂjsme

ka®

continued
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d—V = 2ka? [lsing - %cosgj + ka? (1 - KIZJCOSH

do 2 ka
= ka*| - cosg - sing +|1- KIZ cosé
2 2 ka
For Equilibrium:
d—V:O: cosg—singz(l—ﬂijcosﬁ (n <
do 2 2 ka

(b)  Given data:
k=751b/in.,,a=101n.,/ =15in., and W =100 Ib

. , 0 .0 (100 1b)(15 in.)
Using equation (1): cos——sin—=|1- 5 [cosd
2 2 (75 Ib/in.)(10 in.)

cosg - sing = 0.8 cos@
2 2

Letting cosf = coszﬁ - sinzgz
2 2

Then cosg — sing =0.8 cosg - sing cosg + sing

2 2 2 2 2 2
Which yields

cos— — sing =0 and cosg + sing =1.25
2 2 2 2
L 0 o o

The first equation yields 3" 45°, 0 =90.0° <4

. 0 .
In the second equation let x = COSE and the equation becomes x+4l-x* =125

or x2 —1.25x+0.28125=0
Solving x =0.95572 and x = 0.29428
§= cos10.95572 and g = cos 10.29428
0 =342° and 60 =145.8° 4
Stability:
2
d_I; = lka2 sing + cosg - 2(1 — Kéjsin&
do* 2 2 2 ka

= lka2 [sing + cosg —1.6sin6’)
2 2 2
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2
6 =34.2°: ZQZ = %kaz (0.2940 + 0.9558 — 0.8993) > 0 Stable 4
v 1, ,
6 =90.0°: yrei o ka (0.707 + 0.707 - 1.6) < 0 Unstable <
2
6 =145.8°: i

= %kaz (0.9558 + 0.2940 — 0.8993) > 0 Stable 4
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Chapter 10, Solution 80.

NG Hoee Note:
Xgp, = 148In0
Xspy = Xsp,
Ysp = Xsp, t Xspy
= 2r,sind, ry =150 mm

Yprock =F0,  r =200 mm

Potential Energy: V= %kxfp — MgYprock
1 . 2
= Ek(ZrA s1n¢9) — mgré

= 2krg sin> @ — mgr

Z—Z = 2kr} (25in¢900s0) — mgr = 2kr} sin260 — mgr
2
d_I; = 4kr? cos 26
do
Equilibrium Condition:
dav 2 .
—=0: 2krysin20 — mgr =0
40 4 g
Thus 2(2000 N/m)(0.15 m)” sin 26 — m(9.81 ms*}(0.2 m) = 0
or m =45.872 sin29(kg)

(a) FromEq.(2), with m>0:

i d’v
(b)  For Stable equilibrium: —>0
do
Then from Eq. (1) cos26 >0 or

&

(2)
0<m<459kg d

0<60<45.0° 4
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Chapter 10, Solution 81.

Note:

Xgp, =148In0
Xspy, = Xsp,

Xsp = Xsp, T Xspy

= 2r,sin@, r, =150 mm

YpLock =10, r =200 mm

Potential Energy: V= %kxép — MgVpLock
1 . 2
= Ek(er sinf)” — mgro
= Zij sin?@ — mgr 6
dv

7 = 2krj(2sin¢900s6’) —mgr = 2krj sin 26 — mgr

d*v

T = 4fr7 cos 260
Equilibrium Condition:
Z—Z:o: 2kr sin20 — mgr =0
Thus 2(2000 N/m)(0.15 m)” sin 26 — m(9.81 ms?}(0.2 m) = 0
or m = 45.872 sin 249(kg)
20 = 45.872 sin 26
Solving 0 =12.9243° and 6 =77.076°

Stability: Using Eq. (1)

2
0 =12.9243°: 9V _ g2 cos(2 % 12.9243°) > 0
do
2
6 =77.076°: aV

i 4kerj cos(2 x 77.076°) < 0

()

)

5. 60 =12.92°, Stable 4

o0 =177.1°, Unstable 4
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Chapter 10, Solution 82.

28 38

(@) sgp=1Icosfy —IcosO

= Z(cosé’o - cosH)

Potential Energy:
V= %ksép — mg(2Isin®)
= %kl2 (cosH0 - (:05:9)2 — 2mglsin@
%:klz(cosﬁo —cosH)sinH—nglcos9 )
Equilibrium:
av 2 .
%:0: ) (cosH0 —0050)51n6—2mg10056’=0
Since cos@ = 0 is not a solution of the equation, we can divide all terms by /> cos@ and write
(cosé’0 - cosé’)tanH = 21’:1_lg (2)

The spring is unstretched for @ = 0 thus ¢, = 0 in Eq. (2) and we have

(1- cosH)tanH _2mg |
kil
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(b)  For the given data

2(5 kg)(9-81 mis’

1 - cosd)tand =
(1= cosd)tan (800 N/m)(0.250 m)

Solving by trial and error: 6 =51.96°
Stability: Differentiating Eq. (1):

d*v

T = ki? (sin2 6 + cosf,cosf — cos* :9) + 2mglsin@

= kI* (cosé’0 cos@ — cos20 + 2Zlg sin Hj
For 6, =0, 6 =51.96° and the given data
v . . : o
7 = kI* (c0s51.96° — c0s103.92° + 0.4905sin51.96 )

=1.2431 k1> >0

= 0.4905

6 =52.0° 4

3)

6 = 52.0°, Stable 4
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Chapter 10, Solution 83.

DATOM

‘jﬂ = Ya -Rcos@

Xcos e

Y4

/

Law of Sines:

Y4 —
cos(@ — ) cosp
cos(@ —
Ya= l—( 'B)
cos 8
From Eq. (1): Vg =1M—lcos¢9
cos
Potential Energy:
V=-Py,—Qy,=— M—lcos@}—QlM
cos 8 cos 8
ar _ —pI _M +1sin® | + Qlw
deo cos cos 8
s dv . .
Equilibrium: 7l 0: (P + Q)sin(6 — B) = Psinfcos
or (P + Q)(sin@cos S — cos@sin ) = PsinBcos

sin(90° + S - 0) - sin(90° — f3)

(M
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Substracting P(sin8cos S ) from each member yields

—(P + Q)cosBsin B + QOsinfcos f=0
or tan9=P;QQtanﬂ

Given data: B =30°, P=0=400 N

(400 N) + (400 N)

tan 30°
(400 N)

tan@ =

tan@ = 2(0.57735) = 1.1547

0 =49.1° 4
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Chapter 10, Solution 84.

ij S| jA—)\cose

Scos@®

Y4 - !
sin(90° + S —6)  sin(90° - f3)

Law of Sines:

Y4 — !
cos(@ — ) cosp
cos(@ —
Ya= l—( 'B)
cos 8
From Eq. (1): Vg =1M—lcos¢9
cos
Potential Energy:
V= Pyy— Oy, = {,M _ ,Cosg} I )
cos cos 8
ar _ —pI _M +1sin® | + Qlw
deo cos cos 8
s dv . .
Equilibrium: 7l 0: (P + Q)sin(6 — B) = Psinfcos
or (P + Q)(sin@cos S — cos@sin ) = PsinBcos

(M
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Substracting P(sin8cos S ) from each member yields

—(P + Q)cosBsin B + QOsinfcos f=0
or tan6’=P;QQtanﬂ

Given data: P=100N,Q=25N, f=30°

(100 N) + (25 N)

tan 30°
ED

tan@ =

=5(0.57735) = 2.8868

6 =70.9° <4
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Chapter 10, Solution 85.

i (Yoo ¢
(l(om.—d)siﬂfva‘
16
' Sb 6.
‘/— (8.)s in 2
FSP -

X5f

First note, by Law of Cosines:

2
d* = (16)" + (16 sing) - 2(16)(16 singj cos?
2 2) 2

d= 16\/1 + sinzg —sin@ in.

Also note Xgp =140

Potential Energy:

1
V= Ekxép +Wpyp

- %k(rAé’)z + W[ (), ~ (16— d)sin60°]

- %krjﬁz + W, {(yD)0 - (16 - 16\/1 + sinzg = sin6]sin60°]
Equilibrium condition:

1. 8@ 0

5 smE cosE—cosé’

0: kr16 + 160, sin 60° > =0
\/1 + sinzz —sin@

av _
do

126 + 417, sin 60°— S0 Z2€0s0

\/1 + sinzg —sin@
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Substituting,

(2.5 Ib/in.)(2 in.)* 49\/1 + sinzg —sin@ + 4(25 Ib)sin 60°(sin@ — 2cos6) = 0

or 9\/1 + sinzg —sin@ + 8.6603(sin& — 2cosf) = 0

Solving numerically, 6 =1.08572 rad
or 0 =622°4d
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Chapter 10, Solution 86.

First note that cable tension is uniform throughout,
hence
Fgp = Fgp,
Ep > kx = kyx,
N aetese,
X, = 2x

Now, with C midway between the pulleys,

2d =16 in. + x| + x,
d—8+l(x +x,)
= PR
Then y* =d* -8
1 2
:{8+5(x1 +x2)} -8
1 2
= 8(x1 + xz) + Z(x1 + x2)
= 8(xl + 2xl) + %(x1 + 2x1)2

=24x; + %xlz (inz)

y= %\/96)(] +9x

Potential Energy:

1, 5 1,
V ==kx{ +—k,x5 — W)
5 M TS Y
= %kle + %kz (2x)° - W(%,/%xl + 9fo
=%(k1 + 4k, )X — W(%«/96x1 + 9x12j
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Equilibrium condition:

dv 96 + 18x
=0 (ky + 4ky)x, —W | ————"L_ =0
dxy 4,J96x, + 9x?

or [6+4(3) ] bin. x [ (x;) in.][(,/%xl +9xf ) in} - %(25 1b)[ (96 +18x,) in.| = 0
or 18x,,/96x, + 9x? — 600 —112.5x, = 0

Solving, x, =2.7677 in.
1 2
Then y= 5\/96(2.7677) +9(2.7677)
=9.1466 in. y=9.15in. 4
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Chapter 10, Solution 87.

Stretch of Spring
s=A4AB -r
s =2(rcosf) —r
s =r(2cosf —1)
Potential Energy: V= %ks2 — Wrsin 20 W = mg
1 2 2 .
V= Ekr (2cos@ —1)" — Wrsin 26
ar _ —kr2(2cos9 —1)2sin@ — 2Wrcos 26
do
Equilibrium
Z—ZzO: —kr2(20056—1)sin9—Wr0052¢9=O

(2cos@ —1)siné W

cos 26 kr

20 kg )(9.81 m/s>
Now w_ ( g)( ms) = 0.36333
kr (3000 N/m)(0.180 m)

(2cos@ —1)sin&
cos26
Solving numerically, 6 = 0.9580 rad = 54.9°

= —0.36333

Then

6 =54.9° <4
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Chapter 10, Solution 88.

Have [, =2rsiné
Then  y, =—L,psin[(90° - 6) — 45°]

= —2rsin@sin(45° - 6)

Also for spring
s=lp—r
=2rcos@ —r
=r(2cosf —1)
Potential Energy: V=Vyp+V,
= %ks2 + mgy

= %krz(Zcose - 1)2 — 2mgrsin@sin (45° - 0)
For Equilibrium:
@ _

=0:
de

kr? (—2sin@)(2cosd — 1) — 2mgr[cost9sin(45° — 6) —sinfcos(45° - 6’)} =0

or —krsin@(2cos@ — 1) — mgsin(45° —20) =0
sin@(2cosf —1) mg (20 kg)(9.81 m/sz)
or =g _ _
sin(45°—20) k- (3000 N/m)(0.18 m)
=-0.36333

Solving numerically

6 = 46.6° 4
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Chapter 10, Solution 89.

Have X = dsinf yp = hcos@
Potential Energy: V= 2(%/@2] + Wyg
= kd*sin”> @ + Whcos @
Then Z—Z = 2kd*sin@cos@ — Whsin@

= kd?sin20 — Whsin 6

d*v

and — = 2kd? c0s 260 — Whcos 6 (1)
de
For equilibrium position 8 = 0 to be stable, we must have
2
d—z = 2kd®> —Wh >0
de
> 1
or kd” > EWh 2)

2
Note: For kd* = %Wh, we have Z_HZ = 0, so that we must determine which is the first derivative that is not

equal to zero. Differentiating Equation (1), we write

dv 5 . .
—= = —4kd”sin20 + Whsin6 = 0 for 8 =0
de
4
d_l: = —8kd? cos20 + Whcos8
de
4
For 6 = 0: d—z = —8kd® + Wh
dae
. , 1 dv e , 1
Since kd” = EWh’ W = —4Wh + Wh < 0, we conclude that the equilibrium is unstable for kd* = EWh
and the > sign in Equation (2) is correct.
With W =1601b, h = 50 in., and d = 24 in.
Equation (2) gives k(24in)* > %(160 1b)(50 in.)
or k > 6.944 1b/in.

k > 6.94 1b/in. 4
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Chapter 10, Solution 90.

Using Equation (2) of problem 10.89 with
h=301n., k =4 1b/in., and W =401b

ka® > L
2
or (4 Ib/in.)d* > %(40 1b)(30in.)

d* > 150 in®
or d > 12.247 in.

Smallest d =12.25 in. 4
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Chapter 10, Solution 91.

Consider a small clockwise rotation € of the plate about its center.

Then V =2Vp+4Vyp
a
where Vp = P(Ecosﬁj
1
= —(Pacosb)
2
1, o
and Vsp = Ekysp
2\
Now d= (E) +a

a
=—5
Vs

and a =180° - {gb + [90O - gﬂ
_ope_[4_0
- (¢ 2]

Then Ysp = [(%\/gj 9} sina

= %aﬁ sin [900 - (¢ - gﬂ

= %Hx/gcos[¢ - g]

R
9

continued
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2
and Vep = [ o5 cos(gb - —H
= %kazﬁz cos? (qﬁ - gj

.V = Pacos@ + %kaZGZ cos’ (¢ — g]

Then

d_V = —Pasinf + %ka2 [Zt%os2 (gﬁ - gj

o[ L[4 LJin(s-2)]
Jo30

NI%
Nl»—‘

= —Pasinf +§ka2 [290052 (gb 2 sin 2¢ 0)}
2
d_I; = —Pacosf + éka2 2cos” [¢ - 2)
deo 2 2
1 0 0
— 20| —— |cos| ¢ — — |sin| § — — |+ Isin(2¢ — O
[l Sl -5 roms-0
1
—59 cos(2¢—¢9)}
=—Pacos6’+§ka2 2cos’ ¢—g +§6?sin(2¢—€)
2 2 2
12
—50 cos(2¢—€)
3
% = Pasinf + %ka2 {4(—%Jcos(¢ - gjsin(;/) - gj + %sin(2¢ - 0)
3 1 5.
- 59005(2¢ - 9) - Hcos(2¢ - 9) + 56’ sm(2¢ - 6’)}

= Pasin@ + %kazBsm(M -0)- %0005(2¢ -0)

+ %92 sin(2¢ — 9)}
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When 6 = 0, Z’_I; = 0 for all values of P.

For stable equilibrium when 6 = 0, require

v 5, 5
7 >0: —Pa +Eka (2005 ¢) >0

‘NQ

1
a\/ng

2

Now, when 8 = 0, cos¢g =

—Pa + SkaZGJ >0

or P < ka
When P = ka (forH = 0):
a_,
do
2
e
do

do’
Stable equilibrium for 0 < P < ka <«

3
v _ ikaz sin2¢ > 0 = unstable
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Chapter 10, Solution 92.

Spring: s = £sinqﬁ = gsinﬁ
3 3
For small values of ¢ and 4: ¢ =20
V=P £cosqﬁ + Z—Lcosé’ + lks2
3 3 2
2
= E(005249 + 20059) + lk[z—LsinGJ
3 2 U3
a _ E(—25in26’ —2sin6) + gkL2 sin@cosd
do 3 9
= —%(2sin29 +2sin6) + %kﬁ sin 20
2
d_I; = —E(4cos2t9 + 2cos9) + ikL2 cos26
deo 3 9
2
When 6 =0: d—z _OPL L Ay
deo 3 9
2
For stability: d_l; >0: —2PL+ ikL2 >0
deo 9

OSP<%kL4
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Chapter 10, Solution 93.

From geometry:
Xo =—asin@ = —-2asin¢

For small values of 8, ¢

or ¢:%9

v, =acos@ +3acosg

= a(cosé? + 3cosg)
2
For spring:
§ =X, =—asin@
Potential Energy:
V=Vep+Vp

= %k(—asin@)2 + Pa(cos@ + 3cos§)

d—V = ka® cos@sin 6 — Pal sin6 + ising
de 2 2
2
d_l; = ka® (—sin2 0 + cos’ 49) - Pa(cosé? + icosg)
de 4 2
2
For stable equilibrium: % >0

Then, with 8 =0

ka® —Pa(l +%) >0

or

P<ika<
7
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Chapter 10, Solution 94.

Consider a small disturbance of the system defined by the angle 6.

E
Y Have
D Xc = 2asin@ = asing
/Kc 9 ¢ For small 6: 20 =¢
C ‘HE Now, the Potential Energy is
1
Xg V= Ekxé + Pyg
3
- e where Xz = asiné
\
AY- 1 and YE = Yc T Yec

= 2acosf + 2acos¢

= 2a(cos6 + co0s20)

Then V= %ka2 sin? 6 + 2Pa(cost9 + cos 2«9)
v 1, 5, . . .
and 20" Eka (2s1n6?cos€) - 2Pa(s1n6? + 2s1n29)

= %kaz sin26 — 2Pa(sin@ + 2sin26)

av )
7 = ka” cos20 — 2Pa(cosH + 4cos2t9)
For € = 0 and for stable equilibrium:
2
d_I; >0
deo
or ka* —2Pa(1+4) > 0
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or
Check stability for
a’v
de’
dv
do*
Then, with
dv
do*

P<Lka
10
1
“0<P<—ka 4
10
p-ta
10

= —2ka”sin20 + 2Pa(sin @ + 8sin 20)

= —4ka’ cos20 + 2Pa(cos6’ + 16cos2€)

p-ta
10

2" —o
do

d*v
P
v
deo’
= —dka® + 2(%@)(61)(1 +16)

= —0.6ka’® < 0 = Unstable
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Chapter 10, Solution 95.

Displacements:
Xg = X = asinf
X
tan g = g

a+c—acos@

asin@
a+c—acos@

_ sin @
c
1+ — —cos@
a

Differentiating both sides with respect to 6:

cos@(l + S cosé’] —sin@(sinb)

2 %_ 2
cos™4 (14—0—0059}
a
<
For 6 =¢ =0: @:Lzzﬂ
dﬁ Cj C
a

Potential Energy:
V =Wy + Wy, =mgb(cos¢ —1) + myga(1l — cosb)

a = —mlgbsingb% + m,gasin@

de
dv g\’  (d%
7 = —mlgbcos¢(%) - mlgbsm¢(ﬁ + mygacos®
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For @ = ¢ =0, and recalling Eq. (1),

ax aY
— mgb| —| —0+ myga
dez 18 (CJ h &
2 2
For stability we need % >0 or m gci2 < m,ga
2
Thus my < my,—
ab

The smallest value of m, for stable equilibrium is thus

2
c
m =m— <4
ab

Note: To determine whether the equilibrium is stable when m; has the exact value we found, we should
. o d’ 4 myc? .
determine the values of the derivatives —= and e for m; = —2—. In practice, however we shall want to

de’ (ab)

keep m; below this value.
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Chapter 10, Solution 96.

R P First note A =asin@ = bsing
G
} T For small values of € and ¢: af = by
.
@) cas@ ITF S 6= 26
l [avh)roff-é b
F—L o d V =P(a+b)cosg —20(a + b)cosé
= (a + b) Pcos(%@j - 2QCOSHj|
a = (a +b) ~Zpsin| Lo |+ 2Q0siné
deo | b b
d*v & a
— =(a+b)|——Pcos| =0 |+ 20cosl
d62 ( )_ bZ (b J Q :|
2 2
When 6 = 0: IV (a+b) —Z—2P+2Q]
d*v a*
Stability: —>0: ——=P+20>0
Y de* b* ¢
2
P< Zb—2Q
a
2
or 0> ;—bzP
With P=600N, a=480mm and b =400 mm
2
480
> LU80mm) 600 Ny = 432 N
2 (400 mm)

(1

2

0>432N 4
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Chapter 10, Solution 97.

Have
N
3
or
sing, = 6, sing, = 6,,
2
Then V =PI (1 - 6—1
2
and

xp =Isin@
Xc =1Isinf, + Isin6,
Yo =lcos6 +Icosb,

1,, 1,,
V =Py + —kxp + —kx
Yc 5B Ty

V = Pl(cosf, + cos,) + %kl2 [sin2 6, + (sin6, + sin6'2)2J
For small values of 8 and 6,:

cosf =1- %6’12, cost, = 1- %022

2
Tl %J + %kﬂ [912 (6 + 92)2}

v
36 - —~PI6, + k> [ 6, + (6, + 6,) ]

v _ —PI6, + kI* (6, + 6,)

2 2
a_r; = —Pl + 2ki* a_r; = —Pl + ki*
2
oV e
continued
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Stability Conditions for stability (see page 583).

For

Substituting,

Solving,

or

or

or

=6, =0: w_I 0 (condition satisfied)

2
P4 oV oV
- 2 7 <
06,06, 067 063
2
(k*)" = (=PI +2ki®)(=PI + k) < O
K2 1* — P12 + 3PkIP — 2Kk%1* < 0
P> —3kIP + k1> > 0

3-45

P< K o P> ki
2 2
P <0382k  or P> 262k

2

a—Z>0: —Pl +2k* >0
P< l/’cl
2

2

a—Z>o: - Pl+k*> >0

P <kl

Therefore, all conditions for stable equilibrium are satistied when

0< P <0.382k «
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Chapter 10, Solution 98.

From the analysis of Problem 10.97 with
[ = 400 mm and k =1.25kN/m

P < 0382kl = 0.382(1250 N/m)(0.4 m) = 191N

0<P<191.0N «
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Chapter 10, Solution 99.

Have V = Ek(aez)z + %k(arsint?1 + asint92)2 + P(2acosf, + acosb,)
4 Y |
Then EV ka” (sin6, + sin6, )cos 6, — 2Pasin6,
I
= ka* Gsin 26, + cos 6, sin 02] — 2Pasin6,
2
and oV _

2 . .
W = ka”(cos26, — sin;siné,) — 2Pacos 6,

2
oV = ka?® cos, cos 6,
06,06,

Also or

o " ka*@, + ka*(sin @, + sin6, )cosb, — Pasiné,
2

= ka’6, + ka* (sin 6,cos b, + Lin 292) — Pasiné,
2

2
and % = ka* + ka? (—sin@,sin6, + cos26,) — Pacos6,
)
When 6, =6,=0
2
8_V =0 oV = ka? B_V =0
2 2
—az=ka2—2Pa a—z:ka2+ka2—Pa=2ka2—Pa
06, 06,
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*. For stable equilibrium when 6, = 8, = 0:

Apply Equations 10.24 S—Z = condition satisfied
1
Kl =0: condition satisfied
26,
2 Va2 32 )
IV _| 9V IV _,, (ka®)" - (ka® - 2Pa)(2ka® — Pa) < 0
06,06, 206 06,
or K*a* - (ka - 2P)(2ka — P) < 0
Expanding k*a* — 2k*a® + 5kaP — 2P < 0
or 2P — SkaP + k*a* > 0
or P< ﬂka and P> Mka
4 4
or P < 0.21922ka and P > 2.2808ka
2 2
Also 6—Z>O:ka2—2Pa>0 or 5—Z>O:2ka2—Pa>O
00, 00,
1
or P < Eka or P < 2ka

0<P<021%a<d

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 10, Solution 100.

Potential Energy:

1, o 1,5
V==kxi + —kxj + P
y T Y

lk(asi1181 + asim92)2 + %k(aﬁz)z + P(2acos6, + acosb,)

Then S—Z = ka* (sin@, + sin, )cos6, — 2P asin6,
I

= ka* (%sin 26, + cos @, sin 92j — 2Pasin 6,

o )
= ka” (cos26, — sin,sin6, ) — 2Pacos b,

06}
2
oV = ka* cos 6, cos b,
aV 2/ : 2 .
VR ka” (sin@, + sin6,)cosB, + ka6, — Pasinb,
)

= ka* (sin 6,cos b, + %sin 292] + ka*@, — Pasiné,

2
3712 = ka* (—sin@,sin 6, + c0s26,) + ka*> — Pacos6,
p
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Apply Eq. 10.24:
v _
v _
206,

o oo
- <
06,00, ) 36} 065

0: Condition satisfied

0: Condition satisfied

(ka2)2 ~ (ka® - 2Pa)(2ka’ - Pa) <0
k*a® — (ka — 2P)(2ka — P) < 0
k*a® - 2k*a* + 5Pka — 2P* < 0
2P — 5Pka + k*a* > 0
P< ﬂka and P> Mka

4 4
or P <0.21922 ka and P >2.2808 ka

2 2
8_V2 >0 or B_I; <0:
ka®> — 2Pa >0 2ka* — Pa >0
or P< %ka or P <2ka

When 6=6,=0
2
a_V =0 a 4 = kaz a_V =0
2
a—z =ka’ - 2Pa
96
2
a—szaz + ka* — Pa = 2ka* — Pa
Y
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Thus, for stable equilibrium when 6, = 8, = 0:
0<P<0.21922 ka
with & =2 kN/m and a = 350 mm

0 < P <0.21922(2000 N/m)(0.35 m)

or 0<P<1535N <«
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Chapter 10, Solution 101.

From sketch

A Thus,

Ya

2 mmremrany

He

F
{ g B [ £15D)

(b) Free body: Corkscrew

(a) Virtual Work:

F=300N: P= %(300 N) =75N

P=750N |«

+5F =0: R+P-F=0

R+75N-300N=0

R=225N 4
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Chapter 10, Solution 102.

First note, by the Law of Cosines

Then

or

Also
Then
Virtual Work

oU = 0:

Then

or

or

For

DB* = (3 ft)* + (2 ft)’ —2(3 ft)(2 ft)cosd
= [13 - 12cos6](f°)

DB =+/13 —12cos@

1 (12)(sind)
O, =0DB=——2—"+—~_"~_
B 2 J13 —12cos@
6sind
V13 —=12cosé@
v, =4.5cos6

0y, = —4.5sin 606

—(8kips)Sy, — Fppdy =0

—8(—4.5sin0) 56 — FDB[ 6sinf

M\/B —12cosé@

Fpp =
be 6sind
Fpg = 613 —12cos @
6 =170°

Fpp =17.895 kips

V13 —12cosé

Joo =0

F,; = 17.90 kips / <«
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Chapter 10, Solution 103.

Assume 0y, l:

Virtual Work:

Solving

Given:

I3 =3.6in.
lgc =1.6 in.
lep =121n.
Ipp =1.6in.
lgr =1.61n.
lpe = 4.8 in.
R

oy 4
op=-2 5
?=G2in) 9G2in)

oU =0:
(20 1) 8y, + PSyg + (180 Ib-in.) 8 = 0
2 4
20 1b) 5y, + P| =8y, |+ (180 Ib-in)| ——— 8y, | =0
(2010)074+ (3 yAJ+( ln){9(3.2111.) y”‘}

P=-6751b

P=6751b 4
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Chapter 10, Solution 104.

Given:
ZAB = 3.6 in.
ZBC = 1.6 11’1.
lop =121n.
lpp =1.61n.
/ Uy = 1
6 ‘l—--ﬁ-%'- ;LF ZEF—1.611’1.
Moo Iy = 4.8 in.
1.6 in.) 4
Assume J : o =(—5 =—0y ~
yA L] yC (36111) yA 9 yA
4
Oyp =0ye =50y~
5)/ 4 5 A
o¢ = D_ - Oy, = 1)
= G2m) o(32m) 1 Gein) Mt
Virtual Work: oU =0:
(201b)5y,, + (180 Ib-in.)5¢ + MS ¢ =0
or 206y, + 180 ié + M ié =0
Y4 36 Y4 36 Ya
Solving M =-324.0 1b-in.

N
or 27.01b-ft ) 4
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Chapter 10, Solution 105.

Y2 } Have
R ;,0 ¥ xg =lcos@
o Sxp = —Isin 050 )
; Ve = Isin@
0 1 o
X P He
- 0yc = lcosb50
e [ - Now Oxg = %l§¢
Y
S\ Substituting from Equation (1)
y""". :
T_ 8 ~1sin 656 = 515¢
{
z4 M or 5¢ = —2sin 056
L 7} e Virtual Work:
A oU =0: Mdp + Péy- =0
M (-25in656) + P(Icos856) = 0
or M = lPl C?Sa
2 sind
_ Pl
2tand
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Chapter 10, Solution 106.

yg =1lcos@
Oyp =—1sin@ o0
Spring: Unstretched length = 2(2[ sin 30°) =2/
X= 2(2lsin9) =4[sinf@

Oox =4[cosB60

Fop = k(x = 21)

= k(4lsin€ - 21)

\Virtual Work:
P(~Isin650) — k(41sin@ — 21)(4l cos§50) = 0
or —Psin@ — 8kl(2sin@ — 1)cosé = 0
P 1-2sind
or el
8kl tan &
'We have P=401b,/=101n., and k£ = 1.5 Ib/in.
40 1b — 2si
Thus ( . ) . _1-2sin6
8(1.5 lb/m.)(lO 1n.) tan @
Solving 0 =24.98°

or 6 =25.0°<d
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Chapter 10, Solution 107.

2 Ib!. 1
] ——
=T e
B g—= 254 .5
’f 2 / — sc.x TOX g
>R ,8¢ Q Ne
M
A > x
1
Oxp :El&é
SC = oC, _ Oxp _ 169
cosf cos@ 2cosd
Virtual Work:
oU =0: Mép —Q6C =0
Mop — QO ; op=0
2cosd
or M = ol
2cos@
40 1b)(1.8 ft
Thus M :lw:%.liglb-ft
2 cos65°

or

N
M=8521bft )«

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 10, Solution 108.

Somm 12 gvnan )
B lo Ay
A . _P:j;;_;..-w
A 3 p—
T
—#— g 6
5 |
S{‘ ﬁk.n.‘
i WOON
S |
at . s y
JD | 120mm bomm |0 mim

Assuming

0y, i

it follows

120
Oye = %5)91 =1.50y, T

O0yp =0y, =150y, T

180

100 100
0y, =—0y, =—(1.56 =2.50
Ya 60 YE 60 ( yA) Ya i

Then, by Virtual Work
6U =0: (300N)6y, —(100N)Sy, + Péy; =0
3008y, —100(4.56y,) + P(2.56y,) =0

300 -450+2.5P =0
P=+60N

P=60N |«
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Chapter 10, Solution 109.

Apply vertical load P at D.
G TR B +)EMy =0 —P(12m)+ E(36m) =0
e e 3
D P
SMJ_E : / H E= ? i
EFF & S

=g
z .
Virtual Work:
% We remove member BF and replace it with forces Fgzr and —Fp; at pins
(_Fg;: Jf / F and B, respectively. Denoting the virtual displacements of points B and
B X F as Ory and Orp, respectively, and noting that P and 6D have the
7 L
f same direction, we have
S F ’
~& Pl =i

Virtual Work: 68U = 0: PSD + Fypp-Orp + (—Fgp)-Orp = 0
POD + Fyp Orp cosOy — Frporgcosfy =0

Be POD — Fyp (OrycosB; — Orpcosby) = 0

8,

R,

where (8rgcos8; — Srcosby ) = Oy, which is the change in length of
- . o member BF. Thus,

£
. g - PSD — Fpplgp = 0

PSD - @P](ﬁmm) =0

0D = +41.67 mm

6D = 41.7mm | <
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Chapter 10, Solution 110.

12m | 12m g 1im L,ZMJI

ﬂ‘ B1 c'l r _P
m /I /
H
£ F~ &
=x £,

Apply horizontal load P at D.

+)EMy = 0: P

+1 2F, = 0:

We remove member BF and replace it with forces Fy, and —Fj; at pins
F and B, respectively. Denoting the virtual displacements of points B and
F as Ory and Orp, respectively, and noting that P and oD have the

same direction, we have

Virtual Work:

POD + Fyr0rp cosOy — Fprorgcosfy =0
PSD — Fyp (Orgcosby — Orpcosby) = 0

where (67 cos8; — 8rcosby ) = 8y, which is the change in length of

member BF. Thus,

3

E

9m) -
s

=2

P

ZF.. - =
5 B 4

E,(36m) =0

=0

5

Fgp =—P

12

O0U =0: PSD + Fyp-Orp + (—Fpp)- 61 = 0

PSD — Fpplgp = 0

P6D — (%PJUS mm) =0

oD =31.25mm

oD =313 mm— «
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Chapter 10, Solution 111.

TLTOUM

Potential Energy

V= (3.5 kg % 9.81 m/sz)(—ésinﬁj + (1.75 kg x 9.81 m/sz)(écosﬁj

[
" = (8.5838 N)/(—2sin8 + cos0)

Z—Z = (8.5838 N)/(—2cos@ — sin0)

A 35 2
“ d_l; = (8.5838 N)/(2sin6 — cos0)
de
Equilibrium: Z—Z =0: —2cosf —sinf =0
or tan@ = -2
Thus 6 = —63.4° and 116.6°
Stability
d*v
At 6 = —63.4° - (8.5838 N)![ 2sin (—63.4°) — cos(—63.4°) |
= (8.5838 N )/(~1.788 — 0.448) < 0
6@ = —63.4°, Unstable 4
. dv . . .
At 6 = 116.6°: " (8.5838 N)/[ 2sin(116.6°) - cos(116.6°) |

= (8.5838 N)/(1.788 + 0.447) > 0

6 =116.6°, Stable 4
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COSMOS: Complete Online Solutions Manual Organization System

Chapter 10, Solution 112.

A swmo
x

Elongation of Spring: s=1[sin@ +[cos@ —
=1I(sin@ + cosf — 1)

Potential Energy:

V= lks2 - WisinH
2 2

= %klz(sinﬁ + cosé — 1)2 - mgésiné’

Z—Z = kI*(sin@ + cos@ — 1)(cos @ — sin@) — %mglcosé’

Equilibrium: a _ 0: (sin@ + cos@ —1)(cosf —sinf) — M8 036 =0
do 2kl
or cosé’{(sin0+cos€—l)(l—tanH)—E}zo
2kl
Now with W =mg = (125 kg)(9.81 m/s>) =1226.25 N
[/ =320 mm, and k£ =15 kN/m,
cos@| (sin@ + cosd —1)(1 - tan @) — 1226.25 N =
2(15000 N/m)(0.32 m)

or cosﬁ[(siné’ +cosf —1)(1 —tanB) — 0.12773] =0
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By inspection, one solution is cosd =0 or € =90.0°
Solving numerically: 6 =0.38338 rad = 9.6883° and @ = 0.59053 rad = 33.8351°
Stability
v _ . , . , [
T ki [(cosé’ —sin@)(cos@ — sinf) + (sin + cosd —1)(—sind — cos&)} + Emglsmé?
=k?| [ 1+ 25 |sin@ + cos6 — 2sin 20
2kl
1226.25 N
= (15000 N/m)(0.32 m) || 1+ ( ) sin@ + cos@ — 2sin 26
2(15000 N/m)(0.32 m)
= (1536 N-m)[1.12773 sin 6 + cos® — 2sin 26
Thus
O, sz (o]
At 0 =90 W =17322>0 s 6 =90.0° Stable <
O, sz o]
At 6 =9.6883 W =786.4>0 s 0=9.69°, Stable <
o] sz o
At 6 =33.8351°: W =-600.6<0 s 6 =33.8°, Unstable 4
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