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22-1.

A spring is stretched 175 mm by an 8-kg block. If the block is
displaced 100 mm downward from its equilibrium position
and given a downward velocity of 1.50 m/s, determine the
differential equation which describes the motion. Assume
that positive displacement is downward. Also, determine the
position of the block when ¢t = 0.22s.

SOLUTION
+l2Fy = may; mg — k(y + y,) = my where ky, = mg T. /‘(Jf?ff)
y+ ﬁy =0
’ 4
H = \/? Where k = BO81) _ 448.46 N
ence P=A erek = oo = . /m '
448 4

846 _ 7.487

8

¥+ (7487 =0 ¥ +561y=0 Ans.

The solution of the above differential equation is of the form:

y = Asinpt + B cos pt @
v =y = Apcospt — Bpsinpt ?2)

Att =0,y =01mandv = vy = 1.50m/s
From Eq. (1) 0.1 =Asin0 + Bcos0 B=01m

FromEq.(2) vy = ApcosO—0 A = % 71;8()7 0.2003 m
Hence y = 0.2003 sin 7.487t + 0.1 cos 7.487¢
Att = 0.22s, y = 0.2003 sin [7.487(0.22)] + 0.1 cos [7.487(0.22)]
= 0.192m Ans.

Ans:
y+561y=0
V]i=0225 = 0.192m
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22-2.

A spring has a stiffness of 800 N/m. If a 2-kg block is
attached to the spring, pushed 50 mm above its equilibrium
position, and released from rest, determine the equation
that describes the block’s motion. Assume that positive
displacement is downward.

SOLUTION

oo JE_ [B0_
m 2

x = Asinpt + B cos pt

x = —0.05m whent =0,
-0.05 =0 + B; B = —0.05
v = Ap cos pt — Bp sin pt

v = 0Owhent = 0,

0= A(20) — 0; A=0

Thus,
x = —0.05 cos (20¢)

Ans.

)

(&)=502)%

Ans:
x = —0.05 cos (20¢)
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22-3.

A spring is stretched 200 mm by a 15-kg block. If the block
is displaced 100 mm downward from its equilibrium
position and given a downward velocity of 0.75 m/s,
determine the equation which describes the motion. What is
the phase angle? Assume that positive displacement is
downward.

SOLUTION

15(9.81
k = E = (072) = 73575N/m

y
k 73575
o= =\ Tps = 700

y = Asinw,t + Bcos w,t
y =0.1mwhent =0,
0.1 =0+ B; B =0.1

v = Aw, cos w,t — Bw, sin w,t

v =0.75m/s whent = 0,

0.75 = A(7.00)
A = 0.107
y = 0.107 sin (7.00¢) + 0.100 cos (7.00¢) Ans.
B 0.100
=tan ' — | = tan" ! —— | = 43.0° Ans.
¢ = tan (A) tan (0'107) 3.0 ns

Ans:
y = 0.107 sin (7.00¢) + 0.100 cos (7.00¢)
¢ = 43.0°
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*22-4,

When a 20-1b weight is suspended from a spring, the spring
is stretched a distance of 4 in. Determine the natural
frequency and the period of vibration for a 10-Ib weight
attached to the same spring.

SOLUTION
20
k == = 601b/ft
2
w, = k_ 61(()) = 13.90 rad/s Ans.
m 322
T = Bl =0452s Ans.
wﬂ

Ans:
w, = 13.90rad/s
T =0452s
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22-5.

When a 3-kg block is suspended from a spring, the spring is
stretched a distance of 60 mm. Determine the natural
frequency and the period of vibration for a 0.2-kg block
attached to the same spring.

SOLUTION

= % = 35?6?(1)) = 490.5 N/m
W, = \/g = \/% = 49.52 =49.5rad/s
fzs—;:%:msm
77%:7.1@:0.1275

Ans.

Ans.

Ans:
w, = 49.5rad/s
T=0127s
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22-6.

An 8-kg block is suspended from a spring having a stiffness
k = 80 N/m. If the block is given an upward velocity of
0.4 m/s when it is 90 mm above its equilibrium position,
determine the equation which describes the motion and the
maximum upward displacement of the block measured
from the equilibrium position. Assume that positive
displacement is measured downward.

SOLUTION

[k /80
RV e e 3.162 rad/s

v=—-04m/s, x=-009matsr =0
x = Asinw,t + Bcosw,t
-009=0+B

B = —-0.09

v = Aw, cos w,t — Bw, sin w,t

04 = A(3.162) — 0

A= —0.126
Thus, x = —0.126 sin (3.16¢) — 0.09 cos (3.16f) m Ans.
C=VA + B = \V(-0126)* + (-0.09) = 0.155m Ans.

Ans:
x = {-0.126sin (3.16r) — 0.09 cos (3.16¢) } m
C=015m
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22-17.

A 2-Ib weight is suspended from a spring having a stiffness
k = 21b/in. If the weight is pushed 1 in. upward from its
equilibrium position and then released from rest, determine
the equation which describes the motion. What is the
amplitude and the natural frequency of the vibration?

SOLUTION
k =2(12) = 24 1b/ft
k 24
w, = | — =75 = 19.66=19.7 rad/s
m 22
1
y——E, v=0atr=20
From Egs. 22-3 and 224,
1
-—=0+8B
12
B = —0.0833
0= Aw, +0
A=0

C=VA + B =00833ft = lin.
Position equation,

y = (0.0833 cos 19.71) ft

Ans.

Ans.

Ans.

Ans:
w, = 19.7rad/s
C = 1lin.

y = (0.0833 cos 19.7¢) ft
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*22-8.

A 6-1b weight is suspended from a spring having a stiffness
k = 31b/in. If the weight is given an upward velocity of
20 ft/s when it is 2 in. above its equilibrium position,
determine the equation which describes the motion and the
maximum upward displacement of the weight, measured
from the equilibrium position. Assume positive displacement

is downward.

SOLUTION
k = 3(12) = 36 Ib/ft

[k [36
R i 13.90 rad/s

22
t=0, v = =20 ft/s,
From Eq. 22-3,
1
—=0+8B
6
B = —0.167
From Eq. 224,
—20 = A(13.90) + 0
A= —-144
Thus,

y = [~1.44sin (13.9r) — 0.167 cos (13.9¢)] ft

From Eq. 22-10,

1
-
YT 7%

C=VA+ B = V(144 + (-0.167)* = 145 ft

Ans.

Ans.

Ans:
y = [~1.44sin (13.9r) — 0.167 cos (13.9¢)] ft
C = 1451t
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22-9.

A 3-kg block is suspended from a spring having a stiffness
of k =200 N/m. If the block is pushed 50 mm upward
from its equilibrium position and then released from rest,
determine the equation that describes the motion. What are
the amplitude and the frequency of the vibration? Assume
that positive displacement is downward.

SOLUTION

k 200
w, =, ,Z =, /T = 8.16 rad/s Ans.

x = Asin w,t + Bcos w,t
x = —0.05m whent = 0,
—0.05 =0+ B; B = —0.05
v = Apcos w,t — Bw,sin w,t
v =0whent = 0,
0 = A(8.165) — 0; A=0
Hence,

x = —0.05 cos (8.16¢) Ans.

C = VA>+ B> = V(0)> + (—0.05) = 0.05m = 50 mm Ans.

Ans:

w, = 8.16rad/s

x = —0.05 cos (8.161)
C =50 mm
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22-10.

The uniform rod of mass m is supported by a pin at A and a
spring at B. If B is given a small sideward displacement and
released, determine the natural period of vibration.

SOLUTION

1
Equation of Motion. The mass moment of inertia of the rod about A is I, = 3 miI2.
Referring to the FBD. of the rod, Fig. a,

L 1
CH+3IMy = Lia; —mg(a sin 9) — (kxcos 0)(L) = (gmLz)a
However; x = L sin 0. Then
—mgL

. . 1
5 sin 0 — kI*sin6cos = gmLza

Using the trigonometry identity sin 20 = 2 sin 6 cos 6,

2

—mgL KI: 1
§ sin § — Tsin 20 = gmLza

2

Here since 6 is small sin 6 = 6 and sin20 = 20. Also @ = 6 . Then the above
equation becomes

1 .. mgL

gmLZG + (% + kL2)0 =0

i+ 3mg + 6kL9
2mL

. 3mg + 6kL
Comparing to that of the Standard form, w, = T oml Then
2 2mL
=" =g Ans.
T w, 4 3mg + 6kL ns

Ans:

2

JLTAS

2mL

3mg + 6kL

1199
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22-11.

While standing in an elevator, the man holds a pendulum
which consists of an 18-in. cord and a 0.5-1b bob. If the elevator
is descending with an acceleration a = 4 ft/s?, determine the
natural period of vibration for small amplitudes of swing.

SOLUTION

Since the acceleration of the pendulum is (32.2 — 4) = 28.2 ft/s?

Using the result of Example 22-1,

_ g _ 282 _
Wn =N 718/12—4.336rad/s

2w 2

We have

T=—=——=1455% Ans.

w, 4336

v

a=4ft)s?

T
051b
Ans:
T =145s
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*22-12.

Determine the natural period of vibration of the uniform
bar of mass m when it is displaced downward slightly and
released.

SOLUTION

1
Equation of Motion. The mass moment of inertia of the bar about O is I = EmLz.

Referring to the FBD of the rod, Fig. a,

L 1
+ = PR =) = =72
C+3IM, = Ly; —ky cos 0(2) (12mL )a

L
However, y = 5 sin 6. Then
L . Ly 1
k(2 s1n9> cos@(z) = 12mLoz
Using the trigonometry identity sin 26 = 2 sin 6 cos 6, we obtain

1 kI?
EmLza + ?sin 20 =0

Here since 6 is small, sin 20 = 260. Also,« = 6 . Then the above equation becomes

1 .. kI?
—ml0 + =6 =0
" 4

3k
b+>-0=0
m

3k
Comparing to that of the Standard form, w,, = P Then

o, [m
T_a),,_ m 3k

Ans.

O
(o)) ]
E A
T
I 2 | 2 |
Ans
m
Y i
T W3k
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22-13.

The body of arbitrary shape has a mass m, mass center at G,
and a radius of gyration about G of kg. If it is displaced a
slight amount 6 from its equilibrium position and released,
determine the natural period of vibration.

SOLUTION

C+3Mp=1Ipa; —mgdsing = [mk} + md®}é

. gd .
(7] +m51n9 =0
G

However, for small rotation sin #~6. Hence

d
+ 85 g -
kG + d?

/ d
From the above differential equation, w, = %
kg + d
2 2 [k& + d?
R N VN N Ans.
w, gd gd
\ k% + d?

9 0

Ans:

) k% + d?
T = 2T gd

1202




© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

22-14.

The 20-1b rectangular plate has a natural period of vibration
7 =03s, as it oscillates around the axis of rod AB.
Determine the torsional stiffness k, measured in Ib - ft /rad,
of the rod. Neglect the mass of the rod.

SOLUTION
T = k6

1/ 20 ..
EMZ - Iza; —k6 = E(ﬂ)(@zﬂ

6 + k(4.83)0 = 0

2
T= =03

\Vk(4.83)

k =90.81b-ft/rad

Ans.

-1k
alt

N\
J o S

o

t

‘%/

Ans:
k =90.81b-ft/rad
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22-15.

A platform, having an unknown mass, is supported by four
springs, each having the same stiffness k. When nothing is
on the platform, the period of vertical vibration is measured
as 2.35 s; whereas if a 3-kg block is supported on the
platform, the period of vertical vibration is 5.23 s. Determine
the mass of a block placed on the (empty) platform which
causes the platform to vibrate vertically with a period of
5.62 s. What is the stiffness k of each of the springs?

SOLUTION
+ 2F, = may; mtg — 4k(y + y,) = mty Where 4k y,, = m,g

4k
y+—y=0
mT
4k
Hence P=_./—
mr
2 mr
=20 oy [
TP ™k

For empty platform m7 = mp, where mp is the mass of the platform.

235 = 27, o8
T T a4k
When 3-kg block is on the platform m, = mp + 3.

mP+3
4k

523 =27«

When an unknown mass is on the platform m, = mp + mp.

mp+m3

562 =2
g 4k

Solving Egs. (1) to (3) yields :
k=136N/m  myz=358kg

mp = 0.7589 kg

@

2

3

Ans.

2 KUY ite) ey LKyt e

il

Ans:
k=136 N/m
mp = 3.58 kg
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*22-16.

A block of mass m is suspended from two springs having a
stiffness of k; and k», arranged a) parallel to each other, and
b) as a series. Determine the equivalent stiffness of a single
spring with the same oscillation characteristics and the
period of oscillation for each case.

SOLUTION

(a) When the springs are arranged in parallel, the equivalent spring stiffness is

keq = k] + k2 Ans.

The natural frequency of the system is

Keg ky + ko
W, = A — = L2
m m

Thus, the period of oscillation of the system is

2 21 [ m
T=— = =27\
Wy k1+k2 kl+k2
\ m

(b) When the springs are arranged in a series, the equivalent stiffness of the system
can be determined by equating the stretch of both spring systems subjected to
the same load F.

FF_F
kl kZ keq
111
kl k2 keq
btk 1
k1k2 keq
kiky
_ Ans.
a4 4+ ky ns

The natural frequency of the system is

(@+a)
keg ky + Kk

m m

w,; =

Thus, the period of oscillation of the system is

m(ky + k)
=2 —_— Ans.
N o ns

Ans:
keq = k] + k2
m
=2
TN + K
kK
‘R + ok

— 5 [m(k; + k)
T T Kk
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22-17.

The 15-kg block is suspended from two springs having a
different stiffness and arranged a) parallel to each other,
and b) as a series. If the natural periods of oscillation of the
parallel system and series system are observed to be 0.5 s
and 1.5 s, respectively, determine the spring stiffnesses k;
and k,.

SOLUTION

The equivalent spring stiffness of the spring system arranged in parallel is
(keq) p = ki + k, and the equivalent stiffness of the spring system arranged in a
series can be determined by equating the stretch of the system to a single equivalent
spring when they are subjected to the same load.

FLF__F
kl k2 (keq)s

ky + kq 1

eiky <k6c1>S

_ kik,
(ke )s = ki + ky

Thus the natural frequencies of the parallel and series spring system are

(@,)p = (keq)” kit ks
PN m N 15
kiky
<k1 + kz) 3 kik,
15 Vis(ky + k)

Thus, the natural periods of oscillation are
2 15
= =27 +/ =05 1
" (wn)p T ki + ky M
o [15(ky + k)
Tg = =2r\|———— =15 2)
5 (s kiky

Solving Egs. (1) and (2),

ki = 2067 N/m or 302 N/m Ans.

ko = 302 N/m or 2067 N/m Ans.

Ans:
ki = 2067 N/m
k, = 302 N/m

or vice versa
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22-18.

The uniform beam is supported at its ends by two springs
A and B, each having the same stiffness k. When nothing is
supported on the beam, it has a period of vertical vibration A | [ B
of 0.83 s. If a 50-kg mass is placed at its center, the period

of vertical vibration is 1.52 s. Compute the stiffness of each , g
spring and the mass of the beam.
SOLUTION
[m
=2 . |=
T Nk
o m
Qm)?  k
(0.83)°  my @
@m)? 2k
(152  mp + 50 @
@#? 2k
Egs. (1) and (2) become
mp = 0.03490k
mpg + 50 = 0.1170k
mpg = 21.2kg Ans.
k = 609 N/m Ans.
Ans:
mp = 21.2kg
k = 609 N/m
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22-19.

The slender rod has a mass of 0.2 kg and is supported at O «ﬁr

by a pin and at its end A by two springs, each having a T Yo -
stiffness k' = 4 N/m.The period of vibration of the rod can y

be set by fixing the 0.5-kg collar C to the rod at an J—Cuy]

appropriate location along its length. If the springs are
originally unstretched when the rod is vertical, determine
the position y of the collar so that the natural period of
vibration becomes 7 = 1s. Neglect the size of the collar.

SOLUTION W}AW i

Moment of inertia about O:

600 mm

_1 2 2 _ 2
Ip = 5(0.2)(0.6) + 0.5y° = 0.024 + 0.5y ﬂy"l j.sfnﬂ
Each spring force F, = kx = 4x. Oy 058N
C+2IMp = Ipa; —2(4x)(0.6 cos6) — 0.2(9.81)(0.3 sin0) P FBOK
. 6
—0.5(9.81)(y sinf) = (0.024 + 0.5y%) 6 450
—4.8x cosf — (0.5886 + 4.905y) sinf = (0.024 + 0.5y%)6
| | i,
However, for small displacement x = 0.6, sinf ~ 6 and cosf = 1. Hence ‘ F <
3.4686 + 4.905y P
— 0 = 4350
0.024 + 0.5y? 4
X
. . ) 3.4686 + 4.905y
From the above differential equation, p = [/ ——————————.
0.024 + 0.5y
2
T=—
p
B 2ar
[3.4686 + 4.905y
0.024 + 0.5y?
19.74y* — 4.905y — 2.5211 = 0
y = 0.503 m = 503 mm Ans.
Ans:
y = 503 mm
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*22-20.

A uniform board is supported on two wheels which rotate
in opposite directions at a constant angular speed. If the

coefficient of kinetic friction between the wheels and board

is wu, determine the frequency of vibration of the board if it
is displaced slightly, a distance x from the midpoint between
the wheels, and released.

1 d d |
SOLUTION
Freebody Diagram: When the board is being displaced x to the right, the restoring
force is due to the unbalance friction force at A and B [(Ff) B > (Fy) A]. mg X
a@
Equation of Motion:
7 <]
+FIMy = Z(My)i; N (2d) — mg(d + x) =0 -
¢ A (M )k 5 (2d) I ) ()b, | (B )=,
A+ X a-x
mg(d + x) N N5
Ng=———""> A
b 2d
mg(d + x
+T2Fy=m(ac)y; NA+%fmg=O
mg(d — x)
Ny=—-—"7""
4 2d
d — x) mg(d + x)
a0
v = m(ag)y; I 2d % 2d ma
a+ %gx =0 @

2
) X . . . .
Kinematics: Since a = o X, then substitute this value into Eq.(1), we have

x+ %ngO ?2)

From Eq.(2), w,? = %g’ thus, w, =, /,u?g. Applying Eq. 22-4, we have

w

U T A

1 [ug

Ans.

_ 1 |ms
27N d
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22-21.

If the wire AB is subjected to a tension of 20 1b, determine
the equation which describes the motion when the 5-lb
weight is displaced 2 in. horizontally and released from rest.

SOLUTION

L'=L

& SF, = ma,; —ZT% = mx
2T

X+—x=0

Lm
[ [2(20)
P = 2T s = 6.55rad/s
Lm 6(532)

x = Asinpt + B cos pt

x=%ftatt=0, ThusB=%=O.l67

v = A pcospt — Bpsinpt
v=~0atr =0, Thus A =0
So that

x = 0.167 cos 6.55¢

Ans.

A
6 ft
Q
6 ft
B
= mz

Ans:
x = 0.167 cos 6.55¢
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22-22.

The bar has a length / and mass m. It is supported at its ends
by rollers of negligible mass. If it is given a small displacement
and released, determine the natural frequency of vibration.

SOLUTION

Moment of inertia about point O:

Io = —mP + ( Rz—ﬁ)z— (Rz—llz)
oTpme T 4 " 6

P 1,
C+2ZMy = Ipa; mg( R? - Z)H = —m(R2 - glz)ﬂ

3g(4R* — 1)
+%9:0
6R> — |

N . 3g(4R* — Py
From the above differential equation, w, = TR-E

Ans.

Ans:

3g(4R> — 1)/
TN R -
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22-23.

The 20-kg disk, is pinned at its mass center O and supports
the 4-kg block A. If the belt which passes over the disk is
not allowed to slip at its contacting surface, determine the
natural period of vibration of the system.

SOLUTION

Equation of Motion. The mass moment of inertia of the disk about its mass

1 1
center O is Iy = —mr? = 5(20)(0.32) = 0.9 kg-m’. When the disk undergoes a

k =200 N/m

2
small angular displacement 6, the spring stretches further by s = r6 = 0.36. Thus,
the total stretch is y = y;, + 0.30. Then F, = ky = 200(y,; + 0.30). Referring to 2009800
the FBD and kinetic diagram of the system, Fig. a, 03m
8
CH+IMy = Z(up)o; 4(9.81)(0.3) — 200(y,, + 0.30)(0.3) = 0.90a + 4[«(0.3)](0.3) ' 9
11.772 — 60y, — 180 = 1.26« @ \
When the system is in equilibrium, § = 0°. Then ﬁ#
C+IM, = 0; 4(9.81)(0.3) — 200(y4)(0.3) = 0
g'gw(%w&‘) (
60y, = 11.772 A
Substitute this result into Eq. (1), we obtain ‘
—186 = 1.26«
Y ¥
a + 1428570 = 0 A(9.B)N @ May=4[a(oa)]

Since @ = 6, the above equation becomes
6 + 1428570 = 0
Comparing to that of standard form, w,, = V142857 = 3.7796 rad /s.
Thus,
2 2

T=—

®,  3.779%

= 1.6623s = 1.66s Ans.

Ans:
T = 1.66s

1212




© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*22-24.

The 10-kg disk is pin connected at its mass center. Determine
the natural period of vibration of the disk if the springs have
sufficient tension in them to prevent the cord from slipping
on the disk as it oscillates. Hint: Assume that the initial
stretch in each spring is 6.

SOLUTION

Equation of Motion. The mass moment of inertia of the disk about its mass center O
1 1

is I, = EMrZ = 5(10)(0.152) = 0.1125 kg * m>. When the disk undergoes a small

angular displacement 0, the top spring stretches further but the stretch of the spring

is being reduced both by s = rf = 0.156. Thus, (F;,), = Kx, = 80(§, — 0.156) and

(Fp)p = 80(8y) — 0.150). Referring to the FBD of the disk, Fig. a,

C+3My = Iy;  —80(8, + 0.156)(0.15) + 80(8, — 0.156)(0.15) = 0.1125

—3.600 = 0.1125«
a+320=0
Since o = 6, this equation becomes
9 +320=0
Comparing to that of standard form, w,, = V32 rad /s.Then

_2l_ 2w

®0 V32

T = 1.1107s = 1.11s

10(940N
(5)=80(dp +0:156)

(5,), = 80( ds-0158)

Olem

(&)

Ans.

Ans:
T=111s
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22-25.

If the disk in Prob. 22-24 has a mass of 10 kg, determine the
natural frequency of vibration. Hint: Assume that the initial
stretch in each spring is 6.

SOLUTION

Equation of Motion. The mass moment of inertia of the disk about its mass center O
is Iy = %mr2 = %(10)(0.152) = 0.1125 kg-m? when the disk undergoes a small
angular displacement 6, the top spring stretches but the bottom spring compresses,
both by s = rf = 0.156.Thus, (F,), = (F,), = ks = 80(0.15) = 126. Referring to
the FBD of the disk, Fig. a,

C+3IMy = Iw;  —120(0.3) = 0.1125a

~3.600 = 0.1125a 10(980N
@+ 320 =0 sp),«;‘/'ag

Since @ = 6, this equation becomes

0 +320=0 e 0
. L
Comparing to that of Standard form, w,, = V32 rad/s. Then

o, _ V32

f=-—=——=10.9003 Hz = 0.900 Hz =
2 2 0{5”1 (E})é /‘29

()

Ans:
f=0.900 Hz
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22-26.

A flywheel of mass m, which has a radius of gyration about
its center of mass of ko, is suspended from a circular shaft
that has a torsional resistance of M = C6. If the flywheel
is given a small angular displacement of 6 and released,
determine the natural period of oscillation.

SOLUTION

Equation of Motion: The mass moment of inertia of the wheel about point O is
I = mky?. Referring to Fig. a,

C+ SMy = Ipo —CO = mko0

f+——=0=0
mko

Comparing this equation to the standard equation, the natural circular frequency of
the wheel is

[ C 1 /C
W, = = [=
" mk02 kO m

Thus, the natural period of the oscillation is

2 /
r=Z= 27ko n Ans.
w, C

Ans:

T =27mko+| =

SN
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22-27.

The 6-1b weight is attached to the rods of negligible mass.
Determine the natural frequency of vibration of the weight
when it is displaced slightly from the equilibrium position

and released.

SOLUTION

T, is the equilibrium force.

Thus, for small 6,
C+3Mp=Ipa;  6(3) — [9 +52)8]2) = (

Thus,

0 + 11.9260 = 0

w, = V11.926 = 3.45 rad/s

322

s

Ans.

k=35 1b/ft

Ans:
w, = 3.45rad/s
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*22-28.

The platform AB when empty has a mass of 400 kg, center
of mass at Gy, and natural period of oscillation 7; = 2.38 s.
If a car, having a mass of 1.2 Mg and center of mass at G,, is
placed on the platform, the natural period of oscillation
becomes 7, = 3.16 5. Determine the moment of inertia of
the car about an axis passing through G,.

SOLUTION

Free-body Diagram: When an object arbitrary shape having a mass m is pinned at O
and being displaced by an angular displacement of 0, the tangential component of its
weight will create the restoring moment about point O.

Equation of Motion: Sum moment about point O to eliminate O, and O,
Q+EMO = 1001: —mgsm@(l) = Ioa (1)

2
Kinematics: Since o = ? =6 and sin6 = 6 if 6 is small, then substituting these

values into Eq. (1), we have

.. .. mgl
—mglo = 1,0 or 6 + ?0 =0 2)

mgl mgl
From Eq. (2), 2 = Ii’ thus, @, = 4 /Ii, Applying Eq.22-12, we have
o o

T=— =27\ 3

When the platform is empty, 7 =7, = 238s, m =400kg and [/ = 2.50 m.
Substituting these values into Eq. (3), we have

238 =2 «/&I 1407.55 k
38 =27\ 30009.81)(2.50) 0 = g-m’

When the car is on the platform, 7 = 7, = 3.16 s, m = 400 kg + 1200 kg = 1600 kg.
~2.50(400) + 1.83(1200)

1600 =1.9975m  and I = (Io)e + (Io), = Uo)c +
1407.55. Substituting these values into Eq. (3), we have

316 =2 (Io)e + 1407.55 (I 6522.76 k
16.= 27\ 1 600(9.81)(1.9975) 10 = g-m’

Thus, the mass moment inertia of the car about its mass center is

(I6)c = Up)e — mcd®

= 6522.76 — 1200(1.83%) = 2.50(10%) kg - m? Ans.

183m

ﬁ

(Ig)e = 2.50(10%) kg - m?
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22-29.

The plate of mass m is supported by three symmetrically
placed cords of length / as shown. If the plate is given a
slight rotation about a vertical axis through its center and
released, determine the natural period of oscillation.

SOLUTION

SM,=La  —3(Tsin¢)R = %mRzé'
sing = ¢

. 6T

O+ 5 -b=0

SF,=0 3Tcos¢p —mg=0

mg

b=0, T=— =70
3

6 (mg\/R

4+ — — || — =

i3 (79) =0

.. 2

0+7g9=

Ans.
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22-30.

Determine the differential equation of motion of the 3-kg block
when it is displaced slightly and released. The surface is smooth k =500 N/m k =500 N/m

and the springs are originally unstretched. WVWWW 3kg NW\/VWM

SOLUTION

T + V = const.

T = %(3)5&

1 1
V= 5(500)x2 + 5(500)x2

T +V = 1.5%* + 500x2
1.5(2x) ¥ + 1000xk = 0
3% + 1000x = 0

X +333x=0 Ans.

Ans:
X+ 333x =0

1219




© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

22-31.
Determine the natural period of vibration of the pendulum. ——
Consider the two rods to be slender, each having a weight 0\Y -
of 8 Ib/ft.
2 ft
SOLUTION
1B +23)2) | v
s PN
Lﬁ 1ft *’Lﬁl ft *"
1 |1 ) 2}
_ 1 n 0 0
o= 555 | OO + 26D Y
1 Datum h 0
4| 24 2 =9 Lf2
32.2[12(2)(8)(2) 2(8)(2) } 2.8157 slug - ft

h=Yy(l~— cos0)
T + V = const

1 . .
T=7 (2.8157)(9)* = 1.4079 ¢*

V = 8(4)(1.5)(1 — cos §) = 48(1 — cos )
T + V = 1.40796* + 48(1 — cos 6)
1.4079 (20)6 + 48(sin 6)9 = 0

For small 6, sin # = 0, then

6 + 17.0470 = 0
21 21

=" S = 1525 Ans.
w,  \/17.047

Ans:
T=152s
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*22-32.

Determine the natural period of vibration of the 10-1b
semicircular disk.

SOLUTION

Datum at initial level of center of gravity of disk.
A =7(1 — cos0)
E=T+V

1 .
= EIIC(e)2 + Wr(1 — cos 0)

For small 6, sinf = 0
. Wr
b+-0=0
Iic

_405)
F=—2 = 0212 ft
3
IA = IG + m?z
1 10 5 10 5
~(=2)(05) = I + —— (0.
2 (32.2)(0 ) =1o 322 (0.212)
I = 0.02483 slug - ft

IIC = IG + m(r - 7)2
= 0.02483 + 1—0(0 5 —0.212)?
' 3224 '
= 0.05056 slug - ft?
_2n _,_ [Lc _,_[00505%
T e, Nwr T “™100212)

T=0970s

Ans.

Ans:
7=0970s
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22-33.

If the 20-kg wheel is displaced a small amount and released,
determine the natural period of vibration. The radius of
gyration of the wheel is ks = 0.36 m. The wheel rolls
without slipping.

SOLUTION

Energy Equation. The mass moment of inertia of the wheel about its mass center
is I = mkg = 20(0.361)% = 2.592 kg - m?. Since the wheel rolls without slipping,
v = or = w(0.5).Thus,

1 1
T = EIG(()Z + Emv%;

1 1
= E(2.592)w2 + 5(20)[@(0.5)]2

= 3.796 w* = 3.7966°
When the disk undergoes a small angular displacement 6, the spring stretches
s = 6(1) = 6, Fig. a. Thus, the elastic potential energy is

1 1
v, = Eks2 = 5(500)92 = 2500%

Thus, the total energy is
E =T+ V= 37960 + 2500
Time Derivative. Taking the time derivative of the above equation,
7.59206 + 50000 = 0
6(7.5926 + 5000) = 0
Since § # 0, then
7.5926 + 5000 = 0
6 + 65.85880 = 0
Comparing to that of standard form, w,, = m = 8.1153 rad/s. Thus,

_21_ 2w

T = 0.7742s = 0.774 s Ans.

w, 81153

(

k=500N/m |,

Ans:
7 =0.774s
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22-34.

Determine the differential equation of motion of the 3-kg k =400 N/m
spool. Assume that it does not slip at the surface
of contact as it oscillates. The radius of gyration of the spool
about its center of mass is kg = 125 mm.

SOLUTION

0.3
Kinematics: Since no slipping occurs, s = 0.16 hence s = OTSG = 0.360. Also,

vs = 0.16.

E=T+V

E = %[(3)(0.125)2]('92 + %(3)(0.10)2 + %(400)(0.319)2 = const.

= 0.038446% + 1862
0.07687500 + 3600 = 0
0.07687560(6 + 468.296) = 0 Since 0.0768756 # 0

6+ 4680 = 0 Ans.

Ans:
6 + 4680 = 0
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22-35.
Determine the natural period of vibration of the 3-kg
sphere. Neglect the mass of the rod and the size of k = 500 N/m
the sphere. 0
~—300 mm—»‘——300 mm—»‘
SOLUTION
E=T+V

= %(3)(0.39)2 + %(500)(55, + 0.39)2 — 3(9.81)(0.39)

E = 60[(3(0.3)% + 500(5,, + 0.30)(0.3) — 3(9.81)(0.3)] = 0

By statics,

398N

7(0.3) = 3(9.81)(0.3)
T =3(981)N

~3(9.81)
ST 500

Thus,
3(0.3)%0 + 500(0.3)%0 = 0
6 + 166.6760 = 0
w, = V166.67 = 12.91 rad/s

2 2
=5 o ST 0487 Ans.

T o, 1291

Ans:
T =0487s
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*22-36.

If the lower end of the 6-kg slender rod is displaced a small S
amount and released from rest, determine the natural o U -1

frequency of vibration. Each spring has a stiffness of
k = 200 N/m and is unstretched when the rod is hanging 'm
vertically.
}Hkx ol i ’4 1

SOLUTION 2m
Energy Equation. The mass moment of inertia of the rod about O is

1 1 i -
Iy gml2 = 5(6)(42) = 32 kg - m%. Thus, the Kinetic energy is

1 1 . .
T= Ezowz = 5(32)92 = 1662

with reference to the datum set in Fig. a, the gravitational potential energy is
V, = mgy = 6(9.81)(—2 cos §) = —117.72 cos 0

When the rod undergoes a small angular displacement 6 the spring deform
x = 2sin (). Thus the elastic potential energy is

1 1
v, = 2(5kx2) = 2{5(200)(2 sin 9)2} = 800 sin’ #
Thus, the total energy is

E=T+V =160+ 800sin® 6 — 117.72 cos 0

Time Derivative. Taking the first time derivative of the above equation

3206 + 1600(sin 6 cos )6 + 117.72(sin 6)8 = 0
Using the trigonometry identity sin 20 = 2 sin 6 cos 6, we obtain
3206 + 800(sin 26)6 + 117.72(sin )6 = 0
6(326 + 800sin 20 + 117.72sin 6) = 0
Since § # 0,
326 + 800sin 26 + 117.72sin 6) = 0
Since 6 is small, sin 26 = 26 and sin # = 6. The above equation becomes
3260 + 1717.7260 = 0
0 + 53.678750 = 0
Comparing to that of standard form, w,, = \/53.67875 = 7.3266 rad /s.
Thus,

. 7.3266
f=2n = 1290 1661 Hz = 1.17 Hz Ans.
2 2

Ans:
f=117Hz
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22-37.

The disk has a weight of 30 b and rolls without slipping on
the horizontal surface as it oscillates about its equilibrium
position.If the disk is displaced, by rolling it counterclockwise
0.2 rad, determine the equation which describes its
oscillatory motion and the natural period when it is released.

k = 80 Ib/it

SOLUTION

Energy Equation. The mass moment of inertia of the disk about its center of gravity

1 1/ 30
is I = 5mr2 = iﬂ)(o.sz) = 0.11646 slug - ft>. Since the disk rolls without

slipping, v = wr = w(0.5). Thus

1
T= 510(1)2 + Emsz

= %(0.1146) o + %(%)[w(O.S)]Z

= 0.17469 o* = 0.174696%

When the disk undergoes a small angular displacement 6 the spring stretches
s = 0r = 0(0.5), Fig. a. Thus, the elastic potential energy is

v, = 1ks2 = %(80)[0(0.5)]2 = 1062

2
Thus, the total energy is
E =T+ V = 0.174696> + 106>
E = 0.1756% + 106? Ans.
Time Derivative. Taking the time derivative of the above equation,
0.3493866 + 2006 = 0
6(0.349386 + 200) = 0
Since 6 # 0, then
0.349386 + 200 = 0
0 + 572440 = 0
6 =5720=0 Ans.

Comparing to that of standard form,
w, = V57.2444 = 7.5660 rad/s.
Thus

2 2
T=—

w, 75660

= 0.8304s = 0.830 s Ans.

Ans:
E = 0.1750% + 10 6*
r=0830s
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22-38.

The machine has a mass m and is uniformly supported by
four springs, each having a stiffness k. Determine the natural
period of vertical vibration.

SOLUTION

T + V = const.
1
T = m()?
1 2
V=mgy +§(4k)(As -y)

1 1
T+V =5m(y)2 tmgy+ o (4k)(As y)?

myy+mgy—4k(As — y)y =0

my+mg + 4ky — 4kAs =0

Since As = &
ince S74k
Then
my + 4ky =0
yt+t—y=
4k
w, = \|—
m

()

® &9

(— W W

Q
©
(S)

°Q

ol
=

—
(ST

Il

*
[S1f=

1]

Ans.

= 1 Datum
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22-39.

The slender rod has a weight of 4 1b/ft. If it is supported in E
the horizontal plane by a ball-and-socket joint at A and a
cable at B, determine the natural frequency of vibration
when the end B is given a small horizontal displacement

and then released. A 0.75 ft
B
SOLUTION sn
156,10, T
¢="07s

A = 0.75(1 — cos ¢)

P G T 075Bmax
=075(1 1+ 7)) p ox __,5‘_a755l}\em
2 0.95Omax
A
= 0.75( 5 )
1
AG = A = 07507, O1o%
7 TA
1 K
Tmax = EIA w%mlx 156"‘“"
_1.14(5) 27 22
- [3( 2 )(1.5)])w,,2 0210
= 0.0699 @, 6%,
Vinax = WAG = 4(1.5)(0.7562,,,)
Tnax = Vinax
0.0699(1)"2 03,,” =45 Hzrmx
w, = 64.40
w, = 8.025 rad/s
w, _ 8025 _
f=or=", " =128Hz Ans.
Ans:
f=128Hz
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*22-40.

If the slender rod has a weight of 5 1b, determine the natural k=4 1b/ft
frequency of vibration. The springs are originally mc
unstretched.

ol
o}

SOLUTION

Energy Equation: When the rod is being displaced a small angular displacement of 6,
the compression of the spring at its ends can be approximated as x; = 20 and

X, = 160. Thus, the elastic potential energy when the rod is at this position is

1 1 1 1
V,= Ekl x}+ Ekz X =3 (5)(20)* + ) (4)(16)*> = 126°. The datum is set at the

k=5 Ib/ft

rod’s mass center when the rod is at its original position. When the rod undergoes a
small angular displacement 6, its mass center is 0.5(1 — cos#9) ft above the datum
hence its gravitational potential energy is V, = 5[0.5(1 — cos 6)]. Since 6 is small,
cos § can be approximated by the first two terms of the power series, that is,

0 0
cos =1 — —-Thus, V, = 2.5{1 - (1 - 5)} = 1.25¢

V =V, +V, = 120" + 1.256* = 13.25¢*

1 5
The mass moment inertia of the rod about point O is Iy = E(ﬂj)(ﬁ)

5
+—(05%) =0 2 P .
2 (05 ) 0.1553 slug - ft*. The kinetic energy is

1 . .
T==-I,o= 5 (0.1553) 6> = 0.077646°

The total energy of the system is

U=T+V = 0.077646* + 13.256* 1]

Time Derivative: Taking the time derivative of Eq.[1], we have
0.155366 + 26.506 = 0

6(0.15536 + 26.50) = 0

Since 6+# 0, then
0.15536 + 26.50 = 0

9 + 170.660 = 0 2]

From Eq.[2], p* = 170.66, thus, p = 13.06 rad/s. Applying Eq.22-14, we have

13.06
f =P 2.08 Hz Ans.
2 2

Ans:
f=2.08 Hz
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22-41.

If the block-and-spring model is subjected to the periodic
force F = Fjcos wt, show that the differential equation of
motion is X + (k/m)x = (Fo/m) cos wt, where x is
measured from the equilibrium position of the block. What
is the general solution of this equation?

Equilibrium
position
——
k F = Fycos wt
L —>

SOLUTION
- 2F, = ma, Fycos wt — kx = mx
k F
¥+ x = —cos o (Q.ED,)
m m
F | k
¥+ pix = 0 cos wt Where p = | — @
m m

The general solution of the above differential equation is of the form of
X = X. t xp

The complementary solution:

X. = Asin pt + B cos pt

The particular solution:

s, = .C cos wt (2)
¥p = —Cw’coswt A3)

Substitute Egs. (2) and (3) into (1) yields:
2 2 Fy
—Cw” cos wt + p~ (C cos wt) = - 508 wt

Fy

c=_" _ Fo/k

2 2 2
p- - w ®
MO

The general solution is therefore

. Fo/k
s = Asin pt + Bcos pt + ——,— cos wt Ans.

(%) E.P

The constants A and B can be found from the initial conditions.

Ans:

F=E cosewt

N

E,/k

x = Asinw,t + Bcosw,t + ————— cos wt

1= (0/w,)’
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22-42.

A block which has a mass m is suspended from a spring
having a stiffness k. If an impressed downward vertical force
F = F, acts on the weight, determine the equation which
describes the position of the block as a function of time.

SOLUTION
+ 132F, = may;  k(y, +y) — mg — Fy = —my
my + ky + kyy, — mg = F

However, from equilbrium ky,, — mg = 0, therefore

my + ky = F

k K k
V + = h = —
yoy=- where w, Jm
. F
y+w3,y:z

The general solution of the above differential equation is of the formof y = y. + y,.

Yo = Asinw,t + B cos w,t

yp=0C
yp=0
Substitute Egs. [2] and [3] into [1] yields :

F F _F
0+wlC==" C=—25=2
m

-

The general solution is therefore

Fy

y = Asinw,t + Bcos w,t + A

The constants A and B can be found from the initial conditions.

(1]

[2]
[31

Ans.

ot

Ans:

y = Asinw,t + Bcosw,t +

Fo
k

1231




© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

22-43.

A 4-1b weight is attached to a spring having a stiffness
k = 10 1b/ft. The weight is drawn downward a distance of
4 in. and released from rest. If the support moves with a
vertical displacement & = (0.5sin4¢) in.,, where ¢ is in
seconds, determine the equation which describes the
position of the weight as a function of time.

SOLUTION

8
y = Asinw,t + Bcosw,t + 7ozsin wot
NO
Wy

. . S
v =y = Aw, cos w,l = Bw,sin w,t + —— <7 cos wyl
1 (mn)

Wy
The initial condition whent = 0,y = yy,and v = v, is

ﬂ Vo Opwo

N A=
1 — _0 Wy, wuz
@p w, — wi,,

V():Aa)n_o+

Thus,
v 1 1
y = = LOZ sin w,t + ypcos w,t + 0 sin wyt
Wy w, — (:)—0 1 — (& 2
k 10
==y = 8972
T Nm T N 4322
S 0.5/12
¢ = / — = 0.0520
“ 4
1= (%) 1-(5m)
) I 0.5/12)4
J_L%ZO_%: —0.0232
Wy w, — % 8972 — go73
y = (—0.0232 sin 8.97¢ + 0.333 cos 8.97¢ + 0.0520 sin 47) ft Ans.
Ans:

y = {—0.0232sin 8.97¢ + 0.333 cos 8.97¢ + 0.0520 sin4¢} ft
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¥22-44,

A 4-kg block is suspended from a spring that has a stiffness
of k = 600 N/m. The block is drawn downward 50 mm from
the equilibrium position and released from rest when ¢ = 0.
If the support moves with an impressed displacement of
8 = (10sin 4¢r) mm, where ¢ is in seconds, determine the
equation that describes the vertical motion of the block.
Assume positive displacement is downward.

SOLUTION

wn:‘lfzﬂl@:lz.zs
m 4

The general solution is defined by Eq. 22-23 with k§ substituted for .

. ) ‘
y=Asinw,t + Bcosw,t + | —————5= | sinwt

- ()]
Wy
8 = (0.01 sin 4¢)m, hence &, = 0.01, » = 4,so0 that
y = Asin 12.25t + B cos 12.25¢ + 0.0112 sin 4¢
y = 0.05whent =0
0.05=0+ B + 0; B =005m
y = A(12.25) cos 12.25¢t — B(12.25) sin 12.25¢ + 0.0112(4) cos 4t
v=y=0whent =0
0= A(1225) — 0 + 0.0112(4); A = —0.00366 m
Expressing the result in mm, we have

y = ( — 3.66sin 12.25¢ + 50 cos 12.25¢ + 11.2 sin 41) mm Ans.

Ans:
y = (—=3.66sin 12.25¢ + 50 cos 12.25¢ + 11.2 sin 4f) mm
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22-45.

Use a block-and-spring model like that shown in Fig.22-14a,
but suspended from a vertical position and subjected to a
periodic support displacement § = §; sin wyt, determine the
equation of motion for the system, and obtain its general
solution. Define the displacement y measured from the
static equilibrium position of the block when ¢ = 0.

SOLUTION
+13F, = may; k(y — 8gsin wot + yy,) — mg = —my

my + ky + kyy, — mg = k&, sin wt
T = (ky — k8, sinawyt +ky,, )

However, from equilibrium ]
ky, — mg = 0, therefore y] “]

.k kdy . [k

y+fy=fosmwt where w,, = [— 1
m m m mg

.. 2 ka() .

y+wny=?smwt Ans. (1)

The general solution of the above differential equation is of the formof y = y. + y,,
where

y, = Asinw,t + Bcos w,t
yp = Csin oyt (2)
y, = —Coyg’ sin wy A3
Substitute Egs. (2) and (3) into (1) yields:
—Cw’ sin wyt + w,2(C sin wyt) = % sin wot

kdy

5
c=—2 - %

2 _ 2 2
ol =’ (@
wn

The general solution is therefore

y = Asinw,t + Bcosw,t + 7 sinw ! Ans.

%
()
wn

The constants A and B can be found from the initial conditions.

Ans:

y = Asinw,t + Bcoswyt + ——————sin ot
1 = (0/w,)
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22-46.

A 5-kg block is suspended from a spring having a stiffness
of 300 N/m. If the block is acted upon by a vertical force
F = (7sin8t) N, where ¢ is in seconds, determine the
equation which describes the motion of the block when it is
pulled down 100 mm from the equilibrium position and
released fromrest at¢ = 0. Assume that positive displacement
is downward.

SOLUTION
The general solution is defined by:
£y
. k .
y = Asinw,t + Beosw,t + | —— <5 | sin wyt
®
1- J)
wﬂ

Since

F = 7sin 8, Fy=T7N, wy = 8rad/s, k = 300 N/m

[k /300
w, = ,\|—= 300 _ 7.746 rad/s
m 5

Thus,

7

y = Asin 7.746t + B cos 7.746t + % sin 8¢
NG

y = 0.1mwhent = 0,

01=0+B-0; B=01m

y = A(7.746) cos 7.746t — B(7.746) sin 7.746¢ — (0.35)(8) cos 8¢

y=y=0whent =0,

y = A(7.746) —28 = 0; A =036l

Expressing the results in mm, we have

y = (361 sin 7.75¢t + 100 cos 7.75¢ — 350 sin 8¢) mm Ans.

k =300 N/m

lF=7sin8z

Ans:
y = (361 sin 7.75¢ + 100 cos 7.75¢)
—350 sin 8/) mm
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22-47.

The uniform rod has a mass of m. If it is acted upon by a
periodic force of FF = Fysin wt, determine the amplitude of
the steady-state vibration.

SOLUTION

Equation of Motion: When the rod rotates through a small angle 6, the springs

L . . .
compress and stretch s =r 460 = 50. Thus, the force in each spring is

kL
Fo = ks = 70. The mass moment of inertia of the rod about point A is

1
1, = —mL>?. Referring to the free-body diagram of the rod shown in Fig. a,
L kL L
+3IM 4 = [ 0 Fosin wt cos (L) — mg sin 0(5) 72<7 O)COS 9<5)

1 .
=3 mL

Since 6 is small, sin & = 0 and cos 6§ = 1. Thus, this equation becomes

T .1
gmLB + E(mg + kL)6 = Fosin wt
- 3(g k 3Fo .
+( 2+ =)o=—""
0 > <L m>9 L sin wt @

The particular solution of this differential equation is assumed to be in the form of
0, = Csin wt (2)

Taking the time derivative of Eq. (2) twice,

6, = —Ca’ sin wt A3)

p

Substituting Egs. (2) and (3) into Eq. (1),

. 3/8 k . 3Fo .
—Ca? e =
Cow” sin wt Z(L m)(Csmwt) L sin wt
3(8 k ) 3F
— =+ — — —
C|:2 (L m) 1) :|Sln wt sin wt
3F L
C = o/m
E(é 5)_ >
2\L m @
3F
C = © Ans.

3
E(mg + Lk) — mLo?

F=F, sin wt

3F,

3(mg + Lk) — mLo®
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*22-48.

The 30-1b block is attached to two springs having a stiffness
of 10 1b/ft. A periodic force F = (8 cos 3¢) Ib, where  is in
seconds, is applied to the block. Determine the maximum
speed of the block after frictional forces cause the free
vibrations to dampen out.

SOLUTION

Free-body Diagram: When the block is being displaced by amount x to the right, the
restoring force that develops in both springs is F, = kx = 10x.

Equation of Motion:

B IF, =0 —2(10x) + 8cos 3t = 22

a + 21.47x = 8.587 cos 3¢ [1]

. d’x .. o . .
Kinematics: Since a = e = X, then substituting this value into Eq. [1], we have

X + 21.47x = 8.587 cos 3t [2]

Since the friction will eventually dampen out the free vibration, we are only
interested in the particular solution of the above differential equation which is in the
form of

x, = C cos 3t

Taking second time derivative and substituting into Eq. [2], we have
—9C cos 3t + 21.47C cos 3t = 8.587 cos 3t

C = 0.6888 ft

Thus,

x, = 0.6888 cos 3t [3]

Taking the time derivative of Eq. [3], we have

v, = X, = —2.0663 sin 3¢

p
Thus,

(Vp)max = 2.07 /s Ans.

[ONONONO)
k=10 1b/ft
[
F = 8cos 3t
k = 101b /ft O O OO
.__________]g/
_+d/
201b
Fp=/0X | = Beos3t
=12 d | F-
/-,’/,:/o;c L—ﬂ
)
Ans:
(Vp)max = 2.071t/s
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22-49.

The light elastic rod supports a 4-kg sphere. When an 18-N
vertical force is applied to the sphere, the rod deflects
14 mm. If the wall oscillates with harmonic frequency of
2 Hz and has an amplitude of 15 mm, determine the
amplitude of vibration for the sphere.

SOLUTION

F 18
== % 128571IN
k="xy = 0014 = 128571 N/m

wy = 2Hz = 2(27) = 12.57 rad/s

8 = 0.015m

k 1285.71
oy == [T = 1793

Using Eq. 22-22, the amplitude is

S 0.015

(X )max = w2 |1 (12.57)2
=1, 17.93

(Xp)maxr = 0.0295m = 29.5 mm

Ans.

0.75 m

Tk

O

Ans:
(%) max = 29.5 mm
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22-50.

Find the differential equation for small oscillations in terms
of 6 for the uniform rod of mass m. Also show that if
¢ < Vmk/2, then the system remains underdamped. The
rod is in a horizontal position when it is in equilibrium.

SOLUTION

Equation of Motion: When the rod is in equilibrium, 6 = 0°, F, = ¢y, = 0 and
0 = 0. writing the moment equation of motion about point B by
referring to the free-body diagram of the rod, Fig. a,

a mg
+3ZMpg = 0; fFA(a)fmg<5)=0 Fyo=—

fa_ms
k 2k
point B through a small angle 0, the spring stretches further by s; = af. Thus, the

m
force in the spring is F4 = k(sg + s1) = k<g + a()). Also, the velocity of end C

Thus, the initial stretch of the spring is sp = . When the rod rotates about

2k

of therodisv, = y. = 2a6.Thus, F, = ¢y, = c(2a6).The mass moment of inertia of
1 2
the rod about B is I3 = D) m(3a)® + m(g) = ma’. Again, referring to Fig. a and

writing the moment equation of motion about B,

mg . a
SMp = Ipa; k<§ + aO) cos (a) + <2a9) cos 0(2a) — mg cos 0(5)

= —ma’

4 .k

b+ < cos 06 + —(cos )0 =0
m m

Since 6 is small, cos # = 1. Thus, this equation becomes

- Ac

p k

—6+—0=0 Ans.
m m
Comparing this equation to that of the standard form,

k
w,; = ; Ceq = 4c

Thus,

¢, = 2mw, =2m1/£= 2V mk

For the system to be underdamped,

Coqg < C¢

de < 2V mk

c < %\/mk Ans.

.. A4c. k .
0+—0+—0=0
m m
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22-51.

The 40-kg block is attached to a spring having a stiffness of
800 N/m. A force F = (100 cos 2¢) N, where ¢ is in seconds
is applied to the block. Determine the maximum speed of
the block for the steady-state vibration.

SOLUTION

For the steady-state vibration, the displacement is
Fy/k

T oo/

Here F, = 100 N, k = 800 N/m, wy = 2 rad/s and

[ k /800
W, = ;_ E— \/27)1'8.(1/8.
Thus

~100/800
T (2va0)
yp = 0.15625 cos 2t

Yp cos wt

cos 2t

Taking the time derivative of this equation
v, =y, = —0.3125sin 2¢
v, is maximum when sin 2t = 1.Thus

(Vp)max = 0.3125m/s

¢

Ans.

[OHONONO]

[OHONONO)

l

|k = 800 N/m

F = (100 cos 2) N

Ans:

(Vp)max = 0.3125m/s
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*22-52.

Use a block-and-spring model like that shown in
Fig. 22-14a but suspended from a vertical position and
subjected to a periodic support displacement of
6 = §,cos wyt, determine the equation of motion for the
system, and obtain its general solution. Define the
displacement y measured from the static equilibrium
position of the block when ¢ = 0.

SOLUTION
+\3F, = may; kdycoswyt + W — kb, — ky = my
T=k(0st 1Y)

Since W = ké,
.k ko - |
Y+ —y = — cos wyt @ - l

m m

v A
yo = Asin w,y + B cos w,y (General sol.) Ky cosaqt 4
yp = C cos wyt (Particular sol.)
Substitute y, into Eq. (1)
k ké
C(—wi + E) COS wyt = 08 wot
k8,
_ m

C= T

o)
Thus, y = yc + yp

ko,
y = Asinw,t + Bcosw,t + % m cos wyt Ans.
(3~ o)
Ans:
k&

y = Asinw,t + Bcos w,t + cos wyt
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22-53.

The fan has a mass of 25 kg and is fixed to the end of a
horizontal beam that has a negligible mass. The fan blade is
mounted eccentrically on the shaft such that it is equivalent
to an unbalanced 3.5-kg mass located 100 mm from the axis
of rotation. If the static deflection of the beam is 50 mm as a
result of the weight of the fan, determine the angular
velocity of the fan blade at which resonance will occur. Hint:
See the first part of Example 22.8.

SOLUTION

_F2509.81)
Ay 005

| k 14905
w, = E = ? = 14.01 rad/s

Resonance occurs when

k = 4905 N/m

® = w, = 14.0rad/s Ans.

Ans:
o = 14.0rad/s
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22-54.

In Prob. 22-53, determine the amplitude of steady-state
vibration of the fan if its angular velocity is 10 rad/s.

SOLUTION

_F_2509.81)
Ay 005

[k 14905
w, = E = ? = 14.01 rad/s

The force caused by the unbalanced rotor is

= 4905 N/m

Fy = mr o® = 3.5(0.1)(10)> = 35N

Using Eq. 22-22, the amplitude is

Fo
k
(Xp)max = 1_<w>2
p
35
4905
(xp)max = 1_7102 = 0.0146 m
14.01

X = 14.6 mm
(*p)max

Ans.

0]
o~

9

/N

Ans:
(%)) max = 14.6 mm
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22-55.

What will be the amplitude of steady-state vibration of the
fan in Prob. 22-53 if the angular velocity of the fan blade is
18 rad/s? Hint: See the first part of Example 22.8.

SOLUTION

F 2509.81)
k=)= 005~ 405N/m

k 4905
= = == =14.01
w, 5 01 rad/s

The force caused by the unbalanced rotor is
Fy = mro® = 3.5(0.1)(18)> = 113.4 N
Using Eq. 22-22, the amplitude is

Fo
k

(*p)max = 1_((;;)2

113.4
4905

(Xp)max = 1_<18)2
14.01

(Xp)max = 35.5 mm

= 0.0355m

0]
Vi

9

[\

(%p)max = 35.5 mm
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*22-56.

The small block at A has a mass of 4 kg and is mounted on
the bent rod having negligible mass. If the rotor at B causes
a harmonic movement 8z = (0.1 cos 15¢) m, where ¢ is in
seconds, determine the steady-state amplitude of vibration
of the block.

SOLUTION
+3My = Ipa;  4(9.81)(0.6) — F,(1.2) = 4(0.6)%
Fy = kx = 15(x + x, — 0.1 cos 15¢)

_ 4(9.81)(0.6)
ST T0(15)

Thus,
—15(x — 0.1 cos 15¢)(1.2) = 4(0.6)%0
x =126

0 + 1560 = 1.25 cos 15¢

Set x, = C cos 15t
—C(15)? cos 15¢ + 15(C cos 15t) = 1.25 cos 15¢

1.25

= 15_7(15)2 = —0.00595 m

Omax = C = 0.00595 rad

Ymax = (0.6 m)(0.00595 rad) = 0.00357 rad

Oy

4(98)N

1.2m

Ans.

Ans:
Ymax = 0.00357 rad
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22-57.

The electric motor turns an eccentric flywheel which is [
equivalent to an unbalanced 0.25-1b weight located 10 in.
from the axis of rotation. If the static deflection of the &
beam is 1 in. due to the weight of the motor, determine Co;\ 1
the angular velocity of the flywheel at which resonance

will occur. The motor weights 150 Ib. Neglect the mass of

the beam.

SOLUTION

F 150 [k [ 1800
= E = m = 1800 Ib/ft w, = Z = M = 19.66

Resonance occurs when ® = w, = 19.7rad/s Ans.

Ans:
w = 19.7rad/s
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22-58.
What will be the amplitude of steady-state vibration of the w
motor in Prob. 22-57 if the angular velocity of the flywheel Ko
is 20 rad/s?
ia\ : i
SOLUTION

The constant value F, of the periodic force is due to the centrifugal force of the
unbalanced mass.

0.25Y) /10
= = 2 = | —— 2
Fp = ma, = mro (32.2) (12) (20)° = 2.588 1b

Hence F = 2.588 sin 20¢

F 150 [ k [ 1800
k = E = W = 1800 lb/ft w, = ; = m = 19.657

From Eq. 22-21, the amplitude of the steady state motion is

Fy/k 2.588/1800 ,
C= = = 0.04085 ft = 0.490 in. Ans.

2 2
()] - s
o, 19.657

Ans:
C = 0.490 in.
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22-59.
Determine the angular velocity of the flywheel in Prob. 22-57 o
which will produce an amplitude of vibration of 0.25 in. ;ﬁnﬁ
i“\ |
SOLUTION

The constant value F, of the periodic force is due to the centrifugal force of the
unbalanced mass.

0.25) /10
Fy = ma, = mro* = (3272> (E)wz = 0.006470w?

F = 0.0064700” sin wt

F 150 k 1800
k—E—W—BOOlb/ﬁ w,,—\/%— m—19-657

From Eq. 22.21, the amplitude of the steady-state motion is

Fo/k
C = Lz
w
- (2)
a)l’l
wZ
.0064
025 0:006 70(1800>
2 ( w )2
1 —
19.657
® = 19.0rad/s Ans.

Ans:
o = 19.0rad/s
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*22-60.

The 450-kg trailer is pulled with a constant speed over the
surface of a bumpy road, which may be approximated by a
cosine curve having an amplitude of 50 mm and wave length of
4 m. If the two springs s which support the trailer each have a
stiffness of 800 N/m, determine the speed v which will cause
the greatest vibration (resonance) of the trailer. Neglect the
weight of the wheels.

SOLUTION
The amplitude is §; = 50 mm = 0.05 m

The wave lengthis A = 4m

k = 2(800) = 1600 N/m

[k 11600
w, = E = H = 1.89 rad/s

2 2
=TT 333

T e, 189

For maximum vibration of the trailer, resonance must occur, i.e.,
W) = Wy

Thus, the trailer must travel A = 4 m,in 7 = 3.33 s, so that

vg=—=-—-=120ms Ans.

Ans:
vp = 1.20 m.s
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22-61.

Determine the amplitude of vibration of the trailer in
Prob. 22-60 if the speed v = 15 km/h.

SOLUTION
15(1000)
v = 15km/h = Wm/s = 4.17m/s
8y = 0.05m

As shown in Prob. 22-50, the velocity is inversely proportional to the period.

1
Since — = f the the velocity is proportional of f, w, and wq
T

Hence, the amplitude of motion is

(x,) % %
x = =
R I - o B e
0.05
X ax = |———=—=| = 0.00453 m
) ‘1 ~ Ly
(xp)max = 4.53 mm Ans.

Ans:
(%) max = 4.53 mm
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22-62.

The motor of mass M is supported by a simply supported
beam of negligible mass. If block A of mass m is clipped
onto the rotor, which is turning at constant angular velocity
of w, determine the amplitude of the steady-state vibration.
Hint: When the beam is subjected to a concentrated force of
P at its mid-span, it deflects 6 = PL3/48EI at this point.
Here E is Young’s modulus of elasticity, a property of the
material, and / is the moment of inertia of the beam’s cross-
sectional area.

N~
N[~

SOLUTION

In this case, P = k6. Then, k., = g = PL3/[:18EI = 45;?1. Thus, the natural

frequency of the system is
48E1
kg ] 12 [48EI
“n m M ML}

Here, F = ma, = m(w’r). Thus,

- FO/keq

m(w?r)
48E1/L°
wz

1 - - @@
48EI/M L3

mro*L?

Y = 53 Ans.
48E] — Mw°L

Ans:
_ mro?l3
48E] — Mo}
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22-63.

The spring system is connected to a crosshead that oscillates
vertically when the wheel rotates with a constant angular
velocity of w. If the amplitude of the steady-state vibration
is observed to be 400 mm, and the springs each have a
stiffness of k = 2500 N/m, determine the two possible
values of @ at which the wheel must rotate. The block has a
mass of 50 kg.

SOLUTION

In this case, k., = 2k = 2(2500) = 5000 N/m Thus, the natural circular frequency
of the system is

[keq  [5000
w, = ;7 W* 10rad/s

Here, 8o = 0.2 m and (Y p)maxy = £0.4 m, so that

)
(YP)max N
»
wﬂ
+04 = 02
10
2
®
100 = 1+05
Thus,
o?
— =1 =122 Ans.
100 5 » rad/s ns.
or
o?
100 - 0.5 o = 7.07 rad/s Ans.

Ans:
o = 122rad/s
o = 7.07rad/s
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*22-64.

The spring system is connected to a crosshead that oscillates
vertically when the wheel rotates with a constant angular
velocity of w = 5 rad/s. If the amplitude of the steady-state
vibration is observed to be 400 mm, determine the two
possible values of the stiffness k of the springs. The block
has a mass of 50 kg.

SOLUTION

In this case, k., = 2k Thus, the natural circular frequency of the system is

k.
0, = -2 = 2K _ \Jooak
m 50

Here, 5p = 0.2 m and (Y p)max = +0.4 m, so that

o
(YP)max N
w
Wy
2
+04 = 0

(Vo)

% =1+05
Thus,

% =15 k =417 N/m Ans.
or

%5 =0.5 k = 1250 N/m Ans.

Ans:
k = 417N/m
k = 1250 N/m
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22-65.

A 7-1b block is suspended from a spring having a stiffness of
k = 75 1b/ft. The support to which the spring is attached is
given simple harmonic motion which may be expressed as
& = (0.15 sin 2¢) ft, where ¢ is in seconds. If the damping
factor is ¢/c. = 0.8, determine the phase angle ¢ of forced

vibration.
SOLUTION
k 75
w, = \/7 = = 18.57
mo (T
(32.2)
8 = 0.15sin 2¢
5() = 015,(1) =2
c\[w 2
20—\ — 2008)( =
RN [es(Es)
¢' =tan | ————> | = tan — 7, v
w
t- (J) I- (18.57)
@' = 9.89° Ans.

Ans:
¢ =9.89°
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22-66.

Determine the magnification factor of the block, spring, and
dashpot combination in Prob. 22-65.

SOLUTION
wn:\/zz [ _igs
" T
<32.2>
5 = 0.15sin 2t

5 =015 w=2

1 1
MF = =

- COTHET DG fos()]

MF = 0.997 Ans.

Ans:
MF = 0.997
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22-67.

A block having a mass of 7 kg is suspended from a spring
that has a stiffness k = 600 N/m. If the block is given an
upward velocity of 0.6 m/s from its equilibrium position at
t = 0, determine its position as a function of time. Assume
that positive displacement of the block is downward and
that motion takes place in a medium which furnishes a
damping force F = (50|v|) N, where v is in m/s.

SOLUTION

¢c=50Ns/m k=600N/m m=7kg

[k 1600
w, = Z = 7 = 9.258 rad/s

¢, = 2mw, = 2(7)(9.258) = 129.6 N -s/m

Since ¢ < c,, the system is underdamped,

/ c\? / 50 \?
Wy = Wy 1- (Z) = 9.258 1 - (m) = 8.542 rad/s

c 50

From Eq. 22-32

y=D e Gl sin (wgt + @)

v=3=D| el w,; cos(wgt + d) + (— o

) ¢ Gl sin (wgt + @)
v = De Gk {wd cos (wgt + ¢) — ﬁsin (wqt + d))]

Applying the initial conditionatz = 0,y = 0 and v = —0.6 m/s.
0 = D[e "sin (0 + ¢)] since D # 0
sing = 0 ¢ =0°
—0.6 = De °[8.542 cos 0° — 0]
D = —-0.0702 m

y = [-0.0702¢ > sin (8.540)] m Ans.

Ans:
y = {—0.0702¢7>sin (8.540)} m
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*22-68.

The 200-Ib electric motor is fastened to the midpoint of the
simply supported beam. It is found that the beam deflects
2 in. when the motor is not running. The motor turns an
eccentric flywheel which is equivalent to an unbalanced
weight of 1 Ib located 5 in. from the axis of rotation. If the
motor is turning at 100 rpm, determine the amplitude of
steady-state vibration. The damping factor is ¢/c,. = 0.20.

Neglect the mass of the beam.

SOLUTION
2
5= o 0.167 ft
= 100(2l) = 10.47 rad/s
w 60 .
2
k= % = 1200 Ib/ft
12
Fp = mro* = (L)(i)(lo 47)2 = 1.4191b
o 3R2/)\12)" '
[k 1200
p = ; = W = 1390 rad/s
322
£
C' = k
2 12 2
c)J\p
1.419
B 1200
1047 \* [? 1047\ P
— - + . [
- (2 ]+ [200(287)]
= 0.00224 ft
C’ = 0.0269 in.

Ans.

Ans:
C' = 0.0269 in.
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22-69.

Two identical dashpots are arranged parallel to each other,
as shown. Show that if the damping coefficient ¢ < V mk,
then the block of mass m will vibrate as an underdamped
system.

SOLUTION

When the two dash pots are arranged in parallel, the piston of the dashpots have the
same velocity. Thus, the force produced is

F=cy+cy=2cy

The equivalent damping coefficient ¢, of a single dashpot is
F 2y
Cog = = = =

; 2¢
Ty

For the vibration to occur (underdamped system), c,, < c.. However, c. = 2mw,

[k
= 2m, |—.Thus,
m

Cog <

CC
2¢ < 2m, /5
m

c < Vmk Ans.
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22-70.

The damping factor, ¢/c., may be determined experimentally
by measuring the successive amplitudes of vibrating motion
of a system. If two of these maximum displacements can be
approximated by x; and x,, as shown in Fig. 22-16, show that
In xi/x, = 2mw(c/c.)/ V1 = (c/c.)* The quantity In x;/x,
is called the logarithmic decrement.

SOLUTION
Using Eq. 22-32,
x = D| el sin (wgt + @)

The maximum displacement is
Att = tl,andt =1

X = De G

X, = De5)2
Hence,

Xq Def(m)fl

X2 Dei(i)t2 = ei(ﬁx)([l*tz)

Since wyt, — wyty = 2

2
then tz - tl = —
Wq
X cTT
so that In (71> =
X mwgy

Using Eq. 22-33, ¢, = 2mw,

_ c 2_ Ce c\?
Wy = w1 —|— ] = I
Ce 2m c,

So that,

27T(£)
X1 Ce
()2 ) azn,
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22-71.
If the amplitude of the 50-1b cylinder’s steady-state vibration a;/— 9
is 6 in., determine the wheel’s angular velocity w. -
/c =25 Ib-s/ft
k =200 1b/ft k =200 1b/ft
SOLUTION
. 6 9 -
In this case, Y = o 0.5ft, 8o = o= 0.75 ft,and k., = 2k = 2(200) = 400 Ib/ft.
Then
lkeq | 400
=\|— =\ =16
w, . (50/322) 6.05 rad/s
=2 =2 0 (16.05) = 49.84 1b-s/ft
Co = AMen = A 355 )00 =
c 25
)
Y = =
wn wn
0.75
0.5 = >
\/ 1 o \ N 2(0.5016)w \?
16.05 16.05

15.07(10 %) w* — 3.858(103)w? — 1.25 = 0
Solving for the positive root of this equation,

w? = 443.16

w = 21.1rad/s Ans.

Ans:
o = 21.1rad/s
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*22-72.

The block, having a weight of 12 Ib, is immersed in a liquid

such that the damping force acting on the block has a

magnitude of F = (0.7|v|) b, where v is in ft/s. If the block

is pulled down 0.62 ft and released from rest, determine the k
position of the block as a function of time. The spring has a

stiffness of k = 53 Ib/ft. Assume that positive displacement

is downward.

SOLUTION

12
c=07lb-s/ft  k=353Ib/ft m=—— =03727slug

T 322

[k [ 53
9=\ =N o3 11.925 rad/s

¢. = 2maw, = 2(0.3727)(11.925) = 8.889 Ib - s/ft

Since ¢ < ¢, the system is underdamped.

= w1 - (5)2 = 119251 — (Oi)z = 11.888 rad/s
@d = On c. ' 8.889 '
0.7

c .
2m 2(03727) 09392

From Eq.22-32 y = D{e_(ﬁ)t sin (wgt + ¢)}
. (. C (<) .
v=y = D[e (2'")[wd cos (wgt + &) + (—%)e ()" sin (wgt + d))}

v = De’(ﬁ’{wd cos (wgt + ¢) — ﬁ sin (wgt + ¢)}

Appling the initial conditionatz = 0,y = 0.62 ft and v = 0.

0.62 = D[ sin (0 + ¢)]

Dsin ¢ = 0.62 )
0= Defo[11.888 cos (0 + ¢) — 0.9392sin (0 + 4))] since D # 0
11.888 cos ¢ — 0.9392sin 6 = 0 )

Solving Egs. (1) and (2) yields:
¢ = 855° = 1.49rad D = 0.622 ft

y = 0.622[¢ "% sin (11.9t + 1.49)] Ans.

Ans:
y = 0.622[e %% sin (11.9t + 1.49)]
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22-73.

The bar has a weight of 6 Ib. If the stiffness of the spring is
k = 81b/ft and the dashpot has a damping coefficient
¢ = 601b-s/ft, determine the differential equation which
describes the motion in terms of the angle 6 of the bar’s
rotation. Also, what should be the damping coefficient of the
dashpot if the bar is to be critically damped?

SOLUTION

CHIML = Lo 625) = (603)8) ~ 801 + 1)) = |+ (525 )02

155286 + 1803, + 40y, + 40y, — 15 =0 [1]

From equilibrium 40y, — 15 = 0. Also, for small 0, y; = 56 and y, = 36 hence
_).72 = 36.
From Eq. [1] 1.55286 + 180(36) + 40(560) = 0

1.556 + 5400 + 2000 = 0 Ans.

By comparing the above differential equation to Eq. 22-27

200
m=155 k=200 w,= ‘/E =1135rad/s ¢ =9,
2
9(Cd'p>c B ﬁ —0
2m m
2 2
(cap)e = o Vkm = 5 \V/200(1.55) = 3.921b-s/ft Ans.

L Z-S}f

4 4

EXTR I
by,

Fe8(ythe)

Ans: .
1.5560 + 5406 + 2000 = 0
(cap)e = 3.921b-s/ft
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22-74.

A bullet of mass m has a velocity of v just before it strikes
the target of mass M. If the bullet embeds in the target, and
the vibration is to be critically damped, determine the
dashpot’s critical damping coefficient, and the springs’
maximum compression. The target is free to move along the
two horizontal guides that are “nested” in the springs.

SOLUTION

Since the springs are arranged in parallel, the equivalent stiffness of the single spring
system is k., = 2k. Also, when the bullet becomes embedded in the target,
my = m + M. Thus, the natural frequency of the system is

_ R 2k
@n = mT_ m+ M

When the system is critically damped
2k
R =2(m + M)y|——— = \/8(m + M)k .
c. = 2myw, = 2(m + M) M 8(m + M)k Ans

The equation that describes the critically dampened system is

x = (A + Bt)e ™'
When t = 0, x = 0.Thus,

A=0
Then,

x = Bte ! a
Taking the time derivative,

v = x = Be “'— Bw,te "

v = Be (1 — wy,t) )
Since linear momentum is conserved along the horizontal during the impact, then

(d'—) myy = (m + M)v

- (74w
v m+Mv0

m
H hent =0,v =|——
ere, when ) (m+M

m
B=|——
<m+M>v0

And Egs. (1) and (2) become

m —w,
Km)}f 3

[

)vo. Thus, Eq. (2) gives

X

v
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22-74. Continued

The maximum compression of the spring occurs when the block stops. Thus,
Eq. (4) gives

o[yl

. m
Since (m n M)vo # 0, then

1-—w,t =0
t—i— m+ M
w, 2k

Substituting this result into Eq. (3)

o= |G (V2
= {%\/%}Jo Ans.

Ans:

c. = V8(m + M)k

Xmax — [%w | m}vo
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22-175.

A bullet of mass m has a velocity v just before it strikes the
target of mass M. If the bullet embeds in the target, and the
dashpot’s damping coefficient is 0 < ¢ << ¢, determine
the springs’ maximum compression. The target is free to
move along the two horizontal guides that are“nested” in
the springs.

SOLUTION

Since the springs are arranged in parallel, the equivalent stiffness of the single spring
system is k., = 2k. Also, when the bullet becomes embedded in the target,
my = m + M.Thus, the natural circular frequency of the system

o R [ 2k
@n = mr Nm+ M
The equation that describes the underdamped system is
x = Ce “Pm)sin (wyt + ¢) (§))
When ¢ = 0, x = 0.Thus, Eq. (1) gives
0= Csing
Since C # 0,sin ¢ = 0.Then ¢ = 0.Thus, Eq. (1) becomes

x = Ce (/2mlgin @, t )

Taking the time derivative of Eq. (2),

. _ c _ .
v=x=C |:a)de (€/2m)t cos wyt — —— e~ (/2m)t sin wdti|
ZmT

v Ce(c/Zm,-)t|:wd cos wyt — _c sin a)dt:| (3)
2m

T

Since linear momentum is conserved along the horizontal during the impact, then

(¢) mvy = (m + M)v
m
v:<m+M)v0

Whent = 0,v = ( )vo. Thus, Eq. (3) gives

_m
m+ M

m _ _ m Yo
(m + M)UO = Cou ¢ (m + M)wd

And Egs. (2) becomes

m Vo | _ .
X = [(m);{i]e (C/Zmr)tsu’l wgt 4
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22-75. Continued

The maximum compression of the spring occurs when

sinwgt = 1
A

wgt = —
<2

f=
2(L)d

Substituting this result into Eq. (4),

Xmax = {(L)&}?i[c/z(m + M)]<2l“"’)

m+ M [OF]

However \/ keq ( ¢ )2 \/ 2k ¢ !
wg=Al— —|z—] = - =
T my  \2my m+ M 4m+ MP?  2(m+ M)

\/8k(m + M) — c% Substituting this result into Eq. (5),

2muy _{7’76
Xmax = e 2V8k(m + M) — ¢?) Ans.
\V/8k(m + M) — 2

Ans:

X = 2mu, e/ (2VBk(m M)~
ax
\V8k(m + M) — ¢?
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*22-76.

Determine the differential equation of motion for the
damped vibratory system shown. What type of motion
occurs? Take k = 100 N/m, ¢ = 200 N +s/m, m = 25 kg.

SOLUTION

Free-body Diagram: When the block is being displaced by an amount y vertically
downward, the restoring force is developed by the three springs attached the block.

Equation of Motion:
+12F, = 0; 3ky + mg + 2cy — mg = —my
my + 2cy + 3ky =0 @

Here, m = 25kg, ¢ = 200 N -s/m and & = 100 N/m. Substituting these values into
Eq. (1) yields

25y + 400y + 300y = 0

y+ 16y + 12y =0 Ans.

Comparing the above differential equation with Eq. 22-27, we have m = 1kg,

k 12
¢ =16N-s/mand k = 12 N/m. Thus, w, = , /; =, /T = 3.464 rad/s

. = 2mw, = 2(1)(3.464) = 6.928 N-s/m

Since ¢ > ¢, the system will not vibrate. Therefore it is overdamped. Ans.

D —
3
N

Ans:

y+ 16y + 12y = 0

Since ¢ > ¢, the system will not vibrate.
Therefore it is overdamped.
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22-71.

Draw the electrical circuit that is equivalent to the
mechanical system shown. Determine the differential
equation which describes the charge ¢ in the circuit.

SOLUTION

For the block,

mx + ¢x + kx = Fycos wt

Using Table 22-1,

1
Lg + Rqg + (E)q = Ejcos wt

L

Eofoswt@ R

Ans.

. k

:,W F = Fycos ot
N .

: E

bl ¢ O O O O

. - - - - L . 9 .9 - . - e

Ans:

1
Lg + Rqg + (E)q = Ejcos wt
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22-78.

Draw the electrical circuit that is equivalent to the
mechanical system shown. What is the differential equation
which describes the charge ¢ in the circuit?

k c k
SOLUTION
For the block, "
mx +cx +2k=0
Using Table 221,
(&
2
Lg + Rg + (E)q =0 Ans.
L R
I
C
Ans:

2
Li+Rg+(=)g=0
q+ Rq (C)q
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22-79.

Draw the electrical circuit that is equivalent to the
mechanical system shown. Determine the differential
equation which describes the charge ¢ in the circuit.

SOLUTION m

For the block
my +cy+ ky=20

Using Table 22-1

1
Ld-i—Rq-I-Eq:O Ans.

—_ 0

Ans:
i+ R+ L=
q q Cq
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2-1.
If 6 = 60° and F = 450 N, determine the magnitude of the
resultant force and its direction, measured counterclockwise Y
from the positive x axis. F
0
15° *
700 N
SOLUTION )
The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of consines to Fig. b,

Fr = V/700% + 4507 — 2(700)(450) cos 45°

=497.01 N = 497N Ans.
This yields
S;r(l)oa - 21;7‘.151 o = 95197
Thus, the direction of angle ¢ of Fp measured counterclockwise from the 700'1 (&)
positive x axis, is
¢ = a + 60° = 9519° + 60° = 155° Ans.

Ans:
Fr, = 497N
¢ = 155°
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2-2.

If the magnitude of the resultant force is to be 500 N,
directed along the positive y axis, determine the magnitude
of force F and its direction 6.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

F = V/500% + 7002 — 2(500)(700) cos 105°
= 959.78 N = 960 N Ans.
Applying the law of sines to Fig. b, and using this result, yields

sin (90° + 6)  sin 105°

700 959.78

6 = 45.2° Ans.

700 N

90°%45°=(05°

-

—
- F

Ans:
F =960 N
0 = 45.2°
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2-3.
Determine the magnitude of the resultant force Fz = F; + F, y
and its direction, measured counterclockwise from the positive
X axis. F,=2501b
SOLUTION
Fr = V/(250)* + (375)2 — 2(250)(375) cos 75° = 393.2 = 393 b Ans.
3932 250
sin 75°  sin 6
0=3789 F,=3751b
¢ = 360° — 45° + 37.89° = 353° Ans.

Ans:
Fr = 3931b
¢ = 353°
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24,

The vertical force F acts downward at A on the two-membered
frame. Determine the magnitudes of the two components of
F directed along the axes of AB and AC. Set F = 500 N.

AU:J

SOLUTION W
Parallelogram Law: The parallelogram law of addition is shown in Fig. a.
Trigonometry: Using the law of sines (Fig. b), we have F 30°
F4p _ 500
sin 60°  sin 75°
F,p = 448N Ans.
Fac 500

sin45°  sin 75°

F e = 366N Ans.

Ans:
FAB - 448 N
Fuc = 366N
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2-5.

Solve Prob. 2-4 with F' = 350 Ib.

SOLUTION
Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using the law of sines (Fig. b), we have

Fap 350
sin 60°  sin 75°
F, 5 =3141b Ans.
Fuo 350

sin 45°  sin 75°

Fac = 2561b Ans.

Ans:
FAB = 3141b
FAC = 2561b
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2-6.

Determine the magnitude of the resultant force
Fr = F; + F, and its direction, measured clockwise from
the positive u axis.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying Law of cosines by referring to Fig. b,

Fr = V4 + 6% — 2(4)(6) cos 105° = 8.026 kN = 8.03kN

Using this result to apply Law of sines, Fig. b,

sinf® _ sin 105 : 0 — 46.07°

6 8026

Thus, the direction ¢ of F measured clockwise from the positive u axis is

¢ = 46.22° — 45° = 1.22°

Ans.

Ans.

105°

(b)

F,=6kN

A

Ans:
¢ =1.22°
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2-17.

Resolve the force F; into components acting along the u
and v axes and determine the magnitudes of the components.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the sines law by referring to Fig. b.

(F)o 4 (F), = 2.928 kN = 2.93kN Ans
sin45°  sin 105°° Yoo ’ .
G (F). = 2.071 kN = 2.07kN Ans
sin30°  sin 105°° o ' . .

Ans:
(F)), = 293kN
(F), = 2.07kN
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*2-8.

Resolve the force F, into components acting along the u v
and v axes and determine the magnitudes of the components.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the sines law of referring to Fig. b,

(FZ)u _ 6 ) _
sn75 ~ sm7se; 2 = 600KN Ans,
(B, 6

(F), = 3.106 kN = 3.11 kN Ans.

sin30°  sin75°"

Ans:
(F), = 6.00 kN
(F), = 3.11 kN
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2-9.

If the resultant force acting on the support is to be 1200 Ib,
directed horizontally to the right, determine the force F in
rope A and the corresponding angle 6.

900 1b

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the law of cosines by referring to Fig. b,

F = V9002 + 12002 — 2(900)(1200) cos 30° = 615.941b = 6161b  Auns.

Using this result to apply the sines law, Fig. b,

sinf _ sin 30° )
900  615.94°

0 = 46.94° = 46.9° Ans.

Ans:
F = 6161b
0 = 46.9°
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2-10.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive x axis.

SOLUTION
500 1b
Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the law of cosines by referring to Fig. b,
Fr = V/800% + 5002 — 2(800)(500) cos 95° = 979.661b = 9801b  Ans.
Using this result to apply the sines law, Fig. b,
sinf  sin 95° o
500 979.66° 6= 3036
Thus, the direction ¢ of F, measured counterclockwise from the positive x axis is
¢ = 50° — 30.56° = 19.44° = 19.4° Ans.
oo lb
ING001b
X 8oolb
L R
(4) (k)
Ans:
Fr = 9801b
¢ = 19.4°
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2-11.

The plate is subjected to the two forces at A and B as
shown. If 6 = 60°, determine the magnitude of the resultant
of these two forces and its direction measured clockwise
from the horizontal.

F,=8kN

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of cosines (Fig. b), we have

Fr = V8 + 6% — 2(8)(6) cos 100°

= 10.80 kN = 10.8 kN Ans.

The angle 6 can be determined using law of sines (Fig. b).

sinf _ sin 100°

6 10.80
sin 6 = 0.5470
0 = 33.16°

Thus, the direction ¢ of F, measured from the x axis is

¢ = 33.16° — 30° = 3.16° Ans. & kn

Ans:
Fr = 10.8 kN
¢ = 3.16°
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*2-12.

Determine the angle of 6 for connecting member A to the F,=8kN
plate so that the resultant force of F, and Fp is directed
horizontally to the right. Also, what is the magnitude of the
resultant force?

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of sines (Fig .b), we have

MM @D @0 TN @0 @n

sin (90° — 0)  sin 50°
6 8

sin (90° — §) = 0.5745

0 = 54.93° = 54.9° Ans.

From the triangle, ¢ = 180° — (90° — 54.93°) — 50° = 94.93°. Thus, using law of
cosines, the magnitude of Fy is

Fr = V8 + 62 — 2(8)(6) cos 94.93°

= 10.4 kN Ans.

Ans:
0 = 54.9°
Fr = 104 kN
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2-13.

The force acting on the gear tooth is F = 20 Ib. Resolve
this force into two components acting along the lines aa

and bb.
SOLUTION
20  F, B
Sin40° _ sin 80° F, =30.61b Ans.
20 B _
Sin40° — sin60° F, =2691b Ans.

Ans:
FE, = 30.61b
F, =2691b
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2-14.

The component of force F acting along line aa is required to
be 30 1b. Determine the magnitude of F and its component

along line bb.
SOLUTION
30
sin 80°
30
sin 80°

F .
sin 40°’
F, )
sin 60°’

F =19.61b

F, = 2641b

60

Ans.

Ans.

80°

Ans:
F=1961b
F, = 26.41b
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2-15.

Force F acts on the frame such that its component acting
along member AB is 650 Ib, directed from B towards A, and
the component acting along member BC is 500 Ib, directed
from B towards C. Determine the magnitude of F and its
direction 6. Set ¢ = 60°.

SOLUTION

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

F = \V/500% + 6502 — 2(500)(650) cos 105°
= 916.911b = 917 Ib Ans.

Using this result and applying the law of sines to Fig. b, yields

sinf _ sin 105°
500 916.91

6 = 31.8° Ans.

T\ 5001b
\
\\
oY
Fl
8 /65016
V
®)
Ans:
F=9171b
0 = 31.8°
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*2-16.

Force F acts on the frame such that its component acting
along member AB is 650 1b, directed from B towards A.
Determine the required angle ¢ (0° = ¢ =< 45°) and the
component acting along member BC. Set F = 850 1b and
0 = 30°.

SOLUTION
The parallelogram law of addition and the triangular rule are shown in Figs. @ and b,
respectively.

Applying the law of cosines to Fig. b,

Fye = V850% + 6502 — 2(850)(650) cos 30°

= 433.641b = 434 1b Ans. F=8solb
Using this result and applying the sine law to Fig. b, yields @
)
sin (45° + ¢)  sin 30°
= = 33.5° Ans. h
850 m3er ¢ e o
F=8501b &’45"‘?’

/
4
0
86501

&)

Ans:
FBC = 434 lb
b = 335°
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2-17.
Determine the magnitude and direction of the resultant

Fr = F; + F, + F; of the three forces by first finding the
resultant F* = F; + F, and then forming Fz = F' + F;.

SOLUTION

F = V(20)2 + (30)2 — 2(20)(30) cos 73.13° = 30.85 N

3085 30

- = —; 0 = 1.47°
sin 73.13° sin (7()0 - 0)

Fr = V(30.85)* + (50)> — 2(30.85)(50) cos 1.47° = 19.18 = 192N

19.18  30.85
sin 1.47°  sin6’

0=237"%

F;=50N

o0

1.43° ’

NT~" R

Ans:
Fr, = 192N
0 =237
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2-18.

Determine the magnitude and direction of the resultant y
Fr = F; + F, + F; of the three forces by first finding the
resultant F* = F, + F; and then forming Fz = F' + F;.

SOLUTION

F,=20N
F' = V(20)? + (50)% — 2(20)(50) cos 70° = 47.07 N

20 47.07

sin 6' sin 70°’

6 = 23.53°

Fr = V(47.07)% + (30)> — 2(47.07)(30) cos 13.34° = 19.18 = 192N

Ans.
19.18 30 .
sin 13.34°  sin¢’ ¢ =2L15
0 = 23.53° — 21.15° = 2.37° % Ans.

Ans:
Fr = 192N
6 =237"%
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2-19.

Determine the design angle 6 (0° = 6 =< 90°) for strut AB
so that the 400-Ib horizontal force has a component of 500 1b
directed from A towards C. What is the component of force

acting along member AB? Take ¢ = 40°

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of sines (Fig. b), we have

sin@ _ sin 40°

500 400
sin 0 = 0.8035
0 = 53.46°

Thus,

= 180° — 40° — 53.46° = 86.54°

Using law of sines (Fig. b)

= 53.5°

Fap 400
sin 86.54°  sin 40°
FAB = 6211b

Ans.

Ans.

4001b A

4
b,
'd

r'd
7

7
rd

:
L
N

,
[T ——

Ans:
6 = 53.5°
FAB = 621 lb
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*2-20.

Determine the design angle ¢ (0° = ¢ = 90°) between
struts AB and AC so that the 400-1b horizontal force has a
component of 600 Ib which acts up to the left, in the same
direction as from B towards A.Take 6 = 30°.

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.

Trigonometry: Using law of cosines (Fig. b), we have

Fuc = V400% + 600> — 2(400)(600) cos 30° = 322.97 Ib

The angle ¢ can be determined using law of sines (Fig. b).

sin¢g  sin 30°

400  322.97
sin ¢ = 0.6193
¢ = 383°

4001b A

Ans.

Ans:
¢ = 38.3°
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2-21.

Determine the magnitude and direction of the resultant y
force, F, measured counterclockwise from the positive x
axis. Solve the problem by first finding the resultant F' =F,
+F, and then forming Fr =F' + F;.

SOLUTION

Parallelogram Law. The parallelogram law of addition for F, and F, and then their
resultant F" and F; are shown in Figs. a and b, respectively.
Trigonometry. Referring to Fig. c,

, , 2
F' = \V200% + 400> = 44721N 6 = tan’! (ﬂ> = 26.57°

400
Thus ¢’ = 90° — 30° —26.57° = 33.43°

Using these results to apply the law of cosines by referring to Fig. d,

Fr = V3007 + 44721 — 2(300)(447.21) cos 33.43° = 257.05N = 257kN Auns.

Then, apply the law of sines,

sinf  sin33.43°
300 257.05 °

0 = 40.02°

Thus, the direction ¢ of F measured counterclockwise from the positive x axis is

¢ = 90° + 33.43° + 40.02° = 163.45° = 163° Ans.

ZOON
* 4

Ft4472IA p

Ans:
Fp = 257N
¢ = 163°
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2-22.

Determine the magnitude and direction of the resultant force, y
measured counterclockwise from the positive x axis. Solve / by
first finding the resultant F* = F, + F; and then forming

F,=F +F,.
X
SOLUTION
Parallelogram Law. The parallelogram law of addition for F, and F; and then their
resultant F' and F, are shown in Figs. @ and b, respectively.
Trigonometry. Applying the law of cosines by referring to Fig. c,
F' = V200% + 300> — 2(200)(300) cos 30° = 161.48 N Ans. ‘y'
Using this result to apply the sines law, Fig. c,
sinf’  sin30° . o "ZOON
200 16148~ 0r = 38.26 E
Using the results of F' and 6’ to apply the law of cosines by referring to Fig. d, /35
Fr = V/161.482 + 400% — 2(161.48)(400) cos 21.74° = 257.05 N = 257N Ans. . X
150
Then, apply the sines law, '\9/
sin 0 sin 21.74° /
= - 0 = 13.45° 4
16148 257.05 ° o' / F
Thus, the direction ¢ of F, measured counterclockwise from the positive x axis is ;1/
¢ = 90° + 60° + 13.45° = 163.45° = 163° Ans. .
F;=300N
(@)
Fi=400N
= °
2]
4
F;" g \¢ ZI‘7+
\\\\ 6535426 %,,M 9
\\
/
F=/6/-48N F
[ &
Ans:
¢ = 163°
Fr = 257N
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2-23.

Two forces act on the screw eye. If F{ = 400N and F,
F, = 600N, determine the angle 6(0° =60 < 180°)
between them, so that the resultant force has a magnitude
of Fr = 800 N.

SOLUTION

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively. Applying law of cosines to Fig. b,

F,
800 = V/400% + 600 — 2(400)(600) cos (180° — 6°)
2 2 2 0 F=400N
800% = 4007 + 600%> — 480000 cos (180° — 6) 1808
cos (180° — 9) = — 0.25
\
o __ — X
180° — 6 = 104.48 - =800N
= 75.52° = 75.5° Ans. .
6 ns 6—6001\/
(a)

400N 180-8
6ooN

800N

(b)

Ans:
0 = 75.5°
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*2-24,

Two forces F; and F, act on the screw eye. If their lines of F,
action are at an angle 0 apart and the magnitude of each
force is F| = F, = F, determine the magnitude of the
resultant force F and the angle between Fp and F.

SOLUTION < i

F _F
sing  sin (6 — ¢)

sin (0 — ¢) = sin ¢

F,
6-¢=¢
0

d) = 5 Ans.

Fr = V(F)* + (F)2 — 2(F)(F) cos (180° — 0)
Since cos (180° — 6) = —cos 6

Fr=F(V2)V1 + cos 0
Since cos (Q) =, lw
2 2
Then
0
Fr =2F cos(5> Ans.

Ans:
0
¢$=3
0
Fr = 2F —
R cos(2>
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2-25.

If F; =301b and F, =40 Ib, determine the angles 6 and ¢ so
that the resultant force is directed along the positive x axis
and has a magnitude of Fp =60 Ib.

SOLUTION

Parallelogram Law. The parallelogram law of addition is shown in Fig. a,
Trigonometry. Applying the law of cosine by referring to Fig. b,

40% = 30% + 60% —2(30)(60) cos 6
6 = 36.34° = 36.3° Ans.

And

30% = 40% + 60> —2(40)(60) cos ¢
¢ = 2638 = 26.4° Ans.

301k 401b

40 Ib
(b)

Ans:
0 = 36.3°
¢ = 264°
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2-26.
Determine the magnitude and direction 6 of F,4 so that the

resultant force is directed along the positive x axis and has a
magnitude of 1250 N.

SOLUTION
B Fg =3F;  Fg = Fysin0 + 800 cos 30° = 1250

+1 Fg, = SE;  Fg = Fycos6 — 800sin30° = 0
0 = 54.3°

F, = 686N

Ans.

Ans.

Ans:
0 = 54.3°
F, = 686 N
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2-27.

Determine the magnitude and direction, measured ¥
counterclockwise from the positive x axis, of the resultant
force acting on the ring at O, if F, = 750 N and 6 = 45°.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

X Fy = 3F; Fg_= 750 sin 45° + 800 cos 30°
= 122315N —

+1 Fr, = 3F

= FR}_ = 750 cos 45° — 800 sin 30°

= 130.33N 1

The magnitude of the resultant force Fy is
Fp = \VFg + Fg,

= V1223.15% + 130.33% = 1230 N = 1.23 kN Ans.

The directional angle # measured counterclockwise from positive x axis is

Fy 13033 ¥
e:t*—y:t*l( : )=6.08° Ans. {
e T 12315 ns
X ’9
13033 grmmmos o 2 .
1223154
Ans:
Frp = 1.23kN
0 = 6.08°
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*2-28.

Determine the magnitude of force F so that the resultant Fj 8 kN
of the three forces is as small as possible. What is the
minimum magnitude of Fz?.

30°
— > 6kN

SOLUTION

Parallelogram Law. The parallelogram laws of addition for 6 kN and 8 kN and then
their resultant F’ and F are shown in Figs. a and b, respectively. In order for F to be
minimum, it must act perpendicular to F.

Trigonometry. Referring to Fig. b,

8
F' = V6> + 8 = 10.0kN 6 = tan_l(g> = 53.13°.

Referring to Figs. ¢ and d,
Fr = 10.0sin 83.13° = 9.928 kN = 9.93 kN Ans.

F = 10.0 cos 83.13° = 1.196 kN = 1.20 kN Ans.

kN

G KN

8kn

— I

@)

10.0 kN

53.13%+30°= 83./3° 83./3°
F=/0.0kN
(d) Ans:

Fr = 9.93kN
F=120kN
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2-29.

If the resultant force of the two tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude
of force F and its direction 6.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,

G=ekn
Fg = V2> + 32 — 2(2)(3)cos 30° "
= 1.615kN = 1.61 kN Ans. ) 5 x
\{y 3kl
Using this result and applying the law of sines to Fig. b, yields 2 -
8
sinf  sin 30° @)

2 = 1615 6 = 383 Ans.

Fe =3 kN

Ans:
Fz = 1.61 kN
0 = 38.3°
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2-30.

If Fp = 3kN and 6 = 45°, determine the magnitude of the
resultant force of the two tugboats and its direction
measured clockwise from the positive x axis.

SOLUTION

The parallelogram law of addition and the triangular rule are shown in Figs. a and b,
respectively.

Applying the law of cosines to Fig. b,
® fi=2 kN

Fr= V2% + 32 — 2(2)(3) cos 105° XQXWMSE -
30° N

= 4.013kN = 4.01 kN Ans.

Using this result and applying the law of sines to Fig. b, yields

sina _ sin 105° o
3 " 4013 a = 4622

Thus, the direction angle ¢ of Fg, measured clockwise from the positive x axis, is

¢ = a — 30° = 46.22° — 30° = 16.2° Ans.

Ans:
Fp = 401 kN
¢ = 16.2°
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2-31.

If the resultant force of the two tugboats is required to be
directed towards the positive x axis, and Fp is to be a
minimum, determine the magnitude of Fy and Fp and the
angle 6.

SOLUTION

For Fp to be minimum, it has to be directed perpendicular to Fg. Thus,

6 = 90° Ans.

The parallelogram law of addition and triangular rule are shown in Figs. a and b,
respectively.

By applying simple trigonometry to Fig. b,
Fp=2sin30° = 1 kN Ans.

Fgr = 2cos30° = 1.73kN Ans. F=2 ki

Ans:

0 = 90°

FB = 1 kN
Fr = 1.73kN

52




© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-32.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive

X axis.
X
SOLUTION
Scalar Notation. Summing the force components along x and y axes algebraically by
referring to Fig. a,
L (Fp)y = SF; (Fg), = 200sin 45° — 150 cos 30° = 11.518 N —
+1(Fr)y = 2E; (Fr)y = 200 cos 45° + 150 sin 30° = 216.42N 1
Referring to Fig. b, the magnitude of the resultant force Fy, is
Fr = V(Fp)? + (Fr)} = V11.518 + 216.42> = 216.73N = 217N Ans.
And the directional angle 6 of Fy measured counterclockwise from the positive
X axis is
(FR)y:| 216.42
0 = tan”! =t *1(—') = 86.95° = 87.0° Ans.
an [(FR)X M 11518 ns
Ans:
Fr = 217N
0 = 87.0°
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2-33.

Determine the magnitude of the resultant force and its y
direction, measured clockwise from the positive x axis.

800 N
SOLUTION
Scalar Notation. Summing the force components along x and y axes by referring
to Fig. a,
& (Fo), = SE; (Fg), = 400 cos 30° + 800 sin 45° = 912.10N —
+1(Fr)y = 3F; (Fg), = 400 sin 30° — 800 cos 45° = —365.69 N = 365.69 N
Referring to Fig. b, the magnitude of the resultant force is
Fr = V(Fp)2 + (Fg)2 = V912.10> + 365.69 = 982.67N = 983N Ans.
And its directional angle  measured clockwise from the positive x axis is
(Fr)y 365.69
= tan ! =tan ] = 21.84° = 21.8° Ans.
- [(FR)J o (912.10) e
()= 110N
X
R
l (Eg)7=3é5-é9/~/
Ans:
Fr = 983N
0 =218
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2-34.

Resolve F; and F, into their x and y components.

SOLUTION

F, = {400 sin 30°(+i)+400 cos 30°(+j)} N

= {200i+346j} N Ans.
F, = {250 cos 45°(+i)+250 sin 45°(—j)} N

= {177i—177j} N Ans.

4

@/f(ﬁ)‘f 400c2530°N t
/ SN
/

, =400V 4{(53;25%&;4;',«/
.f // \ X
N 4 =,
\;z\ K7 Vb= to0simso'n £-250N
x CF;)J 2250 sinds’ N

Ans:
F, = {200i + 346j} N
F, = {177i — 177j} N
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2-35.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F; and
F, can be written as

(Fy), = 400 sin 30° = 200 N (Fy), = 400 cos 30° = 346.41 N

(Fy), = 250 cos 45° = 17678 N (F,), = 250 sin 45° = 176.78 N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

X S(Fp), = SF,; (Fgr), = 200 + 176.78 = 376.78 N Ans.
+TE(FR)y = 3F; (Fg), = 346.41 — 176.78 = 169.63N 1 ha
The magnitude of the resultant force Fy is x/// Fdy= 16793
A

N ! \\
& N
/ "Q/‘g\,»fi

~, /
(9} =574'7B\

Fr=V(Fp)2 + (Fr),) = V37678 + 169.63” = 413N Ans.

The direction angle 0 of Fg, Fig. b, measured counterclockwise from the positive /

N\h
axis, is "
(b)
_i[ (Fr) } <169.63>
6 =tan | | = tan ! ——2 | = 24.2° Ans.
[(FR)X tan\ 37678 ) ~ 242

Ans:

Fr = 413N

0 =242°
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*2-36.

Resolve each force acting on the gusset plate into its x and
y components, and express each force as a Cartesian vector.

F, = {900(+i)} = {900i} N

F, = {750 cos 45°(+i) + 750 sin 45°(+j)} N
= {530i + 530} N

F; = {650( g >(+i) + 650 @)(—j)} N

= {520 — 390j)} N

Ans.

Ans.

Ans.

%t

e

=i

(R), = 750 cosqs°n

@ )7=759 sings°’N
- ——— £ =750N

| T E=650N
(E)fé;o(%)ﬂ

F, = {900i} N
F, = {530i + 530j} N
F; = {520i — 390j} N
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2-37.

Determine the magnitude of the resultant force acting on
the plate and its direction, measured counterclockwise from
the positive x axis.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,,
and F; can be written as

(F)), = 900N
(Fy), = 750 cos 45° = 53033 N (F,), = 750 sin 45° = 530.33 N

(F3)x = 650(%) = 520N (F3), = 650(%) =390N

Resultant Force: Summing the force components algebraically along the x and
y axes, we have

(Fl)y= 0

X S(FR), = SFy; (Fg), = 900 + 53033 + 520 = 195033 N —

+13(Fp), = SF; (Fg)y = 530.33 — 390 = 14033 N 1

The magnitude of the resultant force Fy is

Fr=V(Fr) + (Fp),) = V1950.33? + 140.33% = 1955 N = 1.96 kN Ans.

The direction angle 6 of Fg, measured clockwise from the positive x axis, is

¢

,Q-;)f/zfo,asrl

F
0= tan_]“ FR;y } = tan‘l( 119‘2%3333> = 4.12° Ans.
R)x .
Y
By
&——— E=750N
|
I
/é 3
e T:,'='700N
DX TG
) E=é90N
t
(a)

T —

)= 1950 3y

Ans:
Fp = 1.96 kKN
0 = 4.12°
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2-38.

Express each of the three forces acting on the support in
Cartesian vector form and determine the magnitude of the
resultant force and its direction, measured clockwise from
positive x axis.

SOLUTION

Cartesian Notation. Referring to Fig. a,
F=F),i +(R),j= 50(%)i + 50<g)j = {30i + 40j} N
F, = —(F),i — (), j = —80sin15°i — 80 cos 15°j
= {-20.71i — 7727} N
= {-20.7i — 773} N
B = (B),i= {30
Thus, the resultant force is
Fr=23F;, F,=F +F+F
= (30i + 40j) + (—20.71i — 77.27j) + 30i
= {39.29i — 3727} N
Referring to Fig. b, the magnitude of Fy is

Fr = V/3929% + 37277 = 5416 N = 542N

And its directional angle § measured clockwise from the positive x axis is

37.27
0= tanfl(m) = 43.49° — 43.5°

Ans.

Ans.

Ans.

Ans.

Ans.

F,=80N

Ans:
F, = {30i + 40j} N
F, = {-20.7i — 77.3j} N
E = (30i)
Fp, = 542N
0 = 43.5°
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2-39.

Determine the x and y components of F; and F,.

SOLUTION

Fi, =200sin45° = 141 N

Fi, = 200 cos 45° = 141 N

Fy, = —150 cos 30° = —130 N

F,, =150sin30° = 75N

y

Ans.

Ans.

Ans.

Ans.

141N
141N
—130N
75N
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*2-40.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive
X axis.

SOLUTION
+NFg, = 2F; Fgr. = —150 cos 30° + 200 sin 45° = 11.518 N

T+Fry = ZF; Fgy = 150sin 30° + 200 cos 45° = 216.421 N
Fr =V (11.518)> + (216.421)> = 217N Ans.
216.421
= h | il R o
6 = tan <11.518> 87.0 Ans.

Ans:
Fr, = 217N
0 = 87.0°
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2-41.

Determine the magnitude of the resultant force and its
direction, measured counterclockwise from the positive
X axis.

SOLUTION

Scalar Notation. Summing the force components along x and y axes algebraically by
referring to Fig. a,

5 (Fy), = SF:  (Fg), = 4 + 5cos45° — 8sin 15° = 5.465 kN —
+1(Fr)y = 3F;  (Fg)y, = 5sin45° + 8cos 15° = 11.263kN 1

By referring to Fig. b, the magnitude of the resultant force Fp is

Fr = V(Fo)? + (Fe)? = V/5.465> + 11.263* = 1252kN = 125kN  Auns.

And the directional angle 6 of F; measured counterclockwise from the positive
X axis is

F,
6 = tan’l{( R)y} = tan*l(%) = 64.12° = 64.1° Ans. (Ea)x. D

(Fo). 5.465

Ans:
Fr = 125kN
0 = 64.1°
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2-42.
Express Fy, F,, and F; as Cartesian vectors. y
F;=750N
SOLUTION
4 3 F,= 625N
F. =2 .3 .
1 5(850) i-3 (850) j
= {680i — 510j} N Ans.
F, = —6255in 30°i — 625 cos 30° j
= {-312i — 541 j} N Ans.
F; = —7505in 45°1 + 750 cos 45° j
= {-5301i + 530j} N Ans.
Ans:

F, = {680i — 510j} N
F, = {-312i — 541} N
F; = {—530i + 530j} N
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2-43.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive x axis.

SOLUTION

B Fpe= SFy; Fpe = %(850) — 625 sin 30° — 750 sin 45° = —162.83 N

+1Fp, = 5F,;  Fpy = —%(850) — 625 cos 30° + 750 cos 45° = —520.94 N
Fr = V(-162.83)2 + (—520.94)> = 546 N Ans.

520.94
= _1 = o
¢ = tan (162.83> 72.64

0 = 180° + 72.64° = 253° Ans.

F,= 625N
2]
162.83W )
l

P s20.94N
Ans:
Fr = 546 N
0 = 253°
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*2-44.

Determine the magnitude of the resultant force and its Yy
direction, measured clockwise from the positive x axis.

40 1b

X
SOLUTION .
Scalar Notation. Summing the force components along x and y axes algebraically by B\ 12
referring to Fig. a,
3 5 911b
L (Fp)e = SFE; (Fp)y = 40 (5) + 91(5) +30=2891b—
4 12
+1(Fr)y = 3F;  (Fp)y = 40 (g) —~ 91(5) = -521b = 521bl
By referring to Fig. b, the magnitude of resultant force is
Fr = V(Fp)? + (Fp)2 = V89 + 522 = 103.08 b = 103 Ib Ans.
And its directional angle 6 measured clockwise from the positive x axis is
(F) 52
6= tan—l[ ( Fi)i } = tan_l(g) = 3030° = 303° Ans.
(R), =871
->1 X
9 |
|
|
|
|
|
|
Y S !
(Fé)f%lb Iz,
( ) Ans:

0 = 30.3°
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2-45.

Determine the magnitude and direction 6 of the resultant
force Fi. Express the result in terms of the magnitudes of
the components F; and F, and the angle ¢.

SOLUTION
F% = F? + F} — 2F F,cos (180° — ¢)

Since cos (180° — ¢) = —cos ¢,

Fr = \V/F? + F2 + 2F,F,cos ¢ Ans.
From the figure,
Fisin ¢

tanf = ——————

an F, + Ficos ¢

Fisin ¢
f=tan!| —— Ans.
an <F2+F1cos¢>> ns

FS{A#J

Ans:

FR:\/I%

6 = tanﬁl<

+ B + 2FF, cos ¢

F, sin ¢ >

E + Fy cos ¢
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2-46.

Determine the magnitude and orientation 6 of Fp so that
the resultant force is directed along the positive y axis and
has a magnitude of 1500 N.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have
5 Fp = SE 0 = 700 sin 30° — Fj cos 0

Fzcos 6 = 350 @
+1 Fg, = 3F; 1500 = 700 cos 30° + Fgsin 6

Fpsinf = 893.8 2)
Solving Eq. (1) and (2) yields

0 = 68.6° Fzp=960N Ans.

Ans:
0 = 68.6°
Fz = 960N
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2-47.
Determine the magnitude and orientation, measured

counterclockwise from the positive y axis, of the resultant
force acting on the bracket, if F = 600 N and 6 = 20°.

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

700 sin 30° — 600 cos 20°

i) FRx = EFJY, FR,\

—213.8N = 213.8N <«

700 cos 30° + 600 sin 20°

+T FRy = EF, FRy
= 811.4N |

The magnitude of the resultant force Fy is

Fr = VFg + Fx = V2138 + 811.4> = 839N Ans.

The directional angle § measured counterclockwise from positive y axis is

F 213.
6 = tan! FR’ = tan ! (ﬁ) = 14.8° Ans.

R, 811.4

Ans:
Fr = 839N
0 = 14.8°
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*2-48.

Three forces act on the bracket. Determine the
magnitude and direction 6 of F; so that the resultant
force is directed along the positive x’ axis and has a
magnitude of 800 N.

SOLUTION

12
+ Fro= SF.;  800sin60° = F,sin(60° + 6) — 3 (180)

5
+TFRy =3F,; 800 cos 60° = F;cos(60° + ) + 200 + 5(180)

y7
60° + 6 = 81.34°
0 = 21.3°

F, = 869N

y
A F,=200N
o
F; = 180N .
5 60° 0 _»F
s
12
Ans.
Ans.
Ans:
0 = 21.3°
F, = 869N
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2-49.
If F; = 300N and 6 = 10°, determine the magnitude and y
direction, measured counterclockwise from the positive
x" axis, of the resultant force acting on the bracket. A F,=200N
Y
F;=180N -
60° 0 _» F
SOLUTION U
2
12
B Fpe = 3Fx; Fr, = 300sin 70° — 5(180) = 1158 N / }
5
+TFRy =3Fy; Fgy = 300 cos 70° + 200 + 6(180) = 371.8N
Fr = V(1158)* + (371.8) = 389N Ans.
371.8
— -1 — o
¢ = tan [115.8J 72.71 0
¢' = T72.71° — 30° = 42.7° Ans.
Ans:
Fr = 389N
o' =42.7°
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2-50.
Express Fy, F,, and F; as Cartesian vectors. y
F,=15kN
F,=26kN 40°
13
5
12 .
SOLUTION 30°
F, = {—200i}1b Ans.
F;=36 kN

F, = —250sin 30° i + 250 cos 30° j }

= {-125i + 217} 1b Ans.

F; = 225 cos 30°i + 225sin 30° j

={195i + 112} Ib Ans.
{ i

Ans:

F, = {—200i} Ib

F, = {—125i + 217j}1b
F; = {195i + 1125} 1b
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2-51.
Determine the magnitude of the resultant force and its

orientation measured counterclockwise from the positive
X axis.

SOLUTION

12
—tFRx = 3F,; Fr, = 15sin40° — E(26) + 36 cos 30° = 16.82 kN

5
+TFRy =2F,; Fgy = 15cos 40° + E(26) — 36sin 30° = 3.491 kKN

Fr = V(16.82)* + (3.491)> = 172 kN

3.491
= 71 — = °
6 = tan (16.82) 11.7

Also,
F; = {15sin40°i + 15 cos 40° j} kKN = {9.64i + 11.5j} kN
12 . 5 . . .
F, = ¢ —=(26)i + —(26)j ¢ kKN = {—24i + 10j} kN
13 13
F; = {36 cos 30°i — 36 sin 30°j} kN = {31.2i — 18j} kN
FR = F] + Fz + F3

= {9.64i + 11.55) + {—24i + 10§} + {31.2i — 18]}

= {16.8i + 3.49j} kN

Ans.

Ans.

y
F;=15kN
F,=26kN 40°
13
5
12
30°
F;=36kN
\
fa
3.4a( kN
[
le.9a en ¥
Ans:

Fr = 172kN,6 = 11.7°
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*2-52,
Determine the x and y components of each force acting on Yy
the gusset plate of a bridge truss. Show that the resultant
) F, = 6kN
force is zero.
F, =8kN
4 5S4
NS 3
>\ .
_ F;=4kN
IE _:6 kN 000 000 43_ X
_l__—m
SOLUTION
Scalar Notation. Referring to Fig. a, the x and y components of each forces are
4
(R), = 8(5) = 640kN — Ans.
3
(R), = 8(5) = 480 kN | Ans.
3
(B), =6 5)° 3.60 kN — Ans.
4
(F), = 6(5) = 4.80kN 1 Ans.
(F3), = 4kN « Ans.
(F3), =0 Ans.
(Fy), = 6kN « Ans.
(Fy)y, =0 Ans.
Summing these force components along x and y axes algebraically,
5 (F), = SF; (Fo), = 640 +3.60 —4—6=0
+1(Fr)y = 3F,; (Fg)y =480 — 480 =0
Thus,
Fp= V(Fp)? + (Fp)2 = V0> + 0*=0  (QED)
Ans:

(F), = 640 kN —
(F), = 480kN |
(B), = 3.60 kN —
(F), = 480kN 1

(F5)y = 4kN <
(F), =0
(Fy)y = 6kN «
(F4)y =0
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2-53.

Express F; and F, as Cartesian vectors.

X

SOLUTION
F; = —30sin 30°i — 30 cos 30° j

= {-15.0i — 26.0j} kN Ans.

5 12

2 i 12 .
Fo =~ (26)i + 1 (20)]

= {-10.0i + 24.0j} kN Ans.

Ans:
F, = {—15.0i — 26.0j} kN
F, = {—10.0i + 24.0j} kN
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2-54.

Determine the magnitude of the resultant force and its
direction measured counterclockwise from the positive
X axis.

SOLUTION

5
5 Fp, = SF,;; Fg, = —30sin30° — 13(26) = —25kN

12
+1Fg, = 3F,; Fg, = —30cos30° + 13(26) = ~L981kN

Fr=\V(-25)7%+ (-1.981)2 = 25.1 kN Ans.

¢ = tan*(%) = 4.53°

0 = 180° + 4.53° = 185° Ans.

L8 kN

Ans:
Fp = 25.1kN
0 = 185°
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2-55.

Determine the magnitude of force F so that the resultant 14 kN F

force of the three forces is as small as possible. What is the

magnitude of the resultant force? R
30° 45
4 8kN

SOLUTION
X Fpo = 3F,; Fg, = 8 — F cos 45° — 14 cos 30°
= —4.1244 — F cos 45°
+TFRy:2Fy; Fgry = —Fsin45° + 14 sin 30°
=7 — Fsin 45°
F3 = (—4.1244 — F cos 45°)* + (7 — F sin 45°)* (8))
dF g . . )
ZFRF = 2(—4.1244 — F cos 45°)(—cos 45°) + 2(7 — F sin 45°)(—sin 45°) = 0
o 1
F = 2.03kN Ans. LIRS o
50° =
From Eq. (1); Fr=787kN Ans. Tk

Also, from the figure require

.,l
(Fr)y = 0= 3SF; F + 145sin 15° — 8 cos 45° =
F =2.03kN Ans.
(Fr)y = ZFy; Fr = 14 cos 15° — 8sin 45°
Fr =7.87kN Ans.

Ans:
F = 2.03kN
Fr = 7.87kN
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*2-56.
If the magnitude of the resultant force acting on the bracket

is to be 450 N directed along the positive u axis, determine
the magnitude of F; and its direction ¢.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F;, F,,

F;, and Fj can be written as

(F)x = Fising (Fl)y = Ficos ¢

(F), =200 N (F), =0

5 12
(F3)x = 260<13> = 100N (F3), = 260(13) =240 N

(Fg)y = 450 cos 30° = 389.71 N (Fg), = 450sin30° = 225N

Resultant Force: Summing the force components algebraically along the x and y axes,

B 3 (Fp), = 3F; 389.71 = F sin¢ + 200 + 100
Fisin ¢ = 89.71
+12(Fg)y, = SF; 225 = Fycos ¢ — 240

F| cos¢p = 465
Solving Egs. (1) and (2), yields

¢ =10.9° F, = 474N

@

2

Ans.

Ans:
¢ = 10.9°
F, = 474N
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2-57.
If the resultant force acting on the bracket is required to be

a minimum, determine the magnitudes of F; and the
resultant force. Set ¢ = 30°.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,,

and F; can be written as
(F1)x = Fisin30° = 0.5F;
(F2), = 200N (), =0

5

(F3), = 260<B

Resultant Force: Summing the force components algebraically along the x and y axes,

B S(Fg), = SF; (Fg), = 0.5F, + 200 + 100 = 0.5F, + 300

+12(Fp), = =F,; (Fg), = 0.8660F; — 240

The magnitude of the resultant force F is
Fr = V(Fp)i + (Fp);

= V/(0.5F, + 300)2 + (0.8660F, — 240)2

= V/F? — 115.69F, + 147 600

Thus,

F} = F7 — 115.69F, + 147 600

The first derivative of Eq. (2) is

dFy
2 g5 = 2P = 11569

dF,
For F, to be minimum, d7FR = 0.Thus, from Eq. (3)
1

or, TR g 11569 = 0
Rar, — 71 R
F, = 57846 N = 578 N

from Eq. (1),

Fr = V/(57.846)> — 115.69(57.846) + 147 600 = 380 N

(F), = F, cos 30° = 0.8660F)

12
> = 100N (Fy), = 260<B> =240 N

e L
w4
30’ :
I F:)x.
= 7;:- .
-Q-L 2=2C00N
@ ’1 3! (5)’"
t S\l
6] _ '
" R=260N
o (5)7
@)
Ans.
Ans.

Ans:
Fr = 380N
F, = 578N
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2-58.

Three forces act on the bracket. Determine the magnitude Yy
and direction 6 of F so that the resultant force is directed
along the positive x’ axis and has a magnitude of 8 kN.

SOLUTION

Scalar Notation. Equating the force components along the x and y axes algebraically
by referring to Fig. a,

5 (Fr)y = 2Fy 8cos30° = Fsinf + 6 — 4sin 15°
Fsin 6 = 1.9635 (1)
+1(Fr)y = 3F,;  8sin30° = Fcos 6 + 4 cos 15°
Fcos6 = 0.1363 (2)
Divide Eq (1) by (2)
tan 6 = 14.406 0 = 86.03° = 86.0° Ans.

Substitute this result into Eq (1)
Fsin 86.03° = 1.9635
F = 1968 kN = 1.97 kN Ans.

[A
2

F),

Fedl

|

15° \! i
' _.).I(,z))b > X
G=cku

(k.

I

Ans:
0 = 86.0°
F = 197kN
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2-59.

It F =5 kN and 0 = 30°, determine the magnitude of y
the resultant force and its direction, measured counter-
clockwise from the positive x axis.

SOLUTION

Scalar Notation. Summing the force components along x and y axes algebraically
by referring to Fig. a,

b (Fo)y = SFs (Fo)y = 5sin30° + 6 — 4sin 15° = 7.465 kN —
+1(Fg)y = 3F; (Fgr), = 4cos 15° + 5cos 30° = 8.194 kN 1

By referring to Fig. b, the magnitude of the resultant force is

Fr = \/(FR))ZC + (Fp)y = \/7.465% + 8.1942 = 11.08 kN = 11.1 kN Auns.

And its directional angle 6 measured counterclockwise from the positive
X axis is

(Fr) 8.194
o = tan_l{ (FR)y] - tan_1(7465> = 47.67° = 477° Ans.
R)x B

g 1
K<_5<l~1’_3;’i4_k.’§'__

=

b

Ans:
Fp = 11.1kN
0 =47.7°
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*2-60.

The force F has a magnitude of 80 1b and acts within the
octant shown. Determine the magnitudes of the x, y,
z components of F.

SOLUTION

1 = cos? 60° + cos® 45° + cos’ y
Solving for the positive root, y = 60°
F, = 80cos 60° = 40.01b

F, =80cos45° = 56.6 b

F, = 80cos 60° = 40.0 Ib

F=801b

T\ p=45

_».F
/z @ =60° y
F,
x/ I(f i

Ans. J

Ans.

Ans.
Ans:
F, = 40.01b
F, =56.61b
F, =40.01b
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2-61.

The bolt is subjected to the force F, which has components
acting along the x, y, z axes as shown. If the magnitude of F is
80 N, and o = 60° and y = 45°, determine the magnitudes

of its components.

SOLUTION

cosf3

B
Fy
Fy
Fz

= V1 - cos’a — cosly

= V1 — cos?60° — cos245°
= 120°

= |80 cos 60°] = 40N

= 80 cos 120°] = 40N

= |80 cos 45°] = 56.6 N

Ans.

Ans.

Ans.

AF:
g
D s A
F, o\ E
F,

Ans:

F,. = 40N
= 40N
F, = 56.6N

Z
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2-62.

Determine the magnitude and coordinate direction angles
of the force F acting on the support. The component of F in
the x—y plane is 7 kN.

SOLUTION
Coordinate Direction Angles. The unit vector of F is
uyz = cos 30° cos 40°i — cos 30° sin 40°% + sin 30° k

= {0.6634i — 0.5567j + 0.5k}

Thus,
cos a = 0.6634; a = 48.44° = 48.4° Ans.
cos B = —0.5567, B = 123.83° = 124° Ans.
cosy = 0.5; vy = 60° Ans.

The magnitude of F can be determined from

Fcos30° =17, F = 8.083 kN = 8.08 kN Ans.

Ans:

a = 48.4°

B = 124°

vy = 60°

F = 8.08 kN
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2-63.

Determine the magnitude and coordinate direction angles
of the resultant force and sketch this vector on the
coordinate system.

SOLUTION
F; = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} 1b

F, = {53.1i — 44.5] + 40k} Ib
F, = {—130K} Ib
FR = F] + F2

Fr = {53.1i — 44.5j — 90.0k} Ib

Fr= V(531> + (-44.5)> + (=90.0)> = 114 Ib

53.1
= 71 — = o
a = CcOoS <113.6> 62.1

—44.5
= cocl _ o
B = cos < 1136 > 113

Ans.

Ans.

Ans.

Ans.

F, =801b

\

YF, =1301b

Ans:

Fr = 1141b
a = 62.1°
B =113°

y = 142°
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*2-64.

Specify the coordinate direction angles of F; and F, and
express each force as a Cartesian vector.

SOLUTION
F, = {80 cos 30° cos 40°i — 80 cos 30° sin 40°j + 80 sin 30°k} 1b

F, = {53.1i — 44.5] + 40k} Ib

1
a; = cos! <5§O> = 48.4°
By = cosl<_44‘5> = 124°

40
v = cos’l(f) = 60°

0
= 71 — = °
@, = COoS < 3 O> 90

4 0 o
ﬁz = COS 1<130 =90
-130
Y2 = COSl<130> = 180°

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

F, =801b

YFE=1301b

. |

Ans:
F, = {53.1i — 44.5j + 40k} Ib
a; = 48.4°

By = 124°

Y1 = 60°

F, = {—130k} Ib
ay = 900

B, = 90°

v, = 180°
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2-65.

The screw eye is subjected to the two forces shown. Express
each force in Cartesian vector form and then determine the
resultant force. Find the magnitude and coordinate direction
angles of the resultant force.

SOLUTION
F; = 300(—cos 60° sin 45°i + cos 60°cos 45°j + sin 60°k)
= {~106.07i + 106.07j + 259.81k} N
= {~106i + 106j + 260k} N
F, = 500(cos 60°i + cos 45°j + cos120°k)
= {250.0i + 353.55j — 250.0k} N
= {250i + 354j — 250k} N

FR:F1+F2

= —106.07i + 106.07j + 259.81k + 250.0i + 353.55j — 250.0k

= 143.93i + 459.62j + 9.81k

= {144i + 460j + 9.81k} N

Fr = \V143.93% + 459.622 + 9.81% = 481.73N = 482N
_ Fgr  143.93i + 459.62j + 9.81k

ur

RTOFp 481.73
cosa = 0.2988 a =726
cos B = 0.9541 B =174°
cosy = 0.02036 y = 88.8°

= = 0.2988i + 0.9541j + 0.02036k

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Fy=300N

F,=500N

Ans:

F, = {—106i + 106j + 260k} N
F, = {250i + 354j — 250k} N
Fr = {144i + 460j + 9.81k} N

Fp = 482N
a = 72.6°
B =17.4°
y = 88.8°
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2-66.

Determine the coordinate direction angles of F;.

SOLUTION

F; = 300(—cos 60° sin 45°i + cos 60° cos 45°j + sin 60°k)
= {—106.07i + 106.07j + 259.81k} N
= {~106i + 106j + 260k} N

F; . .
u = % = —0.3536i + 0.3536j + 0.8660k

o = cos ' (—0.3536) = 111°
B1 = cos ' (0.3536) = 69.3°

y1 = cos 1(0.8660) = 30.0°

Ans.

Ans.

Ans.

< Fy=300N

F,=500N

Ans:

ap = 111°
By = 69.3°
v = 30.0°
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2-67.

Determine the magnitude and coordinate direction angles
of F; so that the resultant of the three forces acts along the
positive y axis and has a magnitude of 600 Ib.

SOLUTION

Fr, = 2F ; 0 = —180 + 300 cos 30° sin 40° + F5 cos «
Fgry=ZF,; 600 = 300 cos 30° cos 40° + F3cos B
Fgr, = 2F_; 0 = —300sin 30° + F3cosy

cos’a + cos’B + cos’y = 1

Solving:
F3 = 4281b
a = 88.3°
B = 20.6°
v = 69.5°

Ans.
Ans.
Ans.

Ans.

F,=3001b
Ans:
F = 4281b
a = 88.3°
B = 20.6°
vy = 69.5°
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*2-68.

Determine the magnitude and coordinate direction angles
of F; so that the resultant of the three forces is zero.

SOLUTION
Fr. = 2F 0 = —180 + 300 cos 30° sin 40° + F5cos «

Fgry=2F; 0 = 300 cos 30° cos 40° + F3cos B

Fg.= SF; 0= —300sin30° + F;cosy

cos’a + cos’B + cos?y = 1

Solving:
F3;=2501b
a = 87.0°
B = 143°
y = 53.1°

Ans.
Ans.
Ans.

Ans.

F,=3001b
Ans:
F =2501b
a = 87.0°
B = 143°
vy = 53.1°
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2-69.

Determine the magnitude and coordinate direction angles
of the resultant force, and sketch this vector on the
coordinate system.

SOLUTION

Cartesian Vector Notation. For F; and F,,

F; = 400 (cos 45°i + cos 60°j — cos 60°k) = {282.84i + 200j — 200k} N

4 4 3
F, = 125| < (cos 20°)i — 5 (sin209)j + Tk | = {93.97i — 34.20j + 75.0k)

Resultant Force.
Fr=F + F,
= {282.84i + 200j — 200k} + {93.97i — 34.20j + 75.0k}
= {376.81i + 165.80j — 125.00k} N

The magnitude of the resultant force is

Fr = V(Fp)? + (Fp)2 + (Fp)? = V37687 + 165.80% + (—125.00)*

= 430.23 N = 430N

The coordinate direction angles are

_ (Fp)x _ 376.81 B o e
cosa = Fr = 13023° a = 28.86° = 28.9
(Fr)y  165.80 . .
COSB = ? = 43023 ° B = 67.33° = 67.3
F, _
cosy = (Fo): _ ~125.00 y = 106.89° = 107°

Fr 43023 °

Ans.

Ans.

Ans.

Ans.

60°

60°

F, = 400N

Ans:

Fp = 430N
a = 28.9°
B = 67.3°
vy = 107°
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2-70.

Determine the magnitude and coordinate direction angles
of the resultant force, and sketch this vector on the
coordinate system.

SOLUTION

Cartesian Vector Notation. For F; and F,,

3. 4
F, = 450 (g ji- gk) = [270j — 360k} N

F, = 525 (cos 45°i + cos 120°% + cos 60°k) = {371.23i — 262.5j + 262.5k} N
Resultant Force.
Fr,=F + F
= {270j — 360k} + {371.23i — 262.5j + 262.5k}
= {371.23i + 7.50j — 97.5k} N

The magnitude of the resultant force is

Fr = V(F)? + (Fp)2 + (Fp)? = V371232 + 7.50* + (—97.5)°

= 383.89N = 384N Ans.
The coordinate direction angles are
cosa = (2))‘ = igég; a = 1476° = 14.8° Ans.
cos B = (ZZ)y = 3;'35.29 . B = 8888 = 88.9° Ans.
cosy = (2)1 = %; y = 104.71° = 105° Ans.

F,=55N |
60°
120°

45°

F, =450N

Ans:

Fr = 384N
coS =%;a = 14.8°
cos B =%;B = 88.9°
cos y =%; y = 105°

91




© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-71.

Specify the magnitude and coordinate direction angles «,
B1, v1 of F; so that the resultant of the three forces acting
on the bracket is Fr = {—350k} 1b. Note that Fs lies in the

x—y plane. F3=4001b
 F,=2001b
SOLUTION
F)=F,i+F,j+F.k
F, = —200j !
F; = —400sin 30°i + 400 cos 30° j
= 2001 + 346.4
Fg = SF

~350k = F,i+ Fyj+ F,k —200j — 200i + 346.4j
0=F,—200; F,=200Ib

0=F, —200 + 346.4; F, = -14641b

F,=—-3501b

Fi = V(200)2 + (—146.4)2 + (—350)

Fi=42591b = 4291b Ans.
o, = cos ! (%) = 62.2° Ans.
Bi = cos! (%8694) = 110° Ans.
y1 = cos™! <%) = 145° Ans.

Ans:

F, = 4291b
ap = 62.2°
By = 110°

v, = 145°
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*2-T72.

Two forces F; and F, act on the screw eye. If the resultant
force Fj has a magnitude of 150 Ib and the coordinate
direction angles shown, determine the magnitude of F, and
its coordinate direction angles.

SOLUTION
Cartesian Vector Notation. For Fg, y can be determined from
cos’a + cos’B + cos’y = 1
cos? 120° + cos?50° + cos’y = 1
cos y = £0.5804

Here y < 90°, then

v = 54.52°
Thus
Fr = 150(cos 120°% + cos 50°% + cos 54.52°k)
= {~75.0i + 96.42j + 87.05k} Ib
Also

F, = {80j} Ib
Resultant Force.
Fr=F +F
{=75.0i + 96.42j + 87.05k} = {80j} + F,
F, = {=75.0i + 16.42j + 87.05k} Ib

Thus, the magnitude of F, is

B = V(B), + (B), + (B). = V(-750)* + 1642 + 87.05

= 116.071b = 116 1b Ans.
And its coordinate direction angles are
cos ay = (1;22))‘ = %; a, = 130.25° = 130° Ans.
cos B, = (IZ)y = 11166'227 ; B, = 81.87° = 81.9° Ans.
Cos Y, = (Z)Z = 18176'% ; v, = 41.41° = 41.4° Ans.

Ans:

Fr, = 1161b
cos ay = 130°
cos B, = 81.9°
cos y, = 41.4°
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2-73. <
Express each force in Cartesian vector form.
F; =200 N
F,=150N
F, = 90N (—a 60° y
34 /
/L 45
SOLUTION
Cartesian Vector Notation. For F, F, and F;, o
4 3 R
F, =90 (gl + gk) = {72.0i + 54.0k} N Ans.
F, = 150 (cos 60° sin 45°i + cos 60° cos 45°% + sin 60°k)
= {53.03i + 53.03j + 129.90k} N
= {53.0i + 53.0j + 130k} N Ans.
F; = {200 k} Ans.
Ans:

F, = {72.0i + 54.0k} N
F, = {53.0i + 53.0j + 130k} N
F; = {200k}
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2-74. z

Determine the magnitude and coordinate direction angles

of the resultant force, and sketch this vector on the F;=200N F - 150N
coordinate system. 2
F, = 90N (e 60° ,
34 /
/45

SOLUTION
Cartesian Vector Notation. For F;, F, and F;, o
F, =90 (gl + %k) = {72.0i + 54.0k} N
F, = 150 (cos 60° sin 45°% + cos 60° cos 45°% + sin 60°k)
= {53.03i + 53.03j + 129.90k} N
F; = {200k} N
Resultant Force.
F=F +F +F
= (72.0i + 54.0k) + (53.03i + 53.03j + 129.90k) + (200k)
= {125.03i + 53.03j + 383.90} N
The magnitude of the resultant force is
Fr = V(Fp)? + (Fr); + (Fr): = V125.03% + 53.03% + 383.90°
= 407.22N = 407N Ans.
And the coordinate direction angles are
cosa = (?;)x = E;g; a=7212°=T721° Ans.
cos B = (if;)y = 5037'?2; B =8252° = 85° Ans.
cosy = (F): _ 38390 y = 19.48° = 19.5° Ans.

Fr  407.22°

Ans:

Fr, = 407N
a = T72.1°
B = 82.5°
y = 19.5°
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2-75.

The spur gear is subjected to the two forces caused by
contact with other gears. Express each force as a Cartesian
vector.

SOLUTION
F - 215 (50)j — % (50)k = {14.0§ — 48.0k} Ib Ans.

F, = 180 cos 60°i + 180 cos 135°j + 180 cos 60°k

= {90i — 127 + 90k} Ib Ans.

Ans:
F, = {14.0j — 48.0k} Ib
F, = {90i — 127j + 90Kk} 1b
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*2-76.
The spur gear is subjected to the two forces caused by

contact with other gears. Determine the resultant of the two
forces and express the result as a Cartesian vector.

SOLUTION

Fry = 180 cos 60° = 90

.
|

= 27—5(50) + 180 cos 135° = —113

24
Fr. = =55 (50) + 180 cos 60° = 42

Fr = {90i — 113j + 42K} Ib Ans.

Ans:

FRx = 90
Fry = —113
Fr, =42

Fr = {90i — 113j + 42k} Ib
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2-71.

Determine the magnitude and coordinate direction angles
of the resultant force, and sketch this vector on the
coordinate system.

SOLUTION
Cartesian Vector Notation. For F; and F,,
F; = 400 (sin 60° cos 20°i — sin 60° sin 20%j + cos 60°k)

= (325.52i — 118.48j + 200k} N

F, = 500 (cos 60°i + cos 60°% + cos 135°k)
= {250i + 250j — 353.55k} N

Resultant Force.

Fr=F +F
= (325.52i — 118.48j + 200K) + (250i + 250j — 353.55k)
= (575.52i + 131.52j — 15355k} N

The magnitude of the resultant force is

Fr = V(F)? + (Fr)? + (Fp)? = V/575.52 + 131.52% + (—153.55)’
= 610.00N = 610N

The coordinate direction angles are

(Fp)x 57552

cosa = Fe = 610.00 a = 19.36° = 194
(Fr)y  131.52
== = 77.549° = 77.5°
cSB="F " 6000 P ?
F ~153.
cosy = (Fo): _ —153.55 y = 104.58° = 105°

Fr 610.00

Ans.

Ans.

Ans.

Ans.

Ans:

Fr, = 610N
a = 19.4°
B =775°
y = 105°
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2-78.

The two forces F; and F, acting at A have a resultant force
of Frp = {—100k} Ib. Determine the magnitude and
coordinate direction angles of F,.

SOLUTION

Cartesian Vector Notation:

{-100k} 1b

60{ —cos 50° cos 30°i + cos 50°sin 30°j — sin 50°k } 1b

= A
Il Il

{—33.40i + 1928 — 4596 k} Ib

5
|

= (B,i+ B j+ Bk} b

Resultant Force:
FR = F] + F2
—100k = {(F, — 33.40)i + (B, +19.28) j + (F, — 45.96) k}

Equating i, j and k components, we have

B, —3340 =0 B, =33401b
B, +1928 =0 B, = —19281b
B —4596 = —100  F_= —54.041b

The magnitude of force F, is
B =VF; + F3 + F3,

= V33407 + (—19.28)% + (—54.04)>

= 66.391b = 66.4 b

The coordinate direction angles for F, are

F 3340
== =59.8°
cos « B 6639 @
B —1928
== : = 107°
8B = 5= 6639
B —54.04
=== = 144°
Y TE T 6639 Y

Ans.

Ans.

Ans.

Ans.

Ans:

F = 6641b
a = 59.8°
B = 107°

y = 144°
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2-79.

Determine the coordinate direction angles of the force F, z
and indicate them on the figure.

SOLUTION

Unit Vector For Force F;:

up = —cos 50° cos 30°i + cos 50°sin 30°j — sin 50° k

1

—0.55671i + 0.3214 j — 0.7660 k

Coordinate Direction Angles: From the unit vector obtained above, we have

cos a = —0.5567 a = 124° Ans.
cos B = 0.3214 B =713° Ans.
cosy = —0.7660 v = 140° Ans.

Ans:

a = 124°
B =713°
v = 140°
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*2-80.

The bracket is subjected to the two forces shown. Express z
each force in Cartesian vector form and then determine the
resultant force Fg. Find the magnitude and coordinate F, =400 N
direction angles of the resultant force.

SOLUTION

Cartesian Vector Notation:
F; = 250{cos 35° sin 25° + cos 35° cos 25°% — sin 35°k} N

= {86.55i + 185.60j — 143.39k} N

= {86.5i + 186j — 143k} N Ans.
F, = 400{cos 120°i + cos 45° + cos 60°k} N

= {~200.0i + 282.84j + 200.0k} N

= {-200i + 283j + 200k} N Ans.
Resultant Force:
FR = F] + F2

= {(86.55 — 200.0)i + (185.60 + 282.84)j + (—143.39 + 200.0) k}
= {~113.45i + 468.44j + 56.61k} N

= {~113i + 468j + 56.6k} N Ans.

The magnitude of the resultant force is
- \/F2 2 2
FR_ FRX+FR),+FRZ

= V/(~113.45)% + 468.44% + 56.612

=48530N = 485N Ans.

The coordinate direction angles are

Fr,  —11345 .

cosa = Fr = 48530 a =104 Ans.
Fr, 46844

cos B = Fr = 18530 B =151 Ans.
Fr. 5661

Cosy = TR = m Y = 83.3 Ans.

Ans:

F, = {86.5i + 186j — 143k} N
F, = {—200i + 283j + 200k} N
Fg = [—113i + 468 + 56.6k} N

F = 485N
a = 104°
B =151°
y = 83.3°
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2-81.

If the coordinate direction angles for F; are az = 120°,
B3 = 60° and 7y; = 45°, determine the magnitude and
coordinate direction angles of the resultant force acting on
the eyebolt.

SOLUTION

Force Vectors: By resolving F;, F, and F; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F, and F5 can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350} Ib
. 4\ . 3 .
F, = 0i + 600 5 )(+J) + 600( 5 )(+k) = {480j + 360k} Ib
F; = 800 cos 120°i + 800 cos 60°j + 800 cos 45°k = [—400i + 400j + 565.69k] Ib

Resultant Force: By adding F;, F, and F; vectorally, we obtain Fg. Thus,
FR = F] + F2 + F3
= (606.22i + 350j) + (480j + 360k) + (—400i + 400j + 565.69k)

= [206.22i + 1230j + 925.69k] Ib

The magnitude of Fy is

Fr= V(Fp),? + (Fr),> + (F).?

-V (206.22) + (1230)* + (925.69)* = 1553.161b = 1.55kip  Ans.

The coordinate direction angles of F are

[(Fg), ] 206.22
1 ( R)x —1 o
= —| = =824 Ans.
a = cos e cos (1553.16) 8 ns
[(Fr)yT 1230
— cos ! — coc! _ a7 o
B = cos o cos (1553.16) 37.6 Ans.
[(FRr): 925.69
vy = cos_l_(FI;)z_ = cos_1(1553.16) = 53.4° Ans.

F, = 600 1b

Ans:

Fr = 1.55kip
a = 82.4°

B = 37.6°

y = 53.4°
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2-82.

If the coordinate direction angles for F; are a; = 120°,
Bz = 45° and vy3; = 60°, determine the magnitude and
coordinate direction angles of the resultant force acting on
the eyebolt.

SOLUTION

Force Vectors: By resolving F, F, and F; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F,, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350j} Ib
. 4 . 3 .
F, = 0i + 600(5)(+J) + 600(5)(+k) — [480j + 360k} Ib
F; = 800 cos 120°i + 800 cos 45°j + 800 cos 60°k = {—400i + 565.69j + 400k} Ib

FR = Fl + F2 + F3
= 606.22i + 350j + 480j + 360k — 400i + 565.69j + 400k

= {206.22i + 1395.69j + 760k} Ib

Fg = V (206.22)% + (1395.69)* + (760)>

= 1602.521b = 1.60 kip Ans.
206.22
= 7]‘ = o
a = cos (1602.52) 82.6 Ans.
1395.69
= L [t = ©
B = cos (1602.52) 29.4 Ans.
760
= 71 = °
Y = cos (1602.52) 61.7 Ans.

Fy=6001b

Ans:

Fr = 1.60 kip
a = 82.6°

B = 29.4°

v = 61.7°
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2-83.

If the direction of the resultant force acting on the eyebolt
is defined by the unit vector up, = cos 30° + sin 30°k,
determine the coordinate direction angles of F; and the
magnitude of Fp.

SOLUTION

Force Vectors: By resolving F;, F, and Fj; into their x, y, and z components, as shown
in Figs. a, b, and c, respectively, Fy, F,, and F; can be expressed in Cartesian vector
form as

F, = 700 cos 30°(+i) + 700 sin 30°(+j) = {606.22i + 350§} Ib
. 4\ . 3 .
F, = 0i + 600(5)(+J) + 600(5)(“() = {480j + 360k} Ib

F; = 800 cos azi + 800 cos B3j + 800 cos y3k

Since the direction of Fy is defined by up, = cos 30°%j + sin 30°k, it can be written in
Cartesian vector form as

Fr = Fgup, = Fg(cos 30°% + sin 30°k) = 0.8660Fgj + 0.5Fgk
Resultant Force: By adding Fy, F,, and F; vectorally, we obtain Fg. Thus,

FR:F1+F2+F3

0.8660Fxj + 0.5Fgk = (606.22i + 350j) + (480j + 360k) + (800 cos asi + 800 cos B3j + 800 cos y:k)
0.8660Fgj + 0.5Fgk = (606.22 + 800 cos as)i + (350 + 480 + 800 cos B3)j + (360 + 800 cos y3)k

Equating the i, j, and k components, we have

0 = 606.22 + 800 cos o

800 cos a3 = —606.22 (60)
0.8660F z = 350 + 480 + 800 cos B3

800 cos B3 = 0.8660F; — 830 ?2)
0.5F i = 360 + 800 cos vy;3

800 cos y; = 0.5Fz — 360 A3

Squaring and then adding Egs. (1), (2), and (3), yields

8007 [cos? a; + cos® By + cos? ys] = Fi? — 1797.60F% + 1,186,000 @)
However, cos” az + cos? B3 + cos? y; = 1.Thus, from Eq. (4)

Fr? — 1797.60F; + 546,000 = 0

Solving the above quadratic equation, we have two positive roots

Fr = 387.09N = 387N Ans.
Fr = 1410.51 N = 1.41 kN Ans.
From Eq. (1),

az = 139° Ans.

Substituting Fr = 387.09 N into Egs. (2), and (3), yields

B; = 128° v; = 102° Ans.
Substituting Fr = 1410.51 N into Egs. (2), and (3), yields
B3 = 60.7° 3 = 64.4° Ans.

F;=8001b

F, = 6001b

E
()
'Hft a=émlb
<
x +{
N
)

«) *

Ans:

ay = 139°

By = 128° y; = 102°, Fzy = 387N
B; = 60.7°, y; = 64.4°, Fr, = 1.41 kKN
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*2-84.

The pole is subjected to the force F, which has components
acting along the x, y, z axes as shown. If the magnitude of F
is 3kN, B = 30°,and y = 75°, determine the magnitudes of
its three components.

SOLUTION
cos’a + cos> B + cos’y = 1
cos® a + cos?30° + cos?75° = 1
a = 64.67°
F, = 3cos 64.67° = 1.28 kN
F, = 3 cos 30° = 2.60 kN

F, = 3cos75° = 0.776 kN

Ans.

Ans.

Ans.

Z
F,
A
[~y F
B F
L L
/ 2B
F,
‘:H:‘
Ans:
F, = 1.28 kN
F, = 2.60 kN
F, = 0.776 kN
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2-8s.
The pole is subjected to the force F which has components z
F, =15kN and F, = 1.25kN. If B = 75°, determine the
magnitudes of F and F. F,
A
SOLUTION — AF
1A &
cos’a + cos” B + cos’y = 1 > Y
|
152 1252 /
= + 2 o 4 | === —
( F) cos? 75 ( A ) 1 / F,
F =2.02kN Ans. N
F, = 2.02 cos 75° = 0.523 kN Ans.
Sl
Ans:
F =2.02kN
F, = 0.523kN
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2-86.

Determine the length of the connecting rod AB by first
formulating a Cartesian position vector from A to B and
then determining its magnitude.

SOLUTION

Position Vector. The coordinates of points A and B are A(—150 cos 30°,

— 150 sin 30°) mm and B(0, 300) mm respectively. Then
ry = [0 — (=150 cos 30°)]i + [300 — (=150 sin 30°)]j
= {129.90i + 375j} mm

Thus, the magnitude of r,p is

rap = V129.90° + 375 = 396.86 mm = 397 mm

Ans.

30°

A

150 mm

Ans:
rap = 397 mm
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2-87.

Express force F as a Cartesian vector; then determine its

coordinate direction angles.

SOLUTION

ryp = (5 + 10 cos 70° sin 30°)i
+ (=7 — 10 cos 70° cos 30°)j — 10 sin 70°k

rap = {6.710i — 9.962j — 9.397K] ft

rap = V(6.710)2 + (—9.962)> + (—9.397)* = 15.25

wip = 28 = (0.4400i — 0.6532) — 0.6162k)

T'AB

F = 135u,; = (59.40i — 88.18j — 83.18K)
= {59.4i — 88.2j — 83.2k} Ib

59.40
a = 00571(7) = 63.9°

135

A
F=1351b
~
P e
P Q‘\',‘
70°
30°
s P Zz Yy
5ft
v v
% 7 ft
X
Ans.
Ans.
Ans.
Ans.
Ans:

[59.4i — 88.2j — 83.2k} b
a = 63.9°
B = 131°
v = 128°
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*2-88.

Express each of the forces in Cartesian vector form and
determine the magnitude and coordinate direction angles
of the resultant force.

SOLUTION
fac = {—Z.Si —4j+ 15—2(2.5)k}ft

r
F, =801b (ﬁ) = —26.201 — 41.93j + 62.89k
rac

= [-262i — 41.9j + 62.9Kk} Ib

TaB . .
F, =501b (7) = 13361 — 26.73 j — 40.09 k
TAB
= {134i — 26.7j — 40.1k} Ib
FR = Fl + F2

= —12.84i — 68.65j + 22.80k
= {-12.8i — 68.7j + 228k} Ib
Fr = V/(—12.84)% (—68.65)% + (22.80)2 = 73.47 = 7351b

a = cosfl<ﬂ) = 100°

73.47
68.65
= ! = 159°
B = cos ( 7347 )
22.80
=cos (o) =71y
Y= o8 (73.47

z
C
13412 F, =801b
5
o /2.5 ft
4 ft A
F,=501b
ft
Ans. %
2 ft
Bk
Ans.
Ans.
Ans.
Ans.
Ans.

Ans:
F, = {-262i —419j + 629k} Ib
F, = {13.4i — 26.7j — 40.1k} b

Fx = 7351b
a = 100°
B =159
y = 71.9°
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2-89.

If F = {350i — 250j — 450k} N and cable AB is 9 m long,
determine the x, y, z coordinates of point A.

SOLUTION
Position Vector: The position vector r 4, directed from point A to point B, is given by
rap = [0 — (=0)]i + (0 — »)j + (0 - 2)k
=xi—yj—zk
Unit Vector: Knowing the magnitude of r 45 is 9 m, the unit vector for r 45 is given by

1y xi—yj—zk
llAB*i*i
FAB 9

The unit vector for force F is

F 350i — 250§ — 450k ) )
up = = = 0.5623i — 0.4016j — 0.7229k

F 33502 + (=250)2 + (—450)?

Since force F is also directed from point A to point B, then

Uyp = Up

xi —yj — zk

9 = (0.5623i — 0.4016j — 0.7229k

Equating the i, j, and k components,

X

o = 0.5623 X =506m Ans.
-y

95 - —0.4016 y =3.61lm Ans.
%Z = 0.7229 z=651m Ans.

A
T
e
z
B /
A \<
Y y
Ans:
x = 5.06 m
y =3.61lm
z =651m
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2-90.

The 8-m-long cable is anchored to the ground at A.
If x=4 mand y =2 m, determine the coordinate z to the
highest point of attachment along the column.

SOLUTION
r={4i +2j + zkjm
r= VA @+ @ =8

z =6.63m

Ans.

Ans:
6.63 m
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2-91.

The 8-m-long cable is anchored to the ground at A. k4
If z =5 m, determine the location + x,+ y of point A. Choose
a value such that x =y.

SOLUTION
r = {xi +yj + 5k}jm

r= VO + 0F + (657 =8

x =y, thus
2w =8 -5
x=y=442m Ans.

Ans:
4.42 m

112




© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-92,

Express each of the forces in Cartesian vector form and

determine the magnitude and coordinate direction angles
0.75m
of the resultant force. A
F,5=250N
Fue = 400N \ 3m
/ y
2m 40> 2m
SOLUTION Soc B
/Ll m
Unit Vectors. The coordinates for points A, B and C are (0, —0.75, 3) m,
B(2 cos 40°, 2 sin 40°, 0) m and C(2, —1, 0) m respectively.
rap  (2cos40° — 0)i + [25sin40° — (=0.75)]j + (0 — 3)k .
Wpp = — = -
s V(2 cos40° — 0)2 + [2sin40° — (—0.75) + (0 — 3)?
= 0.3893i + 0.5172j — 0.7622k
I 2—-0)i+[-1-(-0.75)]j + (0 - 3)k
Uyc = — =
e V2 =02+ [-1 - (-075)P + (0 — 3)
= 0.5534i — 0.0692j — 0.8301k
Force Vectors
Fip = Fapuup = 250 (0.3893i + 0.5172j — 0.7622k)
= {97.32i + 129.30j — 190.56k} N
= {97.3i + 129§ — 191k} N Ans.
Fyc = Fycuye = 400 (0.5534i — 0.06917j — 0.8301k)
= {221.35i — 27.67j — 332.02k} N
= [221i — 27.7j — 332k} N Ans.
Resultant Force
Fr = F4p + Fyc
= {97.32i + 129.30j — 190.56k} + {221.35i — 27.67j — 332.02k}
= {318.67i + 101.63j — 522.58 k} N
The magnitude of Fp is
Fr = V(Fe)2 + (Fp)? + (Fp)? = V318.67% + 101.63” + (—522.58)
= 62046 N = 620 N
And its coordinate direction angles are
_ (Fp)x _ 318.67 _ o R
cosa = Fr = 62046° a = 59.10° = 59.1 Ans.
(Fo) Ans:
R)y _ 10163 F,p = {97.3i — 129j — 191k} N
= = ; = 80.57° = 80.6° Ans. AB ; J
COSB =TT T G046 P s F, = [221i — 27.7j — 332k} N
(Fr):  —522.58 R 20N
_ Rz _ — . . _ o __ o = 59.1°
cosy = =——— = 147.38° = 147 Ans. cos a
YT TR T 62046 0 7 cos B = 80.6°
cosy = 147°
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2-93.

If Fg = 560N and Fc = 700 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION
Force Vectors: The unit vectors ug and uc of Fz and F- must be determined first.
From Fig. a
Iz 2-0i+(-3-0)j+((0-060)k 2, 3, 6
Up = — = =;l—;.]—;k
B N2 =00 + (=3 — 07 + (0 — 6)

e B-0i+2-0j+((0-060k 3, 2, 6
Uc = — = :714‘7*71(
e NGB -0+ @00+ (0 - 6y
Thus, the force vectors Fz and F¢ are given by
2, 3, 6 . .
Fp = Fpug = 560 Pl ?k = {160i — 240j — 480k} N
3, 2. 6 . .
Fc = Fcue = 700 o + 2= ;k = {300i + 200j — 600k} N

Resultant Force:
Fr = Fy + Fe = (160i — 240§ — 480k) + (300i + 200j — 600Kk)
= {460i — 40j + 1080k} N

The magnitude of Fy is

Fr= V(Fo)? + (Fr),> + (F).?

= \V/(460)2 + (—40) + (~1080)2 = 1174.56 N = 1.17 kN

The coordinate direction angles of Fy are

Fr), B 460
a= cos’l{(FiR)} = cos 1( ) = 66.9°

R 1174.56
(Fr)y —40
= -1 = -1 — o
B = cos { Fr } cos (1174.56) 92.0
(F R)z} ( —1080 )
= 71 ’ = 71 = °
Y = cos { Fy cos 117456 157

Ans.

Ans.

Ans.

Ans.

Ans:

Fr = 1.17kN
a = 66.9°

B = 92.0°

v = 157°
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2-94.

If Fg = 700N, and F = 560 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fg and F- must be determined first.
From Fig. a

B 2-0i+(-3-0)j+ (0-06)k
5 N(2-0) + (=3 - 00+ (0 6)
rc B3-0i+2-0)j+ (0-06)k 3, 2, 6
U = — = :714‘7.]—71(
¢ NGB =07+ 200+ (0- 6

Thus, the force vectors Fz and F¢ are given by

up =

2. 3. 6
_2. 3. 6
AR

2

Fy = Fyuy = 700(? - %j - gk> = {200i — 300j — 600k} N
3, 2. 6 . i

Fc = Feuc = 560\ Zi + 2j — —k | = {240 + 160j — 480k} N

Resultant Force:
Fr = Fy + Fe = (200i — 300j — 600k) + (240i + 160j — 480k)
= {440i — 140j — 1080k} N

The magnitude of Fy is

Fr = V(Fo),? + (Fr),> + (F),?

= V/(440)? + (~140)> + (~1080)> = 1174.56 N = 1.17 kN Ans.
The coordinate direction angles of Fy are
a = cos™! {(1;71;),1 = 00571(%) = 68.0° Ans.
B = cos{(iij} = cosfl( 11_71442 6) = 96.8° Ans.
Y= cos’{(%];)z} = cos’l( 1;;28%506) = 157° Ans.

Ans:

F, = 1.17kN
a = 68.0°

B = 96.8°

y = 157°
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2-95.

The plate is suspended using the three cables which exert
the forces shown. Express each force as a Cartesian vector.

SOLUTION
Fs, = 350 (Z%j) = 350( >

= {~109i + 131 + 306 k} Ib

. 6 . 14
i+ jt k
16.031 16.031 16.031

3

Tca 3. . 14 )
Fo, = 500(-<4) = 500 n n X
A (rCA> (14.629 ' 146297 T 14629

= {103i + 103 + 479k} Ib

Fp, = 400 (rD—A) - 4oo< 2
LY

= {-52.1i — 156 + 365k} Ib

L6 14 k)
15362 153627 T 15362

Ans:

Fya = {—109i + 131 + 306k} Ib
Feu = {103i + 103§ + 479k} b
Fp, = {~52.1i — 156 + 365k} Ib
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*2-96.

The three supporting cables exert the forces shown on the z
sign. Represent each force as a Cartesian vector.

SOLUTION

re=(0—5)i+ (-2 - 0)j + (3 - 0k = {~5i — 2j + 3k} m
re= V(=57 + (2> + ¥ = V38m
rs=(0-5)i+Q2-0j+ @3- 0k=(-5i+2j+3km
rg= V(=52 + 22+ 3 = V38m
re=(0-2)i+(0—0)j+(3—0k=(-2i+0j+3kjm

rg = \/(—2)2+02+32= \/Em

F=F = F(E)
;

—5i — 2j + 3k
SE )
—5i + 2j + 3k
)
—2i + 0j + 3k
=)

Fc = 400( {—324i — 130j + 195k} N Ans.

Fz = 400( {—324i + 130§ + 195k} N Ans.

Fp = 350( {—194i + 291k} N Ans.

Ans:

Fo = {—324i — 130j + 195k} N
Fy = {—324i + 130j + 195k} N
Fy = {—194i + 291k} N
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2-97.

Determine the magnitude and coordinate direction angles
of the resultant force of the two forces acting on the sign at
point A.

SOLUTION
rc=(0—5i+ (—2—-0)j+ 3 —0k= {5 —2j + 3Kk

re= V(=5 + (=27 + 3y = V38m
r ~5i = 2j + 3k
Fe = 400 (i) = 400 (—( \/3% ))
Fo = (—324.4428i — 129.777j + 194.666k)
rp = (0 - 5)i+(@2—0)j+ (G- 0k=(-5i+2j + 3k
rg= V(=57 +2+3 =V38m
Fj = 400 (:—E) = 400 (—(_Si +\/2318+ 3k)>
Fy = (—324.443i + 129.777j + 194.666k)
Fi = Fc + Fy = (—648.8%i + 389.33k)
Fr = V/(—648.89)2 + (389.33)2 + 0% = 756.7242
Fg = 757N

—648.89
_1 —_— = = o
@ <756'7242) 149.03 = 149
0
= 71 — = °
B = cos (756.7242) 200
389.33
= _1 —_— = = °
y (756'7242) 59.036 = 59.0

Ans.

Ans.

Ans.

Ans.

Ans:

Fr = 757N
a = 149°

B = 90.0°
y = 59.0°
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2-98.

The force F has a magnitude of 80 lb and acts at the
midpoint C of the thin rod. Express the force as a Cartesian
vector.

SOLUTION
tap = (=3i + 2j + 6k)

1
rep = 5 fap = (~15i + 1 + 3k)

Yco = Tpo * Icp

—6k — 1.5i + 1j + 3k

= —15i + 1j — 3k
rco = 3.5

_ Tco\ _ . .
F =280 (—) = [—34.3i + 22.9j — 68.6k} Ib

rco

Ans.

Ans:

F = (—343i + 22.9) — 68.6k} Ib
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2-99.

The load at A creates a force of 60 Ib in wire AB. Express
this force as a Cartesian vector acting on A and directed
toward B as shown.

SOLUTION

Unit Vector: First determine the position vector r 4. The coordinates of point B are
B (5sin 30°, 5 cos 30°, 0) ft = B (2.50, 4.330, 0) ft

Then

rap = {(2.50 — 0)i + (4.330 — 0)j + [0 — (—10)]k} ft

= {2.50i + 4.330j + 10k} ft

rap = V250 + 4330° + 100> = 11180 ft

rap 2.50i + 4.330j + 10k

Fag 11.180

Uyp =
= 0.2236i + 0.3873j + 0.8944k

Force Vector:

F = Fu,p = 60 {0.2236i + 0.3873j + 0.8944k} 1b

= [13.4i + 23.2j + 537k} Ib Ans.
{ j }

10 ft

F=601b

Ans:
F = {13.4i + 23.2j + 53.7k} b
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*2-100.
Determine the magnitude and coordinate direction angles of z
the resultant force acting at point A on the post.
F,c=150N
N 4~ N Fas =200N
C h m
\ 3m
5
< y
% 2m
N
4m B
SOLUTION
X
Unit Vector. The coordinates for points A, B and C are A(0, 0,3) m, B(2,4,0) m
and C(—3, —4, 0) m respectively
ryug =2 —-0)i+ (@4 —-0)j+(0—-3k=1{2+4j—3klm
I'yp 2i + 4j - 3k 2 . 4 . 3
Wpp = — = = i+ j- k
g V22 + 42+ (=372 V29 V29 V29
rye=(-3-0)i+(-4-0)j+(0—-3k={-3i—4j —3kjlm
Yac —3i —4j -3k 3, 4 3
Wy c=—= = i— J- k
e V(3P (42 + (<32 V34 V34T V34
Force Vectors
2 4 3
FAB:FABUABZZOO( i+ j - k)
V29 V29T V29
= {74.28i + 148.56j — 111.42k} N
3 4 3
FAC = FACuAC = 150< i— j - k)
/34 347 V34
= {=77.17i — 102.90j — 77.17k} N
Resultant Force
Fr = Fap + Fyc
= {74.28i + 148.56j — 111.42k} + {—77.17i — 102.90j — 77.17Kk}
= {—2.896i + 45.66j — 188.59 k} N
The magnitude of the resultant force is
Fr = V(F)? + (Fo)? + (Fp)? = V/(—2.896)7 + 45.66” + (—188.59)
= 19406 N = 194N Ans.
And its coordinate direction angles are
(Fr)x  —2.896
= = ; = 90.86° = 90.9° Ans.
COs « F 194.06 ° a = 90.86 90.9 ns
(Fr)y 4566
=——= ; = 76.39° = 76.4° Ans.
COSB=Tp T T Toa0e P "
Ans:
F —188.59
cosy = (;)Z = oage } ¥ = 16636° = 166° Ans. Fr = 194N
R : cosa = 90.9°
cos B = 76.4°
cosy = 166°
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2-101.

The two mooring cables exert forces on the stern of a ship
as shown. Represent each force as a Cartesian vector and
determine the magnitude and coordinate direction angles
of the resultant.

Fy=1501b

SOLUTION

Unit Vector:

rca = {(50 — 0)i + (10 — 0)j + (=30 — 0)k} ft = {50i + 10j — 30k} ft

rea = V502 + 102 + (—30)% = 59.16 ft

Icg _ 501 + 10j — 30k

— = 0.8452i + 0.1690j — 0.5071k
rca 59.16 ! J

Ucy =

rep = (50 — 0)i + (50 — 0)j + (=30 — 0)k} ft = {50i + 50j — 30K} ft

reg = VS02 + 50% + (—30)2 = 76.81 ft

rea S0i + 50§ — 30k ) )
Uep=—— = —— o —— = 0.6509 + 0.6509j — 0.3906k
rca 76.81

Force Vector:
F, = Fpuc, = 200{0.8452i + 0.1690j — 0.5071k} 1b
= {169.03i + 33.81j — 101.42k} Ib
= {169i + 33.8j — 101k} Ib Ans.
Fz = Fgucp = 150{0.6509i + 0.6509j — 0.3906k} 1b
= {97.64i + 97.64j — 58.59k} Ib
= {97.6i + 97.6j — 58.6k} 1b Ans.
Resultant Force:
Fr = F, + Fp
= {(169.03 + 97.64)i + (33.81 + 97.64)j + (—101.42 — 58.59)k} 1b

= {266.67i + 131.45j — 160.00k} Ib

The magnitude of Fy is

Fr = \V266.67 + 131.45% + (—160.00)?

= 337.631b = 338 1b Ans.

The coordinate direction angles of Fy are

cosa = M a = 37.8° Ans. Ans:
337.63 F, = {169 + 33.8j — 101k} Ib
13145 F; = {97.6i + 97.6j — 58.6k} Ib
cosp=—— B = 67.1° Ans. Fr = 3381b
337.63 a =378
cosy = —M = 118° Ans g : 5181"
YT 733763 Y . Y
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2-102.

The engine of the lightweight plane is supported by struts that
are connected to the space truss that makes up the structure
of the plane. The anticipated loading in two of the struts is
shown. Express each of these forces as a Cartesian vector.

SOLUTION
rcp 3 . 05 . 0.5 )
! 0 (I’a)) 00(3.0822 ! 3.0822°  3.0822

= (380§ — 64.9j + 649Kk} Ib

rag 3. 05 . 05 )
F, = — = - + k
: 600(rAB) 600( 3.0822" " 3.08227 T 30822

= {-584i + 97.3j — 97.3k} Ib

Ans.

Ans.

Ans:
F, = {389 — 64.9j + 64.9k} Ib
F, = {—584i + 97.3j — 97.3k} 1b
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2-103.

Determine the magnitude and coordinates on angles of the
resultant force.

SOLUTION

rac = {—2sin20° + (2 + 2 cos20°)j — 4k} ft
Yac . .

uyc = (*) = — 0.1218i + 0.6910j — 0.7125 k
rac

F, = 4lbu,c = {—4.874i + 27.64j — 28.50 k) Ib

rag = {150 — 1j — 4Kk} ft

r
w = (#) = 0.3419i + 02279 — 09117k
AB

Fap = 201buyy = (6.838i — 4.558j — 1823k} Ib
Frp=F, p + Fyue

Fr = {19641 + 23.08j — 46.73k}Ib

Fr = V(1.964)> + (23.08)> + (—46.73)> = 52.16 = 522 1b
a= os*l(%) = 87.8°

B = cos_l(%) = 63.7°

v = cos_l(_;;i?) = 154°

z
B A
40 Ib
201b -
4 ft
L «
2 20 y
T 2
21t 1.5t
B ¢ pd
3ft
X

Ans.

Ans.

Ans.

Ans.
Ans:
F, =5221b
a = 87.8°
B = 63.7°
y = 154°
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*2-104.

If the force in each cable tied to the bin is 70 1b, determine
the magnitude and coordinate direction angles of the
resultant force.

SOLUTION

Force Vectors: The unit vectors uy, ug, us, and uj, of F,, Fp, F, and F, must be
determined first. From Fig. a,

Yy B—-0i+(-2-0)j+((0-06k 3. 2. 6k
Uy = — = =—i-Z-j—-=
MmNV GB=02+(—2-02+0—-672 7 717 7
Iz B-0i+2-0)j+((0-06k 3. 2. 6
Ug = — = 5 5 22?14‘7]_?1(
5 VB —-02+ (2 - 072+ (0-6)
rc (=3-0i+2-0)j+((0-06k 3. 2. 6k
e N(=3-0P+Q2-02+@0—-672 T 177
rp (=3-0)i+ (-2-0)j+(0-06k 3.2, 6
up = — = =—i—-j—- 2
o N(3-02+(2-02+0-6?2 7 77 7
Thus, the force vectors F 4, Fy, F, and Fj, are given by
F,=Fuy = 70<§i — gj - ﬁk) = [30i — 20j — 60k] 1b
7 7 7
3. 2. 6 . .
Fgz = Fgug = 70 ;1+;‘]—7k = [30i + 20j — 60k] 1b
3. 2., 6 . .
FC=FC11C=7O _714‘?]—71( :[_30]+20J_60k]1b
FD=FDuD=7O<—%i—%j—gk>=[—30i—20j—60k]lb

Resultant Force:

Frp = F4, + Fgz + F¢- + Fp = (30i — 20j — 60k) + (30i + 20j — 60k) + (—30i + 20j — 60k) + (—30i — 20j — 60k)
= {240k} N

The magnitude of Fp, is

Fr = V(Fp)? + (Fp)? + (Fr)?

= V0 + 0 + (—240)> = 2401b Ans.
The coordinate direction angles of F, are
FR) 0
st URe | 0 e z
a = cos |: F ]—cos (240>—90 Ans. E(ﬁ)ﬂlé)f’ﬁ

(FR)y 0
— -1 — -1 — o
B = cos |: Fr cos (240) 90 Ans.
A
v = cos_1|:(};1,e Z:| = cos‘(%) = 180° Ans %
R

” Fr = 2401b
. a = 90°
B (5,2,0)./f B = 90°
y = 180°
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2-105.

If the resultant of the four forces is Fz = {—360k} lb,
determine the tension developed in each cable. Due to
symmetry, the tension in the four cables is the same.

SOLUTION

Force Vectors: The unit vectors u,, ug, us, and uj, of F, Fp, F., and Fj, must be
determined first. From Fig. a,

LT B0t (2-0j+©0-6k 3. 2. 6
Y VG- (2-02+0-67 7 77
p_ (G-0i+Q2-0j+O-6k 3. 2 6

NG00t 06 T T 7

S

Lt (B3-0itQ@-0itO0-6k _ 3 2. 6
T M(B3-opre-opro-6r T 777
u o _ (=3-0)i+ (-2 -0)j + (0 -6k =—§i—gj—§k
P V(3 —0p+(2-0P+ -6 T 70 7

Since the magnitudes of F 4, Fj, F, and F;, are the same and denoted as F, the four
vectors or forces can be written as

3 2 6
FA = FA“A = F(*i**‘ 77]()

7 7']
3 2 6
= =F(Zi+3-—k
FB FBllB F<7l 7J 7 )

|
S
=
o}

Il
B!
7~
|
9w
|
PSRN
|
< o
~__

FD_

Resultant Force: The vector addition of F ,, Fp, F, and Fj, is equal to Fy. Thus,

FR=FA+FB+FC+FD

3 2 6 3 2 6 3 2 6 3 2 6
_ _ 3. 2. 6 n ERREPR n e ci o5 4 3. 2. 6
{—360K} |:F(71 7J 7k):| |:F(71 7] 7k):| [F( 71 7J 7k) [F( 71 7_] 7k>]
24
736Ok—77k
Thus,

360 = ﬁF F =1051b Ans.
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2-106.

Express the force F in Cartesian vector form if it acts at the z
midpoint B of the rod.

SOLUTION
~3i + 4j — 4K
rAB:rATCZ%: —1.5i + 2j — 2k

Yap = Tgp + Ipp

Ipp = Tap — Tap
= (4i + 6j — 4k) — (—1.5i + 2j — 2k)
= {5.5i + 4j — 2k} m

rep = V(5.5 + (4)% + (—2)% = 7.0887m

I'pp

F = 600( ) = 465.528i + 338.5659j — 169.2829k

BD

F = {466i + 339§ — 169k} N Ans.

Ans:
F = {466i + 339j — 169k} N
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2-107.

Express force F in Cartesian vector form if point B is z
located 3 m along the rod end C.

SOLUTION
res = 3i— 4j + 4k
Feq = 6.403124
rep = 6.“()ﬂ"w(m) = 1.4056i — 1.8741j + 1.8741k
Top = Yoc + Ircp
= =31+ 4j + rcp

= —1.59444i + 2.1259j + 1.874085k
Yop = Yo t Ypp
Tgp = Yop — Yop = (4i + 6)) — rpp

= 5.5944i + 3.8741j — 1.874085k

rep = V/(5.5914)2 + (3.8741)2 + (—1.874085)> = 7.0582

I'pp

F = 600( ) = 475.568i + 329.326j — 159.311k

BD

F = {4761 + 329§ — 159k} N Ans.

Ans:
F = {4761 + 329j — 159k} N
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*2-108.

The chandelier is supported by three chains which are
concurrent at point O. If the force in each chain has a
magnitude of 60 1b, express each force as a Cartesian vector
and determine the magnitude and coordinate direction
angles of the resultant force.

SOLUTION

(4cos30°i — 4sin30°j — 6 k)
V(4 cos 30°) + (—4sin 30°)° + (—6)
= {2881 — 16.6j — 49.9k} Ib

FA:60

(=4 cos 30°i — 45sin 30° j — 6k)

FB = 60
V/(~4 cos 30°)% + (—4sin 30°)> + (—6)

= {—28.8i — 16.6j — 499Kk} Ib
_(@j-6k
@7 + (-6

= (333j — 49.9Kk} Ib

FC:60

Fr = 1501b
a = 90°
B = 90°
y = 180°

Ans.

Ans.

Ans.

Ans.
Ans.
Ans.

Ans.

z
0 —
Fy
Fe
Fa 6 ft
B
120° ] 120; 4 ft C
7
120°
A
X
Ans:

F, = {28.8i — 16.6f — 49.9k} Ib
Fp = {—28.8i — 16.6j — 49.9k} Ib
Fo = {33.3j — 49.9k} Ib

Fr = 1501b
a = 90°
B = 90°
v = 180°
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2-109.

The chandelier is supported by three chains which are z
concurrent at point O. If the resultant force at O has a
magnitude of 130 1b and is directed along the negative z axis,

determine the force in each chain. o 7
Fp
F
SOLUTION ¢
Fa 6 it
(4j -6k .
Fc=F——— =0.5547 Fj — 0.8321 Fk B
V42 + (—6)?
F, = Fy = F¢ 120° <1207 4ft \C
klZO"/
Fgr, = 2F; 130 = 3(0.8321F) A
F=5211b Ans.
X
Ans:
F=35211b
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2-110.

The window is held open by chain AB. Determine the z
length of the chain, and express the 50-1b force acting at A
along the chain as a Cartesian vector and determine its
coordinate direction angles.

SOLUTION

Unit Vector: The coordinates of point A are

A(5 cos 40°, 8,5 sin 40°) ft = A(3.830, 8.00, 3.214) ft

Then
rap = {(0 — 3.830)i + (5 — 8.00)j + (12 — 3214)k} ft x
= {-3.830i — 3.00j + 8.786k} ft
rap= V(=3830)2 + (-3.00)7 + 8786" = 10.043 ft = 100t Ans.
u,, = FB _ 38300 - 300j + 8786k

FaAB 10.043

= —0.3814i — 0.2987j + 0.8748k

Force Vector:
F = Fu,p = 50{—0.3814i — 0.2987j + 0.8748k} 1b

= {~19.1i — 14.9j + 43.7k} Ib Ans.

Coordinate Direction Angles: From the unit vector u 4z obtained above, we have

cos = —0.3814 a = 112° Ans.
cos B = —0.2987 B = 107° Ans.
cosy = 0.8748 y = 29.0° Ans.

Ans:

ap = 10.0 ft

F = {—19.1i — 14.9j + 43.7k} Ib
a = 112°

B = 107°

y = 29.0°
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2-111.

The window is held open by cable AB. Determine the
length of the cable and express the 30-N force acting at A
along the cable as a Cartesian vector.

SOLUTION
rap = (0—300 cos 30°)i + (150 — 500)j + (250 + 300 sin 30°)k

—259.81i—350j + 400 k

V/(-259.81)%+(—350)% + (400)* = 591.61

rAB

= 592 mm

F = 30<'ﬂ> = {-132i - 17.7j + 203k} N

AR

Ans:
YaAp = 592 mm
F = {-13.2i — 17.7j + 203k} N
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*2-112.

Given the three vectors A, B, and D, show that
A-(B+D)=(A-B) + (A-D).

SOLUTION

Since the component of (B + D) is equal to the sum of the components of B and
D, then

X

A-B+D)=A-B+A-D (QED)

Also,

A-B+D)=(Ai+ A,j+ AK)-[(By + D)i + (B, + D))j + (B, + D,k]
=A,B,+D)+ A, (B,+ D)+ A (B, +D,)
= (AB, + A,B, + AB)) + (A,D, + A\D, + A.D,)

= (A-B) + (A-D) (QED)
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2-113.
Determine the magnitudes of the components of z

F = 600 N acting along and perpendicular to segment DE
of the pipe assembly.

SOLUTION

Unit Vectors: The unit vectors uy, and u;, must be determined first. From Fig. a,

ugp = 28 = O- i+ @5 +0-CAK g 0.5571j + 0.3714k
78 V(0 — 47 + 2572+ [0 - (-2

ugp = —j
Thus, the force vector F is given by

F = Fugg = 600(—0.7428i — 0.5571j + 0.3714k) = [—445.66i — 334.25] + 222.83k] N

Vector Dot Product: The magnitude of the component of F parallel to segment DE
of the pipe assembly is

(Fep)parat = F-upp = (—445.66i — 334.25) + 222.83k) - (—j)
= (—445.66)(0) + (—334.25)(~1) + (222.83)(0)

= 33425 = 334N Ans.

The component of F perpendicular to segment DE of the pipe assembly is

(Fep)per = VF? = (Fpp)paral® = V600> — 334252 = 498 N Ans.

&> £e4,5,-20m

Ans:
(FED)L = 498 N
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2-114.

Determine the angle 6 between the two cables.

Z
/
F,=40N
4 m

_ 0 F,=70N ‘

A %
2m
3m \
> \X ; ,
SOLUTION m smo
Unit Vectors. Here, the coordinates of points A, B and C are A(2, —3,3) m, \{7 3m
B(0, 3,0) and C(—2, 3, 4) m respectively. Thus, the unit vectors along AB and AC x

are

b (02 B - (I + 03k _ 28503
NP r0-3 T T T

(2-2Ji+[3-(3)j+@-3)k 4 . 6

_ _ 1
M 22"+ B - (3P + -3y RVl

Ve Ve Vs

The Angle 6 Between AB and AC.

(2_+6_ 3k)< 4 .- 6 - 1 k)
g (2,60 3, ,
fasttac =771 7l 7y Vs Vs Vs

()5S s)

4
V53
Then
6 = cos ! (uAB'uAC) = cos_l(i> = 36.43° = 36.4° Ans.
7V/53

Ans:
0 = 36.4°
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2-115.

Determine the magnitude of the projection of the force Fy Z

along cable AC. c
F,=40N /
-~ N
2m
3m N
_ \ ; ,

SOLUTION Zm\ 3m

Unit Vectors. Here, the coordinates of points A, B and C are A(2, —3, 3)m, B(0, 3, 0) \\7 3m
and C(—2, 3, 4) m respectively. Thus, the unit vectors along AB and AC are x
O=2)Ji+[3—-(-3)]j+((0-3)k 2_+6_ 3k
=-Zi+_-j-=
VO -22+[3 - (3)F+ @032 7 707

Upp =

W — (—2-2)i+[3—-(-3)]j+ @ —-3)k _ 4 - 6 i+ 1 K

V(22— 27+ B (B + (4-3) 53 V53T Vs

Force Vector, For F,,

2. 6. 3
F, = Flu,,; = 70(—? + i ;k) = {—20i + 60j — 30k} N

Projected Component of F;. Along AC, it is

4 6 1
(E)AC = F] ‘Uyc = (_20i + 60j - 30]()'( i+ j + k)

4

= (—20)( \@> + 60(\/65) + (—30)(%)

=5632N = 563N Ans.

The positive sign indicates that this component points in the same direction as u,c.

Ans:
(F)ac = 563N
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*2-116.
Determine the angle 6 between the y axis of the pole and
the wire AB.
SOLUTION
Position Vector:
rac = {=3j} ft

tap = 12— 0)i+ (2-3)j+ (—2 — 0)k} ft
= {2i — 1j — 2Kk} ft

The magnitudes of the position vectors are

Fac = 3006t rap = V22 + (=1)2 + (=2)2 = 3.00 ft

The Angles Between Two Vectors 0: The dot product of two vectors must be
determined first.

rac tap = (—3j) - (2i — 1j — 2k)

=0(2) + (=3)(—1) + 0(-2)

Then,

_1[ Ya0°YaB . 3
0 = cos | A0 TAB 1[7} = 70.5° Ans.
€08 ( FaoTan ) * 3.00(3.00) "

Ans:
0 = 70.5°
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2-117.

Determine the magnitudes of the projected components of
the force F = [60i + 12j — 40k] N along the cables AB
and AC.

SOLUTION
F={60i+12j— 40k} N
—3i—-075j + 1k

MB = (=37 + (—075) + ()2
— —0.9231i — 02308 j + 0.3077 k
“3i+1j+ 15k
Wyc

IRV O R O
= —0.85711i + 0.2857j + 0.4286 k
Proj Fyp = Fruup = (60)(—0.9231) + (12)(—0.2308) + (—40)(0.3077)
= —7046 N
[Proj Fy5| = 70.5N Ans.
Proj Fye = Fruye = (60)(—0.8571) + (12)(0.2857) + (—40)(0.4286)
= —65.14N
[Proj Fycl = 65.1N Ans.

Ans:

|Pr0j FAB| = 705N
|Pr0j FAC| = 651N
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2-118.

Determine the angle 6 between cables AB and AC.

SOLUTION

rap = V(=3)* + (=0.75)* + (1)> = 325m

rye={-3i+1j+15kjm

rac = V(=3 + (1)* + (1.5)* = 350m

tag tac = (=3)(=3) + (-0.75)(1) + (1)(1.5) = 9.75
=gt (FABFACY _ 975

0 = cos l(rAB rAC) - 1((3.25)(3.50))

0 = 31.0° Ans.

Ans:
6 = 31.0°
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2-119.

A force of F = {—40k} b acts at the end of the pipe. z
Determine the magnitudes of the components F; and F,
which are directed along the pipe’s axis and perpendicular

to it.
- y
3ft
T/
SOLUTION 3t
3i+5j-3k  3i+5j-3k L

uO = =
VA 1 (—ay V43 4

3i + 55 — 3k F F
Fi=F-u =(—4Ok)-(7> 2 1
' o V43

F={—40Kk}1b
=183 1b Ans.
F2 =V Fz - F]z
F, = V40> — 183%* = 3561b Ans.
Ans:
F, =1831b
B =3561b
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*2-120.

Two cables exert forces on the pipe. Determine the
magnitude of the projected component of F; along the line
of action of F,.

SOLUTION

Force Vector:
uy, = cos 30° sin 30°i + cos 30° cos 30°j — sin 30°k
= 0.4330i + 0.75§ — 0.5k
F, = Frup, = 30(0.4330i + 0.75j — 0.5k) Ib

= {12.990i + 22.5j — 15.0k} Ib

Unit Vector: One can obtain the angle o« = 135° for F, using Eq. 2-8.
cos?a + cos? B + cos’y = 1, with B = 60° and y = 60°. The unit vector along the
line of action of F, is

up, =cos 135°% + cos 60°j + cos 60°k = —0.7071i + 0.5j + 0.5k
Projected Component of ¥ Along the Line of Action of F,:

(F)p, = Fyoup, = (129900 + 22.5] — 15.0k) - (—0.7071i + 0.5) + 0.5k)

(12.990)(— 0.7071) + (22.5)(0.5) + (—15.0)(0.5)

—5.441b

Negative sign indicates that the projected component of (), acts in the opposite
sense of direction to that of up,.

The magnitude is (F)r, = 5.44 1b Ans.

Ans:
The magnitude is (F)r, = 5.44 1b
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2-121.

Determine the angle 6 between the two cables attached to
the pipe.

SOLUTION

Unit Vectors:

up, = cos 30° sin 30°i + cos 30° cos 30°j — sin 30°k

1

0.4330i + 0.75j — 0.5k

up = cos 135° + cos 60° + cos 60°k

= —0.7071i + 0.5j + 0.5k
The Angles Between Two Vectors 0:
up cup = (043300 + 0.75) — 0.5k) - (—0.7071i + 0.5§ + 0.5k)

= 0.4330(—0.7071) + 0.75(0.5) + (—0.5)(0.5)

—0.1812

Then,

6 = cos™! <uF1-uF2) = cos 1(—0.1812) = 100° Ans.

Ans:
6 = 100°
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2-122.

Determine the angle 6 between the cables AB and AC. z

SOLUTION

Unit Vectors. Here, the coordinates of points A, B and C are A(6, 0, 0) m, N
B(0, —1,2) m and C(0, 1, 3) respectively. Thus, the unit vectors along
AB and AC are

_O-8it(1-0j+@-0k 6 . 1 .2
M-t loorre-0r  Va Va' Va
0-6i+(1-0j+C—-0k 6 . 1 . 3

Uuc

CNO-62+(1-02+B-02 Va6 Ve
The Angle 0 Between AB and AC.

u-u—(6i—1j+2k)-(6i+1j+3k)
e Vil Va

-V e aR) Ve e

4
V1886
Then
0 =cos  (Uyp-Usc) = cos*l( ) = 19.24998° = 19.2° Ans.
V1886

Ans:
0 = 19.2°
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2-123.

Determine the magnitude of the projected component of the z
force F = {400i — 200j + 500k} N acting along the cable BA.

SOLUTION /
Unit Vector. Here, the coordinates of points A and B are A(6, 0, 0) m and x/ A 6 m
B(0, —1, 2) m respectively. Thus the unit vector along BA is
tpa _ (6 0)i+[0— (=D]j + (0 —2)k 6 . 1 2
Upy = — = = 1+ k

1 V607 £ 0 - (—DF + (027  Val | Nar' Va

Projected component of F. Along BA, it is

6 1 2
Fui = Fou :(400i—200j+500k)-< i+ i- k>
BA B4 Va4l Vel Va4
6 1 2
= 400 (—) + (—200)(7) + 500, 7)
\41 41 Va1
=18741N = 187N Ans.

The positive sign indicates that this component points in the same direction as ug4.

Ans:
FBA = 187 N
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*2-124.

Determine the magnitude of the projected component of the z
force F = {400i — 200j + 500k} N acting along the cable CA.

F
SOLUTION
=
Unit Vector. Here, the coordinates of points A and C are A(6, 0, 0) m and N A 6m
C(0, 1, 3) m respectively. Thus, the unit vector along CA is
Tca 6-0i+(0-1)j+((0-3)k 6 . 1 .
Ucy = — -

3
= = i Jj- k
rea V6 -02+0-172+0-32 V46 V46~ V46
Projected component of F. Along CA, it is
1.

6i— J—3k>
Vae V46T Va6

Foy = Frug, = (400i — 200§ + 500k)-<

6 1 3
= 4oo< ) + (7200)(77) + 500<f—)
V46 V46 V46
= 16219N = 162N Ans.

The positive sign indicates that this component points in the same direction as ucy.

Ans:
FCA = 162N
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2-125.

Determine the magnitude of the projection of force
F = 600 N along the u axis.

SOLUTION
Unit Vectors: The unit vectors up 4 and u,, must be determined first. From Fig. a,
r —2-0i+@l-0)j+ 4 -0k 1 2 2
B YR ) e i) I ) LS PO PO Y

oA \/(-2— 0P+ @ —-0F+@-0p S 33
u, = sin30° + cos30°j
Thus, the force vectors F is given by

1, 2, 2
F = Fup, = 600(—§i —3i+ 5k) = {—200i + 400j + 400k} N

Vector Dot Product: The magnitude of the projected component of F along the u
axis is

F, = F-u, = (—200i + 400j + 400k) - (sin30°i + cos 30%)
= (—200)(sin30°) + 400(cos 30°) + 400(0)

= 246 N Ans.

Il

F=600N

Ans:
F, = 246 N
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2-126.

Determine the magnitude of the projected component of
the 100-1b force acting along the axis BC of the pipe.

SOLUTION
Fec= {61 + 4] — 2k} ft
= 100 {-61 + 8+ 2k}
V(-6 + & + 22

{-58.831 + 78.45] + 19.61k} Ib

- . — Ype —78.45
F, =T Wy =F- —< = = —10.48
P e |acl 7.483
F, = 1051b

Ans.

Ans:
F, =10.51b
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2-127.

Determine the angle 6 between pipe segments BA and BC.

SOLUTION
Yic= {61 + 4] — 2k}t

YA = {731} ft

—

0 = cosl(%c " YbaA ) = cosfl(;18 )
| VBl 73l 22.45

0 = 143° Ans.

Ans:
0 = 142°
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*2-128.

Determine the angle 6 between BA and BC.

SOLUTION

Unit Vectors. Here, the coordinates of points A, B and C are A(0, —2,0) m,
B(0,0,0) m and C(3, 4, —1) m respectively. Thus, the unit vectors along
BA and BC are
i B-0i+@l-0j+(-1-0k 3 - 4 1 K
Ups = 7) Upg = = 1 |
VB -02+@-07>+(-1-0%> V26 V26 V26

The Angle 0 Between BA and BC.

R T S
ugquge = (—j) <\/276 +\/276J \/2—61‘)

4 4
-o(Tx) - vm

Then

4
6 = cos ! (ugy uge) = Cosfl<— 7) = 141.67° = 142° Ans.

V26

Ans:
0 = 142°
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2-129.

Determine the magnitude of the projected component of the
3 kN force acting along the axis BC of the pipe.

SOLUTION

Unit Vectors. Here, the coordinates of points B, C and D are B (0,0,0) m,
C(3,4, —1) m and D(8, 0, 0). Thus the unit vectors along BC and CD are

B-0i+@l-0j+(—1-0k 3 - 4 1 K
Ugc = = i -
B G -0P+ (@ -07 + (-1-0¢ V26 V' V2
uCD:(E;—3)i+(0—4)j+[0—(—1)]k: 5 . 4 i+ 1 K

VEB-32+0-4>+[0-(-D V4 Ve o Va
Force Vector. For F,

5 4

1
va ' \/Iz”wfz")

F:FI.ICD:3(

(15 R - k)kN
- i— j
Va2 Vel Va

Projected Component of F. Along BC, it is

0] = e =L 2 3 (e t Ly
Va2 Va© Ve \W26 Vaet Ve
-Ce) ) (0 ) va(s)

Va2/\V26 Va2/\\Vae/  Vaa\ Va6
= ‘\/160@‘ = ‘70.1816 kN‘ = 0.182 kN Ans.

The negative signs indicate that this component points in the direction opposite to

that of ug,.

Ans:
0.182 kN
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2-130.
Determine the angles 6 and ¢ made between the axes OA z
of the flag pole and AB and AC, respectively, of each cable.
15m]
L
B 2m~ A
SOLUTION
rAC={—2i—4j+1k}m, rAC=4.58m
ap — {1.5i_4j +3k}m; rABZS.ZZm
rao = {—4j — 3k} m; rao0 = 5.00m
raptao = (1.5)(0) + (=H(—4) + 3)(-3) =7
) - Cos-1<m'rw> .
rapTao
—cos Ml ) = 7440 Ans
5.22(5.00) ' )

rac Tao = (=2)(0) + (=4H(=4) + (1)(=3) = 13

_ —1f Yac ' Yao
¢ =cos | ——

ractao

13
— -1 — o
cos <74.58(5.00) ) 554 Ans.

Ans:
0 = 744°
¢ = 554°
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2-131.

Determine the magnitudes of the components of F acting z
along and perpendicular to segment BC of the pipe
assembly.

\ 2 ft

SOLUTION
Unit Vector: The unit vector ucp must be determined first. From Fig. a F = {30i — 45j + 50k} Ib

rcp B=-7i+@-06)j+[0-(-4]k 2, 1, 2
3

Ucp = =——i—Zj+ 2k

s NG-TP+@-6R 40— (-4 3 3

Vector Dot Product: The magnitude of the projected component of F parallel to
segment BC of the pipe assembly is

2 1 2
(FBC)pa = F'llCB = (30i - 45j + 501()' <_3i - gj + 3k>
2 1 2
= —Z )+ (45| — | + 50 =
(30)< 3> ( 45)< 3> 50<3>
=28331b = 2831b Ans.

The magnitude of Fis F = V30% + (—45)2 + 502 =\/5425 Ib. Thus, the magnitude
of the component of F perpendicular to segment BC of the pipe assembly can be
determined from

(Fpc)pr = V F*= (Fpc)pa” = V5425 — 28332 = 68.01b Ans.

Ans:
(Fgc)y = 2831b
(Fge), = 68.01b
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*2-132.

Determine the magnitude of the projected component of F
along AC. Express this component as a Cartesian vector.

T

SOLUTION
Unit Vector: The unit vector u,c must be determined first. From Fig. a
7-0it®-0j+(—4-0k
Wac =
V(T =0 + (6 - 0)? + (—4 — 0)?

F = {30i — 45j + 50k} Ib

= 0.69651 + 0.5970j — 0.3980k

Vector Dot Product: The magnitude of the projected component of F along line AC is
Fac = Fruye = (30i — 45j + 50k) - (0.6965i + 0.5970j — 0.3980k)
= (30)(0.6965) + (—45)(0.5970) + 50(—0.3980)
=125871b Ans. x
Thus, F 4¢ expressed in Cartesian vector form is

Fac = Facuye = —25.87(0.6965i + 0.5970j — 0.3980K) c(16-1)p

= {—18.0i — 15.4j + 10.3k} Ib Ans. @

Ans:
Fyc = {—18.0i — 15.4j + 10.3k} Ib
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2-133.

Determine the angle 6 between the pipe segments BA and BC.

SOLUTION

Position Vectors: The position vectors rz,4 and rgec must be determined first. From
Fig. a,

rga = (0 — 3)i + (0 — 4)j + (0 — Ok = {—3i — 4j} ft
rge=(7—3)i+ (6 —4)j+ (—4— 0k = {4i +2j — 4k} ft

The magnitude of rz, and rpc are

tga = V(=3 + (-4 =51t
tge = VA& + 22 + (—4)r = 61t

Vector Dot Product:
Iga-Ypc = (—3i — 4j)- (4i + 2j — 4k)
(=3)4) + (=4)(2) + 0(—4)

= —20ft?
Thus,
Igg°t —20
0= cos’l(u) = cos’l{i} = 132° Ans.
IpaYpc 5(6)

Ans:
6 = 132°
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2-134.

If the force F = 100 N lies in the plane DBEC, which is
parallel to the x—z plane, and makes an angle of 10° with the
extended line DB as shown, determine the angle that
F makes with the diagonal AB of the crate.

SOLUTION

Use the x, y, z axes.
—0.51 + 0.2j + 0.2k
Has = ( 0.57446 )
= —0.8704i + 0.3482j + 0.3482k

F = —100 cos 10° + 100 sin 10°k

F'uAB>
6 =cos | —==
o8 < Fuyp

_ COS_1<—100 (cos 10°)(—0.8704) + 0 + 100 sin 10 (0.3482)>

100(1)

= cos 1(0.9176) = 23.4°

Ans.

Ans:
0 = 23.4°
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2-135.

Determine the magnitudes of the components of force z
F = 90 Ib acting parallel and perpendicular to diagonal AB
of the crate. F=901b

SOLUTION

Force and Unit Vector: The force vector F and unit vector u,z must be determined *
first. From Fig. a

F = 90(—cos 60° sin 45° + cos 60° cos 45°j + sin 60°k)
= {—31.82i + 31.82j + 77.94k} b
TAp O0—-15i+B-0)j+ 1 -0k 3. 6., 2

Wp=— = =—i——-j+zk 2
ras N0 -152+GB-02+a-02 1 T 7

Vector Dot Product: The magnitude of the projected component of F parallel to the
diagonal AB is

2
[(F)aglpa = Fruap = (—31.82i + 31.82j + 77.94k) - <—3i + gj + 7k>

7
= (—31.82)<—§> + 31.82(3) + 77.94<§>

= 63.181b = 63.21b Ans.

The magnitude of the component F perpendicular to the diagonal AB is

[(F)aglye = VF= [(F)aglps = VO — 63.18> = 64.11b Ans.

Ans:

[(F)ap] 1 = 64.11b
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*2-136.

Determine the magnitudes of the projected components of
the force F = 300 N acting along the x and y axes.

SOLUTION

Force Vector: The force vector F must be determined first. From Fig. a,

F = —300 sin 30°sin 30°i + 300 cos 30°j + 300 sin 30°cos 30°k

= [~75i + 259.81j + 129.90k] N

Vector Dot Product: The magnitudes of the projected component of F along the x
and y axes are

F, = F-i = (=75 + 259.81j + 129.90k) -
= —75(1) + 259.81(0) + 129.90(0)
= -75N

F, = F-j = (—75i + 259.81j + 129.90k) -
= —75(0) + 259.81(1) + 129.90(0)

=260N

The negative sign indicates that F is directed towards the negative x axis. Thus

F,=75N, F,=260N Ans.

Ans:
F.=75N
F, = 260N
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2-137.

Determine the magnitude of the projected component of
the force F = 300 N acting along line OA.

SOLUTION

Force and Unit Vector: The force vector F and unit vector u,, must be determined
first. From Fig. a

F = (—300 sin 30° sin 30°i + 300 cos 30°%j + 300 sin 30° cos 30°k)
= {—75i + 259.81j + 129.90k} N

foa _ (=045 — 0)i + (0.3 — 0)j + (02598 — O)k
roa /(=045 — 0)* + (0.3 — 0)> + (0.2598 — 0)>

upy = = —0.75i + 0.5] + 0.4330k

Vector Dot Product: The magnitude of the projected component of F along line OA is
Fox = F-upy = (=751 + 259.81j + 129.90k) - (—0.75i + 0.5j + 0.4330k)
= (=75)(—0.75) + 259.81(0.5) + 129.90(0.4330)

=242 N Ans.

A [-(o3+035m30%), 0.3, O.3C2830° ] m

- (‘0‘49/ 0-3/ 0»3575)/’1

Ans:
FO A = 242 N
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B
“
/ ! ft

g A Fai=1216"
6 ft
!

2-138.
Determine the angle 6 between the two cables. ¥
/
/ 8 ft
C
10 ft
10 ft
SOLUTION
o (fAC‘fAB) 8 ft A
0 =cos | —— x
Facras
_ cos’l{ 2i—8j+10k)-(—6i+2j+4k)
V2 + (=82 + 102 V(—6)2 + 22 + 42
- cos™! (i)
96.99
0 = 82.9° Ans.

Ans:
6 = 82.9°

159




S

En gl n e@§ £0|16qgar£\(/)§ %duc ation, ’?nc S&[%Ezrl S%&dleq{lvgr P‘{ rk’i‘l righ

s res%raf'gdhrhllzsqga er1

ons nual
laws™as they currently

bel er Solul

1s pro eged under all copyrig

exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-139.
Determine the projected component of the force z
F =12 1b acting in the direction of cable AC. Express the
result as a Cartesian vector. 3 ft
c
10 ft !
B
-1
10 ft ‘ 4ft
g A Fai=1216"

SOLUTION 6t

rac = {2i— 8j + 10Kk) ft B 8 ft A

| Y] 6 2 4
F, = 12(=2) =12 - i+ j+ Kk
AP (rAB) ( 7483 " " 74837 7 7483 )
Fup = {—9.621i + 3.207j + 6.414k} Ib
2 8 10

M= 061" T 129617 T 12,961

Proj Fyp = Fup+ = —9621(L) + 3207<—L) + 6414( 10 )
o1 Fap = Bap™Wac = 702 15 961 12.961 12961
= 1.4846

Proj Fyp = Fapuuc

. B 2 . 8 . 10
Proj Fyp = (1.4846) {12.962' 129627 " 12962 k}
Proj F,5 = {02291 — 0.916j + 1.15k} 1b Ans.

Ans:
Proj F,z = {02291 — 0.916j + 1.15k} b
160
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