© 2017 Pearson Education, Inc., Hoboken, 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.

Solution Manual for Statics and Mechanics of Materials 5th
Edition Hibbeler 0134382595 9780134382593

Full link download
Solution Manual:

https://testbankpack.com/p/solution-manual-for-statics-and-mechanics-
of-materials-5th-edition-hibbeler-0134382595-9780134382593/

2-1.

Ifu==60°and F = Qéﬂ N, determine the magnitude of the
resultant force and its direction, measured counterclockwise
from the positive x axis.
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AnNs:
Fr = 497N
= 155°
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2-2.
If the magnitude of the resultant force is to be 500 N,
di cﬁ@&fﬁﬁwmqﬁoﬁfnﬁb@ B8y ltmterfaiige thse iodof Atk y

2 E}{EB sHige T M AeTONTNE che F

=and its directi
o the ositi l}{ams determine the magnitude
of force F and its direction u.

15° X
700 N
SOLUTION
T@@ IL&B&Q‘NaW of addition and the triangular rule are shown in Figs. aand b,
res @ﬁ:@g}lelogram law of addition and the triangular rule are shown in Figs. aand b,
B BA0 ﬁi:ogram law of addition and the triangular rule are shown in Figs. aand b,
% aw of cosines to Fig. b, %
in aw of cosines {0
ABBly'”a n%'l %E 5005 %(EB E’3(500)(700) cos 105° 904155105
F = 2500% 2 2(5001(700)ces-105° ——
25007 + 7002 — 2(500)(700) cos 105° R=500N| ¥~ =
E 35978 N = 960 N Ans. %’
= . = Ans. ’
Applying the law ofﬁnaggtgm B, 8g&ﬂsing this result, yields Ans. ped )
ABBR//in {He aw o smes 85 usin lS resu }// |gs S
Applying the lawQ U@es_ g n gEdIsin |s resu S 7 o
Sin£90° + Uy 105° /7 X
K 0° +u) 9 @2710? /5°
an _ 700N G
4 = 45358 32878 Ans.
i = 4850 ARS
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Ans:
F = 960 N
u= 452°
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2-3.
Determinethéineagmitagaitfitke resultaheforoeskltaatF, forég y
BpdHtddliredtoanch éesaliecdattnmtenckstiwibe tromeiw quisitige
fraxisthe positive x axis. Fi=2501b
SOLUTION
Fr = 2(250)% + (375)% - 2(250)(375) cos 75° = 393.2 = 393 Ib Ans.
393.2 250
Sim75°  sinu
u = 37.89°
T = 360° - 45° + 37.89° = 353° Ans.
3
I = 250t
ST N
AN
F
ANV,
: Fos 4754
Ans:
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Fr = 393 1b
f = 353°
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*2-4.

The ertlcal force acts, rd at on the two- membered
R R v R e
dl@ﬁ@&@i%@ﬁ@%ﬂ@%ﬁé\ Bnd Aypet F 56500 N

SOLUTION

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

Paffalyelogragtry:duisimy éhsatalalbgioes (Big df auldithends shown in Fig. a
Trigonometry: Using the law of sines (Fig. Bpove have

AB

sin 60° ~ sin 75°

Far= 8N Ans.

Fac = 500-ssin Ans.
sin 45° 75°

Fae =

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

ol X025 Y 7 3504 1

SQEYUION
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TriggRomsier i g G eHaWaal SGREE g1 BYSPKave
Fre,. 35350
sinsfPgoe Singiip75e
Fas, = 31448
FAc 3505
sinfiase ¥y 750
Fac, 2 25648 1

Ans:
FAB = 3141b
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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 = 24 + 62 - 2(4)(6) cos 105° = 8.026 kN = 8.03 kN

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

sinu _ sin 105°

—— = 8026~ u = 46.22°

Thus, the direction T of Fy measured clockwise from the positive u axis is
T = 46.22° - 45° = 1.22°

Ans.

Ans.

Ans:
F, = 8.03 kN
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2-7.

Resolve the force F; into components acting along the v
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.

By O A s L e = 2eap A

simas®  simtose’ (v = 2928KN = 2.93 "
F

(Fa _ 4 = 2.071kN = 2.07 kN Ans.

sin30e  singoge’ (O

Ans:
(F)y = 2.93KkN
(F)y = 2.07kN
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*2-8.

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 of referring to Fig. b,

ELL (F)y = 6.00 kN Ans
sin75°  sin75°’ u ' i
PN _ 6 _ _

) = goger (R = 3106kN = 311kN Ans.

v

Ans:
(), = 6.00kN
(R)y = 3.11kN
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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 u.

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 = 29002 + 12002 - 2(900)(1200) cos 30° = 615.941b = 6161b  Ans

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

sinu  sin 30°

900 _ 61594

Lo = /200 16 . 900 1b

(@) (b)

u = 46.94° = 46.9° Ans.

900 Ib

F=16161b
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u = 46.9°
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2-10.

Determine the magnitude of the resultant force and its y

direction, measured counterclockwise from the positive x axis. 800 Ib
SOLUTION

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

Fr = 28002 + 500% - 2(800)(500) cos 95° = 979.661b = 980 1o  Ans.
Using this result to-apply the sines faw, Fig- b,

sinu  sin 95°

= ; u = 30.56°
5000 97966
Thus, the direction F of F; measured counterclockwise from the positive x axis is
F = 50° - 30.56° = 19.44° = 19.4° Ans.

8o0lb

ZENG001b

X Boolb

Ans:
Fr = 980 1b
=194
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2-11.

If 0 = 60°, determine the magnitude of the resultant and its
direction measured clockwise from the horizontal.

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

SOLUTION

Parallelogram Law: The parallelogram law of addition is shown in Fig. a.
Trigonometry: Using law of cosines (Fig. b), we have
Fr = 28>+ 6% = 2(8)(6) cos 100°
= 10.80 kN = 10.8 kN Ans.

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

sinu _ sim166°

6  10.80

sinu = 0.5470 (@
u = 33.16°

8 kN
Thus, the direction F of F; measured from the x axis is - 100’ & kn
f = 33.16° - 30° = 3.16° Ans. Fe
(&)
Ans:
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Fr = 10.8kN
f = 3.16°
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*2-12.

Determine the angle 0 for connecting member A to the
plate so that the resultant force of F, and Fy 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

sin (90° - u) _ sin 50°
o 8

sin (90° - u) = 0.5745
u = 54.93° = 54.9° AnNs.

From the triangle, £ = 180° - (90° - 54.93°) - 50° = 94.93°. Thus, using law of
cosines, the magnitude of Fg_is

Fr = 282 + 62 - 2(8)(6) cos 94.93°

= 104 kN Ans.
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Ans:
0 = 54.9°
Fr = 10.4 kN
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2-13.
The flareeasting@oitht gegeaodtivis F s=F26 1B0Resdtesahis

T Qe AT ot bt s et aotinly thtstfb R B

SMa t 'ﬂ)d‘q;&e into two components acting along the lines
aa and bb.

st G

20 _ B
= ; F, = 3061b .
a0~ shse” Fa3060b A
sin 40°  sin 80°
20 =N 20 b,

= 26.91b
R 69? Ans

40" sl|:r?60,°’ B E 2691b Ans. s/
sin 40°  sin 60° /4 Ep ’

Ans:
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30.61b
= 2691b

J1aN
|
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2-14.

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

SOLUTION
E F=1961b
SiT80°  sim40°
0 F .
o = o F, = 2641b

Ans.

Ans.

for
B F‘.

e 1

301 4

Ans:
F=1961b
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R, = 26.41b

40 40
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2-15.

Force F acts on the frame such that its component acting
515G InetbePA RS B39, SHFOCIOA TG rRTBRARI ACHnd
%@%mp%f%&fﬁé%@dﬁg%emﬁgrf 1o B 480 sdgaRd
?F@rﬁ@%ﬁ%@@'@é@ﬂﬁlH%efﬂg%%l'ﬁjﬁgodpiﬂﬂ'ﬁéﬁ?@

Hiea iR hivary spC- @@&ermlne the magnitude of F and its
direction 0. Set ¥ =

SOLUTION

S @M™elgdr&@Bram law of addition and triangular rule are shown in Figs. a and b,

respectively.

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

reseqlyiiyg. the law of cosines to Fig. b,

Applying the law of cosines-tg-Fig
PRYIng F = 2500° + 6502 2(500)(650) cos 105°

F==2916911b = 917 Ib
Using this resultagtba@plbing €1& law of sines to Fig. b yields
Using this result and applying the daw efisirgseto Fig. b yields

500 _ 91691 us=318
sinu _ sin 105° _ o
500  916.91 UE &

Ans.

Ans.

Ans.

Ans.

} N\ Boolb

Ans:
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F=09171b
0= 318°
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*2-16.

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

SOLUTIO

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

respectively.
Applying the law of cosines to Fig. b,

Fgc = 2850% + 6502 - 2(850)(650) cos 30°

433.641b = 4341b
Using this result and applying the sine law to Fig. b yields

sin (45° + T) _ sin 30°

T = 335°
850 43364

Ans.

Ans.

F=8501b

&49'4

/

4
/E,=6501b

(&

Ans:
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Foc = 4341b
f = 335°
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2-17.

If F; =30 Ib and F, = 40 Ib, determine the angles 0 and ¥ so y
that the resultant force is directed along the positive x axis '
and has a magnitude of F = 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 0

0 = 36.34° = 36.3° Ans.
And

302 = 40° + 60? -2(40)(60) cos F
f = 26.38° = 26.4° Ans.

///% =60 /b 301b 401b

60lb

(@) (b)

Ans:
0 = 36.3°
f =264°
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2-18.
Determine the magnitude and direction 6 of F, so that the

FRSIRANIN®EBE 1§ adetidepbrgcive Sisitivekhxisahaaidda
fﬁgghﬁuﬁ@)&qiggirqpted along the positive x axis and has a
magnitude of 1250 N.

SOLUTION
LR = F Fr, = Fasin 6 + 800 cos 30° = 1250

+$F, = F, Fg = Facos6 - 800sin30° = 0

(o2}
1

54.3°

= 686N

!
I

Ans.

Ans:
u= 543°
F, = 686N
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Paermine the magnitude and direction, measured y
counterclockwise from the positive X axis, of the resultant

IRFLR RGO Hilarab thereesut98h IR/ AGI g5 the
ring at O it F, = 750 N and 0 ="45°. What is its direction,

measured counterclockwise from the positive x axis?

SOLUTION

Scalar Notation: Suming the force components algebraically, we have

* Fr, = Fq Fr, = 750sin 45° + 800 cos 30°

= 122315N >
+TFRy = F; Fg = 750cos 45° - 800 sin 30°
= 130.33N T

The magnitude of the resultant force Fg is

= 2
R = 3FR + F3

= 21223.15% + 130.332 = 1230 N = 1.23 kN Ans.

The directional angle 6 measured counterclockwise from positive x axis is

Fr 1
6 = tan‘lF—Ry = tan" ( 30'33) = 6.08° Ans. 3

Ans:

40 40
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Fr = 1.23kN
0= 6.08°
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*2-20.

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

=
6 kN
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 Fg to be
minimum, it must act perpendicular to F.
Trigonometry. Referring to Fig. b,
F'= 262 + 8 = 10.0kN 0= tan'1(6§) = 53.13".
Referring to Figs. cand 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.
o
F/ 8kN
W e o s e I_— /
(@) )
10.0 kN
73
L " o
53.13430°= 83./3° 8313
4
F=r0-0kd F
Ans:
Fr = 9.93 kN
F = 1.20kN
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2-21.

If the resultant force of the two tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude

If ﬂ{efor@s?uﬁﬁn%nfior'ct:% do'fet%téo{\]/v%' tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude
of force Fg and its direction u.

SOLUTION
The parallel?ﬂram law of addition and the triangular rule are shown in Figs. a and b,
AN

Tha pafpitel AR Y QfGdedtionfyd the triangular rule are shown in Figs. aand b,

respectively.

FB = 2 =
Applying the law of cosines to Fig. b,

= 1615kN = 1,61 kN Ans.
Fg = 22° + 3° - 2(2)(3)cos 30°
Using this result and applying the law of sines to Fig. b yields
’ = 15kN = 161 kN ey Ans,
sinu  sin 30°
Using this result and applying the law of skhés &FRig. b yields Ans.
2 1.615
sinu _ sin 30° _ o
2 T 1615 u= 383 Ans.

43 43
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Ans:
Fz = 1.61 kN
0 = 38.3°
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2-22.

If R =33KWanshQ = 453, drtesimmiing: the maginiitude of the
resultant feseeeand ithelireedonugheragreghaloitk Wieebiion
thegosiively@idse 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,

Fr = 222 + 3% - 2(2)(3) cos 105°

= 4.013KkN = 4.01 kN Ans.

Using this result and applying the law of sines to Fig. byields

sina _ sin 105° _ o
3 4013 a = 4622

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

T =a- 30° = 46.22° - 30° = 16.2° Ans.

Ans:

45 45
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Fr = 4.01kN
=162
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2-23.

If the resultant force of the two tugboats is required to be y

directed towards the positive x axis, and Fg §s to be a
minimum, determine the magnitude of Fg and Fg and the
angle u.

SOLUTION

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

u = 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,
Fg = 2sin 30° = 1 kN Ans.

Fr = 2cos 30° = 1.73 kN Ans.

Ans:
0= 90°
Fg = 1kN

47 47
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Fr = 1L.73kN
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*2-24.
Determine the magnitude of the resultant force and its y
direction, measured counterclockwise from the positive x axis. | F, =200 N
B X
SOLUTION

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

E (Fo), = 5F;  (Fg), = 200sin 45° - 150 cos 30° = 11518 N S
+c(Fr)y = XF,; (Fr)y = 200 cos 45° + 150sin 30° = 216.42N ¢

Referring to Fig. b, the magnitude of the resultant force Fg is

Fr = 2(Fr)i + (FR); = 211518 + 216.42° = 216.73N = 217N Ans.

And the directional angle 0 of Fy measured counterclockwise from the positive
X axis is
216.42

= tan"i(}] 5

Y ) = 86.95° = 87.0° Ans
C(FR)X T T ‘

! %

F, =200N

0=tan"?!

@f%ufzﬁ fo
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Ans:
Fr = 217N
0 = 87.0°
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2-25.

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

SOLUTION

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

& (Fo), = =F; (Fg), = 400 cos 30° + 800sin 45° = 912.10N S
+c(Fr)y = EF; (Fg), = 400sin 30° - 800 cos 45° = -365.69 N = 365.69 NT

Referring to Fig. b, the magnitude of the resultant force is

Fr = 2(RR)% + (FR); = 2912107+ 365697 = 982.67 N = 983N Ans.

And its directional angle 0 measured clockwise from the positive x axis is
F

C(FR)xd = tan

0=tan"?!

o
(Fly __ F=4000 4

=l
(912.10

) = 21.84° = 21.8° Ans.

| (/:E),=3é5.69»l
(b)

Ans:

51 51




© 2017 Pearson Education, Inc., Hoboken, 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.

Fr = 983N
0= 218
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2-26.

Resolve Fi 38 R, 17 1R %aaashivy CBRRanIsatkes.

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

= {200i+346j} N Ans.

F, = {250 cos 45°(+1i)+250 sin 45°(-j)} N

= {177i-177j} N Ans.

\3{. FEL = foosiniow

250N
8 (E,& 2250 SInes' N

Ans:
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F, = 5200i + 346j6 N
F, = 51771 - 177j6 N
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ts of F]

3 N
g the X

the pos

2-27.

Determine the magnitude of the resultant force and its
direction measuired coumieic ek framttieenasittivoxasiss.

SOLUTION

Rectangular Components:
F, can be written as

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

400 sin 30° = 200 N

(Fl)x
(F2)x

(F1)y = 400 cos 30° = 346.41 N

= 176.78 N

250 cos 45° (F2), = 2505sin 45° = 176.78 N

Resultant Force: Summing the force components algebraically along the x and

y axes, we have

& ©(FR)y = OF,; (FR)x = 200 + 176.78 = 376.78 N
+CO(FR), = OF,;  (FR)y = 346.41 - 17678 = 169.63N ¢
and
The magnitude of the resultant force Fg is
Fr = 2(Fr)? + (Fr),? = 2376.78° + 169.63° = 413N Ans.
The direction angle u of Fg, Fig. b, measured counterclockwise from the positive
axis, is
and Ry 169.63
u = tan! = tan! : = ° Ans.
“(Fr) ! = 1AM @376 7g D = 242
’3}
s=daon / gz et 90
~ "’ﬁ‘/‘-\ ~
- / b » %
(&3 ;\\\."
(L oag
\{
()

AnNs.
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Ans:
Fr = 413N
0= 242°
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*2-28.

Resolve each force acting on the gusset plate into its x and y y
components, and express each force as a Cartesian vector. F;=650 N

Resolve each force acting on the gusset plate into its x and °

y components, and express each force as a Cartesian vector.

N

SOLUTION
F, = {900(+i)} = {900i} N Ans.
F,F= ToBGRQ 5 258dco) f 750 sin 45°(+ )} N

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

= {5@135035§0ﬂ>}(Ni) + 650 agb(—j)f N
F, = 26564 igh?féQj)h'\bso agb(— Hf N Ans.

= {520 - 390j)}N

t’
r(r-; Jy= 70 Sinés ‘N
e
"

tAae

—te—

(E).= 750 coses™n

¥

T ol

o]
|[ “ N Ebson
(5):'6?0(%)»4

Ans:
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F, = 5900i6 N
F, = 5530i + 530j6 N
Fs; = 5520i - 390j 6 N
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2-29.

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

AR
Determine the magnitude of the resultant force acting on

the positive x axis.

SOLUTION

Fs=650 N

N

Rectangular Components: By referring to Fig. a, the x and y components of Fy, F,,
and F3can be written as

(Fl)x = 900 N (Fl)y =0
(F»)x = 750 05 45° = 53033N  (F,), = 750 sin 45° = 530.33 N
(F2), = 650agb = 520N (Fa)y = GSOaEb = 390N

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

T ©(Fr)x = OF¢ (FR)x = 900 + 530.33 + 520 = 1950.33 N =

(Fr)y = 530.33 - 390 = 140.33N ¢

+CO(Fg), = OF;

The magnitude of the resultant force Fg is

Fr = 2(Fr)¥ + (Fr)y’ = 21950.33%2 + 140.332 = 1955N = 1.96 kN Ans.

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

14033 _ 4. @)
1950.33° ~ a1k By

F
u= tan‘lc( R)yd = tan~la

Ans.
(FR)X

4}___ E:]”N

(5)3,=/4o.53/1

()= 19501330

Fa
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Ans:
Fr = 1.96 kN
0 = 4.12°
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2-30.

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,

3 4
Fo= (R i + (F)yj=50()1+350()]j={300+40j}N

F, = -(F)xi - (F)y j = -80sin15°i - 80 cos 15° j
= {-20.71i - 77.27j}N

{-20.7i - 77.3j}N

Fs = (R)x i = {301}

Thus, the resultant force is

FR=%F; Fr=F +F+F
= (30i + 40j) + (-20.71i - 77.27j) + 30i
= {39.29i - 37.27j}N
Referring to Fig. b, the magnitude of F is
Fr = 239292 +37.272 = 5416 N = 542N

And its directional angle 0 measured clockwise from the positive x axis is

37.27
0 = tan~?! = 43.49° = 435°
9.29

3

Ans.

Ans.
Ans.

Ans.

Ans.

Ans:
F, = {30i + 40j} N

F, = {-207i - 773j}N
F; = {301}

Fr = 542N

0 = 435°
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2-31.

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

SOLUTION
Fix = 2005sin 45° = 141N Ans.
Fy, = 200 cos 45° = 141 N Ans.
Fo = -150 cos 30° = -130 N Ans.
Fay = 1505in 30° = 75N Ans.

Ans:
Fi = 141N
Fy = 141N
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S
!

= -130N
75N

'Q’TI
1]
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*2-32.

Determ ne the magnitude of te resu tant foree and its
direction, measured countergliogkaviize from the positive
X axjs.

SOLUTION
+R Fry = ©OF,;  Fge = -150cos 30° + 200 sin 45° = 11.518 N

Q+Fgy = ©OF,;  Fgy = 150sin 30° + 200 cos 45° = 216.421 N

Fr = 2 (11.518)2 + (216.421)% = 217 N AT
u= tan'1(|:216'421< = 87.0°
N 11518 =~ °© Ans.

Ans:
Fr = 217N
0 = 87.0°
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2-33.

Determine the magnitude of the resultant force and its y

direction, measured counterclockwise from the positive F,=8kN

X axis. ‘ F,=5kN
SOLUTION

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

S (F), = IF;  (Fr), = 4 + 5cos45° - 8sin 15° = 5.465kN S
+c(Fr)y = XF; (Fr)y = 5sin45° + 8cos 15° = 11.263kN ¢

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

Fr = 2(Fr)i + (FR)) = 25465 + 11.263% = 1252kN = 125kN  Ans.

And the directional angle 0 of Fy measured counterclockwise from the positive
X axis is

(Fr) 11.263
0=tan"t¢ o=t

! an~1( . ) = 64.12° = 64.1° Ans.

Ans:
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Fr = 125kN
0= 64.1°
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2-34.

Express Fi, Fp, and F3as Cartesian vectors. y

SOLUTION

4 3
Fp = _(850) i - _(850) j
1 E( )i E( )]

{680i - 510j}N Ans.

F, = -625sin 30°i - 625 cos 30° j

= {-312i - 541 j}N Ans.
Fs = —750sin 45°i + 750 cos 45°

{-530 i + 530j}N Ans.

Ans:
F, = {680i - 510j}N
F, = {-312i - 541 j}N
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Fs = {-530i + 530} N
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2-35.
Determine the magnitude of the resultant force and its
DRIREBNBR  nHRSs Feddbunte 2 o i Se St BAN thEPERitRR His.

direction, measured counterclockwise from the positive x axis.

Frx 2_14 (850) - 625 sin 30° - 750 sin 45° = -162.83 N
5 [850) ~ 6255in 30° - 750sin 45° = ~162.83 N

s UTERN

t Frx = OFy;
f Frx = ©Fy; Frx =
3
+CFgr, = OF,; Fry = 3(850) - 625 cos 30° + 750 cos 45° = -520.94 N
+CFry = OF, )" Frye -?ésso%) ~ 62505 30° + 750 cos 45° = -520.94 N
_ _ 2 _ 2 _
FrR ST 808 (52889 TR
f=tanla —520.94b 7 640
£=tanlaabdb3’ T
b = 72.64°
162.83
u = 180° + 72.64° = 253°
="180° + 72.64° = 253°

u

Ans.
Ans.
e
8%
AAnS' 5 p‘
ns: A $20.94M

Ans:
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Fr = 546 N
0= 253°
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*2-36.

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

SOLUTION
Scalar Notation. Summing the force components along x and y axes algebraically by
referring to Fig. a,
3 5
S (Frx = Ri (Rl = 40(0) +91( ;) +30=89b S
4 12
+c(Fg)y = ZF; (Fr)y = 40 (5) - 91(13) = -521b = 52IbT

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

Fr = 2(RR)Z + (FR)3 = 28% + 522 = 103.081b = 103 Ib Ans.
And its directional angle 0 measured clockwise from the positive x axis is
(FR)y 52
0 = tan~%¢ i = tan~%( = 30.30° = 30.3° Ans.
(I R)x 89)

(Fx X

1 E)

| M 2000

I 32 (ﬁ) =89/b
i 5-5015 - ! x,q"
2 I3

, T .
(R )7=52,lb

(b)

|k----

fz.

2!
ax

X

40 Ib

Ans:
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Fr = 1031Ib
0= 303
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2-37.

Determine t e magnitude and direct on u of the resultant
force Fr. Expressthe resullt in terms of the magnitudes of
the components F; and F, and tihe anglle T.

SOLUTION
F& = FZ + F5 - 2R F>cos (180° - F)
Since cos (180° - ¥) = -cos T,

Fr = 2F*+ F2 + 2FF cos F

1 2 12
From the figure,
. _ Fqysin
anu = Fy + Fycos
F,sin ¥
— Qgpg—1=
u=tan ¢F2 + Fycos T~

64 64

T
u
F
T
u
F>

Ans:

Fr = 2F? + F§ + 2R FRcos F
Fy sin £
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2-38.

The force F has a magnitude of 80 Ib. Determine the
magnitudes of the X, y, z components of F.

SOLUTION

1 = cos? 60° + cos? 45° + cos® g
Solving for the positive root, g = 60°

F, = 80 cos 60°

40.0 Ib
F, = 80cos 45° = 56.6 Ib

= 80 cos 60° = 40.0 Ib

7
N
|

F=2801Ib
Z
F,
< 45°

- R

Fx
X/
Ans.
Ans.
Ans.
Ans:
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F. = 40.01b
F, = 566 Ib
F, = 4001b
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2-30.

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 a = 60° and g = 45°, determine the magnitudes

of its components.

SOLUTION

cosb = 21 - cos’a - cos’g

21 - cos 60° - cos 45°

2

b = 120°

F, = |80 cos 60°| = 40N
F, = [80 cos 120°| = 40N
F, = |80 cos 45°] = 56.6 N

2

Ans.

Ans.

Ans.

Ans:
F, = 40N
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40 N
F, = 566N

oy
1]
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*2-40.

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
ug = cos 30° cos 40°i - cos 30° sin 40°j + sin 30° k

= {0.6634i - 0.5567j + 0.5k}

Thus,

48.44° = 48.4°
123.83° = 124°

cos a = 0.6634; a
cosb = -0.5567; b

cosg = 0.5 g = 60°
The magnitude of F can be determined from
F cos 30° = 7; F = 8.083kN = 8.08 kN

Ans.
Ans.
Ans.

Ans.

Ans:

a = 48.4°
b = 124°
g = 60°
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F = 8.08 kN
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2-41.
Determine thaenaguitnitedad andrdooabel tiaectiatiraotjtas 22
ah gibe ofeahd teesu I fantefoacel ankeskbtcihihiyeacoram the
coordinate system. FE= 88D
F,=130 Ib
SOLUTION Y

XX
F, = {80 cos 30° cos 40°i - 80 cos 30° sin 40°j + 80 sin 30°k} Ib |

F, = {53.1i - 44.5] + 40k} Ib

F, = {-130k} Ib
FR = F]_ + F2
Fr = {53.1i - 445j - 90.0K}Ib
Fr = 2(53.1)% + (-44.5)%> + (-90.0)*> = 114 b Ans. 3,
53.1
= g /< = ©
a = cos ¢113.6— 62.1 Ans.
-44.5
= Slg———< = ©
b = cos ¢113.6— 113 Ans.
-90.0
- -1p ——— — o
g = cos ¢113.65 = 142 Ans.

Ans:

Fr, = 1141b
a = 621°
b = 113°

g = 142°
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2-42.

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} Ib
F1 = {53.1i - 44.5j + 40k} Ib

= '1¢5§E‘1< = 48.4°
a; = cos < = 48.

-44.5
80

b; = cos™t¢ < = 124°

40 R
g1 = COS‘laSOb =60

F, = {-130k} Ib

— —1¢L< — o
a, = cos 130= ~ 90

0
bg = COS_1¢130§ = 90°

=130_ _ 1800
130 — ©

g, = cos™1¢

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Fi=801b

0
F,=130 Ib
Y
Ans:
F, = {63.1i - 445 + 40k} Ib
a; = 48.4°
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bl = 124°
91 = 60°
F, = {-130K} Ib
ap = 90°
b, = 90°
go = 180°
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2-43.

ERpressveayle ifondejerted totdseatwadotoes kiowrarkexphess
datbrfoige ithE aressikiantedtocdo rRirahdtibemegrtdtotdaedhe
cesultinatfodiee Etiwhthagiesgfi theerasdl taarfbrede 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

F, =500 N

= {-106i + 106j + 260k} N Ans.
F, = 500(cos 60°i + cos 45° + c0s120° k)

= {250.0i + 353.55] - 250.0k} N

= {250i + 354 - 250k} N Ans.
FR=F +F,

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

= 143.93i + 459.62j + 9.81k

= {144i + 460j + 9.81k} N Ans.
Fr = 2143:93>+459:62”+ 9:81° = 481.73N = 482N Ans.
Ur, = E‘: = Mﬁfff?% = 0.2988i + 0.9541j + 0.02036k
cosa = 0.2988 a = 726° Ans.
cosb = 0.9541 b =17.4° Ans.
cosg B 0.02036 g B 88.8° Ans.

Ans:
F, = {-106i + 106j + 260k} N
F, = {250i + 354j - 250k}
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68 68

N Fg = {144i + 460j + 9.81K}
NFs; = 482N

a= 726°

b = 17.4°

g = 88.8°
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*2-44.

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 + 260Kk} N

F . .
up = o = -0.3536i + 0.3536j + 0.8660k

~ 300
a; = cos™%(-0.3536) = 111° Ans.
b, = cos~1(0.3536) = 69.3° Ans.
g; = cos™1(0.8660) = 30.0° Ans.

Ans

a; = 111°
b, = 69.3°
g, = 30.0°
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2-45.

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
Frx = ©OF ; 0 = -180 + 300 cos 30°sin 40° + F5cos a
Fry = OF, ; 600 = 300 cos 30° cos 40° + F3cos b

Fr, = ©OF, ; 0 = -300sin 30° + Fzcos g

cos?a + cos’b + cos’g = 1

Solving:
F; = 4281b
a = 88.3°
b = 20.6°
g = 69.5°

Ans.

Ans.

Ans.

Ans.

F,=3001b

Ans:
F; = 4281b
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a= 883
b = 20.6°
g = 69.5°
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2-46.

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

SOLUTION
Frx = OF,; 0 = -180 + 300 cos 30° sin 40° + F3cos a

FRy: ©F,;

yi 0 = 300 cos 30° cos 40° + F5cos b

Fr, = ©OF,; 0 = -300sin 30° + F3cos g

cos?a + cos’h + cosg = 1

Solving:
F3 =2501b
a = 87.0°
b = 143°
g = 53.1°

Ans.

Ans.

Ans.

Ans.

Fs

F,=3001b

Ans:
F3 = 250 Ib
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a = 87.0°
b = 143°
g = 53.1°
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2-47.
Determine the magnitude and coordinate direction z
angles of the resultant force, and sketch this vector on the
coordinate system. F,=125N
’ :
3P
=4
| ! y
—207 I _60°
SOLUTION — ‘4501&-68 g
60
Cartesian Vector Notation. For F,and F,, X L = 400N
F, = 400 (cos 45°i + cos 60°j - cos 60°k) = {282.84i + 200j -
200k} N
_ z o &3 ) .
F, = 125 c5 (cos 20°)i - 5 (sin 20°)j + 5 kd = {93.97i - 34.20j + 75.0k}
Resultant Force.
FR = F| + F2
= {282.84i + 200j - 200k} + {93.97i - 34.20j + 75.0k}
= {376.8li + 165.80] -
125.00k} N The magnitude of the resultant
force is
Fr = 2R} + (R) + (R)2 = 2376.8R + 165.802 + (-125.00)2
= 430.23 N = 430N Ans.
The coordinate direction-angles are
A .
cosa = (Rx = 5768l = 28.86° = 28.9° Ans.
Fr 430.23
(FR)y = |6580 . = o — o
cosh = FR = 43023, b = 67.33° = 67.3 Ans.
O
cosg = FR = 439.23 ) g = 106.89° = 107 Ans.
°
V=107
R=430N
Ans:
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Fr = 430N
a= 289
b = 67.3°
g = 107°
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*2-48.

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 = 450(3] - ;k) = {270j - 360K} N

F, = 525 (cos 45°i + cos 120°j + cos 60°k) = {371.23i - 262.5] + 262.5k} N

Resultant Force.
Fr = F + F
= {270j - 360k} + {371.23i - 262.5] + 262.5k}
= {371.23i + 7.50j -
97 .5k} N The magnitude of the resultant force

is

R = 2(R¥ + (R)Y + (R)Z = 2371232 + 7.502 + (-97.5)

= 383.89N = 384N Ans.
The coordinate direction angles are
(Fr)x _ 37123 _ 3 o (VARE
cosa = Fe = 38389° = 14.76° = 14.8 Ans.
(Frly _ —7:50-
— = : = 88° = 9° Ans.
cosh = FR 383.89 b 88.88 88.9 ns
-(ER). = ﬂ g = o — o
cosg = F;Z 383.89 104.71 105 Ans.
zZ

Ans:
Fr = 384N
a=14.8°
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88.9°
g = 105°
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2-49.

Determine the magnitude and coordinate direction angles z
a;, b, g, of F, so that the resultant of the three forces

acting on the bracket is F = 5-350k6 Ib.
X

SOLUTION
Fo= Fui + Fyj + F K

F, = -200j
F; = -400sin 30°i + 400 cos 30° j
= -200i + 346.4j
Fr = OF
-350k = Fyi+ Fyj+ F,k-200j - 200i + 346.4 ]
0=F,-200; Fy = 2001b

0=Fy - 200 + 346.4; F, = -14641b

F, = -350Ib

F, = 2(200)2+ (14642 +(~350)2

F, = 42591b = 429 1b Ans.
200

a; = cos™? 8,50 oD = 622° Ans.
-146.4

b, = cos‘l(a 4283 b = 110° Ans,
-350

= -1 — o
Y 145 Ans.

Ans:
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F| = 4291b
a = 62.2°
b| = llo° g
= 145°
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2-50.

If the resultant force Fp 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, g can be determined from
cos’ a + cos’h + cos?g = |

cos? 120° + cos?50° + cos? g = |
cos g = {0.5804

Here g 6 90°, then

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

F = {80j}Ib

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

Thus, the magnitude of F, is

Fo = 2(F)x+{Fy+(F), = 2(-750)>+16.422+87.05

= 116.07 b = 116 Ib

And its coordinate direction angles are

_ (B _ =750 _ o — (e
cosa, = , = 1607 a, = 130.25° = 130
F
cosb, = F)y Jgg?; b, = 81.87° = 81.9°
cos g, = (F2) - II867 (?75 ; g, = 44l = 41.4°
. -

F, Fr =150 Ib

Ans.

Ans.

Ans.

Ans.

Ans:

F, = 116 1b
a, = 130°

b, = 81.9°
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g = 41.4°
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2-51.

Express each force as a Cartesian vector.

SOLUTION

Cartesian Vector Notation. For F, F, and F;,

F = 90(54i + 53k) = {72.0i + 54.0k} N

F, = 150 (cos 60° sin 45°i + cos 60° cos 45°j + sin 60°k)
= {53.03i + 53.03j + 129.90k} N
= {53.0i + 53.0j + I30k} N

F; = {200 k}

F,=90N

Ans.

Ans.

Ans:

F, = {72.0i + 54.0k} N
F, = {53.0i + 53.0j + 130k} N
Fs = {200 k}
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*2-52.

Determine the magnitude and coordinate direction angles

of the resultant force, and sketch th
coordinate system.

SOLUTION

Cartesian Vector Notation. For F, F, and

F = 90(:’i + Sk) = {720i + 54.0k} N

is vector on the

Fs,

F, = 150 (Cos 607 sin 45°i + cos 60° cos 45°j + sin 60°k)
= {563.03i + 53.03j + 129.90k} N
F; = {200k} N

Resultant Force.
F = F| o7 F2 o7 F3

= {125.03i + 53.03j + 383.90} N

The magnitude of the resultant force is

Fe = 2(R0 + (R + (R

And the coordinate direction angles are

 (Fr)e _ 12503
cosa = F. 40722
(Frly _ 5303 _
cosh = ) b =
R, 407.22
(Fx),  383.90 B
cosg = = 407.22° g

(72.0i + 54.0k) + (53.03i + 53.03j +

129.90k) + (200K)

2125.03% + 53.03% + 383.907

= 40722 N—=A40TN———
= 7212° = 72.1°

82.52° = 82.5°
=19.48° = 19.5°

| F; =200 N

T F,=150N
! /
F,=90N /3 60°
3 .'1, ;";l y
4 3 L\
‘s 45°
i e *
@ b7 4
o 7
4
7
Y 4
X S 4
Ans.
Ans.
Ans.
Ans.

Ans

Fr = 407N
a=72I
b = 825°
g = 19.5°
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2-53.

The spur gear is subjected to the two forces. Express each
force as a Cartesian vector.

SOLUTION

7 . 24 )
Fi= o5 (50)j - 25 (50)k = {14.0j - Ans.
48.0K} b

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

{90i - 127j + 90k} Ib Ans.

Ans:
F, = {14.0j - 48.0k}Ib
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F, = {90i - 127j + 90K} Ib
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2-54.

The spur gear is subjected to the two forces. Determine z
the resultant of the two forces and express the result as a
Cartesian vector.

SOLUTION
Frx = 180 cos 60° = 90
7
Fry = 25 (50) + 180 cos 135° = -113
24
Fr, = -5z (50) + 180 cos 60° = 42
Fr = {90i - 113j + 42k} Ib Ans.
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Ans:
Fr = {90i - 113j + 42k} 1b
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2-55.

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

SOLUTION
Cartesian Vector Notation. For Fjand F,
F, = 400 (sin 60° cos 20°i - sin 60° sin 20°j + cos 60°k)

= {325.52i - 118.48] + 200k} N

F, = 500 (cos 60°i + cos 60°j + cos I135°k)
= {250i + 250j - 353.55k} N

Resultant Force.
FR = F| o7 F2

= (325.52i - 118.48j + 200k) + (250i + 250j - 353.55K)

= {575.52i + I31.52j - 153.55 k} N

The magnitude of the resultant force is

R = 2(RY¥ + (R + (R)? = 2575522 + 131.52° + (-153.55)?

= 6l0.00N = 6I0N

The coordinate direction angles are

_ (Fr)x _ 57552 e
cosa = F = 610.00 a = 19.36° = 19.4
(Fr)y _ 13152 ~ R
cosh = F. = 610,00 b = 77.549° = 775
(Fr), ~—153.55
Cosg = =8 = 610.00 g = 104.58° = 105

Ans.

Ans.

Ans.

Ans.

F, =400 N

>
a

«Q T g

610 N
19.4°
77.5°
105°
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*2-56.

Determine the length of the connecting rod AB by first
formulating a 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

rag = [0 = (-150 cos 30°)]i + [300 - (=150 sin 30°)]j
= {129.90i + 375j} mm

Thus, the magnitude of rag is

rap = 2129.007 + 3752 = 396.86 mm = 397 mm Ans. ¢~ 150 mm
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Ans:
rag = 397 mm
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2-57.

Express force F as a Cartesian vector; then determine its

coordinate direction angles.

SOLUTION

rag = (5 + 10 cos 70° sin 30°)i
+ (-7 - 10cos 70° cos 30°)j - 10sin 70°k

fAB

A

UaB

{6.710i - 9.962j - 9.397 K} ft

f'as

= = (0.4400i - 06532) - 0.6162k)

AB

135u,5 = (59.40i - 88.18] - 83.18k)
= {59.4i - 88.2j - 83.2k} b

59.40
= -1 — o
cos™ ( 135 ) = 639
-88.18
-1 f——= = o
cos™ ( 135 ) = 131
-83.18

Sl——=) = 128°
cos™ (752 )

2(6.710)% + (-9.962)2 + (-9.397) = 15.25

00
30°

Ans.

Ans.

Ans.

Ans.

Ans:

F ={59.4i - 88.2] - 83.2k}Ib
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63.9°
131°
128°

«Q T o
I
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2-58.

Express each force as a Cartesian vector, and then deter-

mine the magnitude and coordinate direction angles of the
resultant force.

SOLUTION

fac = €-25i - 4]+ 152 @25) kf ft

;
F, = 801b (°7) =
ac

= {2627 - 41.9j + 62.9Kk} Ib

-26.201 - 4193 + 62.89 k

fag = {20 - 4] - 6K}t

;
F, = 500b (°%) = 13.361 - 26.73j - 40.09 k
raB

- {1347 - 267 - 401K} Ib
FR = Fl o7 F2
= -12.84i - 68.65] + 22.80 k
= {-128i - 68.7] + 228Kk} b

FR:

., ,=12.84
73.47

A — rnc

) = 100°

_,,=68.65
73.47

lalal

) = 159°

22.80
73.47

= cos™t( ) = 71.9°

2(-12.84)? (-68.65)> + (22.80)> = 73.47 = 7351b

6 ft

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

2 ft

Ans:

Fi = {-26.2i - 419j + 629k} b
F, = {1341 - 26.7j - 40.1k}Ib
Fr = 7351b
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a = 100°

b = 159°

g =719°
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2-50.

IfF = Sﬁﬂi = fﬂl = WNNMC%EE@ |§§ m long,
determine the x, ¥, ZGQSANREESs A MBIrA.

SOLUTION
Position Vector: The position vector rag, directed from point A to point B, is given by
rag = [0 -x]Ji+ (0 -y)j+(0-2k
= -Xi —yj -zk
Unit Vector: Knowing the magnitude of rag is 9 m, the unit vector for rag is given by
U = fag _ —Xi —yj - zK
T8 9
The unit vector for force F is

F 350i - 250j - 450k

Up = = 0.5623i - 0.4016j - 0.7229K

333502 + (-250)? + (-450)>

Since force F is also directed from point A to point B, then

Uag = UF
= ;:i = Vi = ZI: - -
9 = - 0.56231 0.4016j - 0.7229k

Equating the i, j,and k components,

g = - 05623 X = -5.06m Ans.
Y - 04016

g -~ % y =361m Ans.
=Z - 07229

9 z=651lm Ans.

Ans:
Xx = =5.06m
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y = 3.61lm
6.51m

N
1

8181



© 2017 Pearson Education, Inc., Hoboken, 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.

*2-60.

The 8-m-long cable is anchored to the ground at A. z
If x =4 mand y =2 m, determine the coordinatez to the
highest point of attachment along the column.

SOLUTION

r={4i+2j+zklm
= 2(4)2 + (2)2 + (z)2 =8

Z = 6.63m Ans.

Ans:
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6.63 m
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2-61.

The 8-m-long cable is anchored to the ground at A. If z
z = 5 m, determine the location +x, +y of the support at A.
Choose a value such that x =y.

SOLUTION

r={xi +yj + 5k} m
r= 207+ 7>+ 67 =8

X =y, thus
¢ = 8 - 52
X =y =442m Ans.

Ans:
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X =y =442m

85 85



© 2017 Pearson Education, Inc., Hoboken, 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.

2-62.
Express each of the forces in Cartesian vector form and z
then determine the magnitude and coordinate direction 075 m
angles of the resultant force - i
50N
FAC =400 FAB= z 3m
N

SOLUTION
Unit Vectors. The coordinates for points A,B and C are (0, -0.75, 3) m, 2m 20°—2 M
B(2 cos 40° 2 sin 40°, 0) m and C(2, -1, 0) m, respectively. C B

TAB (2c0s40° - 0)i + [2sin40° - (=0.75)]j + (0 - 3)k

U8 T e | 2(ZCs AT S 0p 2 A0 = (075 ¥ (0 = 3
= 0.3893i + 0.5172j - 0.7622k X
e (2= 0 +[-1 - (=0.75)]j + (0 = 3)k
Uac = 7 2
e 20 -0 F[-1 - (075 * 0 - 3)

0.5534i - 0.0692j - 0.8301k

Force Vectors

Fas = FagUag = 250 (0.3893i + 05172j -
0.7622K)

= {97.32i + 129.30 -
190.56k}N Ans.

= {97.3i + 129 - 191k} N

Fac = FacUac = 400 (0.5534i - 0.06917j -
0.8301k)

= {221.35i - 27.67j - 332.02k}
N Ans.

= {221i - 27.7j - 332k}N

Resultant Force
Fr = Fag * Fac
= {97.32i + 129.30j - 190.56k} + {221.35i - 27.67] - 332.02k}
= {318.67i + 101.63j - 522.58 k} N
The magnitude of Fy is
Fr = 2(FR)? + (R)? + (Fr)2 = 2318.672 + 101.63% + (-522.58)?
= 620.46 N = 620 N

And its coordinate direction angles are

(FR)x _ 31867

cosa == e = 59.10° = 59.1 Ans.
(Fr)y _ 101.63 _ o _ .
cosh = Y= 620.46 y = 80.57° = 80.6 AnNSs.

(Fr), 52258
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_ = : = .38° = ° Fag = {97.3i - 129 - 191k
cosg = g 62046 @ 9 147.38° = 147 Ans. NAB {97.3i j }

Fac = {22li - 27.7j - 332K}
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2-63.

If Fg = 560 N 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 u and u of F and F must be determined first.
From Fig. a, B G s @
y rB (2_0)I+(_3_0)j+(0_6)k 2i 3j Gk
B = —_—= = = o= o —
I'p
\/(2_0)2+(—3‘O)2+(O_6)2 7 7 7
c — + = + =
T T i 2 0] 0 Ok 3. 2. 6 x
g ¢ O 2 oi 08 i % Sk c
@ 0,2 0 (O 6y
Thus, the force vec(ors F and F aT giv{en by
p=Fp p= = = }

2. 6

F_ pu, = 560(7 . 71 _ 7k) _ (1600 | 240j _ 480k) N

F u o 700 :;i 5 i gk 300i  200j 600k N
R= pt = - - + + -
Resultant Force:
=TT )

F F F  (180i 240j 480k) (300i 200j 600k)
Fr= \4/6de «40]  Fuo80k™ NFR -
Theﬂa@ﬁnitudeoﬁ—is + -

( ( ’r
(Ee@j?x} C 40)2 ( ( 1080)*— 117456 N  1.17 kN Ans. (&)
The coord[nattﬁ. gl]ectlon rFIes of F) are
- =
460
cos * FIS cos 66.9° Ans.
_ R z
! { Fr ( )
() _40
1 1 o
cos cos 117456 92.0 Ans.
cos ! ) 11080 157° A
117456 ns:
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Ans:

Fr = 1.17kN
a = 66.9°

b = 92.0°

g = 157°
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*2-64.

If Fg = 700 N, and Fc = 560 N, determine the magnitude
and coordinate direction angles of the resultant force acting
on the flag pole.

SOLUTION

Force Vectors: The unit vectors u and u of F and F must be determined first.
From Fig. a,

v rB 2 o +( 3 0)j Jr(0 6)k 2 3] 6k
B= = = - - =
I'p
\/ o2t 2+ 2 7 7 7
@ -+ -+ -

r (3 0 £ 0§ (0 6)k 3. 2. 6
u i j k
s=Fs 5=@3 (ﬁ)z— - ﬂ)2> =d o> -7
Thus, the force vectors F and F are given by F;
AC0,0,6)m
c=Fc c= - t- -— )= + - } ‘7(’/ E
2. 3. 6 . . (2
F u 700 L0 7k 200i 300j 600k N %e
U
R= pt = - = + + - ré
F u 560 ;i sj Sk 240i 160j 480k N
=1 } B(,z/ 30m
Resultant Force: <
Er=p/ Fe. tdor v 300/ % 600k)  (240i  160j  480K) x c(32,0)m %
= %Oi 140j ~ 1080K N = =
The magnitude of F is R c&)
FRox
a= (e 2((7)-
R
( 453)2 ( 140)> ( 1080)> 117456N  1.17 kN Ans.
_ Ry _
The coord alﬁ-éed' ection angles of F~ are
- ) e )
cos (JERL cos ! 440 68.0° Ans.
1174.56
() ~140
1 1 o
cos * —— €os © 197456 96.8 Ans.
cos 1 () , 1080 157° A
117456 ns:
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Ans:

Fr = 1.17 kN
a = 68.0°

b = 96.8°

g = 157°
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2-65.

The plate is suspended using the three cables which exert Z
the forces shown. Express each force as a Cartesian vector.

SOLUTION
2 5 6 14
Fea = 350 (rBA) =30 1503 " 160310 T 1603 K
= {-109i + 131j + 306k} Ib
fca 3 Y 14
Foa = 800G 0 = 500 C0 699" * 146000 * 12600 ") x
= {103i + 103 + 479k} Ib L
Ipa 2 6 14
Fpa = 400 (rDA) = 400 (- 15.362 ' ~ 153627 " 15.362 o
= {-52.1i - 156 + 365Kk} Ib Ans
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= {-109i + 131j + 306 k} Ib
{103 + 103 + 479k} Ib
{-52.1i - 156 + 365Kk} Ib
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2-66.

Represent each cable force as a Cartesian vector. z
SOLUTION

rc=(@0-5)i+(-2-0)j+ @B -0k ={-5 -2j+3km

e = 2(=5)>+(=2)*+ 3% = 238m

rg = (0 - 5)i + (2 -0)j + (3 -0k ={-50+2j+3km
rg = 2(-5%+ 22+ 3% = 238m

re = (0 - 2)i+ (0 -0)j+ (3 -0)k={-2i+0j+3klm
re= 2(-22+0°+3=213m

r
F=FR=F()
B -5i- 2j + 3k _ _
Fo =400 © [0 ) = {-324i - 130j + 195k} N Ans.
Fo = 400 -5i + 2] + 3k
B =400 J0p ) = {3240 + 130] + 195K}N Ans.
_ -2i +0j + 3k
Fe =300 13y - (—104i + 2019 N Ans.

Ans:

Fc = {-324i - 130j + 195k} N
Fg = {-324i + 130j + 195k} N
Fe = {-194i + 291k} N
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2-67.

Determine the magnitude and coordinate direction angles of z
the resultant force of the two forces acting at point A.

SOLUTION
rc=(0-5)i +(-2-0)j+ (3 -0k = {-5i - 2j + 3k}

rc = 2(-5)% + (-2)° + 3> = 238m
Ic (=5i - 2j + 3K)
Fe = 400 () = 4
¢ (o) =40 g )
X
Fo = (-324.4428i - 129.777j + 194.666Kk)
rg = (0 -5)i+(@2-0)j+ @ -0k ={-5 +2j+ 3k}
rg = 2(-52+ 22+ 32 = 238m
's (=5i + 2j + 3K)
Fg = 400 (By =
B (rB) 400 ( 133 )
Fg = (-324.443i + 129.777j + 194.666k)
Fr = Fc + Fg = (-648.89i + 389.33K)
Fr = 2(-64889)? + (389.33)2 + 02 = 756.7242
Fr = 757N AN,
-648.89
— -1 p——= = = o
a Ze6.7040) = 14903 = 149 Ans.
b = cos™? —9 . 90.0° Ans
- (756.72427 = % -
g = cost 72297'222) = 59.036 = 59.0° Ams,

Fr = 757N
149°
90.0°
59.0°

Q T
noun
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*2-68.

The force F has a magnitude of 80 Ib and acts at the midpoint z
C of the rod. Express this force as a Cartesian vector.

SOLUTION
'ag = (—3| + 2] + 6k)

Fes = ;rAB = (=151 + 1j + 3K)

lco = I'so * Ice
-6k - 151 + 1j + 3k

feo = 855 + 1j - 3K

I
F =280 (-ri) = {-343i + 22.9] - 68.6k} b Ans.

Ans:
F={-343i + 22.9] - 68.6k}Ib
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2-609.

The load at A creates a force of 60 Ib in wire AB. Express
this force as a Cartesian vector.

SOLUTION
Unit Vector: First determine the position vector rpg. The coordinates of point B are

B (5 sin 30°, 5 cos 30°, 0) ft = B (2.50, 4.330, 0) ft
Then

Fag = 5(2.50 - 0)i + (4.330 - 0)j + [0 - (-10)]K6 ft

52.50i + 4.330j + 10k6 ft
fap _ 2.50i + 4330j + 10k
Upg = =
frg ——— 86—
= 0.2236i + 0.3873j + 0.8944k

Force Vector:
F = Fuag = 6050.2236i + 0.3873j + 0.8944k6 Ib

= 5134 + 23.2j + 53.7k6 Ib Ans.

Ans:

10 ft
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F = {13.4i + 23.2j + 53.7k} b
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2-10.

Determine the magnitude and coordinate direction angles
of the resultant force acting at point A on the post.

C
SOLUTION
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.
fag = (2 - 0)i + (4 - 0)j + (0 - 3)k = {2i + 4j - Bk} m
raB 2i +4j - 3k 2 4 3
Uap = r = - = _I + _j - _k
AB 222+ 42 + (-3)2 229 229 229
rac = (-3 -0)i +(-4-0)j+ (0 -3k ={-3i -4 -3kIm
rac -3i - 4] - 3k 3 4 3
Uac = r = = - _I - _j - _k
Ac 2(-3)? + (-4)> + (-3)? 234 234 234
Force Vectors
Fag = FagUag = 200 ( Z_i + 4_j - 3_k)
229 229 229
= {74.28i + 14856] - 111.42k} N
3 . 4 . 3
Fac = FacUac = 150(- "_i- _j- k)
234 234 234
= {-77.17i - 102.90j - 77.17K}N
Resultant Force
Fr = Fag + Fac
= {74.28i + 14856) - 111.42K} + {-77.17i - 102.90j - 77.17k}
= {-2.896i + 45.66j - 188.59 k} N
The magnitude of the resultant force is
Fr = 2(R¥ + (R + (R)? = 2(-2.896)% + 45.66% + (-188.59)°
= 19406 N = 194 N Ans.
And its coordinate direction angles are
_ (Fr)x _ -2.89% _ o _ R
cosa = Fe = 19406 ° a = 90.86° = 90.9 Ans.
(FR)y 4566
= = ; b = 76.39° = 76.4° Ans.
Cosb = 7 10406 ns
(FrR); -188.59

92 92
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cosg = F = 194.06 ) g = 166.36° = 166 Ans.
Ans
Fr = 194N
\ a= 909
b = 76.4°
g = 166°
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2-T71.

Given the threeﬂ vectors | A, B, and D, show that z
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

AiB+D)=AB+AD (QED)

Also,

A‘B +D) = (Aci+ Ay j+AK (B +DJi + (B +D)j + (B + DKl

Ax(By + D) + A, (B, +D) +A, (B, + D)
= (ABy + ABy + AB,) + (ADy + AyDy + A;D,)

- (A'B) + (A'D) (QED)
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*2-T2.

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 ugg and ugp must be determined first. From Fig. a,

Ugp =B - Q=A@ o0+ 0= CAK _ 7005 _ o557 + 03714k
e 20 -4 T 2 -5 0 - (-2F

Thus, the force vector F is given by

F = Fugg = 6004-0.7428i - 0.5571j + 0.3714k) = [-445.66i - 334.25j + 222.83k] N

Vector Dot Product: The magnitude of the component of F parallel to segment DE
of the pipe assembly is

(Feodparal = F'Ugp = A-445.66i — 334.25] + 222.83kB -3

= (-445.66)(0) + (-334.25)(-1) + (222.83)(0)
= 334.25 = 334N Ans.

The component of F perpendicular to segment DE of the pipe assembly is

(Fep)per = 2F? - (Fep)parai? = 26002 - 334.252 = 498 Ans.
N

> Eeq,5,-20m
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Ans:
(FED)]] = 334N
(FED)# = 498 N
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2-73.

Determine the angle 0 between BA and BC. z

SOLUTION

Unit Vectors. Here, the coordinates of points A, B and C are A(0, -2,0) m,
B(0, 0,0) mand C(3, 4, -1) m respectively. Thus, the unit vectors along
BA and BC are

. B-0i+@-0j+(-1-0k 3 . 4 . 1
Upa = —J Uge = = —_ I+ —J-——
2@ -0+ @ -0+ (-1-0 226 22 226

The Angle U Between BA and BC.

3 4 1

Upalee = (- D1 _i+ ° j- ' K)
226 226 226
o o
=(-C__)=-___
226 226
Then
4
0 = cos~ ! (uga ‘ﬁuBC) = cos™! (- 22_) = 141.67° = 142° Ans.

97 97




© 2017 Pearson Education, Inc., Hoboken, 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.

Ans:
0 = 142°
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2-T74.

Determine the magnitude of the projected component of
the 3 kN force acting along 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+@-0j+(-1-0)k 3 . 4 . 1
Ugc = = I O R _k
2B -00°%+ @4 -07>% +(-1-02 22 226 226
8-3)i +(0-4j+[0-(-DIk 5 4 1
Ucp = = I _j + _k
28-3%+ (0 -9 +[0 - (-DF 28 242 242

Force Vector. For F,

F=Fup=3( > _i- " _j+

1
[
ol
I
=
|I\J
N—
+
=~
N
=~
Z

242 242 242

Projected Component of F-Along BC it is

15 12 3 3 4 1
() = Fluge = ( _i- _j+ _K'( _i+ j- _k)
242 242 242 226 226 226
15 3 12 4 3 1
= (O )+ __H)C_ )+ _ - )
242 226 242 226 242 226
6
= - _ = -01816kN = 0.182kN Ans.
21092
The negative signs indicate that this component points in the direction opposite to

that of ugc.
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AnNs:
(Fee) = 0.182 kN
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2-75.

Determine the angle 0 between the two cables.

SOLUTION

Unit Vectors. Here, the coordinates of points A, B and C are A(2, -3, 3) m,

e . ; X
B(0, 3,0) and C(-2, 3, 4) m, respectively. Thus, the unit vectors along AB and AC \
are

0-2i+[83-(-3)5+(0-23)k 2 .3
Uag = = -oi+_j- 2k
20-2 +B3-(-3)F+0 -3 v k&
(-2-2)i +[3-(-3)i + (4 -3k 4 6 1
Uac = = - _I + _j + _k
20-2-2+B-(-3)F+ @ - 253 24 25
3)?
The Angle U Between AB and AC.
| 2 6 3 ﬁ 4 6 1
Upg'Uac = (- 1+ j- K)'(- i+ _j+ _ k)
o7 7 253 253 253
2 4 6 6 3 1
= (-, )+ ( )+ (-)( )
7 253° 1 253 77253
_ 4
7253
Then
— -1 # — -1 41 — o — o
0= cos ! (upgiuac) = cosi( ) = 36.43° = 364 Ans.
7253
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Ans:
0 = 36.4°
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*2-T6.

Determine the magnitude of the projection of the force F,
along cable AC.

y

SOLUTION |
Unit Vectors. Here, the coordinates of points A,B and C are A(2, -3, 3)m, B(0, 3,0) RN . «
and C(-2, 3, 4) m, respectively. Thus, the unit vectors along AB and AC are < \*\

Ui = 0-2i+B-(3)i+0-3k _ 2.,6. 3,

AB — — ~ 7 lj z

(-2-2)i +[3-(-3)]i + (4 - 3)k 4 6 1

Uac = = -t j+r Kk
20-2-2+B3 -3+ (U@ - 253 25 25
3)

Force Vector, For F,

6

0 —?;k) = {-20i + 60j - 3OK}N

Fy = FyUag = 70(—27i +

Projected Component of F;. Along AC, it is

L P S

253 253 253

(F)ac = Fi'Uac = (~20i + 60j - 30K) (-

4 6 1
= (-200(- __ ) +60C__) + (=30)( __)
253 253 253
= 56.32N = 563N Ans.

The positive sign indicates that this component points in the same direction as Uac.
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Ans:
(Fl)AC = 56.3N
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2-T71.

Determine the angle 0 between the pole and the wire AB.

SOLUTION

Position Vector:

'nc = 5—3j6ft
Fag = 512 - 02i + 12 - 32j + 1-2 - 02k6 ft

= 52i - 1j - 2k6 ft

The magnitudes of the position vectors are
fac = 300ft  rag = 22%+1=12*+1=22% = 3.00 ft

The Angles Between Two Vectors U: The dot product of two vectors must be
determined first.

4 4
Fac 'Fag = 1-3j2712i - 1j - 2k2
= 0122 + 1-321-12 + 01-22
=K3
Then,

4
Mao 'Tap 3
1 A0 AB et = 70.5° Ans.

< FaofaB ) {3.00(3.00)}

u = cos”

Ans:
0 =705
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2-178.

Determine 1 MAIGAHABECToEnRrYeEfiQRis Bf force
ACogEHEN albhg the u axis.

SOLUTION

Unit Vectors: The unit vectors ugs and u, must be determined first. From Fig. a,

_Toa (=2 -0)i+(4-0)j+(@4-0k 1. 2. 2
Uoa =7 = =-Ji+7j+Ck
oA 3(-2- 0)2 4 - 0)2 7. 092 3 3 3
u, = sin30°i + cos30°j
Thus, the force vectors F is given by
1. 2. 2 . .
F = Fupa = 600a—3| - 3] + gkb = 5-200i + 400j + 400k6 N

Vector Dot Product: The magnitude of the projected component of F along the u
axis is

1 1
F, = Flu, = (-200i + 400j + 400K) ' (sin30° + cos 30°))

(-200)(sin30°) + 400(cos 30°) + 400(0)

246 N Ans.

F =600 N

w

24
AG=2,4,4)m

2
~X,

Yot
o

(«)

Ans:
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F, = 246N
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2-79.

Determine the magnitude of the projected component of the
100-Ib force acting along the axis BC of the pipe.

SOLUTION

A A A
G = 56i + 4] - 2k6ft
A A A

= 10p >0 B2

= 100
2(-6)* + 8 + 22

= 5-58.831 + 78.45] + 19.61k6 Ib
=F Fac=F boc™ _ =785 _ -10.48

| 8acl 7.483

= 1051b Ans.

n
k=]
|
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Ans:
F, = 1051b
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*2-80.

Determine the angle 0 between pipe segments BA and BC.

SOLUTION
Bac= 561 + 4 éﬂZQ S e F 001
BA — 5—3|6ft

¥y .
= cos (=% = cos ()
RN %25

143° Ans.

o
|

o
1
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AnNs:
0 = 143°
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2-81.

Determine the angle 0 between the two cables.

SOLUTION
r ﬁr
0 = cos!( Ac Tas)

21 -8j +10k)‘!t(—6i +2j+ 4Kk)

COS™ 03921 (-8)2 + 102 1(~6)2 + 22 + 42

12
— -1
= 0s™ (g5 99

o
1

82.9°

8t

Ans.
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Ans:
0 = 82.9°
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2-82.

Determine the projected component of the force acting in
the direction of cable AC. Express the result as a Cartesian
vector.

SOLUTION

'nc = {2| - 8] + 10k}ft

rag = {-6i +2j + 4Kk}t
fag 6 2 .
Fag = 12 (rAB) =12 (- 7.483i + 7.483j . k)
Fag = {-9.6211 + 3.207] + 6.414 Kk} Ib
U = 2 ._ 8 j+ﬂmk E—
12.961 12.961 12.961
Proj Fag = FAB#UAC = -9.621 (122961) + 3.207 (- 12361)
= 1.4846
Proj Fag = Fag Uac
Proj Fag = (1.4846) Clziaszi - 122)62j ’ 121.862 K
Proj Fag = {0.229i - 0.916 j + 1.15Kk} Ib

o i
C ‘“___'_,“__..,A

1Oft
1 \ | y
10 ft \ )

, . '

" pa

P

4'/
/ : .
8 ft :

10
+ 6.414 (12 961)

Ans.
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Ans:
Proj Fag = {0.229i - 0.916 + 1.15k}Ib
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2-83.

Determine the angles 0 and F between the flag pole and the
cables AB and AC.

SOLUTION
rac = {-2i - 4j + 1k} m; fac = 458 m
rag = {151 - 4j + 3k}m; fag = 5.22m
rao = {-4j - 3k}m; fao = 5.00
§
Mrag ' Tao = (15)(0) + (-4)(-4) + (3)(-3) =
7
f
fag L1
u = cos~1¢PEAC
fag fao ™~
- cos™l¢ < = 744°
=cosT e 22(5.00) = Ans.

fac ' Tao = (-2)(0) + (~4)(-4) + (1)(-3) = 13

)

Iac a0
f = cos!
'acfao
13
— —l— o
= C0s a4.58(5.00)b = 55.4 AnNSs.

15m

AL

FB—55N

6m
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Ans:
0 =744
f = 55.4°
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*2-84.

Determine the magnitudes of the components of F acting
along and perpendicular to segment BC of the pipe
assembly.

SOLUTION -

Unit Vector: The unit vector ucg must be determined first. From Fig. a,

45j + 50K} 1

fep . (B-Ni+(4-6)j+[0-(-4k _ 2.
Ucg = = i

1
fce 3B -72+(@4-62+[0- (-4 3 3

Vector Dot Product: The magnitude of the projected component of F parallel to
segment BC of the pipe assembly is

<
} ) ] y o2 1.2
(Fec)pa = F'ucs = (30i - 45j + 50k)"¢—3 i-g)* 3k§
2 1 2
= 30)¢-_ <+ (-45)¢-_< +50¢_<
( ) 3~ ( ) 3~ 3~ 8(3'4.'
=28.331b = 2831Ib Ans.
o
The magnitude of Fis F = 3307 + (-45)7 + 50° = 25425 Ib. Thus, the magnitude A
of the component of F perpendicular to segment BC of the pipe assembly can be ey
determined from
<(z é
v .
(Fec)per = BF2= (Fao)pl = 25425 = = 68.01b Ans. HHL
28.332 («)
Ans:

O)f
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EFBC)]] = 2831b
FBC) # = 68.0 Ib
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2-85.
Determine the magnitude of the projected component of F z
along line AC. Express this component as a Cartesian
vector. ‘ A
4 ft
=
X
SOLUTION F {30 45j+50k}

Unit Vector: The unit vector usc must be determined first. From Fig. a,

(7 - 0)i + (6 -0)j + (-4 - 0k _ _ ~ 0
Ve = = 0.6965i + 05970j -
0’3980« ! ~L

Vector Dot Product: The magnitude of the projected component of F along line AC is

l |
Fac = Fluye = (30i - 45) + 50K) ! (0.6965i + 0.5970] -

0.3980k) A
= (30)(0.6965) + (-45)(0.5970) + 50(-0.3980)
= 2587 Ib Ans. x Y
Thus, Fac expressed in Cartesian vector form is £ M
FAC = F/—\C Upc = —2587(06965| + 05970] = 6(7,6 434t
0.3980k) :
Ans. @

= {-18.0i - 15.4) + 10.3k} Ib
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Ans:
FAC = 2587 Ib
Fac = {-18.0i - 15.4j + 10.3k} Ib
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2-86.

Determine the angle O between the pipe segments z
BA and BC.

SOLUTION F = {30i — 45j + 50K

Position Vectors: The position vectors rga and rgc must be determined first. From

Fig. a,
L

fea = (0 = 3)i + (0 - 4)j + (0 - O)k = {-3i - 4j}ft
fec = (7 = 3)i + (6 = 4)j + (-4 - O)k = {4i + 2j - 4K} ft

The magnitude of rgs and rgc are
rga = 3(-3)? + (-4)? = 51t
e = 342+ 22 + (-4)? = 6t

Vector Dot Product:
rBA ‘ﬁch = (—3' - 4j)#(4i + 2j - 4'()
(=3)@) + (-4)(2) + 0(-4)

= -20 ft?
Thus,
.
i
rga LI -20
U= cosla 22 BS = cosTh — =4 = 132° Ans.
I'sa 'sc 5(6)
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Ans:
0 = 132°
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2-87.

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, Yy, z axes.
-05i + 0.2j + 0.2k

uas = ( 057446 )

= -0.8704i + 0.3482j + 0.3482k
F = -100 cos 10°i + 100 sin 10°k

i
F i
= cos-l(—AB
0 = cos™( - )
_ ;=100 (cos 10°)(-0.8704) + 0 + 100sin 10° (0.3482)
= o057 ( 100(1) )
= ¢c0s71(0.9176) = 23.4° Ans.
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Ans:
0= 234°
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*2_88.
Determine tige maggHitdesTothereompepetisres e force

gcting @anal el ag g erme Neheyirisedigigona! RIRIJosArAB
of the crate.

SOLUTION

Force and Unit Vector: The force vector F and unit vector usg must be determined
first. From Fig. a,

F = 90(- cos 60° sin 45°i + cos 60° cos 45°j + sin 60°k)

{(-31.82i + 31.82j + 77.94k} Ib

r 0-15i+(@3-0j+(1-0k _ 3 6 2
UAB=_rA_B= :';"_J*'_k
AB B0 - 157 + (3 - 02 + (1 - 0) [

Vector Dot Product: The magnitude of the projected component of F parallel to the
diagonal AB is

! 3. 6.2
[(F)aglpa = F'Uag = (- 31.82i + 31.82j + 77.94k)"‘¢-7 i +,0+ Jks

3 6 2
= (- - < < <
(-3182)¢- < + 3182 < + 77.940° <
= 63.181b = 63.21b Ans.

The magnitude of the component F perpendicular to the diagonal AB is

— 2 2 on2 ——————— -—
[(F)aglper = 3F - [(F)aglpa = 290 - = 6411lb Ans.
63.1
82

F=901Ib
60°
B
1/1tt/
11t y
X
e .
V\<
2
R(150,0)f

X
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Ans:
3(F)apdy = 6321b
3(F)AB4# =64.11b
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2-89.

Determine the magnitudes of the projected components of
the force acting along the x and y axes.

SOLUTION

Force Vector: The force vector F must be determined first. From Fig. a,

T
1

-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. = Fli= A-75i + 250.81j + 129.90k} | i
= _75(1) + 250.81(0) + 129.90(0)
= -75N

K = F'j = h-75i + 259.81j + 129.90K} |
= _75(0) + 250.81(1) + 129.90(0)

= 260N
The negative sign indicates that F, is directed towards the negative x axis. Thus

Fy = 75N, Fy =260 N Ans.

Ans:
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F, = 75N
F, = 260 N
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2-90.

Determine the magnitude of the projected component of
the force 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
hop =08 (=045 - 0)i + (03 - 0)j + (02508 - Ok _ _ .. ) > (T
foa  2(=045 - 0) + (0.3 - 0)? + (0.2598 - 0)2

Vector Dot Product: The magnitude of the projected component of F along line OA is
4
Foa = Flupa = A-75i + 259.81j + 129.90kB#A—0.75i + 0.5] + 0.4330k®B

= (-75)(-0.75) + 259.81(0.5) + 129.90(0.4330)
= 242N Ans.

A[-03+035in30%), 0.3, 0-3Cos36° ] m

(045,03 ».2598)m
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Ans:
FOA = 242 N
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2-91.

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:

Ug, =cos 30°sin 30°i + cos 30° cos 30°j - sin 30°k
= 0.4330i + 0.75] - 0.5k

30(0.4330i + 0.75j - 0.5k) Ib

I:1 = I:Ru':1

{12.990i + 225 - 15.0k}Ib

Unit \ector: One can obtain the angle a = 135° for F, using Eq. 2-8.

cos?a + cos? b + cos>g = 1,with b = 60° and g = 60°. The unit vector along the
line of action of F, is

Ug, =COS 135°i + cos 60°j + cos 60°k = - 0.7071i + 0.5j + 0.5k
Projected Component of F; Along the Line of Action of F,:

(Fr, = F1'ug, = (129900 + 22.5] - 15.0K)* (- 0.7071i + 0.5) + 0.5k)

(12.990)(- 0.7071) + (22.5)(0.5) + (-15.0)(0.5)

-5441b

Negative sign indicates that the projected component of (F;)g, acts in the opposite
sense of direction to that of ug,.
The magnitude is (F;)g, = 5.44 1o Ans.
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Ans:
The magnitude is (F);, = 544 Ib
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*2-92.

Determine the angle 0 between the two forces. z

SOLUTION

Unit Vectors:

Ug, = cos 30°sin 30° + cos 30° cos 30°j - sin 30°k

0.4330i + 0.75j - 0.5k

Ug, = cos 135° + cos 60°j + cos 60°k

2

-0.7071i + 0.5j + 0.5k

The Angles Between Two Vectors u:
1 |
U, Up, = (04330i + 0.75) - 05k) ' (~0.7071i + 05j + 0.5k)
= 0.4330(-0.7071) + 0.75(0.5) + (-0.5)(0.5)

= -0.1812
Then,

U= cost hug Tup B = cos~(~0.1812) = 100° Ans.

ih 2

Ans:
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0 = 100°
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*R2-4.

The cable exerts a force of 250 Ib on the crane boom as z
shown. Express this force as a Cartesian vector.

SOLUTION

Cartesian Vector Notation: With a = 30°and b = 70°, the third coordinate
direction angle g can be determined using Eq. 2-8.

cos’a + cos’ b + cos’y =1
cos? 30° + cos? 70° + cos?y = 1

cosy = ;0.3647

y = 68.61° or 111.39°
By inspection,y = 111.39° since the force F is directed in negative octant.

F = 2505cos 30°i + cos 70°j + cos 111.39°6 Ib

217i + 85.5j - 91.2k Ib Ans.
{ }

Ans:
F = {217i + 85.5] - 91.2k}Ib
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*R2-8.
Determine the projection of the force F along the pole. z

F={2i +4j + 10k} kN

0 y
SOLUTION , /
m
Proj F = F#ua =12i+4j+ 1Ok2#a2i + 2j - 1kb
3 3 3 /
Proj F = 0.667 kN Ans, om \\ l}m
X / *,/

|

Ans:
F = 0.667 kN
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