-

Problem 2.72 Determine the components of the posi-
tion vector rpp from point B to point D). Use your resukt
to determine the distance from B to D.

D(4,3, Iym

N C6,0.0m
‘___-___‘——-

z B (50, m

Solution: We bave the following coordinates: A(Q,0,0),
B(5,0,3) m, C(6,0,0) m, (4,3, ) m

rpp =@ m=5mi4+ 3 m—-0+{1 m—3m}k
=(—i+3j—2km

mp =l + B mi+ (-2mP =374m

Problem 2.73 What are the direction cosines of the
position vector ryy from point B to point D?

Solution:
—1m Im
9 = = —0.2 Gy = — e = ().802,
OS5 ™ 37 m 0267, coséy 374m
—2m
& = =0.
cos TTAm 0.535

Problem 2.74 Determine the components of the unit
vector ecp that points from peint C toward point D.

Solution: We have the following coordinates: A(0,0,0),
B{5,0,3)m, Ci6,0,0ym, D4, 3, 13

rep = {dm—6 mli4+ G m—0f 4+ (L m— 0k = {(—2i+ 3j + 1K)

rep = V=2 mP @m0 mP=374m

Thus

ecp = (=234 3} + k) m = (—0.535i + 0.802j + 0.267K}

3
374 m

Problem 2.75 What are the direction cosines of the
unit vector egy, that points from point C toward point D?

Solution: Using Problem 2.74

cosf, = —0.535, cosd, =0.80%, cosé = 0.267
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Problem 2.94 Consider the tower described in Pro-
blem 2.93, The magnitude of the force Fyp is 2 kN. The
x and z components of the vector sum of the forces
exerted on the tower by the three cables are zero, What
are the magnitudes of Fuc and Fap?

Solution: From the solution of Problem 2.93, the unit vectors are: Taking the sum of the forces:

e = A 40, 70, 40, Fir = Fag + Fac + Fap = (0.9926 — 0.4444(Fac| — 0.5455(Fani
Iracl 9b o a0
+ (— 1737 — 0.7778{Fac| — 0.6364Fp})j
= —0.4444i — 0.7778} + 04444k ¢ (Facl FanDi
N . _60i 40 . %0 + (0.4444[Fy-| — 0.5455|F4p )k
4D = - e
Itan| 1o Lo 110 ‘The sum of the x- and z-components vanishes, hence the set of simui-

tancous equations;

= —0.5455i — 0.6364j — 0.5455k
0.4444{Facs] + 0.5435(Fap| = €.9926 urd

From the solution of Preblem 2.93 the force B,y is

Fag = [Faglung = 0.99261 — 1737} + 0k 0444 Fac] — 054351 Fsn] = 0
These can be soived by means of standard algorittuns, or by the use of
commercial packages such as TK Salver Plus @ or Mathcad®. Here
a hand held caleulator was used te obtain the solution:

The forces Fac and Fap are:

Fae = [Facitac = Facl(=0.44441 — 0.7778} + 0.4444K)

Fac| = 1.1163 kNl | IFsp} = 0.9094 kN

Fap = |[Fapittap = [Fapl(—0.5455i — 0.6364] — 0.5435k)

Problem 2.95 In Example 2.10, suppose that the ¥
distance from point C to the collar 4 is increased from
02m to 0.3 m, and the magnitade of the force T
increases to 60 N. Express T in texms of its components.

0.15m

Solution:: The position vector from C to A is now
rea = (0.3 meep = (=0.137 — 0.205] + 0.1 71K)m
The position vector form the crigin to A is

roa = Toc +Tea = (0.41 +0.3§) m 4 (—0.137i —0.205§ + 0.17ik) m

roa = (0.2631 + 0.0949§ + .171k) m

The coordinates of A are {0.263, ¢.0949, 0.171) .
The position vector from A to B is

rag = ([0 — 0.263H + [0.5 — 0.0949]j + [0.£5 — 0.17£}K) m
Tan = (—0.263f + 0.405§ — 0.209k)

The force T is

T =60 N)E—E’Ei = (=327 + 50.3] — 2.0k} N
AB

| T = (—32.71 + 50.3) — 2.60k) N
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Problem 2.98 The cable AB in Problem 2.97 exerts a
60-N force T on the collar at A that is directed along the
line from A toward B. Express T in terms of components.

Solution: Wwe know ry, = 3.761 — 2.63j — 3k m from Preblem
297 The unit vector Uag = —rpa/lreal. The unit vecter is wap =
—0.6861 + 0.480j + 0.547k. Hence, the force vecter T is given by

T ={T}{~0.686i + 0.480j+ 0.547k) N=—d1.1i + 28.8f + 328k N

Problem 2.99 In Active Example 2.11, suppose that
the vector V is changed to V = 4% — 6j — 10k.

{2) What is the value of TL.V?
(b) What is the angle between U and V when they are
placed tail to tail?

Solution: From Active Example 2.4 we have the expression for U.
Thus

U=6t—5— 3k, V=4t — 6k — 10k

U- V= (6)(#) + (=530 + {-30{-10) =84

cost = ——-U i 8
VIIV]

= = 0314 ]
VE T (57 LR VP F (=6 + (107 :

8 =cos ' (0.814) = 355"

[{@U-V=84¢h) 0 =355

Problem 2.100 In Bxample 2.12, suppose that the coor-
dinates of point B are changed to (6, 4, 4) m. What is
the angle & between the lines AB and AC?

¥
C
(8,8,4) m
éﬁ
A B
(4,3,2)m (6,1, -2)m
X

Solution: Using the new coordinates we have
rap = (2i-+j+2k) m, [rag] =3 m
rac = (di+ 5]+ 2K, [rael =671 m

Tag-Tac  A2HD DG+ 2R w?
Iraplitac] (3 m}6.71 m}

cosfl = = 0,845

g = cos™' (0.845) = 32.4°

Problem 2.101 What is the dot product of the position
vector r = —10i + 25j (m) and the force vector

F = 300i + 250j + 300k (N)?

Solution: Use Eq. 2.23).

E For = (300)—10} - {250){25) 4 (3003{0} = 3250 N-m

54

Problem 2.102 Suppose that the dot product of two
vectors Uand V is UV = 0. If [U] +£ 0, what do you
know about the vector V7

Solution:

Either [V =0or ¥ LU
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Problem 2.108 Determine the angle & between the ¥y
lines AB and AC (a) by using the law of cosines (see

Appendix A); (b) by using the dot product. 3{ 43, ~1)m

Solution: A

{2) We have the distances: a x
AB= vV +F 1 m=+26m . (5, ~1,Hm

AC =V 4+ 12432 m=+35m

BC=5—aP+(-1-3P+ 3+ 12 m=+33Im
The taw of cosines gives

BC? = AB® - ACT — 2{ABYAC cos§

AB? + AC* - BC
=0 " —046d =623
cosf TABNAC) = {8 =023

{b) Using the dot product

g = @i+3i—l)m,  ryc=(3t—j-+3K)m
rag - Tae = @ (S m}+ 3 mi=1 m) + (=1 m){3 m) = 14w’

rag - Tac = (ABYAC)cos 8

Therefore

14 m? o
COSH = e = 0.464 =3 8 = 62.3

V26 m4/35 m

Problem 2,109 The ship O measures the positions of
the ship A and the airplane B and obtains the coordinates
shown. What is the angle @ between the lines of sight
OA and OB?

Solution: From the coordinates, the position vectors are:
ros = 61 + 0f + 3k and roy = 4i + 4 — 4k

The dot product: rp, - Fap = (6){4) + (O)(d) + (3N (—4) = 12

The magritudes: irga| = +/62 + 07 + 3 = 6.71 ki and

roal = vEF £ + 4 =693 kon.

T, - T

From Eq. (2.24) cost = Lod OB _ 42581, from which 8 = %75,
Iroafironl "

From the problem and e construction, only the positive angle makes

sense, henee
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Problem 2.115 Consider the cables AB and AC shown Solition:  Erom Problem 2,514, mag = 0i — 7j + 10k, and ey =
in Problem 2.114. Let ryp be the position vector from 0.66671 — 0.3333] - 0.6667k. Thus £as - eac = 9, and (rap - €ac)eac
point A to point B. Determine the vector component of = (61-3i+0ck) fr.

rag patallel to the cable AC.

1

Problem 2.116 The force F = 101+ 12j— 6k (N). v
Determine the vector components of F parallel and nor-
mal to line OA.
A i
0, 6,4)m F ‘
Toa e 0 g x ‘

Solution: Findepa = ——
{roa
Then ./

Fp = (F-eoa)eoa

and Fy = F — Fp

_0i+ 6 +4k G +4k
Ny V52

6 . 4 .
eon = ﬁ-l'J + mk = (.332j + 0.555k

Fp = [(10i 4+ 12§ — &%) - (0.832§ + 0.555K)epn
Fp = [6.656]e01 = 0i + 5.54j + 3.69k (N)

Fy=F—Fp

f! Fy = 10i + (12 — 5.54)] + (—6 - 3.65Kk)

Fy = 10§ + 6.4Gj ~ 9.65k N
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Problem 2.125 Two vectors U=3i+2j and V=2 Solution: Use Eq. {2.34) and expand inte 2 by 2 detenminants.

+ 4j.

i ok
(a) What is the cross product U x ¥? Ux¥=13 2 0!=1i{2)0)— (0N —Ji3)0)— )0
{b} What is the cross product V x U? 240

, F RN - (2)(2)) = 8k

£ e
(=1

¥xU=|2

= (A0} — (20 ~ (230 —~ (30D
0

L
[N

+E{(2)2) - ) = -8k

Problem 2.126 The two scgments of the L-shaped bar
are parallel to the x and z axes. The rope AB exerts
a force of magnitude. |F| = 5001b on the bar at A.
Determine the cross product res x F, where req s the
position vector form point C to point A,

Solution: We need to determine the force F in terns of its
componenis. The vector from A to B is used to define F.

Tan = Qi 4j k) ft

% df — K
LI (2i—-4j -1

1) P i S
{ranl ) VP + (7 (=1

F = (218i — 436j — 109k) 1b

F = (500 1b)

Also we have req = (4 4 5k) ft

Therefore
i j k
reax¥F=1 4 0 5 == (21801 + 1330§ — 1750K) fi-1b
218 —436 -109

[rea ¥ = (21801 + 1530) — 1750k) ftflbl
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Problem 2.136 The cable BC exerts a 1000-1b force F
on the hock at B, Determine r4p X F.

Solution: The cocrdinates of points A, B, and € are A (16, 0, 12),
B4, 6,0), C (4,0, 8). The position vectors are

roa = 16+ 0 + 12k, rop = 4i - 6j -+ Ok, roc = 4t 4 0f + 8k,
The force F acts along the unit vector

Fsc  Toc —Tos Tag

epe = =
IFscl  Iroc —rosl  Irasl

Noting rpc —Toe = (4 — 41 + (0 — 6)j + (8 ~ 0)k = 01 — 6§ 4- Bk

{roc —ropl = ~'6* + 82 = 10. Thus

epc = 0i— 0.6j + 0.8k, and F = {Flege = 0t — 600j + 800k {Ib).

The vector

= (4 — B+ (6—0)+ (0~ 12)k = =121 -+ 6§ — 12k

Thus the cross product is

i j K
g xFe=|—12 6  —12|=_2400i + 9600 + 7200k (ft-Ib}
0 —GOD 800

Problem 2.137 The force vector F points along the
straight line from point A to peint B. Iis magnitude
is {F{ =20 N. The coordinates of points A and B
carexg = 6m,y =8mza=4mand x3 =8 m, yp =
1 m, g = —2 m,

(a) Bxpress the vector F in terms of its components.
(b} Use Eq. (2.34) 1o determine the cross products
raxFandrg x F.

Solution: Wwe bave ry = (6i+ 8j -+ 4Ky mrg = @i+ j— 2k m,

=6 mi+(l—8)mj+{-2—4)mk
Vi@ m)E + (=7 m) + (=6 my®

F=(20N)

@ 0N
= (21— 7] — 6K
«;‘89“ J )

i k
20N
ra¥F=—i6m 8m 4m
4 /39
-7 -6
= (—42.4i 4 93.3j — £23.0k} Nin
j k
2
rg¥F=-——18m Im -2m

V89
-

= (—42.4i + 93.3j — 123.0k) Nm

)

Note that both cross products give the same result {as they must).
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