—b— |

Problem 2.3 The magnitude |Fyql =801b and the
angle o = 65°. The magnitude |Fu +Fg|=1201b.
Graphically determine the magnitude of Fa.

Solution: Accurately draw the vectors and measure the magnitude
of FB.

| Fal = 62 o

Problem: 2.4 The magnitudes |Fpj=40N, [Fp|=
50 N, and {F¢| = 40 N. The angle @ = 50° and § = 30"
Graphically determine the magnitude of Fq + Fz + Fe.

Solution: Accurately draw the vectors and measure the magnitde
of Fy + Fg+Fe.

R=1|F) +Fy+Fe|=83 N
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Problem 2.12 The rope ABC exerts forces Fyy and Solution: Draw the vectors accurately and then measure (he
Fpe of equal magnitude on the block at B. The unknown magnitudes.

magnitude of the total force exerted on the block by .

the two forces is 200 Ib. Graphically determine |Faa).

F|

LY
IR| =200 Ib

Problem 2.13 Two snowcats tow an emergeney shelter Solution: Draw the vectors accurately and then tmeasure the
to a new location near McMurde Station, Antarctica. unknown magnitudes.
(The top view is shown. The cables are horizontal.)

The total force Fy + Fg exerted on the shelter is in |Fa] =203 b
the direction parallel to the fine L and its magnitude [Py =311
is 400 Ib. Graphically determine the magnitudes of Fy

and Fyg.

iIF, +F; =400 Ib

e Top View

4 50°
SRy

Problem 2.14 A swrveyor determines that the horizon-  Solution: Draw the veciors accurately and then measure the
tal distance from A to B is 400 m and the horizontal unknown magnitude and angle.
distance from A to C is 600 m, Graphically determine

the magnitude of the vector rpc and the angie e Irecl = 3902111
o =212

North
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Problem 2.24 A man exerts a 60-1b force F topusha  Solution:

crate onto a truck. (a) Express F in terms of components )

using the coordinate system shown. (b) The weight of @ F = (60 Ij(cos 207+ 5in 207)) = (56.41 + 2057} 10
the crate is 100 Ib, Determine the magnitude of the sum

of the forces exerted by the man and the crate’s weight. F = (56.4i + 20.5))1b

o) W= —(100 by

F+ W = (5641 4 [20.5 — 1001)) Ib = (56.4i — 79.5])1b
IF + W| = /(564 Ib)2 + (~79.5 b2 = 974 Ib
[F+W| =974

Problem 2.25 The missile’s engine exerts a 200-kN
force F. {a) Bxpress F in terms of components using the
coordinate system shown. (b)) The mass of the missile
is 8800 kg. Determine the magnitude of the sum of the
forces exerted by the engine and the missile’s weight.

Selution:

(1) We can use similar friangles to determine the components of F.

F = (260 kN) ( ) = (2081 + 156j) kN

4 3
sl e
JEFS D SRy 7

F = (2081 + 156j} kN

() The missile’s weight W can be expressed in component and then
added to the force F.

W = {8300 kg)(9.81 m/s™)j = —(26.3 kN)j
F+ W = (2085 + [156 — 86.31j) kN = (208§ — 69.7j) kN

IF+ W] = /(208 kN)? + (—69.7 kN2 = 219 kN

IF+ W= 219 kN

Problem 2.26 For the truss shown, express the  Solufion: Coordinates A¢1.8, 0.7) 1, D(0, 0.4) m
position vector r4p from point A to point ) in terms of

components. Use your result to determine the distance tap = (0= LE m)i+ (0.4 m—0.7 m)j = (—1.81 —0.35) m
from point A to point D). rap = 18 ME T (03 m = 1825 m
¥ B

© 2008 Pearson Education, Inc., Upper Saddle River, NI. 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 pennission in wriling trom the publisher,

16

e




a

i Problem 2.32 Determine the position vector rpg in
terms of its components if (a) 6 = 30°, (b) 6 = 225°.

Solution:

(@) rag = (60)cos(30°)i + (60) sin(30°), or

rap = 51.961 + 30f mun. And

) rag = (60) cos{225" 3 + (60) 5in(225°)j or

Tag = —42.4i — 42,4 mun.

Problem 2.33 In Example 2.4, the coordinates of the
fixed point A are (17, 1) ft. The driver lowers the bed of
the truck into a new position in which the coordinates
of point B are (9, 3) fi. The magnitude of the force F
exerted on the bed by the hydraulic cylinder when the
bed is in the new position is 4800 1b. Draw a sketch of
the new situation. Express F in terms of components.

Sohution: B (9, 3) ft
¢ =t (g-:—:) = 1404 pa il q-ﬁ\
F = 4800 Ib{— cos &1 4-sin &), 8 fi A7, 1) ft

E F = (—4660i + 1160]) Ib | ;
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Problem 2.40 The hydraulic actuator BC in Problem  Solution: From the solution to Problem 2.39,
2.39 exerts a 1.2-kN force ¥ on the joint at C that is
parallel to the actuator and points from B toward C. egc = —0.781i + 0.625]

Determine the components of IF. .
The vector F is given by F = |Flegc

F = (1.2)(-0.781i + 0.625§) {k - N)

F = —9371 + 750§ (N)

24

Problem 2.41 A surveyor finds that the length of the
fine OA is 1500 m and the length of line OB is 2000 m.

(a) Determine the components of the pesition vector
from poiat A to point B.

(by Determine the components of a unit vector that
points from point A toward poiat B.

Solution: We nced to find the coordinates of points A and 5

rop = 1500 cos60°i + 1500 5in 60°f

rga = 756i + 1299§ (m)

Peint A is at (750, 1299) {m)
rop = 2000 cos 3071 4+ 2000sin30°) (n)
rog = 1732i + 1000§ (m)
Point 8 is at ([732, 1000} (m)
{a) The vectar from A to B is
Fap = (xa — ¥4 Yi+ Ow — 240
rag = %82 — 299} (m)
(b} The unif vector eqg is

_ rap _ 982i—298j

AT el 10266

e = 0.957 — 0.201]
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Problem 2.60 Let r be the position vector from point
C to the point that is a distance s meters along the
straight line between A and B. Express r in terms of
components. {Your answer will be in terms of ).

Solutiom: First define the unit vector that points from A to B.

Cuja = (10— 3]i+[9— 41y mr = (7i+ Sphm

[aal = VAT 1% 4 (5 m)® = VT4 m
1
nga = ﬁ

Let P be the point that is a distance 5 along the line from A to 5. The
ceordinates of point P are

C(%3)m

(i +351)

Xp=3m+s (\/%) =(3+084s)m

5
=dmbs| — ] = (403815 m.
o ()~ '
The vector r that points from C te P is then

r=([3+ 08145 —9li + [4 + 0.58is — 3H) m

= ([0.81ds — 6]i -+ [0.581s + 1)) m

Problem 2.61 A vector U = 3i — 4j — 2k, What is its Solation: use detinition given in Eq. (34). The vector magni-
magnitude? tude is

Strategy: The magnitude of a vector is given in terms | U = VE (A T~ — 13|
of its componenis by Eq. (2.14).

Problem 2.62 The vector e = %i + %j +ekis aunit  Solation:

vector. Determine the component ¢, (Notice that there L2 ND gae .
are fwo answers. = it 2j4 ek - - - [
} € 31+35+e~ z}(s) +(3> + e f=e 3
Thus
a2 2
=2 o ==
T3 ¥ ETTE

Problem 2.63 An engineer determines that an attach-  Solution:

ment point will be subjected to a force F = 200 + Fyj —

45k (kN). I the attachment point will safely support a 80% = F2+ FP 4+ F?
force of 80-kN magnitude in any direction, what is the

acceplable range of values for F,? ‘ 80 = 207 + F2 4 (45)*

To ﬁn;:i limits, use egaality.
PE = 80% — 207 — 45y

L

2
jHJ‘LIMI'I'

= 3975
Fyppr = +63.0, —63.0 (kN)

[Fyrparl < 63.0 kN = 63.0 kN < F, < 63.0 kN
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Problem 2.67 In Active Example 2.6, suppose that y
you want to redesign the truss, changing the position
of point D so that the magnitude of the vector rcp from
point C to point I is 3 m. To accomplish this, let the
coordinates of point I be (2, yp, 1} m, and determine
the value of yp so that |rep| = 3 m. Draw a sketch of
the truss with point D in its new position. What are the
new directions cosines of rep?

Solution: The vector rep and the inagnitude |rep| are
rep = {2 m—4 mji + {yp — 0l + [1 m~ O}k) = (=2 m}i + (¥p)§

+ (1 mk z

irepl = /-2 M2 4 (ep)? + (L) =3 m

Salving we find yep= V@ mE —{-2mP~-{ImP=2m

The new direction cosines of Tep.

cosf, = —2/3 = —0.667
cosfy = 2/3 = 0.607
cos = 1/3 =10.333

Problem 2.68 A force vector is given in terms of its  Solntion:
components by F = 10i — 20j — 20k (N).
F = (30l —20) — 20K) N
(a) What are the direction cosines of F?
(b} Determine the components of a unit vector e that  # = V(10 NP+ (—20 N2 + (20 N¥ =30 N
has the same direction as F.

10N -20N
@ cos 6y = N 0333, coséy = E —0.667,
~20N
g, = —— = —0.
cosd; 0N 0.667

) |e= (03331 0.667) — 0.667k)
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