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Problem 2144 Use the mixed triple product to calcu-
late the volume of the parallelepiped.

Solution: Weare given the coordinates of point D. From the geom-
etry, we need 10 Jocate points A and C. The key (o doing this is o note
that the length of side QD is 200 mm and that side OD is the x axis.
Sides 0D, AE, and CG are parallel to the x axis and the coordinates
of the point pairs {0 imd D), (4 and £), and (C aod D} differ only by
200 mm in the x coordinate. Thus, the coordinates of peint A are (—60,
90, 30) mm and the coordinates of peint € are (—40, 0, 100} mn.
Thus, the vectors rpa, Yop, and Foc are rgp = 200i mm, roy =
—60i + 90§ + 30k mm, and rog = —40i + 0j + 100k mm. The mixed
triple product of the three veetors is the volume of the parallelepiped.
The volume is

—60 90 30
roa-{roc X ropy={—4¢ 0 100
00 0 0

= —60(0) 4+ 90(2003(100) + {30)(0) mm*

= 1,800,000 mm?

(140, 9, 30) mm

(200, 0, 0) mm

(160, 9, 100} mm

¥

{140, 90, 30)
mm

E

D
X
(200, 0,0)
mm

(166, 0, 160)
mm

Problem 2.145 By using Eqgs. (2.23) and (2.34), show

that
U, Uy U,
U-(¥VxW)y=:V, V). V.
W, W, W,
Seolution:  One strategy is to expand the determinant in terms of

its components, take the dot product, and then collapse the expansicn.
Eg. (2.23) is an expansion of the dot product: Eq. (2.23): U-V =
Uy Vy + UyV¥y + Uz V7. Eq. (2.34) is the determinant representation
of the cross preduct:

i i K
Eq (23 Uxv=|Uy Uy Ug
Vy Vy Vg

For nolatiohal convenience, write P = {U x V). Expand the defermi-
nant abeut is first zow:

Uy Uz
Vy Vz

Uy Ug
Yy Vz

+k

Since the iwo-by-two delerminants are scalars, this can be written in
the form: P = iPy + jPy + WPz where the scalars Py, Py, and Py are
the two-by-two detesminants. Apply Eq. (2.23) to the dol product of
a vector Q with P. Thus Q- P = QxPx + QyPy + @zPz. Substitute
Py, Py, and Pz into this dol product

Uy Uz
¥y Vz

Uy Uz
Vy Vz

Uy Uz

QP =0y "o

- Qr +@&

But this expression can be collapsed iate a three-hy-three determinant
directly, thus:

Ox Qr @z
Q - (UxV)==|Uyxy Uy Usz| Thiscompletes the demonstration.

vy Vy V2
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Problem 3.1 In Active Example 3.1, suppose that the
angle between the ramp supporting the car is increased
from 20° 1o 30°, Draw the free-body diagram of the car
showing the new geometry. Suppose that the cable from
A to B must exert a 1900-1b horizontal force on the car
to hold it in place. Determine the car's weight in pounds.

Solntion: The free-body diagram is shown fo the right.
Applying the equilibrium equatiens

S o Fe:T—Nsin30" =0,

ZF},:Ncos?uO"—lng:U

Setting 7 = 1900 1b and seolving yields

N = 3800 1b, [mg=2329010

mg

Problem 3.2 The ring weighs 5 Jb and is in equilib-
rium. The force Fj = 4.5 Ib. Determine the force Fy and
the angle «.

Selution: The free-body diagram js shown below the drawing. The
equilibrium equations are

ZF,:F;cos%"mFgcosa:O

S O Fy:Fisin30° + Fasineg —=5lb=0
We can wrile these equations as

Fasing =5 b — ¥ sin30°

Facoso = Fcos30°

Dividing these equations and using the known value for Iy we have.

b — (4.5 1b) sin 30°
g = S GSIDISIT e ¢ =357
@5 oy cos 30°

(4.5 1b) cos 30°
Fo w2
COs ¢

=477 b

Fa =437 b, w =352

5
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Problem 3.7 The two springs are identical, with un-
stretched lengths 250 mm and spring consianis & =
1200 N/m.

(a) Draw the free-body diagram of block A.
(b} Draw the free-body diagram of block B.
(c) What are the masses of the two blocks?

Solutiolt: The tension i the upper spring acts on biack A in the
positive ¥ divection, Sobve the spring force-deflection equation for
the tension in the upper spring. Apply the equilibrium conditions to
block A. Repeat the steps for block B.

N
Tys = 0i -+ (1200 6) (0.3 m—0.25 m)j = 0f+ 60} N

Similarly, the tension in the Jower spring acts on block A in the nega-
tive ¥ direction

Tes =0i— (1200 g) 028 m—025m)j=0i—36§ N

The weight is Wa = 0i — fWalj

The equilibrium conditions are
/I‘ Tension,
upper spring
ZF:XFﬁ YR =0 Y F=WitTuatTu=0
Collect and combine like terms in , § 4
. Tension, I~ Weight,
ZFJ' = (=[Wal + 60 36) = & fower \l i mass A
spring
Solve [Wal= (60—36)=24 N
‘The mass of A is
Wil 24 N 045k Tension,
M= — == —x = 4. 4
TR TR £ ¥ lower spring
The free body diagram for block B is shown. B
The tension in the lower spring Typ = 0i + 36j P
Weight,
The weight: Wp = 0i — [Wal) mass B
Apply the equilibrium conditions io block B.

Z F=Wp+Twz=0
Collect and combine like terms in i,
SRy = (-Wyl 4 36) =0

Sclve: |[Wg|=36N

Wzl 36N

=N a7k
& 9.8l mwis &

The mass of B is given by mp ==
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Problem 3.8 The two springs in Problem 3.7 are iden- SIS
tical, with unstretched lengths of 250 mm. Suppose that

their spring constant k is unknown and the sum of the

masses of blocks A and B is 10 kg. Determine the value

of k and the masses of the two blocks.

Solution: A1 of the forces are in the vertical direction so we wil
use scatar equations. First, consider the upper spring supporting both
masses (10 kg total mass). The equation of equilibriure for block the
enlire assembly supported by the upper spring is A is Tpa — (ma +
{ s mp)g =0, where T'yay = k(£yy — ¢.25) N. The equation of equilibrium
' for block B is Tys —mpg = 0, where Tyg = k(£L — 0.25) N. The
equation of equilibrium for block A alope is Ty +Tpy —mag =0
where Tpq = —Typ. Using g = 9.81 m/s?, and solving simultane-
ously, we get [ k = 1962 N/m, my = 4 kg, and mp = 6 kg !

Problem 3.9 The inclined surface is smooth (Remem-
ber that “smooth™ means that friction is negligble). The
two springs are jdentical, with unstretched lengths of
250 mm and spring constants ¥ = 1200 N/m. What are
the masses of blocks A and B?

Solution: mag

Fy= (1200 N/m){0.3 — 0.25)m =60 N
Fy = (1200 N/m){0.28 — 0.25)m =36 N

S Fa i =Fz+mpgsin30° =0

ZFA\: —F) + Fa 4+ magsin30® =0 N,

Solving: E ma =489 kg, mp =734 kg
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Problem 3.10 The mass of the crane is 20,000 kg. The
crane’s cable is attached to a caisson whose mass is
400 kg. The tension in the cable is 1 kN.

(a) Determine the magnitudes of the normal and
fricion forces exerted on the crame by the
level ground.

(b) Determine the magnitudes of the normal and
friction forces exerted on the caisson by the
level ground.

Strategy: To do part (a), draw the free-body dizgram
of the crane and the part of its cable within the

dashed lme.
Seluion: N
45°
@ Y Fy:None— 1962 kN — 1 kNsinds' =0
196234
S Fy: —Feune + 1 ¥N00s 45" =0 LEN
¥
[Nz = 196.9 kN, Forsne = 0707 kN |
B ——
b Fy : Negisson — 3.924 EN + 1 KN sind5" =0
(b} Z ¥ CHISSON Fernne x
N Fer—1 ENcos45” + Fogoson = 0
N(‘.I‘ZI.I'IB
N caisson = 3.22 KN, Fraisson = 0707 KN LkN
3,924 &N
45° l
—_—
Feaigson
Neaisson
Problem 3.11 The inclined swface is smooth. The Solution:
100-kg crate is held stationary by a force T applied to
& ary by PP (2) The FBD

the cable.

(a} Draw the free-body diagram of the crate.
(b} Determine the force T.

@) Y FR:T— 981 Nsin60° =0

© 2008 Pearson Education, Inc., Upper Saddle River, NI. All rights reserved. This material is protected under ail copyright Jaws as they
currently exist. Na portien of this material may be reproduced, in any form or by any means, without permission in writing frem the publisher.

4

89




—p—

Problem 3.21 If the mass of the climber shown in
Problem 3.20 is 80 kg, what are the fensions in the rope
on the left and right sides?
Solation: ¥
Er, = Treos(15°) — Tpcos(14°) =0
S Py = Trsin{15") + Ty sin(id4") ~mg = 0

Solving, we get

Tp=156kN, Tg=157kN
mg = (80) (9.81) N

Problem 3.22 The construction worker exeris a 20-1b
force on the rope to hold the crate in equilibrivm in the
position shown. What is the weight of the crate?

Selution: The free-body dizgram is shown.
The equilibrium equations for the part of the rope system where the T
three Topes are joired are 5°

S Fai (20 10)c0s 30° — T5in5° = 0

3 Fy:—(20 )5in30° + TeosS — W =0

Solving yields | W = 188 1b
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Problem 3.31 The bucket contains concrete and
weighs 5800 Ib. What are the tensions in the cables AB
and AC?

5

(12,16 7 Y 4

Solution: The angles are

f3-106 o
o = tan = (8.7

125

B = tan~" (34—16):66.0" a B

20—12

Now from equilibrium we have

ZF"‘ r—Tapceso+ Taccos =0

660 1b

| S Fy i Tagsine + Tac sin = 660 b= 0

Solving yields | 74z = 319 Ib, Tac =470 I |

Problem 3.32 ‘The slider A is in equilibrium and the
bar is smooth. What is the mass of the slider?

Solution: The pulley does not change the tension in the rape that
P
passes over it. There is no friction between the slider and the bar.

Egns. of Equilibriem:

S Fr=Tsin20° + NoosdS =0 (T=200N)

STy =Nsinds + Toos 20’ —img =0 g=0.81 m/s’

Substituting for T and g, we have two egns in two unknowns
(N and m).

Solving, we get N = =967 N, m = 122 kg.

i mg=(581}g
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Problem 3.50 The two springs are identical, with
unstreiched length 0.4 m. When the 50-kg mass is
suspended at B, the length of each spring increases to
0.6 m. What is the spring constant £?

Solution:

F=k(0.6 m—0.4m)

> Fy:2Fsingd® —490.5 N=0

k= 1416 Nfm

Problem 3.51 The cahle AB is 0.5 m in length. The
unsiretched length of the spring is 0.4 m. When the
50-kg mass is suspended at B, the length of the spring
increases to (.45 m, What is the spring constant £?

Solution: The Geometry

Law of Cosines and Law of Sines

0.7% = 0.5% +0.45% — 2(0.5}0-45) cos B

sind _ sing _ sinf

845m 05m  ¢7m

B=048", 0 =398 ¢ =454
Now do the statics

F=k045 m —04 m)

ZFJ : —TapcosB 4 Feoosgp =0

3 Fy:Tagsmd+ Fsing —490.5 N=0

Solving: | & = 7560 N/fm
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Problem 3.63 Ia Active Example 3.5, suppose that the
attachment point B is moved to the point (5,0,0) m. What
are the tensions in cables AB, AC, and AD?

Solution: The position vector from point A te point B can be used
to write the force Tag.

rap = (5i+4)m
T,

Tup = Tan— = Tap(0.781i + 0,625}
Irazl

Using the other forces from Active Example 3.5, we have

3 FetDI81Tan — 0.408Tsc — 0.514Tup =0
3 Fy : 0.625Tan +0.816T4c +0.686Tap ~ 98I N =10

S Fi: —0.408Tac + 0534 T4p =0

Sclving yields{TAB =509 N, Tar =487 N, Tap =386 N

A0, —4,00m

b
@ ?;;
3

100 kg

&

ff “4.0,2)m

g

g
|

Problem 3.64 The force F == 800i 4+ 200§ (Ib) acts at
point A where the cables AB, AC, and AD are joined.
‘What are the tensions in the three cables?

Solution: We first write the position vectors

Fap = {—6i — 4j — 2k) ft

rac = {—12i + 6K} ft

Fap = {—12i+ 2} -2k} fi

Now we can use these veciors to define the force vectors

Tag = Tap~ = 1,0(—0.802 — 0.535) — 0.267k)
Ieas!

Tac = T"Cl{i% = Tac{—0.949i + 0.316K)

Tap = Tap—22 = Fap(—0.973i +0.162j — 0.162K)
frap}

The eguilibrium equations are then

Nyt —0.B027 ap — 0.949T4c —0.973Tap + 800 1b =0
N O Fy:—0.535Tag + 0.162Tap +200 o =0

3 Fy: —0267Tag +0.316Tac = 0.162Tap = 0

Selving, we find | Tap = 405 b, Tae = 395 Ib. Tap = 103 ib
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Problem 3.69 The 20-kg mass is suspended by cables
attached to three vertical 2-m posts. Point A is at
(0, 1.2, 0) m. Determine the tensions in cables AB, AC,
and AD.

Solution: Peints A, B, ¢, and D are located at b c

A{0,1.2,03, B(—03,2,1),
10,2, -1), D2.2,0)

‘Write the unit veciors €Ap, €AC, BAD
eap = —0.228i 1 0.008} + 0. 760k

eac = 0f + 0.625] — 0.781k

esp = 0.928i + 0.371j + Ok z/ 20y 9.81) N

The farces are
Fag = —(L228F gpi + Q.008F 4pj + 0.760F sk
Fac = 0F gci+ 0.625F 5§ — 0.781 Fsck
Fap = 0.928F4pi + 0.371F apj + Ok
= —(203(9.81)j
The equations of equilibrium are

Z Fy = —0.228Fa+ 0+ 0.928Fap =0
S Fy = 0.608Fan + 0.625Fac + 0.371Fup — 200.81) = 0

S F.=0.760F 45 — 0.781F4c + 0 =0

We have 3 eqns in 3 unkmowns salving, we pet

Fap = 1500 N
Fac=146.1 N
Fap =369 N
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