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Mecanica del continuo

Es la rama de la mecanica que estudia el
movimiento de solidos, liquidos y gases bajo la

hipotesis de medio continuo.
Esta idealizacion no tiene en cuenta la estructura

atomica 6 molecular.
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Vectores - Operaciones

Suma Vectorial:
Regla del paralelogramo:

v
U U
v
(a) (b}
v
———————————
u L]
U+V u U+v
¥ '
{d) (e}

{c)

Figure 2.4

{a) Two vectors U and V.

(b} The head of U placed at the tail of V.

{c) The tmiangle mule for obtaining the sum of U and V.

(d) The sum is independent of the order in which the vectors
are added.

(&) The parallelogram rule for obtaining the sum of U and V.

Propiedades:
Conmutativa: U+V =V +U

Asociativa : (U+V)+W=U +(V+ W)

w

U+V+Ww




Vectores: Operaciones

Vector Posicion de un punto en el Espacio respecto de otro.
r,z = Coordenada de B — Coordenada de A




Vectores: Operaciones

Multiplicacion de un vector por un escalar (aU): Es un vector. Siendo
“a” escalar y U vector,

su magnitud es [a||U]| o sea amplifica o reduce la magnitud de U
segun el valor de “a”.

Pero la direccion o sentido depende del signo de “a”, si es positiva,
mantiene direccion y sentido, si “a” es negativa tiene sentido opuesto.

Dividir un vector U por un escalar “a” <e define-

Uu /1y
A L—)L
e i

U1
v fau Jf-u=(-nu J —==U




Vectores: Operaciones

Propiedades de la Multiplicacion por Escalar:
Asociativo respecto a | al bt = Taby¥ In escalar:

Distributivo respectc , ' Y e _
P (a + B)U = aU + bU.

. . (—1)¥
Asociativa conresp (U + V) = aU + aV.

U—-V=U+(-1)V. v=% U
Resta Vectorial:




Vectores: Operaciones

Vectores Unitarios o versor: vector cuya magnitud es 1.

c. m = @, ’ I E//l
|Ule = U

Componentes Vectoriales: Un vector es la suma de dos vectores. Los
vectores cuya suma nos da el vector son las componentes del mismo:

U=|U




Vectores: Componentes Cartesianas

] ] U
En Dos Direcciones:
— | (a)
U=U, + U,
s — U
U=Ua+U.} v
U,
: /1712 2 > !
ul = VU2 + U2 @
- U, =U.j
3 I U,=U,




Vectores: Componentes Cartesianas

Operaciones:

Suma Ve U+ V={Ud+U;j) + (Vi +V¥,)
= (Uyp+ Vo1 +(U; + V)i

U+V v U+V

U+V

(U, + Vi

f.'Lr yr 1’v]j

(a) (b)

(c)
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Vectores: Componentes Cartesianas

Operaciones:
Multiplicacion v = a(v,i + U,j) = aU,i + aU,j
Fap — —xgi + (vg — yal}
Vectores posicion a partir de sus cc =~~~ ""*"~"
)
B VB —————— — — B
(X, yB) e
TAB (vg— yA)i
aL_A
4 (X4, YA) } (xp — xp)i :
1‘| \'I "
“+A h “B
o) (b)
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Ejemplo:

The cable from point A to point B exerts a 900-N force on the top of the televi-
sion transmission tower that i1s represented by the vector F. Express F in terms
of components using the coordinate system shown.

A

Force
exerted on
the tower
by cable
AB

fe—d40 m—!




First Method

Determine the angle between F
and the y axis:
40

a = arclan(—) = 26.6°
80

/

80

‘P

A
— 4
_»
(4 4
m F
\
\
b B =
L—Aﬂm—bl

Use trigonometry to determine F in terms of
1ts components:
F = |F|sin ai — |F|cos aj
= 900 sin 26.6" i — 900 cos 26.6" j(N)
= 4021 — 805 (N).




Second Method

Using the given dimensions, calculate
the distance from A to B:

\;"(4() m)* + (80 m)*> = 89.4 m.

—

80

\=B
T~

Use similar triangles to determine the
components of F:
F 40 m F 80 m
| ;'J = T and IFy = —
|F|  89.4m F| 89.4m
SO

— 80

)
(900 N)j

89.4

40
F = (900 N —
89.4

IR 4

= 4021 — 805j(N).
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Meétodo Recomendado

Tercer método El vector r,p en la figura (b) es
Tap = (xpg —xa) i+ (yp —ya)j= (@0 —-0)i+ (0-80)j
— 401 — 80 (m).

Dividimos ahora este vector entre su magnitud para obtener un vector unitario 30
2,45 que tiene la misma direccion que la fuerza F (Fig. ¢):

raB 401 — 80

“ T Tl T J@oy 1 (807

La fuerza F es igual al producto de su magnitud [F| y e,z

= (0.4471 — 0.894 .

\

F = |Fleas = (800)(0.4471 — 0.894 ) = 357.81 — 715.5j (N). | 40 m ;

(b) Vector r,; de A a B.

15




Ejercicio

Los cables A y B de la figura 2.18 ejercen fuerzas F, y Fj, sobre el gancho.
La magnitud de F; es de 100 lb. La tensidn en el cable B se ha ajustado para
que la fuerza total F, + Fjysea perpendicular a la pared a la que estd unido
el gancho,

(a) ;Cudl es la magnitud de Fg?

(b) $Cudl es la magnitud de la fuerza total ejercida por los dos cables sobre
el gancho?

cos 20°,

|F 4| cos 40° = [Fpg

(a) En términos del sistema coordenado de la figura (a), las componentes de
F, vy Fyson

F, = |F,| sen 40°i + |F,| cos 40° j,
Fp = |Fg| sen 20% + [Fyl cos 20° j,
La fuerza total es
F, + Fg = (|F,| sen 40° ~ |Fg| sen 20%)i
+ (|F 4| cos 40° — |Fg| cos 20°)j.

Igualando a cero la componente de la fuerza total pata}ela ala pared (la compo-
nente y),

|F,| cos 40° — |Fg| cos 20° = 0,

obtenemos una ecuacion para la magnitud de Fg:

[F4l cos 40°  (100) cos 40°
cos 20° cos 20°

|Fg| = = 81.5 Ib.

16



Ejercicios

2.34 A surveyor measures the location of point A and determines

that rgy = 400i + 800j(m). He wants to determine the location
of a point £ 50 that [r 45| = 400 mand |ry, + r.w| = 1200 m.
What are the cartesian coordinates of point B?

2.23 Afishexerts a 10-1b force on the line that is represented by
the vector F. Express F in terms of components using the coordi-

nate system shown.
¥ | |

\ _ fm\

5 ! \ | \ Proposed ™

roadway |

2.38 The length of the bar AB is 0.6 m. Determine the ] -
components of a unit vector e, that points from point A | \ i -
toward point B. \ .

Ley del coseno =

17




Ejercicios:

Problem 2.38 The length of the bar 4B 1s 0.6 m.
Determune the components of a umt vector ez that
pomts from pomt A toward pomnt B.

We have the two equations
(0.3 m+ 07+ = (0.6 m)?

2+ =(04m)?
Sobvng we find

x=0183m y=0356m

Thus

rgg  (0.183 m — [—0.3 m]) + (0.356 m)j

ra8  +/(0.183 m+ 0.3 m)? + (0.356 m)?
= (0.806i + 0.593j)

€48 —

I3




Ejercicios:

Problem 2.39 Determune the components of a umit
vector that 1s parallel to the hydraulic actuator BC and
pomts from B toward C.

Solution: Point B is at (0.75, 0) and pomt C is at (0, 0.6). The
vector

rec = e —xgli+ (e — ¥glj

rgc = (00— 0.75)i+ (0.6 — 0)j (m)

toc = —0.75i + 0.6] ()
Irec] = '-k-":['l}.-u"i:l' + (080 = 0.960 (m)

e ' = —':]-."id 0.6 ]
8C = lgc] 096 ' 0.967

esc = —0.781i + 0.625j
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Ejercicios:

Problem 2.44 The rope ABC exerts forces Fpy and
Fp- on the block at B. Their magnitudes are equal:
|Fg4| = |Fac|. The magmitude of the total force exerted
on the block at B by the rope 15 [Fgy +Fpe| = 920 N.
Deternune |Fg4| by expressing the forces Fry and Fae
i terms of components.

Solution:

Fze = Ficos20%1 + sm 20°§)

Fri = F(—j)

Fpe +Fay = Fieos20%i + [sin20° — 11j)

Therefore

(920 N@ = Flieos? 20° + [sin20° — 1) = F=802 N

il
-
1

| 20°
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Problem 1.34 A sureeyor measures the location of
paint A and determinss that r,,, = 400i + 200j (m). He
wans to detemmine the location of a peint § so that
It | =400 m and [T + Taw| = 1200 m. What are the
cartesian coordinates of poimt H7

Solmtion: Two pomdbsilse we The poud § bes wes of ot A
ur premml K bes it of posnt A an alowst. The sirsicgy o 0 delerming
e ushknown mgles , 8, anl 7. The magnitale of 04 is

K

LLEER

Kaw| = 4/ 1407
The argle § i detemssed by

B
mef= — =12 f= 34"
400

The angle o i dedommad from e mains Lo

5447 4 Ty

EECTER

[T L

= 143" The shght# = A 4+a —8H1T, 778"
The b roailils sets of cooslsates af paal B aie

Jras
| fow

The iwn possitdieios fesd b0 B{23 7m, FITET m) or BITRES m,
T3 m}

Teia

Proposed
roadway
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Ejercicios:

Problem 2.42

The magnitudes of the forces exerted

by the cables are |T1| = 2800 Ib. [T = 3200 Ib, |T3| =
4000 Ib, and |T4| = 5000 Ib. What 1s the magnstude of
the total force exerted by the four cables?

1

T, =|T1|cos9 + [Tz} cos 29°| T3] cos40° + |Talcos 31°

T: = (2800 Mbycos ¥ + (3200 Ib) cos 297 + (4000 by cos 407 + (5000 Ib) cos 31°
T, =118001b

The y-component of the total force is

Ty =|T1|sin9 + |Tz|sm29° + |T3| sin40° + |T4|sm51°

T, = (2800 1b)simn 9 + (3200 Ib)sin 29° + (4000 Ib) sin40° + (5000 Ib)sin 51°

T,=8450 b

The magnitude of the total foree is

M=/ T2+ 7,2 = /(11,800 Ib)® + (8430 I = 14500 b [|T| =14.500 Ib

22




Vectores: Componentes en tres direcciones

Regla de la mano derecha

}:
U. - : -
e U=U,+ U, + U,
j L [—‘1
] e U=Ud+U,j+ Uk
-
- X
e —i-
Ill.- _\'
I
| |U| | ‘Ul IL U:I
: U gt
#_ngf_L_l__ P
- 7 ‘ / X
-/?-—d ¥ v ) |l 2 « |2 \. 1 1 v N r |12
" |l_\' ! l:’_ - :l_\-|_ L |l:_' 'l'i_ - |l ,1’_ é ‘l y 1 l':|_-

U =02+ U+ |U)f =02 +U%+ U2
X ¥ z ; z




Vectores: Tridimensional Cosenos Directores

y y !
1 N |
101/ 3 L,
} /7 N\ .10 :/
)l/ \ (J\]‘\/iU‘ /( |U‘ |ri U

§ 4 {_/ /
| \ A Y ¢ S— X / / _____ X 0 / \0

- Ui A £~ Uk
:/ :/ [al
(b) (c) (d)
/ [= : i '2 T T T
Ul = VU2 + U2 + U2 Uy, = |Ulcos 0, U, = |U|cos®, U= |U|cosb,
UP = [u? + [UP + U2 = U2 + U2 + U2 —===) cos’ 0, + cos® B, + cos® 0, = I.

U = |Ule. Ui +U,j+Uk = ‘U|(e’_1-i +eyjt ek Ug= U|e, Uy = U ey Uy = U|e..

cosf; =e, cosbly,=¢e, cosl;=e,

Componentes del versor unitario asociado a U

24




Vectores: Vector Posicion

|

Tig
A

B
(.T,c;. ¥m Z ﬁ}

(X, Y 22 ~ (xp— x,)i

X

(y8= ya)j

e

rag = (xg — x)i + (vg — y4)j + (23 — za)k (b)

U= |U|E.mrf

e |
1

25




Ejercicio

The rope extends from point B through a metal loop attached to the wall at A
to point C. The rope exerts forces F4g and F 4¢ on the loop at A with magni-
tudes ]F,w[ = |Fac| = 200 1b. What is the magnitude of the total force
F = Fap + F ¢ exerted on the loop by the rope?

-6 ft—

y
[ 6 ft—
4] 6~
' A
_ T FWM.
?F
i \
i/ \ 7
“ dp \ 6 ft
. v e
2ft=" SA—10ft—=" 2ft=" S——10ft—o"
Fag — (J,'B - A}i = (_VH - "‘A}j + {:B = :]_”k Fac = ('}‘-[' o -]'-:'!._)i + {_‘-l"f - 1'.*’!.].] e {:C B ‘:A}k
=(2-6)i+(0—7j+(4—0k =(12-6)i +(0 -7)j+ (6 —0)k

= —4j — 7] L -I-k(“] = f1 — ?J + {'}k[:“.:l




Ejercicio

r
s = 1 ABI = —0.444i — 0.778] + 0.444Kk, Faz = (200 1b)eyz = —88.9i — 155.6j + 88.9k (1b),
FaB
. Fa = (2001b)ese = 109.1i — 127.3§ + 109.1k (1b).
esc = — — (0.545i — 0.636j + 0.545k.
|rA|‘I‘|

F = Fyp + Fue = 2021 — 282.8j + 198.0k (1b),

IF| = V(20.2)2 + (—282.8)2 + (198.0)2 = 346 Ib.

27




Ejercicio

The cable AB exerts a 50-N force T on the collar at A. Express T in terms of
components. 0.15 m)

0.15m B/

B"}\‘x 0.5m
TN X

Determining the Coordinates of Point A
rep = (0.2 —04)i + (0 —03)j+ (025 — 0k
= —0.2i — 0.3j + 0.25k (m).

L4 roc = 0.4i + 0.3j(m
/%,m ,é 2 oc i(m)

M
g

Q.

Q

0.2m

Z

req = (0.2m)eqp = —0.091i — 0.137j + 0.114k (m).

Fep ~0.2i — 0.3j + 0.25k

renl  V(=0.2)2 + (=03)% + (0.25)2
— —0.456i — 0.684j + 0.570k.

roa = roc + rea = (0.4i + 0.3j) + (—0.091i — 0.137j + 0.114k)
= 0.309i + 0.163j + 0.114k (m). '8

€cp




Determining the Components of T Using the coordinates of point A, we
find that the position vector from A to B 1s
rag = (0 — 0309)i + (0.5 — 0.163)j + (0.15 — 0.114)k
= —0.309i + 0.337j + 0.036k (m).
Dividing this vector by its magnitude. we obtain the umt vector e 45 (Fig. a).
AR —0.309i + 0.337j + 0.036k (m)

Irasl V(=0309m)2 + (0.337 m)2 + (0.036 m)2
— —0.674i + 0.735§ + 0.079k.

€AB

The force T is

T = |Tleas = (50 N)( —0.674i + 0.735j + 0.079Kk)

— —33.7i + 36.7j + 3.9k (N).

A




Ejercicio

Problem 2.67 In Active Example 2.6, suppose that
vou want fo redesign the truss. changing the position
of point D so that the magnitude of the vector rep from
point C to pomt D 1s 3 m. To accomplish this, let the
coordinates of powmt I be (2, vp, 1) m. and determine
the value of yp so that jrep| = 3 m Draw a sketch of
the truss with pownt I 1n its new position. What are the
new directions cosines of ry-p?

Solution: The vector r-p and the magnitude |1-p| are

rep = (2 m—4 mli+ [yp — ﬂ]i +lm—0lk)=(-2mui+ lf'r,l}_lj

+ (1 mik

Itepl = -.V-'Il'—l ]:I1:IE + 'I.l_'l'll_",.I] +i{lm?=3m

Solving we find yp=+/0Omf—(—2mI-—(ImI=2m

The new direction cosines of rep.

cosél, = —2/3 = —0.667
costh, = 2/3 =0.667
cosd; = 1/3 =10.333

n

(23, 1)m

F'en

(4.0.0)m
c
(4.0,0) m

op

<P




Ejercicio

Problem 2.68 A force vector 15 given in terms of its Solution:
components by F = 10i — 20j — 20k (N).
F=(10i— 20§ —20E) N
(a) What are the direction cosines of F?
(b) Determune the components of a umit vector e that F=+{10N? +(-20N? +(-20 N =30N
has the same direction as F.

0N 0N
cosfl, = —0.333, cosd, = —— = —0.667.
- = N = 0N
0N
dh— 2 g
R E N

(B) [e=(0.3331—0.667j — 0.667k)
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Ejercicio

Problem 2.87 An engineer calculates that the magm-

e of the axial force i one of the beams of a geodesic

e i1s |P| = 7.65 kN. The cartesian coordinates of

he endpoints A and B of the straight beam are (—12.4,

220, —184) mand (—9.2, 244 —15.6) m. respectively.
[Express the force P in terms of scalar components.

Sl
e BN .
:."‘. {_"‘._;r.-r 'II— ) r-
* P Irlr'l
S
) ’15 .-'-_"_'-r':_ i -\h"':'\.
Y ;f p
== i "
- i e
|
Jl'lll _""rlr
f /
y/ O
i __'-::-"-—'_

Solution: The components of the position vector from B to A are
Tga = (xa —xpli+i{ya —ym)j +iz4 —zak
= (—12.4 4925+ (22.0 — 24.4)
+(—184+ 136k
— —3.2i— 2.4j— 2.8k (m).

Dividing this vector by its magnitude, we obtamn a umit vector that
points from B toward A:

ega = —0.6351— 0.492j — 0573k

Therefors
P = |Pleas
= 7.65 €14

= —5.01i— 3.76j — 439 (kM.
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Vectores: Producto Escalar o Punto

U
(a)
U-V = |U||[V]cos 6.
"_F
o
(b)
isi=1, ij=0 ik=0,
Pi=0 §3=1 k=0
k'i=0, k*j=0, k'k=1.

Propiedades:

Conmutativa

U=-¥ =¥:1

Asociativa Respecto a multiplicar por escalar
a(U-V) = (aU) -V =U-(aV),

Distributiva respecto a la suma vectorial

U-(¥ + W) =UV+U-W,

UV = (U A E" tUK) (Vi A V,\'.i tV.k)
UV (i-i) + U,V (i-]) + U,V i-k)

FUNVic) + UYVLitD) + UYLtk
FUNV (ki) + UVy(k-j) +UV{k-K)

33




Vectores: Producto Escalar o Punto

U-v UV,+ UV, +UYV,

cos f =

The Parallel Component In terms of the angle # between U and the vector
component Uy, the magnitude of Uy is

U, = |U| cos 6. (2.25)
Let e be a unit vector parallel to L (Fig. 2.23). The dot product of e and U 1s
e-U = |e|]|U| cos 8 = |U] cos 6.
Comparing this result with Eq. (2.25), we see that the magnitude of Uy is
U,| = e-U.
Theretfore the parallel vector component, or projection of U onto L, is

U, = (e*Ue. (2.26)

UllV] UV o

34




Problem 2.117 The rope AR exerts a 50-N force T on
collar A. Determune the vector component of T parallel
to the bar CD.

Solution: We have the following vectors

rep =(—02— 03+ 025K m

ecp = —C0 — (—0.456i — 0.684f + 0.570k)
[rcpl

rop = (0.5 + 0.15K) m

roc = (0.4i+ 03 m

Ioa = Foe + (02 myepp = (0309 + 0,163 + 0.114k) m

Tyg = Fog — Toga = (—0.3091+ '[:'33?] + 0.036k) m

tan = l"-‘-” — (0.674i + 0.735] + 0.079K)
=

Al

We can now write the force T and determine the vector component
parallel to CI.

T=(50Nes=(—33714+367j4+395 N

T.=(ecp-Tecp=1(343i+314—429K) N

T, = (343i+3.14j— 429K) N

35




Vectores: Producto Vectorial o Cruz

Definicio v x v = |u|[v|sin6e
Propiedades -

No es conmutativa

UXV=-V XU R
Es asociativa respecto a la multiplicacion por es.
a(UXV)=(al) XV =U X (aV)

Es distributiva respecto a la suma vectorial

UX (V+W)=(UXV)+(UXW) o k

v )1

ixi=0, ixj=k ixk=-j / -
A U

jxi=-k jxj=0 jxk=i ' il

kxi=j kXj=-i kxk=0

36




Vectores: Producto Vectorial o Cruz

UXV = (Uy+Uyj+ Uk) X (Vyi +Vyj+ V.K)
= UV (i Xi) + UV (i X j) +UV,iXK)
+ UYWL X0) + UV X ) + UV i XK)

+ UV k X i)

+ UV (k X j) + UV {k XK).

Uk

UXV=(UV,-UV,)i—(UV,—UV)j
+ (UY, -

Hix = ?i~ Hk:x i )

U, ¥, B M, U,
. Y 2 Y N N
=} =p =y 4%} (FF ()

Ui + UVyj

> -UV.k — UYV,i

+ U V,k
U.V: 3

37




Ejercicios

Problem 2.132 By evaluating the ecross product )
U x V. prove the identity sin(# — ) = sin#) cosés —
cos fy sinf,

Solution: Assume that both U and V lis in the +-v plane. The
strategy 1s to use the defimtion of the cross product (Eq. 2.28) and the ' i
Eq. (2:34), and equate the two. From Eq. (2.28) U =« ¥ = [U||V] sinith
— i )e. Smee the positive z-axis is out of the paper. and e points info
the paper, then ¢ — —k. Take the dot product of both sides with e, and
note that k- k= 1. Thus [}

5]‘1]“)1 —R)=- ( T_-||‘

(Ux ‘u'_--k) T

The vectors are:
U=|Ul{icos® + jsméh), and V= [V|({icosdr + jsinda).
The cross product is

i i k
UxV= Ulcoséy |Ujsingh
Vicosfy |Vismmfy 0

=

= i{0) — 3 0) + K U|V]){cos &y sméy — cosdy sy )

Substitute mmto the definition to obtain: sin(f; — @) = sinéy costh —
cosi simé. QED
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Ejercicios

Problem 2.134 (a) What 15 the cross product ryy x
rogs? (b) Determine a unit vector e that 1s perpendicular
to rps and rog.

Solution: The two radius vectors are

Log = 41+ —1j — 4k, rgy = 0i— Ejl + 3k

{a)

(b)

The cross product is

i k
Tw xTog=|6 —2 3 |=iB-12)—j—-24—12
4 4 —4
+ k24 + 8)
= —4i + 36§+ 32k (m?)
The magnitade is
A+ 3 =483

[Toa x Ton| = «

The umt vector is

- (MJ — +(—0.0828 + 0.7448j + 0.6621k)

[Eaa % rogl

(Two vectors.)

St

B(44-dHm

2]

A(6,-2,Hm

§ 5]
P




Ejercicios

Problem 2.135 For the pomts O, A, and B 1n Pro-
blem 2.134, use the cross product to determine the length
of the shortest straight line from point B to the straight
line that passes through points O and A.

Solution:
Toa = 6i —2j + 3k (m)
rop = 4i+4j — 4k (m)
roa Xrop =C
(Cis L to both rp, and rop)
k (+8 = 12

j
=2 3= +(12+24)
4 —4 +(24+ 8k

(@)
I
PR

C=—4i+36j+32k

Cis L to both roy and rpg. Any line L to the plane formed by C and
rgs will be parallel to the line BP on the diagram. C x rgy 1s such a
line. We then need to find the component of rgs In this direction and
compute its magnitude.

o da

j -
+36 3
2

|
C'»‘-rm:]—
|

w o

C = 172i + 204j — 208k

The unit vector in the direction of[Q) is

eD=D/D| si+0.603j— 0.614k

(The magnitude of C is 338.3)

We now want to find the length of the projection, P, of line OB i
direction e..

P=rgg-ec
=(di+4j—4k) -ec
P=690m

B(4.4.-49)m
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Ejercicios

Problem 2.126 The two segments of the L-shaped bar ¥
are paralle]l to the x and 7 axes. The rope AB exeris
a force of magmitude |F| = 300 Ib on the bar at A
Determune the cross product vy = F, where vy 1s the
position vector form point C to point A.

Solution: We need to determine the force F in terms of its
components. The vector from 4 fo B is used to define F.

L= (— -1-j —k)ft

| J..
! 4k F
F— (300 0 — (550 by BN ‘R
Tan VI 4+ (4 4 (-1)°
HQ\
F— (218 — 436j — 109k) b (6.0, 4) ft

Also we have 104 = (4i+ 3k) fi
Thersfore

i j k
| ol A F= { 4 0 5

3 |=(2180i+ 1530§ — 1750k) fi-1b
|218 —436 —109

rea % F = (218014 1530§ — 1750k) ft-lb|




Ejercicios

Problem 2.131 The force F = 10i— 4j (N). Deter- ¥
mune the cross product ryy = F.

Solution: The position vector is ¥
A(6,3,0)
Fag=(6—6i+i0—3j+4-0k=0i —3j+4k g
The cross product: ]
Vim

[i 1 K| X
e xF=|0 =3 4|=i16) - j—40) +k30) /

(10 —4 0| 2 B6.0.4) F

= 161+ 40§ + 30k (N-m) =
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Triple Producto Mixto

Definicion:

U-(V X W).

i § K
U{(V XW)=(U,iA E"I_'r j+ UK |V, UJ. V,
W, W, W.

= (U + Uyj + UK) -[(VW, — V. W,)i
— (VW — VWA + (VW5 — VW K]
= U VW, = VW,) —U(V,W, - VW)
+ ULV, — V.
Uy U ¥ U Z

U-(VXW) = |V, V, V.
W, W, W

X v z

U+(V X W) = -W+(V X U).
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Ejercicios

Problem 2.146 The vectors U=i+ Uyj+4k V=
2i+j— 2k, and W = —3i +j — 2k are coplanar (they
lie m the same plane). What 1s the component 7,7

Solution: Since the pon-zero vectors are coplanar, the cross pro-
duct of any two will produce a vector perpendicular to the plane, and
the dot product with the third will vamish. by defimifion of the dot
product. Thus U . (V « W) =0, for example.

1 e A
U-(VxWi=|2 1 -2|
[-3 1 -2f

=124 2)—(Uy -4 -8 +(H2+F)

=+100/y +20=10

Thus Uy =2

Problem 2.144 Use the mixed triple product to calcu-
late the volume of the parallelepiped.

(140, 20, 30)
mm

E

% s
\g\ .
7

x
. (200, 0, 0)
\C./- nim

(160, 0, 100)

C

| —60 90 30
o4 - (Toc x Top)=|[—40 © 100
1200 O 0

— —60(0) + 90¢200){ 100) + (300(0) mm’

= 1,800,000 mm’
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