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Un chaland est tiré par deux remorquenrs. Si la résultante des deux forces
exercées par les remorgquenrs est de S000 N et dirigée parallelement i Pave du
chaland, détermines:

a) latension dans chagque cible pour a = 45%;

b} lavaleur de @ pour laguelle la tension dans le cible 2 est minimale.

NTITES
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a} Tension pour & = 45°

Solution graphique Si on utilise la régle du parallélogramme, la diagonale
(résultante) doit étre égale & 5000 N et dirigée vers la droite (voir la figure
el-contre). Les cilés sont tracés parallelement aux edbles, Si le dessin est fait i
I'échelle, on tronve

T,=3T00N  T,=2600N <

Solution trigonométrique  En utilisant la méthode du triangle, on remargue que
cehii-ci représente la moitié du parallélogramme précédent (voir la figure ci-contre).
Par trigonométrie, on a

T
sind3® sin30°
_ 5000N
sin 1057

don T, =3660N et T,=2500N
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b} Valeur de @ pour laguelle T, est minimale  La méthode du triangle est
utilisée pour caleuler lavaleur de ¢ Le schéma i-contre montre que la droite 1-1°

L) o correspond & la direction connue de Ty, Des directions possibles de T, sont
o indieuées par les droites 2-2°. On remarque que 75 a wne valeur minimale
e ]m'Squ’u]Ic st pl:r]icndi culaire & T,, On a alors
S § Ty = (3000 N) sin 30° = 2500 N
= ) Les valewrs correspondantes de T; et @ sont
B T} = (5000 N} cos 30° = 4330 N
=907 - 30°
a=60" 4
P
uOttawa
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Une force F = (700 N)i + (1500 N)j est appliquée sur un boulon A. Nous
devons déterminer la grandeur de la force et indiquer sa direction en
d{_]““;l.'llt ] {I.'l'l,‘_’]t" 9{1“ E_"'"E rﬁ_}]’rlle dAVEC I |1t]l‘|fﬂ11h1re

> SOLUTION

Dessinons d’abord un schéma pourillustrerles composantes rectangulaires :
et I'angle 6 (voir la figure 2.23). L'équation 2.9 donne

F. 500N
tanf=-L= _) -
F 700N

A Taide d'une caleulatrice?, il nous reste & diviser 1500 N par 700 N;
T'are tangente du quotient donne 8 = 65.0°. En isolant F de la seconde
équation 2.5, nous obtenons

Université d'Ottawa | University of Ottawa
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Determiner la grandeur et I'angle de la force 4
résultante. | F = 300N

Fy = 600N

> SOLUTION

X
Plan:
a) Resolve the forces into their x-y components.

b) Add the respective components to get the resultant vector.

¢) Find magnitude and angle from the resultant components.

o 1s00N
p=—t = T _qgss N 0 ;
sind sin 63,07
| © Dr. M. Yandouzi_- GNG1505- Automne 2018 A

Fy={0i+300j} N \
Fy={-450 cos (45°) i + 450 sin (45°) j } N Fp=1{(0-318.2+360)i+(300+318.2+480)j | N
= (-3182i+3182/}N 4180+ 1098
= 1(3/5) 600 i + (4/5) 6007 } N '
={360i+480j} N / l
¥
B By =((41.80)2+ (1098))12 = 1099 N
s « O =tan'1(1098/41.80)=87.8°
© Dr. M. Yandouzi - GNG1505- Automne 2018 —

9/01/2018



Université d'Ottawa | University of Ottawa

¢ EXERCICES SUPPLEMENTAIRES

Lors du déchargement d'un eargo, on souléve une automobile de 1530 kg i aide
d'un cible. Une corde, attachée au point A, est tirde de fagon & centrer la voiture
sur un point précis. Dangle entre le cible et Ta verticale est de 29 tandis que
celui formé par la corde et la ligne horizontale est de 30°, Déterminez Teffort de
tension dans la corde.

> SOLUTION

Lartomobile a un poids de 1530 kg 2 9.81 Nikg = 15 kN,

Diagramme du corps libre (DCEry - On commence par isoler le point A, puis
on trace le schéma du DOL: Ty Séra la tension dans le cible AB et Ty la
tension dans ka corde AC

Condition d’équilibre  Puisqu'on n'a que trois forees appliquées en A, on doit
tracer le triangle de forces pour exprimer son équilibre. La loi du sinns dome
alors

Tie Ty  13kN

sin 1200 sin2'  sin34

Aviee une caleulatrice, on ealenle le demier quotient et on lenvoie en mémoire,
En multip[iml! successivement ce gquotient par sin 120 et sin 2%, on obtient

Toy= 153 kN Ty =GITN <«

© Dr. M. Yandouzi - GNG1505- Automne 2018
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L'éguipe responsable de la conception d'un nouvean type de voilier veut
connaitre Ta force de trainée 4 une certaine vitesse. Pour ce faire, un prototype
de la coque proposée est placé dans un bassin. L'éguipe simule Ta situation
en utilisant trois cibles pour stabiliser le batean au centre du bassin. Des
dynamométres indiquent i une certaine vitesse les lectures suivantes : cable AR,
400 N; cible AE, 600 N, Déterminez la force de trainée appliquée sur la coque
et la tension dans Je cible AC,

> SOLUTION

Evaluation des angles  On doit commencer par déterminer les angles et B
qui indiquent les directions des cibles AB et AC, respectivement. On pent éerire

7 1.5
tan @= — = 1,75 tan == D 0375
4m 4m
done @ = 60.26% done f = 20.56°

Diagramme du corps libre (DCL)  On doit d'abord choisir la cogque comme
point déquilibre et tracer le diagramme des forces comme illustré, On doit
ensuite y inserire les forees appliquées par les trois cibles ainsi que la force de
trainée Fy, exercée par I'ea,

uOttawa.ca
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Condition d’équilibre L'éyuation suivante exprime la condition d'équilibre

Fr= 10RAN
W= AN,
Aanie ,.,.I Ty = 600N
— o= G267

© Dr. M. Yandouzi - GNG1505- Automne 2018

dela cogue du navire:
R=Ty+ T+ T+ Fp=0 (n
Etant domné quil y a plus de trois forees en présence, on doit les décomposer
selon leurs coordonnées x et g
T, = —(400 N sin 60,26% + (400 N cos 60,265
= {3473 NJi + {198.4 N})j
Ty = T st 20,56% + Ty cos 20,569
= 0,3512Tci + 0,9363T
T, = =600 NJj
Fp=Fpi
En substituant ees expressions dans Péquation 1 et en mettant en facteurs les
vecteurs unitaires i et j, on aura

(-347.3 N + 035127, ¢ + Fp)i + (198 4 N +0,93637, — 600 N)j =0

Cette équation sera satiskaite si, et seulement si, les coefficients des vecteurs i et
j sont nuls. On a done denx conditions d'éguilibre expri chacune par une
équation {une pour chagque axe, r et ). La condition d'équilibre exige que les
deux eomposantes sofent nulles,

(ZF, = 0:) -MT3N+03512T,c+ Fp=0 (2)
(ZF, =0:) 198.4 N + 0,93637, - GO0 N =0 (3)
La solution de I'éguation 3 est w=+E29N -
En substituant cette valeur dans I'équation 2, on aura Fp=+1966N -

En tragant le diagramme des forces, on a attribué arhitrairement une direction
pour chacune des forces recherchées. Une valeur positive dans la réponse indigue
que le sens est corect selon Fhypothése de départ, Le tragage du polyeone des
forces présentes permettra de valider les résultats, |

ersi ttawa | University of Ottawa
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10

Given: Three concurrent
forces acting on a
bracket.

Find: The magnitude and

Fa= 625N

angle of the resultant
force. Show the
resultant in a sketch.

> SOLUTION

Plan:

F, = {850 (4/5)i—850(3/5) j } N
= {680 i—510 i} N
F, = {- 625sin(30°) i — 625 cos (30°)j } N
= {-3125i-5413j } N
F, = {-750 sin (45°) i + 750 cos (45°) j } N
{-530.3 i +5303 jI N

© Dr. M. Yandouzi - GNG1505- Automne 2018

a) Resolve the forces into their x and y-components.
b) Add the respective components to get the resultant vector.

¢) Find magnitude and angle from the resultant components.

Fg=1{ (680 —312.5— 530.3) i + (—510 — 541.3 + 530.3) j N
={-162.8/-5209 } N

Now find the magnitude and angle,
Fp =((— 162.8) + (- 5209%) % = 546N
b= tan1( 520.9/162.8) = 72.6°

From the positive x-axis. 6 = 253°

9/01/2018
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1

10°

“AE=150N
The screw eye in Fig. 2-11a is subjected to two forces, F; and F,. /
Determine the magnitude and direction of the resultant force. /k Fi = 100N

> SOLUTION ]

Parallelogram Law. The parallelogram is formed by drawing a line
from the head of F, that is parallel to F,, and another line from
the head of F, that is parallel to F,. The resultant force Fy extends to
where these lines intersect at point A, Fig. 2-11b. The two unknowns
are the magnitude of Fy and the angle 6 (theta).

A
1508 < 7

650

360° — 2(65°
36 2(6: ): s
2

uOttawa.ca
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12

,“)i F=150N
The screw eye in Fig. 2-11a is subjected to two forces, F; and F,. /
Determine the magnitude and direction of the resultant force. i .

Trigonometry. From the parallelogram, the vector triangle is
constructed, Fig. 2-11¢. Using the law of cosines

Fr = V(100 N)* + (150 N)®> — 2(100 N)(150 N) cos 115°
= V10000 + 22 500 — 30 000(—0.4226) = 212.6 N

= 213N Ans.
Applying the law of sines to determine 6,
150N 2126N . 150N
sin®  sin115° sinf = Jzen Cin113)
6 = 39.8°

Thus, the direction ¢ (phi) of Fg, measured from the horizontal, is

¢ = 39.8° + 15.0° = 54.8° Ans.
NOTE: The results seem reasonable, since Fig. 2-11b shows Fy to have iy
a magnitude larger than its components and a direction that is I yOttawa
between them.
© Dr. M. Yandouzi_- GNG1505- Automne 2018 A
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Resolve the horizontal 600-1b force in Fig. 2-12a into components
acting along the u and v axes and determine the magnitudes of these
components.

13

| © Dr. M. Yandouzi - GNG1505- Automne 2018 A
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The parallelogram is constructed by extending a line from the head of
the 600-Ib force parallel to the v axis until it intersects the u axis at
point B, Fig.2-12b. The arrow from A to B represents F,. Similarly, the
line extended from the head of the 600-Ib force drawn parallel to the
u axis intersects the v axis at point C, which gives F,.

14

The vector addition using the triangle rule is shown in Fig. 2-12¢.
The two unknowns are the magnitudes of F, and F,. Applying the law

of sines,
F, 6001b
sin 120°  sin 30°
F,=10391b Ans.
F,  6001b
sin30°  sin 30°
F, =6001b Ans.
NOTE: The result for F, shows that sometimes a component can have 600 1b |
a greater magnitude than the resultant.
Dr. M. Yandouzi - GNG1505- Automne 2018 y |
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Determine the magnitude of the component force F in Fig. 2-13a and

the magnitude of the resultant force Fj if Fy is directed along the
positive y axis.

© Dr. M. Yandouzi - GNG1505- Automne 2018

Université d'Ottawa | University of Ottawa
+ EXERCICES SUPPLEMENTAIRES

The parallelogram law of addition is shown in Fig. 2-13b, and the
triangle rule is shown in Fig.2-13¢. The magnitudes of F and F are the
two unknowns, They can be determined by applying the law of sines.

F 2001b

sin60°  sin 45°

F=2451b

Fp 2001b
sin 75°  sin45°

16

15

Fr=2731b
(b) (©]
P
uOttawa
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resultant force.

F; =800N

-

I

F,
(a)

© Dr. M. Yandouzi - GNG1505- Automne 2018
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Fp, that is, when

6 = 90°

unknown magnitudes can be obtained by trigonometry.

Fr = (800 N)cos 60° = 400 N
F, = (800 N)sin 60° = 693 N

The triangle rule for Fr = F; + F, is shown in Fig. 2-14b. Since the
magnitudes (lengths) of Fr and F, are not specified, then F, can actually
be any vector that has its head touching the line of action of Fg, Fig. 2-14c.
However, as shown, the magnitude of F, is a minimum or the shortest
length when its line of action is perpendicular to the line of action of

Since the vector addition now forms the shaded right triangle, the two

© Dr. M. Yandouzi - GNG1505- Automne 2018

17

It is required that the resultant force acting on the eyebolt in Fig. 2—14a
be directed along the positive x axis and that F, have a minimum
magnitude. Determine this magnitude, the angle 6, and the corresponding

18

Yttawa
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Determine the x and y components of F, and F, acting on the boom
shown in Fig. 2-18a. Express each force as a Cartesian vector.

> SOLUTION 57

SOLUTION F; =200N
Scalar Notation. By the parallelogram law, F is resolved into x and y
components, Fig. 2-18b. Since F, acts in the —x direction, and Fy, acts in 30°

the +y direction, we have

Fy, = —200sin 30°N = —100N = 100 N < Ans x
F;, = 200cos 30°N = 173N = 173 N1 Ans. 12
F,=260N
The force F, is resolved into its x and y components, as shown in
Fig. 2-18c. Here the slope of the line of action for the force is indicated.
From this “slope triangle” we could obtain the angle 6, e.g.,
6= tan"(%), and then proceed to determine the magnitudes of the
components in the same manner as for Fy. The easier method, however,
consists of using proportional parts of similar triangles, i.e.,

F,=200N
B 12 12 Fy, =200 cos 30° N
== = = | =24 \ )
260N 13 Fus 26ON<13> HON \
\30°
L vl
Similarly, 5
X
5 Fy, = 200sin 30°N
Fyy = 260N{ — | = 100N
| © Dr. M. Yandouzi - GNG1505- Automne 2018 AN—
Université d'Ottawa | University of Ottawa 20
+ EXERCICES SUPPLEMENTAIRES
Notice how the magnitude of the horizontal component, F,,, was
obtained by multiplying the force magnitude by the ratio of the
horizontal leg of the slope triangle divided by the hypotenuse; whereas
the magnitude of the vertical component, F,, was obtained by
multiplying the force magnitude by the ratio of the vertical leg divided
by the hypotenuse. Hence, using scalar notation to represent these
components, we have
F,, = 240N = 240N — Ans.
Fp, = 100N = 100N} Ans. f
Cartesian Vector Notation. Having determined the magnitudes
and directions of the components of each force, we can express each
force as a Cartesian vector.
=260 (12
F, = {—100i + 173j}N Ans. Fox 260(13)Nx
F, = {240i — 100} N Ans. B
Fyy =260 ()N By
: F=200N 1WA
(c) |

9/01/2018
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21

The link in Fig. 2-19a is subjected to two forces F; and F,. Determine
the magnitude and direction of the resultant force.

> SOLUTION

Scalar Notation. First we resolve each force into its x and y
components, Fig. 2-19b, then we sum these components algebraically.

F,=400N F; = 600N

5 (Fp), = SE;  (Fg), = 600 cos 30° N — 400 sin 45° N & x
= 236.8 N —

+T(FR)), = S (Fg)y = 600 sin 30° N + 400 cos 45° N @
= 582.8 N

The resultant force, shown in Fig. 2-19¢, has a magnitude of

Fr = V(236.8N)* + (582.8 N)?

= 629N Ans.

From the vector addition, y

e n_1<582.8 N> _ e i, T2 40N Fy = 600N
— . ¥ .

Université d'Ottawa | University of Ottawa
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22

> SOLUTION

SOLUTION Il
Cartesian Vector Notation. From Fig. 2-19b, each force is first
expressed as a Cartesian vector.

F, = {600 cos 30% + 600 sin 30% } N
F, = {400 sin 45° + 400 cos 45% } N
Then,
Fr = F; + F, = (600 cos 30° N — 400 sin 45° N)i
+ (600 sin 30° N + 400 cos 45° N)j
= {236.8i + 582.8j}N
The magnitude and direction of Fy are determined in the same Y
manner as before. ‘
582.8 N

Fr

NOTE: Comparing the two methods of solution, notice that the use
of scalar notation is more efficient since the components can be
found directly, without first having to express each force as a 0
Cartesian vector before adding the components. Later, however, we )t

will show that Cartesian vector analysis is very beneficial for solving & 2368 N

three-dimensional problems. ttawa
(©)
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The end of the boom O in Fig. 2-20a is subjected to three concurrent
and coplanar forces. Determine the magnitude and direction of the
resultant force.

23

F,=250N

> SOLUTION

Each force is resolved into its x and y components, Fig. 2-20b. Summing
the x components, we have

B(Fp), = 3F;  (Fp), = —400N + 250sin45°N — 200(£) N
—3832N = 3832 N« @

The negative sign indicates that Fg, acts to the left, i.e., in the negative
x direction, as noted by the small arrow. Obviously, this occurs because
F| and F; in Fig. 2-20b contribute a greater pull to the left than F,
which pulls to the right. Summing the y components yields

(Fp)y = 250 cos 45° N + 200(2) N
= 2968 N1

+1(Fy), = 3F;;

Université d’'Ottawa
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24

> SOLUTION

The resultant force, shown in Fig. 2-20c, has a magnitude of

Fr = V(=3832N)> + (296.8 N)2
= 485N Ans.

From the vector addition in Fig. 2-20c, the direction angle 6 is
296.8
0= tan_1<—> = 37.8° Ans.

NOTE: Application of this method is more convenient, compared to
using two applications of the parallelogram law, first to add F; and F,
then adding Fj to this resultant.

uOttawa
y

9/01/2018
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25

Express the force F shown in Fig. 2-30a as a Cartesian vector.

SOLUTION

The angles of 60° and 45° defining the direction of F are not coordinate

direction angles. Two successive applications of the parallelogram law £ = 1001b
are needed to resolve F into its x, y, z components. First F = F' + F.,

then ¥’ = F, + F,, Fig.2-30b. By trigonometry, the magnitudes of the
components are

F, = 100 sin 60° Ib = 86.6 Ib
= 100 cos 60°1b = 50 Ib

. = F' cos 45° = 50 cos 45°1b = 35.4 1b
F, = F'sin45° = 50sin45°1b = 354 1b

B
o

Realizing that F, has a direction defined by —j, we have

F = {354i — 354j + 86.6k} Ib Ans,

V) Ottawa | University of Ottawa o
+ EXERCICES SUPPLEMENTAIRES
To show that the magnitude of this vector is indeed 100 Ib, apply
Eq.2-4,
F=VE+P+F
= V(354 + (354)° + (86.6> = 1001b
If needed, the coordinate direction angles of F can be determined from
the components of the unit vector acting in the direction of F. Hence,
F F. F F
u=—-=—i+—=j+ -k
F F F F
354, 354 866
=—ji-—j+—Kk
100 100 100
= 0.354i — 0.354j + 0.866k 7
so that
a = cos '(0.354) = 69.3° F=1001b
B = cos”'(—0.354) = 111°
v = cos '(0.866) = 30.0°
These results are shown in Fig. 2-30c.
awd
Fig. 2-30

9/01/2018
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Two forces act on the hook shown in Fig. 2-31a. Specify the magnitude
of F, and its coordinate direction angles so that the resultant force Fg
acts along the positive y axis and has a magnitude of 800 N.

SOLUTION

To solve this problem, the resultant force Fy and its two components,
F, and F,, will each be expressed in Cartesian vector form. Then, as

shown in Fig. 2-31b, it is necessary that F = F; + F,.
Applying Eq. 2-9,
F, = Fycos aji + F|cos B1j + F;cos yk
= 300 cos 45°i + 300 cos 60° j + 300 cos 120° k
= {212.1i + 150j — 150k }N
F, = Fi + F,j + Fk

Since Fy has a magnitude of 800 N and acts in the +j direction,

Fr = (800 N)(+j) = {800j} N
We require

M=, &
800j = 212.1i + 150j — 150k + Fy,i + Fyj + Fp.k

800j = (212.1 + Fyi + (150 + Fy)j + (—150 + Fp)k

(a)

B, =218

=108

F =300N

(b)

Université d'Ottawa | University of Ottawa
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To satisty this equation the i, j, k components of Fz must be equal to
the corresponding i, j, k components of (F; + F,). Hence,

D=l o E, B = R

800 = 150 + F, By, =

-y

D= —lSnd e E =

Z

The magnitude of F, is thus

650 N
150 N

Fy, = V/(=212.1 N} + (650 N)? + (150 N)?

27

F,=700N

Fr=800N

—

28

= 700 N Ans.
We can use Eq. 2-9 to determine a;, 3, ¥».
=121 o .
= ) = ns.
coS @, = N
650 -
c0s B2 = 200’ B, =218 Ans.
150
CO8Y2 = Soo0° Y = 116 Ans.
These results are shown in Fig. 2-31b. Ottawa
A

9/01/2018
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An elastic rubber band is attached to points A and B as shown in
Fig. 2-35a. Determine its length and its direction measured from
A toward B.

29

SOLUTION
We first establish a position vector from A to B, Fig. 2-35b. In
accordance with Eq. 2-11, the coordinates of the tail A(1 m, 0,—3 m)
are subtracted from the coordinates of the head B(—2 m, 2 m, 3 m),
which yields

r=[2m—1mJli+ [2m —0]j+ [3m — (=3 m)]k
={-3i+2j+ 6k} m

=

These components of r can also be determined directly by realizing
that they represent the direction and distance one must travel along /- |{6kjm
each axis in order to move from A to B, i.e., along the x axis {-3i} m,
along the y axis {2j} m, and finally along the z axis {6k} m.

The length of the rubber band is therefore x

r=V(=3m?+@2m?+ (6m’=7m Ans.

Université d'Ottawa | University of Ottawa
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30

Formulating a unit vector in the direction of r, we have

Iy 3'+2‘+6k
B S8, 0
n=s 77 g

The components of this unit vector give the coordinate direction

angles

8

a= cos’1<f —) = 115° Ans.
7

f 2 o
B = cos 7 =734 Ans.
6
¥y = cos‘1<;> =31.0° Ans.

NOTE: These angles are measured from the positive axes of a localized
coordinate system placed at the tail of r, as shown in Fig. 2-35¢.

uOttawa
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The man shown in Fig. 2-37a pulls on the cord with a force of 70 Ib.
Represent this force acting on the support A as a Cartesian vector and
determine its direction.

SOLUTION

Force F is shown in Fig. 2-37b. The direction of this vector, u, is
determined from the position vector r, which extends from A to B.
Rather than using the coordinates of the end points of the cord, r can 7
be determined directly by noting in Fig. 2-37a that one must travel
from A {—24Kk]} ft, then {=8j} ft, and finally {12i} ft to get to B. Thus,

r= {12i — 8 — 24k} ft

The magnitude of r, which represents the length of cord AB, is
301t

r= V(12 % + (-8 07 + (—24 ft? = 28 ft

Forming the unit vector that defines the direction and sense of both
r and F, we have
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32

Since F has a magnitude of 70 1b and a direction specified by u, then

12, 8, 24
F=F=70bl —i-—j—- =k
u=10 (28‘ 289 28)
= {30i — 20j — 60k} Ib Ans.

The coordinate direction angles are measured between r (or F) and
the positive axes of a localized coordinate system with origin placed at
A, Fig. 2-37b. From the components of the unit vector:

cos’l(m) 64.6° A
Q= == = 8 ANS.
28
B cos’]<_8> 107° An
= || ANS.
28
—-24
Y= COS_1<7> = 149° Ans.
28
NOTE: These results make sense when compared with the angles identi-
fied in Fig.2-37b. Feasy
uOttawa
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The roof is supported by cables as shown in the photo. If the cables
exert forces Fyz = 100N and F;- = 120 N on the wall hook at A as
shown in Fig. 2-38a, determine the resultant force acting at A. Express
the result as a Cartesian vector.

SOLUTION

The resultant force Fp is shown graphically in Fig. 2-38b. We can
express this force as a Cartesian vector by first formulating F,3 and
F,c as Cartesian vectors and then adding their components. The
directions of F,3 and F ¢ are specified by forming unit vectors u,z
and uy¢ along the cables. These unit vectors are obtained from the
associated position vectors 1, and r 4. With reference to Fig. 2-38a,
to go from A to B, we must travel {—4k} m, and then {4i} m.Thus,

g = {4— 4k} m

rp = V(@ m)? + (—4m)> = 566m

Y] 4 4
FABZFAB E =(100N) %1—%1(

F,; = {70.7i — 707k} N

33
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To go from A to C, we must travel {—4k } m, then {2j} m, and finally
{4i}. Thus,

e = {4 +2j — 4k} m

me=V@m? + 2my + (—4m? = 6m

I 4. 2 d
Wie = e (ﬁ) = (120N) <gl el gk)

{80i + 40j — 80k} N

The resultant force is therefore
Fr = Fyp + Fyc = {70.7i — 70.7k} N + {80i + 40j — 80k} N

= {151i + 40j — 151k} N Ans,

34
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The force in Fig. 2-39a acts on the hook. Express it as a Cartesian vector.

35

SOLUTION
As shown in Fig. 2-39b, the coordinates for points A and B are

A(2m,0,2m)

Ve o (2 o ([
B[*(g)Ssm 30 m,(5)500530 m,<5>5m}

B(—2 m, 3.464 m, 3 m) (a)

B

and (2)(5m)

or

Therefore, to go from A to B, one must travel {—4i} m, then {3.464j} m,
and finally {1k} m. Thus,

(r,,> {—4i + 3.464j + 1k} m z
= () S
- V(=4 my + (3464 m)> + (I m)? ‘

B
B(-2m,3.464m,3 m)

= —0.7428i + 0.6433j + 0.1857k == =<
A@m,0,2m)

Force Fp expressed as a Cartesian vector becomes

Fy = Fyuy = (750 N)(—0.74281i + 0.6433j + 0.1857k)

= {-557i + 482j + 139k} N Ans.

(b)
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Determine the magnitudes of the projection of the force F in Fig. 242
onto the u and v axes.

36

(B)proj

(F)proj

Fig. 2-42

SOLUTION
Projections of Force. The graphical representation of the projections
is shown in Fig. 2—42. From this figure, the magnitudes of the projections
of F onto the u and v axes can be obtained by trigonometry:

(F)proj = (100 N)cos 45° = 70.7 N Ans.

(Fyproj = (100 N)cos 15° = 96.6 N Ans.
NOTE: These projections are not equal to the magnitudes of the

i

components of force F along the u and v axes found from the
parallelogram law. They will only be equal if the u and v axes are

perpendicular to one another. e

uOttawa
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B F={300j}N
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Since the result is a positive scalar, F 45 has the same sense of direction
as up, Fig. 2-43b.
Expressing F 45 in Cartesian vector form, we have
F,p = Fopup = (257.1 N)(0.286i + 0.857j + 0.429k)
{73.5i + 220§ + 110k} N Ans.

The perpendicular component, Fig. 2-43b, is therefore
F, = F — F,3 = 300j — (73.5i + 220j + 110k)
= {-73.5i + 79.6j — 110k} N
Its magnitude can be determined either from this vector or by using
the Pythagorean theorem, Fig. 2-43b:

a — Vi e — Vg s
= 155N Ans.
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The pipe in Fig. 2—44a is subjected to the force of /= 80 lb. Determine
the angle 0 between F and the pipe segment BA and the projection of
F along this segment.

z

Solution
Angle 6. First we will establish position vectors from B to A and B
to C; Fig. 2-44b. Then we will determine the angle 6 between the tails
of these two vectors.

rga = {—2i — 2j + 1k} ft, 5y = 3ft
o= {—3j + Ik} ft, 750 = V10f2

Thus,
. L e
cosg = BATTEC _ DO + D+ DD _ o
TBATBC 3V10
0 = 42.5° Ans.

39
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Components of F. The component of F along BA is shown in
Fig. 2-44c. We must first formulate the unit vector along BA and force
F as Cartesian vectors.

e (=20 — 2j + 1K) 2, 2. 1
M 22+l 2 2. 1
Usa = 3 3 =%

e —3j + 1k .
F = 801b( 2 ) = 80 —2——) = —75.89j + 25.30k
Tsc V10

Thus,
. 2. 2. 1
Fgy = F-ug, = (—75.89j + 25‘30k)-(f§1 = g_] + gk)
=0 (72) S (775.89)<7 3) 4F (25.30)(1)
3 3 3
= 59.01b Ans.

NOTE: Since 6 has been calculated, then also, Fzy = Fcos6 =
80 1b cos 42.5° o

4
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