Vector Algebra -- 4o &Y yo i P

Introduction

In this course we'll learn how to manipulate multi- Lo o)) a8 edativ B

dimensional objects called vectors which are thPe appropriate il = & J)Ll N Lg GE.L.U.:"“
e 'b’d' B PPTop mt_.)l\ 51591 2y Aai¥l mud slay¥l Sonaie ™

tools to describe directional effects in space. . ‘@ slar¥l il ng‘ }ku‘

We need vectors in order to describe physical quantities like i o . N

the velocity of an object, its acceleration, and the forces

exchanged with other bodies. ~ﬁ\-—°“-?'2‘ (30 DAL 2 Uolal) 6981l « deyludy ¢ puxl!
Vectors are built from real numbers, which form the La sl slae¥l e dailay Las ¢ laddl Casyal Lo
components of the vector. You can think of a vector as a list Aol oldes Jl e Y e Jﬁé-ﬁ g .<GL;SJ.A EUS
of numbers, énd Ve?tor algebra as operations performed on PR Zté).,.l\ QLgS)l\ e éi RIS ﬁ:"ﬁj e 6)&’{
the numbers in the list. 0 o s L S Lt U
Vectors can also be manipulated as geometrical objects, sliaall ol gorud QS e :L""“ ke Lyl (Say
represented by arrows in space. - (oeael) Lz 90 Losdiue alaas
The arrow that corresponds to the algebraic vector vV = (Ux; Uy) ZL,..Z«J\ e B&8lety éJJ\ M\
Aky . ) )
starts at the origin (0,0) and . v (0’9) ‘:’Lf'l‘ T @lla'“"
ends at the point (Vy, V) v Y (V) Aadidl e S\
The word vector comes from the Latin ‘ LM ce"vector” 4alS el
vehere, which means to carry or to ride. 0 Ux X L85 ol o (g g cvehiere
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Definition

The two-dimensional vector ¥ € R? is equivalent to a
pair of numbers V= (v, vy)‘ V) is the x-component,
and vy, is the y-component of.

Vector Notations

We'll use three equivalent ways to denote vectors:

¢« U= (vx, vy): component notation, where the vector is
represented as a pair of coordinates with respect to the
x-axis and the y-axis.

s v=ul+ vyj: unit vector notation, where the vector
is expressed in terms of the unitvectors I = (1,0) and
7 =(0,1).

* U = |U|£0: length-and-direction notation, where the
vector is expressed in terms of its “/ength” |U| and the

angle 6 that the vector makes with the x-axis.

These three notations describe different aspects of vectors, and we will use them
throughout the rest of the course. We'll learn how to convert between them—both

algebraically (with pen, paper, and calculator) and geometrically (by drawing arrows).

el

T € R? :(aadl s eliad) orwdl 3 g laddl 960 4o
S0 Uy uc-.xj“ V= (vx,vy) Slac¥l o gy YUl

.yjjxl‘ ul.c.ii.gsj.avyj X Jj.kl‘ ul.c.
A& a5
A ¥ 0 A0 A8 1Se JISCE ) A »

@}S a\-\-&.“ d:.«,q.; S D= (vx,vy) QLSJ.J.‘ ey ®
. yjjxl‘ e Q\.ﬁ\j cX)j_‘zl‘ s J;}“ (LS oY e
¢ laiadl Jied cus U = Uyl + 1] Busloll 4 il ey @

J=(0,1) 5.8 = (1,0) suxlsll £las ¥,

¢ aidl e pad Cus U = |U]£0:l5¥g Jshall jeays

X 552l ae Laigmy (G016 Lol [U] "ddsb” a0Y,
A i e Aalises cilgn coda M il JIKAT Cayas
@lally) Lo - Loguar sl 2 iy (oY Lottt
(el Loy B33l (1) il guzmg (Asslond] A0¥15 23,011

12/17/2023 https://manara.edu.sy/

Introduction to Engineering - Civ. Eng. - 2023-2024 - S1 - L5



Vector operations k) (e o | %vﬁ

Consider in the three dimensional space R3, three vectors: ] ) R3 sl ¥l u,y\_, L Q]\ L? <

— (ux» Uy, uz) (vx: Uy, vz) &W = (Wy, Wy, w,), f:'."f?.'.:"!.[
and assume that a, b, & c, are three arbitrary real numbers. .4.3)\.5.9\ Laas slael 5 ca,b,& ¢ u> el
Addition and subtraction L bog 4ai¥! pox

— -

u+v=(ux+vx,uy+vy,u + v,)

U=V = (Uy — Uy, Uy — Uy, Uy — V)
Performing T calculations on vectors simply requires Lol e Lt 3o luy 2 Yl e C)—’é—“j &Q_?:_” lides
carrying out + operations on their components. ) )

Example: Given two vectors: U= (4,2), U = (3,7) iz UL:MLU%JLT
Find: i+ D& — B . U—V sU+ D
u+v=04+32+7)=(7,9)

U—D=(4—-32-7)=(1,-5)

Scaling glad ae b ol

We can also scalea vector by any number a € R:
a = (auy, auy, au,)
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Length a\.a..&.“ J}fa Pjh
V
Avector’s length is obtained from Pythagoras’ theorem. Lot Sorwdl 3 Cuygelind 2 das ) sL¥l dooLa

Imagine a right-angle triangle with one side of length U, O)liol

and the other side of length Uy ; the length of the vector
is equal to the length of the triangle’s hypotenuse:

S0 |2 2
|V —va + vy,

SLag¥Il D8 sLaall (§ Ciyeelind &las J] sl

Unit vectors Lo g lads sleil §8u>lgll o la i

Take any vector like: U = (ux, uy,uz) &\.a_fd\ oS
Its unit vector is: ) :;: (u_ic,u_j)/’liz) :B_Qﬁ_\_,,b&\_,_g
jul - \lul” [ul " |ul
4
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Scalar (dot) product of two vectors i el dd ((Joddl) olud! ol PTY/
Consider in the three dimensional space

- P 6 — deola
R3, two vectors: d and b a O)liall

Their scalar product is defined as real

LBMally B y20 Auds> due dsls
number given by

a-b=/|da||lb|]cos@ or =abcosb
It is commutative, distributive with vector

addition, and is null if they are perpendicular
In an orthonormal coordinate system dpollas Buelaie 4,00 wldlus| Ales 3

d =al+a,j+ak and b =by,i+ b,j + b,k
The scalar product and the angle between i Madly e laddl v Lgldlg eludl e (Jaay
i-b=a.b, + ayb, + a,b,

a,by + a,b, + a,b,

\/a§+a§+a§\/b§+b§+b§

https://manara.edu.sy/

the two vectors are given by

cos @ =
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Vector (cross) product of two vectors oneladd (ablad)) (sladdl olaz]l P

ZaY

It is a vector perpendicular c=dadxXb l_?) i Jolaie g lad =5l deola
to both of them IX/ oo 2 ]
6
The magnitude (length) —2=bxa (Jobs) wlid Jony
of the resultis given by 23l sl
1&| = |d||b| sin 6
Anticommutative, distributive with poSas . AN o e (S Luse bas
addition, null for parallel vectors, Lo Lldsesg ylgie cnelaid

analytically given by: ixbh =(a,l + a,j + a,k) x (b1 + byj + b, k)

=ab, (i xi)+ab, (i < ])+ab, (i xk)
+ab, (] =i)+ab, (Jx])+ab,
+a,b, (k x1)+a,b, +ab, (k xk)

dx b =1(ayb, —asby,) + j(ab, — axb,) + k(axh, — a,by)
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’ Va

djliaJl

¢=dxb=ti(ayb, —a,b,)+j(a,by — ayb,) + k(ayb, — a,b,)

P

C=cyl+cyf+ck

ﬁ
x
|

a,b, —a,b,
Cy = azby —a,b,

C; = Ayxby, — a,b,
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Graphic Representation of Vectors PA

Vectors can be represented in terms of some chosen reference components. In practice ioola
reference vectors are chosen to be orthogonal (perpendicular) and of unit length. o)lioli
& I
| P=3i+4 =
4r 4]+7 _____ ] 3.5 -
3t | - 3-
P=2i+3j+2k
21 | | 2.5~ A —
1 &
| ! N 1.5
-0k —-——— - - — — — —
o, i 3i .
-1r I 0.5 - B
| =
-2 | 0-
|
3 | 9 | =
| o el e B
-4 r : 4 3 "2‘.-.'——_____- — 532 1 2
-5 | 1 0 1’-_.«_""_:1 0 .
-5 (i} 5 y

Standard notation for the unit vectors are L along X-axis, | along Voaxis, & K along the Zaxis.
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DIRECTION COSINES . - gl CiliylugS PAY/

Let &, 7, & 7 be the angles made by a vector ¥ = ai + bj + ck, with the three aoos

primary axes. The cosines of these three angles cos «, cos [/, & cosy are known as §)liall
direction cosines

A \ A
1z D 4 ‘ %
{ K/ f_¢ {
/ = ~ / i
C| C ,."'
yV 5 V x' > /,:\> ] - y\; , x
» - / ) 2

a b C
cosa = COS — - COS =
vVa2+b2+c2’ '8 vVa2+b2+c? 14 vVa2+b2+c?2

It follows from the above that: cos?a + cos?f + cos?y=1

Example: Sketch the vector 7 = 57 + \/§]A + /8 k, and find its length, the direction cosines

and the angles it makes with coordinate axes.

12/17/2023
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Cosine Formula in the Triangle

Given a tringle with vertices (singular, vertex): A, B and C.

With o, fand y as the corresponding angles.

And a, b and c , as the corresponding sides. From the figure. 3

AC — AB = B_C), then (B_C))2 = (AC — AB)Z, which gives the general cosine formula

a‘ =b?+c®—-2bccosa

Ex. Write the two other similar formula.
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Sine Formula in the Triangle %Y/
d L

AREA =[3AB xAC| =|4BC xBA|=|3CA xCB] gy,
Then: icbsina =3acsin g =4basiny A
Multiply by 2 and divide by abc, to get b

C

siny
a b C C
Inverting the fractions to get

Sinar sin f3

a b _ ¢

SN sin 3 siny
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