. s which indicateboth magnitud®and

» Examples: displacement, velocity, acceleration

Scalars

* Quantities which indicat&€ only magnitude

» Examples: Time, speed, temperature, distance

Chapter 3

¥t head-to-tail connection

oLl

a0” Mew Crane 5t.
=5 o KATIP CEL NOKIA
LT UNIVERST \ V



3 Vectors

J VECTORS ss

3-1 What Is Physics? 38

3-2 Vectors and Scalars 38 ngitfi‘(’jz ;
3-3Adding Vectors Eeum@ag

3-4 Components of Vectors 41

3-3 Unit Ve casier way

3-6CAdding Vectors by Component® 44
3-1 Vectors and the Laws of Physics 47
3-8 Multiplying Vectors |47

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 2



1ZM0R

3-2 Vectors and Scalars di

* Physics deals with many quantities that have both size and direction.

* It needs a special mathematical language-the language of vectors-to
describe those quantities. (in magnitude, in direction)

* In this chapter: we will focus on the basic language of vectors.

* Quantities which indicate both magnitude and
direction

» Examples: displacement, velocity, acceleration

» Quantities which indicate only magnitude
» Examples: Time, speed, temperature, distance

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 3
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* The simplest example 1s a displacement vector.

* It a particle changes position from A to B, we represent this by a
vector arrow pointing from A to B e

* Arrows are used to represent’ vectors. A sdande
* The length of the arrow signifies magmtude

f'\.'-‘{ .
* The head of the arrow signifies direction CorBunlle (2t)

Fig. 3-1 (a) All three arrows have the
same magnitude and direction and thus
represent the same displacement. (b) All
Bp three paths connecting the two points cor-
/ respond to the same displacement vector.
‘i
(b)

* Sometimes the vectors are represented by bold lettering, such as vector a.
* Sometimes they are represented with arrows on the top, such as A

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 4
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* The vector sum, or resultant Vector Algebra
* Is the result of performing vector addition
* Represents the of two or more displacement
vectors cwdiad =" Y ol &
4 ‘; 'Lﬁ Actual , :
- f'ﬂ path
* Vector a and vector b can be added /
geometrically to yield the resultant vector A Net i e
Sum, S. . . . (:) the vector sum
s =a + b,
_ . . __—Toadd dand b,
*Place the second vector, b, with its tail W]
. / g -
touching the head of the first vector, a. / e
*The vector sum, s, 1s the vector joining Y p—
s ago - my —This s the
the tail of a to the head of b. B resulting vector,
— from tail of @
— to head of b.

bl 2 et
From B Sk’

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 5
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3-3 Adding vectors geometrically; Some rules i

—_  —

* Vector addition i1s commutative @+b=Db+7d (commutativelaw).

*We can add vectors in any order

head-tail
* Vector addition 1s associative connection

Vector sum

* We can group vector addition

however we like You get the same vector

result for either order of

— ks . — = By . s
(@a+b)+c¢c=a+ (b+7) (associative law). adding vectors.
You get the same vector result for

. any order of adding the vectors.

a
Te '&-\—.l;
12 »

@}‘( o
N
X
<Yy

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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3-3 Adding vectors geometrically; Some rules i

* A negative sign reverses vector direction

B+ (=B) = 0. J

S

Copyight© 2018 Joha Wiey & SansInc.All s reserved.

* We use this to define vector subtraction )

S

. —= = — —
d=a—-b=a+ (-b) (vector subtraction (@)

Note head-to-tail
;, arrangement for
addition

* Only vectors of the same kind can be
added

il
[
SIN

*(distance) + (distance) makes sense

*(distance) + (velocity) does not (b)

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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3-3 Adding vectors geometrically s

Example:

In an orienteering class, you have the goal of moving as far
(straight-line distance) from base camp as possible by mak-
ing three straight-line moves. You may use the following
displacements in any order: (a) @, 2.0 km due east (directly
toward the east); (b) 5.2.0 km 30° north of east (at an angle
of 30° toward the north from due east); (c) <, 1.0 km due
west. Alternatively, you may substitute either —b for b or
—¢ for €. What is the greatest distance you can be from base
camp at the end of the third displacement?

Reasoning: Using a convenient scale, we draw vectors @, b,
T.—b.and — as in Fig. 3-7a. We then mentally slide the
vectors over the page, connecting three of them at a time in
head-to-tail arrangements to find their vector sum d. The
tail of the first vector represents base camp. The head of the
third vector represents the point at which you stop. The vec-
tor sum d extends from the tail of the first vector to the head
of the third vector. Its magnitude d is your distance from
base camp.

We find that distance d 1s greatest for a head-to-tail
arrangement of vectors @, b, and —7C. They can be in any
order, because their vector sum is the same for any order.

< = - > This is the vector result
for adding those three
SSGrE aE i vectors in any order.
0 1 2

(a) (b)

Fig. 3-7 (a) Displacement vectors; three are to be used. (b) Your
distance from base camp is greatest if you undergo displacements
d,b,and —¢,in any order.

The order shown in Fig. 3-7b is for the vector sum
b adi(o

Using the scale given in Fig. 3-7a, we measure the length d of
this vector sum, finding

d=4.8m. (Answer)

magnitude

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan R
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* The component of a vector along an axis 1s the proiection of the
vector onto that axis.
* The process of ﬁndlng the components of a vector is called
AL w + ﬂ:—;—;ﬂ gy
* In 3-dimensions, there are three components of a vector along pre-
defined x-, y-, and z-axes.

March 1. 2022

This is the y component
of the vector.

2 D
‘}'H_.a_

') _FI-I.—F

& !

Fig. 3-8 (a) The components a, and a, of vector @. (b) The components are unchanged if the
vector is shifted, as long as the magnitude and orientation are maintained. (¢) The components
form the legs of a right triangle whose hypotenuse is the magnitude of the vector.

71 _*vka.eﬂ*"“taf/&"’

C’It 1"5‘1'

/ B (o | = %493

o
a, The components and the

(¢y  vector form a right triangle.

This is the x component
of the vector.

o
_ ol Cos ©

L.

5{';;;: ]E{ S’ﬂg
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* The components of a vector can be positive or negative.

* We find the co wﬁwnents of a vector by using the right triangle rules.
7y ﬁ] CCiw ¢ CD clocke. Wi <. . g;;é:) (—E-) o’ —
"oy Uze % o/ This is the x component T _’Q\J{_gﬁ @ e

o of the vector. ™~ 230 .,
ﬂim?\ /
9 0 |

b=7m a,=acosf and a

y o asm

* Where 0 is the
, and a 1s the vector length

| 2 2 ay
a=VYay+a;, and tanf = —

of the vector.

Fig. 3-9 The component of b on the x §, do n ﬁl W
axis 1s positive, and that on the y axis is — warf —,i M\L Dﬂ ns
negative. cC ey 2608 (_)
* They (a, & a ) are unchanged if the vector.is shif d{tecnon
pMC L;!«:’L Y "o
(but not rotated). @@, a,pmiﬂ

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 10



1ZMIR
gl KATIP CELER]
UNIVERSITESI

* Angles may be measured in
* Recall that a full circle is 360°, or 2n tad

, 2mrad

40
360°

= (.70 rad.

* Know the three basic trigonometric functions

hO- leg opposite 6
hypotenuse
: Hypotenuse e
o leg adjacent to 0 e
hypotenuse ’
tan O = leg opposite 6 Leg adjacent to 6

leg adjacent to 6

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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A small airplane leaves an airport on an overcast day and 1s Example
later sighted 215 km away, in a direction making an angle of N
22" east of due north. far east and north is the airplane  w £
from the airport when sighte >

KEY IDEA

We are given the magnitude (215 km) and the angle (22°
east of due north) of a vector and need to find the compo-

£ —~» ﬂ'ﬂu—z'i: = S‘FD
S8 1338

nents of the vector. A o [ I{ Sinéd
Calculations: We draw an xy coordinate system withthe 200 ————— = 7 %
positive direction of x due east and that of y due north (Fig. A [ -:\II dz -+ 0‘5

3-10). For convenience, the origin is placed at the airport.
The airplane’s displacement d points from the origin to
where the airplane is sighted.

To find the components of d. we use Eq. 3-5 with 6 =
68° (= 90° — 22°):
d, = dcos #= (215 km)(cos 68°)
= 81 km (Answer)

Distance (km)

(1] 100
Distance (km)

d, = dsin § = (215 km)(sin 68°)
=199 km = 2.0 X 107 km. (Answer)

Thus, the airplane is 81 km east and 2.0 X 10* km north of
the airport.

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 12
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3-4 Components of vectors 7
X / ul)‘[‘an@
n\c..{uﬂ d'ﬂﬂ o,
ﬁcw ] Ay M

Check if the angles are
measured
counterclockwise from

Angles measured
counterclockwise will
be considered positive,

Use definitions of trig
functions and inverse
trig functions to find
components.

the positive direction of
the x-axis, in which case
the angles will be
positive.

and clockwise negative.

Change the units of the
angles to be consistent.

Check calculator results.

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 13
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* A unit vector

a, ¥ ey y * We use a right-handed

— Has magnitude 1 . © t24J  coordinate system

. C e (2] =4
— H rticular direction : -
as a particular direc * Remains right-handed when

— Lacks both dimension and unit

, rotated
— Is labeled with a hat: »
* Unit vectors pointing in the x-, y-, sl sl
. along axes.
and z-axes are usually designated
by ik respectively ?
Fa
* Therefore vector, a , with g N 1
. _ R 5
components a, and a, in the x- and / 1

y-directions, can be written in :

terms of the following vector sum: = Fig.3-13 Unitvectorsi,],and k define
the directions of a right-handed coordinate

a= a,?+ Ay system.

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 14
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3-6 Adding vectors by components i

If — —s - then L no head-tail
r=ada-+ b, r X H.I T Uy connections, but
component wise.
ry=a, + b,
Fz = d; T E}z

*Two vectors must be equal 1f their corresponding components are

equal.
*The procedure of adding vectors also applies to vector subtraction.

— 7 _ 7 | o) dy=a,—b,, dy=a,—b, and d =a,—b,

|

Therefore,

where d = d,i + d}j + dk.

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 15



3-6 Adding vectors by components

Example:

The desert ant Cataglyphis fortis lives in the plains of the
Sahara desert. When one of the ants forages for food, it
travels from its home nest along a haphazard search path,
over flat, featureless sand that contains no landmarks. Yet,
when the ant decides to return home, it turns and then runs
directly home. According to experiments, the ant keeps
track of its movements along a mental coordinate system.
When it wants to return to its home nest, it effectively sums
its displacements along the axes of the system to calculate a
vector that points directly home. As an example of the cal-
culation, let’s consider an ant making five runs of 6.0 cm
each on an xv coordinate system, in the directions shown in
Fig. 3-16a, starting from home. At the end of the fifth run,
what are the magnitude and angle of the ant’s net displace-
ment vector Hnet, and what are those of the homeward vec-
tor Hhome that extends from the ant’s final position back
to home? In a real situation, such vector calculations might
involve thousands of such runs. = —

KEY IDEAS

(1) To find the net displacement d . we need to sum the
five individual displacement vectors:

Enet=31+32+33+34+35.

(2) We evaluate this sum for the x components alone,

dnel,x =

and for the y components alone,

diy + doy + dsy + dyy + ds,,

dn&l,}’ — d]_}’ + dgy + d3}, + d4_}-' + de-"
(3) We construct d, from its x and y components.
March 1. 2022
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dyy = (6.0 cm) cos 0° = +6.0 cm

Calculations:
dry = (6.0 cm) cos 150° = —5.2 cm
diy = (6.0 cm) cos 180° = —6.0 cm
dy, = (6.0 cm) cos(—1207) = —3.0 cm
dsy = (6.0 cm) cos 90° = 0.
Apery= T6.0cm + (=52 cm) + (—6.0 cm)
+(=3.0cm) + 0
= —82 CITl. dnelz}' +3.8 cm.
Run d, (cm) d, (cm)
1 +6.0 0
2 =352 +3.0
3 —6.0 0
4 —3.0
5 0
net —82
1~

components, we use Eq. 3-6. The magnitude is
Aoy — W d%&tx + d%et ¥
= V(=82 cm)? + (3.8cm)? = 9.0cm.

To find the angle (measured from the positive direction of [fo —W‘
x),we take an inverse tangent: CCW

i it o
W”éns(__u _1(—

PHY 101 Phvsics I © Dr Cem Ozdodan 16
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3-6 Adding vectors by components i

Example (C Ontlnued): Caution: Taking an inverse tangent on a calculator may not

give the correct answer. The answer —24.86" indicates that

oo W) N—— . the direction of d , is in the fourth quadrant of our xy coor-

find their net x component dinate system. However, when we construct the vector from

and their net y component. its components (Fig. 3-16b), we see that the direction of d

e is in the second quadrant. Thus, we must “fix” the calcula-

{ . i tor's answer by adding 180"
ds 7 = —24.86" + 180° = 155.14° =~ 155°.
120° 150° N2
309 / TN, Thus, the ant’s displacement o, has magnitude and angle
7 d

¢+ Home : dye = 9.0 cm at 155°, (Answer)
(@) Vector ﬁ'm directed from the ant to its home has the
Then arrange the net This is the result of the same magnitude as Hml but the opposite direction
components head to tail. addition. (Fig. 3-16¢). We already have the angle (-24.86° ~ -25°)
for the direction opposite d . Thus, Hm has magnitude

Final ¥

and angle

home = 9.0 cm at =25°. (Answer)

-25°

A desert ant traveling more than 500 m from its home will
Home actually make thousands of individual runs. Yet, it some-
ow knows how to calculate d, _ (without studying this

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 17
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* Freedom of choosing a coordinate system.

* Relations among vectors do not depend on the origin or the
orientation of the axes.

* Relations in physics are also independent of the choice of the
coordinate system.

*We can rotate the coordinate system, without rotating the vector, and
the vector remains the same.

Rotating the axes
changes the components

but not the vector.
a = \/u_f + a = \/u_{.: + al?
: _ 1 x
=6 + . :
T )
* All such coordinate systems are equally valid. BV

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 18
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A. Multiplying a vector by a scalar

Multiplying a vector by a scalar changes the magnitude but not the

direction: @ * S = Sa e deiple vy Lo

B. Multiplying a vector by a vector: =

The scalar product between two vectors 1s written as: (a
71’ = B K 3 - 3 .. orderis NOT important!

It 1s defined as:

{Iomp{}nem of b

_1. 19
Qef’—éj G [ i S o of

@-b =ab cos o,

* Here, a and b are the
magnitudes of vectors a and b

. . / along di ion of
respectively, and ¢ 1s the angle  or muttiplying these —/
between the two vectors. gives the dot product. ”ﬂ

* The right hand side is a Fig.3-18 (a) Two vectors @
and b, with an angle ¢ between
them. () Each vector has a
component along the direction
of the other vector.

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 19

gt
\ b
Com ponent of a



1ZMIR
gl KATIP CELER]
UNIVERSITESI

C. Multiplying a vector with a vector: Vector (Cross) Product

* The vector product between two vectors a and b can be written as: @ X b
* The result 1s a new vector ¢, which 18~ = gp sin o,

— Here a and b are the magnitudes of vectors a and b respectively,
and ¢ 1s the smaller of the two angles between a and b vectors.

The right-hand rule allows us to find the direction of vector c.

N )

; ‘\—a'\

M. -~

Fig. 3-19 Illustration of the right-hand rule for vector products. (a) Sweep vector @ into
vector b with the fingers of your right hand. Your outstretched thumb shows the direction

of vector £ =a X b ; , -
Do dmgger| | © SRR T T
NYT enarAls

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdogan 20
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3-8 Multiplying Vectors d

C. Multiplying a vector with a vector: Vector (Cross) Product

(4)
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

The upper shows vector a cross vector b, the lower shows vector b cross vector a.

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 21
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3-8 Multiplying Vectors d:

C. Multiplying a vector with a vector: Vector (Cross) Product

g |
A
N Jj; Cordtry ot
L a0

R 20y, A

e, r:"'“xj'ﬂ=é

o€heise M»Mffﬁ:&: B/
——
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3-8 Multiplying Vectors ;s

* The cross product 1s not commutative  order IS important!

— —>
bXd= ~(adXb).
indicates the direction

* To evaluate, we distribute over components:
dxXb=(ad+a, +ak)X(bi+b,+b.k),

alxXbi=ab(1xX1) =0,
a1 X byj — axby(f %4y = axbyﬁ.
* Therefore, by expanding
dxXDb= (a,b, —b,a) + (a,b, —b.a,)] + (ab, — b.a,)k.
nothing but 2™ way

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 23
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In Fig. 3-20, vector @ lies in the xy plane. has a magnitude of
I8 units and points in a direction 250” from the positive di-
rection of the x axis. Also. vector b has a magnitude of
12 units and points in the p051t1ve direction of the z axis. What

is the vector product ¢ = @ X b?

Sweep ZFinto b.

both 3 and b.

Fig. 3-20 Vector ¢ (in\the xy plane) is the vector (or cross)

product of vectors @ and A.
Calculations: For the magnityde we write
¢ = ab sin ¢ = (18)(12)(sin 90°) = 216. (Answer)

To determine the direction in Fig. 3-20, imagine placing the
fingers of your right hand around a line perpendicular to the
plane of @ and b (the line on which € is shown) such that
your fingers sweep @ into b. Your outstretched thumb then

When we have two vectors in magnitude-angle notation, we
find the magnitude of their cross product with Eq. 3-27 and
the direction of their cross product with the right-hand rule
of Fig. 3-19.

This is the resulting

- s
vector, perpendicular to E - 2?‘ é g I.' ;1[ l-E' !1 gm/é

17 12 go°
¢ [= 21 d’cmﬂz 2 t
=2 160

gives the direction of €. Thus, as shown in the figure, € lies in
the xy plane. Because its direction is perpendicular to the
direction of @ (a cross product always gives a perpendicular
vector), it is at an angle of

250° — 90° = 160° (Answer)

from the positive direction of the x axis.

March 1. 2022 PHY 101 Phvsics I © Dr Cem Ozdodan 24
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3-8 Multiplying Vectors i

S .

When two vectors are in unit-vector notation, we can find ’\J j\n L ’r;‘“

their cross product by using the distributive law. ~ ~
T b —~ <

Calculations: Here we write
7= (31 —4)) x (=2i + 3k)
= 3% =71) + 3i x 3k + (—4j) x (-2i)

+ (—4j) x 3k.
e We next evaluate each term with Eq. 3-27, finding the

direction with the right-hand rule. For the first term here,
~ the angle ¢ between the two vectors being crossed is 0. For

PFas
(“g/é’f '&2}’9 © {"‘93 -0 'O) " ¢ the other terms, ¢ is 90°. We find

L 5\ (otd-33)F - : PN o

Jr(%x_-a% }_u (olo-53)3 ¢ = —6(0) + 9(—)) + 8(—k) — 12i
. (%%_%Q Tl Go-welk = —12i — 9] — 8k (Answer)
—  _—~—c—""" This vector T is perpendicular to both @ and | b, a fact you
8 - {2,?- 9? -9k can check by showing that ¢-@ = 0 and ¢- b = 0: that is,
) - there is no component of ¢ along the direction of either

Gorb.
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Example: 7 e

No ve vy fe(:.ra-—-
Exomply Gk omponsdh wvie opef gy owpma®S oy -
G haaainy P =t bt l D (12— 16)0 1 f. 57429 2F) TH( G"‘""")é
! - A
f»: -1.6 T 4RI T ciluale ]r_— g d o 62307 |F l-}/(z-é) /R )
£=-3723 .{,d.yé e N3 = W
- - -23 s "
4.5 'é

3.5 ? mﬁjMﬁéW@

Uy T~ 08, b
Card g pola-
FYL
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1. Three vectors a, b, and ¢ each have a magnitude of 50 m and lie in an xy-plane.
Their directions relative to the positive direction of the axis are 30°, 195°, and
315°, respectively. What are (a) the magnitude and (b) the angle of the vector
a +b + ¢, and (¢) the magnitude and (d) the angle of a - b + ¢? What are the (e)
magnitude and (f) angle of a fourth vector such that (a + b) — (¢ + d) =0?

19 |2 |81 2sem 1, %

—')(ﬁm;
2 BT 77 195°
30 /95° 2/5° wed 4% - azt0 ﬂ gp”
. ¥ e : ;
‘{.) a'4é +C = / )7 ,;)7}“,44 d;&._./ééfé’(gu’?t_ R é/"vf[_z\ A
= ] W e S L3 St (ol 3
ad = ﬁ'd./{,a S AN Sin30 g = 4%.30 e A5 e

r
/ , TR Y Y ot o=,
{?) : 6@{)(‘:‘) ;’gj-‘ruff\ _f(fﬁ -";,),S;'”"’?j' j"' = __£-1?§‘3£_. ,L#l;zﬁ { _J? >
- : » 2 ot A 2 .
+ B’ — (50m)(os35" § 7 [SOm) Sin3/5 T=25.36 L #*°
L — " 7~ y ] R A~ v Ta o ~\
7t D= (50m) ((Co530°+ U 195" #Lov 35 )<

o S
7‘/5"«"!‘!/ (.guﬁuﬂft Sf';/ff °r Sy 3/5 )_}'

-» A A -y }[_.f 4 Z. i )Z_i
F=(30.36% + fzﬂ,ﬁaﬁ-;)/.-_;)—-pmy«fﬁé IF) = {30. 36 ) %(23. 30m
qj s - 352—?/);
- szé_ & 44{’ SPERP = 53 50
30 36 C Al

B o7 e 360+(-37.5V="322.5 c@ w
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1. (Continued) Three vectors a, b, and ¢ each have a magnitude of 50 m and lie in an
xy-plane. Their directions relative to the positive direction of the axis are 30°,
195°, and 315°, respectively. What are (a) the magnitude and (b) the angle of the
vector a+ b + ¢, and (¢) the magnitude and (d) the angle of a - b + ¢? What are
the (e) magnitude and (f) angle of a fourth vector such that (a +b) — (¢ + d) =0?

b : 340 TPo9 o "
ﬂ) 2 £+¢ 9, F60+(-37.5)=7322.5 c@ w

= (4330 -(«5-30) +35.36),C 4 (25—(~1295) -35.36)] f i}m

&= NeISL 12585 _)Wvué 1] 126,45

A
%ﬂ% U&/é)rf JH‘({\ 4 1}_ 1?(‘(2 fé\) [(. f({) () .
gt (/ ((’E '(Lé J ((f.f 501—(,.4,'3 50) 25. Jé)(_ -7&[.2‘) f( /2 f/(;)‘(’" g}f‘ﬁ’.j\
: % %Mégj ——p ﬂl‘\leL.’{L»(L JJ = C:,Z Lé;‘- L

'5:‘7.6 o ;7— J—ﬂ/}f é :;_;.((7-(4
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3 Solved Problems i

2. Three vectors are given by a=3.0i +3.0j - 2.0k, b =-1.0i - 4.0j + 2.0k, and
¢=2.0i+2.0j+1.0k. Find(a)a.(bxc¢), (b)a.(b+¢c), and(c)ax(b+c).

scalar scalar vector
R

37) 2307 ¢3 0F-2- O‘E {) A (6xC)=7
T =04 140520 5
C,_Qoftff-ﬂﬂa'-f/ﬂ& é?‘-f (6262‘3){-/«(2(: é%%@{ﬁy
(-t 1229 #(2:2 -H)udd - fxz—zéff)
= "‘—‘7f+‘5'.j-%54_' Howd & i m%.
a. (Gx e (%x-—x 7 Lt3a57F-24100) = -2/

“) BE2) T (B10) = 102209 4300 0
aA- (F’T‘C) = 10%x3.0 - 24}#3,0 +3.0<20 = B

pr——

M)AK(TLE?) 7 C{%[é'ﬂi (0;.53—{ WQZ%(RJ’ 3(3))']-1"(3{3) 5‘”;)
~5'-t f{’j 9& a
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) aﬁ 25425 -2 L AT s produk
eum by Az e -3
e RA - B B

Z_ - 1
6,6, - bey b6~ e g;,a,d
2} () i

(1-2)i+ (e@e)) 5 +@)2, ) L ke
~¥ Sg ¢ L .

N ~ AN N) CoS

@ﬁw gﬁ\—ZL-C—h?f” +SJ7‘62<,) X~ sin O

3(~3)+’5ﬂ5’%(fl>(6> ="24 v~ %LM ,d“,f,v(zaggrﬁa
=~ e/ms Pl
2.5 +2L "N RO

(sl = 1

- f—?) (‘ l Z’)L {) 38 #'F (5['4 PN
(3 ° ! @ —{! & —9 b
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3 Solved Problems i

3. Vectors A and B lie in an xy-plane. A has magnitude 8.0 and an angle 130°; B
has components B =—7.72 and B, =-9.20. a) What are 5A.B and 4Ax3B 1n unit

vector notation? b) What is (31 + 57)x (4Ax3B)? Find magnitude and angle of
resultant vector.
s Bocal20 = -5l | ,Bx=-102

¥ -4 3 ,ﬁ;‘-&'}
L) A= Pudy +ByBy? ; Ay = A 3130 = b1} Ryv =920

< Ed.‘&. =S Eq-'ﬂh][ 297) L6 12)(-9. 1-»3]'}

5[ 39 48 - S6-e]} {8
. v

il B
Y

L4
Epl! t-
LARBRE = \ _20s% 2L © - [laosw (228 - gy seis el

21k - 136 O &sbﬁs +Sb;g}.m_uk’/’
= By 'y +F33
1 5';:1‘?}\“;_)
WHE M
LL) L‘l_,x +3‘J) 1-.“3 o

@) paged = o’ (-2ob)” 66205 |
’) }-M ?

~ - Alob.2
Z'L.z : g = ¥an (%3 h(ﬂ}}]
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3 Solved Problems 4

4. The three vectors in Figure have magnitudes a=3.00 m, -+ ¥
b=4.00 m, and ¢c=10.0 m and angle ©=30.0°. What are (a)
the x component and (b) the y component of a; (¢) the x
component and (d) the y component of b; and (e) the x
component and (f) the y component of ¢? If ¢ = pa + gb, b

what are the values of (g) p and (h) q? A

b y& 80
43’) 2= 200 m, 6 ]= 400m Jtcl=0,0m %0~ "
gt 3%@”0**3% g 6, £'Cs 35— 3.46m ) (a= 0. Cos 12T =500

—
o

1t P, AD
ﬂg;‘ E’)ﬁﬁm@ = O'{JU (JB; lfn&w’JD - Zrmm CZ:L:{OO SW"M’}" 37 A
E: E “i'/]E) LQW F 9 '+¢:[2f‘/ﬁ4{+qzroﬁJ

_ p 2004 i
—-gﬂwi%ﬁréé’”f' i W ( 3p +z,¢,ém;:5'

- = 3 g.ﬁérﬂ azérgg 8 41
7252 - 1 Hi =" | fanns 570

“Z a3 gt

P:_,__ L ——

-

>
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3 Solved Problems 4

= Ry = ]aL G X 5’(\} gfﬂ(}

e o " - 3@58‘% gmv 3 Sﬂfﬁ'fé—-/ej
7 = Vi BD—L;\M
I
] f B
Y e oxzz,o:u'sm§ 10 nl20 = 9.4
" 8:’20& et— — Ca = Z"}
w’f) El—PaJ—eaqé
S oo ¥ L&
—~Sm 2
S AL

9,44-—27

T DT
7= #g"—g@*c%i__ééé
P:’ _% e
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3 Solved Problems i

5. Given two vectors, A= 51 — 6.5) and B=—3.51 +7]. A third vector lies in the xy-
plane. Vector C is perpendicular to vector A, and the scalar product of C with B is
15.0. From this information, find the components of vector C.

ot 4 -3 2 oy
A ad C are PEJPGJH{{“"“’*; g0 A-C =0

AxCx +AyCy =0
50Cx — 6'5.('3‘ =0 (J..)

g'z g iS.U’ SO ""'-,515 C}{ 'f_q‘ﬂ% —- ] 1'5!0 (.2;)

wWe hove 4wo equations in twe unknewns Cx any Cy.
&:N:rg Gives Cx=80 and C“.j:b.'i
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Scalars and Vectors Unit Vector Notation

*® Scalars have magnitude only ° We can write vectors in terms of unit

'\{ectqrs have magnitude and d=al+ ayj +a.k, Eq. G-7)
direction

Adding by Components Fe = @ + by
* Add component-by-component r, =a, + b,
Vector Components Eqgs. (3-10) - (3-12)

* Given by Eq.(3-5) Scalar Product

a,=acos § and a, = asin 6, ° Dot prOdUCt EB’ — qb, ]
* Related back by g 3.6 Eq. (3-20)

a, d-b=(ai+aj+ak)-(bi+bj+bKk), ge (322
— d tanf = —> Y ' ¥ ' q. ( )
eT Ve ane YT Scalar Times a Vector
®* Product is a new vector. Magnitude is multiplied

®* Both have units!

P =+ D

Adding Geometrically by scalar. Direction is same or opposite.
®* Obeys commutative and Cross Product
associative laws Eq. 3-2) ° Produces a new vector in perpendicular

G+b=b+4d direction
° Direction determined by right-hand rule

Eq. (3-3) c=absm¢,  po 324
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