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a-b=0, ¢6=090°
The vectors are perpendicular to each other.

49

Check the result geometrically by completing the
diagram

a=(4, 1)

b=(-1, 4)

50




Chapter 2 Vector Algebra II: Scalar and Vector Products

A well-known maxim when delivering a lecture is:

Say what you are going to say.

Say it.
Say what you have said.

In other words:

— before starting a lecture give a brief explanation of what it is about;
— go through the subject matter in detail,
— at the end summarise the lecture.

By following this maxim it is easier for the audience to learn and retain the content.

The maxim ensures that important facts are repeated .......c...ccceeveeerieennnne. times.
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The scalar product vanishes for perpendicular vectors. This relation is frequently used to
check whether two vectors are perpendicular to each other. If the components of the vectors are known,
we form the scalar product to see if it vanishes.

Given: a=(ax, ay)
a; = (—ax, —ay)
a = (—ayx, ay)
a3 = (ay, —ax)

ag = (—ay, ax)

Which of the vectors are perpendicular to a? ..........cccceeveervennennne.
——————————————————— > 51
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three

3

The method is useful for another reason: if the essential facts are given at the beginning and repeated
at the end we have a better chance of realising which aspects are fundamental, and this means that we
have established priorities.

The maxim is thus also useful for the learner if he applies it to his own way of learning. It is just as
useful to recall the essential facts of the last lecture before starting a new one.

Write down, briefly, the essential points of the chapter on Vector Algebra I, including basic formu-
lae and symbols.

Stop working after 5 minutes.
------------------- >| 4
a and a3 as well as a and a4 are perpendicular. 51
LetF=(IN, —1IN, 2N).
Which position vectors are perpendicular to F?
s1=(2m, 1lm, Im)
s2=(—1lm, lm, Im)
s3=(Ilm, 1m, —2m)
s4=(B3m, 1lm, —Im)
Perpendicular vectors .........ccccceeveeveieciennnns
——————————————————— > | 52




Your keywords may differ but the following illustrates what you could have written:
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Vectors have magnitude and direction; geometrical representation: directed line segments,
€.g. arrows.

The addition of vectors is in accordance with the parallelogram or triangle law. For more than two
vectors a chain is formed.

Subtracting a vector is equivalent to adding the negative of it.

Projection of a vector a on to a vector b:

Drop perpendicular lines from the start and end of vector a on to the line of action of b.

A vector may be expressed in terms of its components. The addition of two vectors a and b would be

a+b= (ax + by, ay +by; az+bz)

The magnitude of a vector in terms of its components is

— /g2 2 2
a=./ax+aj+az

7 The unit vector e, of a vector a has magnitude unity and the direction of a.
Thus ey = a
a
------------------- > 5
s and s4 are perpendicular to F. 5
All correct
——————————————————— > | 54

Additional explanation
The scalar product of two vectors which are perpendicular to each other is zero. We use this fact to

check whether two vectors F and s are perpendicular to each other.

LetF=(IN, —IN, 2N).
It is required to check if s= (2m, 1m, 1m) is perpendicularto F.
To check, we know that the scalar product must be zero.

Now F- s =INx2m—INXxIm+2NxIm
= 3Nm

Are F and s perpendicular to each other?

O Yes

J No

——————————————————— >| 53




Chapter 2 Vector Algebra II: Scalar and Vector Products

It does not matter if your brief résumé does not coincide with the one just given.

Your own may be more concise or more lengthy and it may contain other concepts, such
as free vectors, bound vectors, multiplication of a vector by a scalar, etc. What matters most
is that you are able to summarise the chapter recently studied. This is a useful general rule: before you
start something new, recall what you have learnt in the last section.

------------------- > 6

No.

Since F - s is not zero the vectors are not perpendicular to each other. If we have to check
whether two vectors are perpendicular to each other, we evaluate the scalar product. If F-s =0
then the vectors F and s are perpendicular to each other, provided F # 0 and s # 0.

53

Further exercises can be found at the end of each chapter in the textbook.
If you have difficulties working through the exercises always consult the corresponding section of the
textbook.

------------------- > | 54
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2.1 The Scalar Product

Objective: Concepts of scalar product, inner product, calculation of the scalar product.
In the textbook the scalar product is derived from a mechanics example and then the rule is gener-
alised.

READ: 2.1 Scalar product
2.1.1 Application: Equation of a line and a plane
2.1.2 Special cases
2.1.3 Commutative and distributive laws
Textbook pages 23-27

Then return to the study guide.
------------------- > 7
Here are a few comments on working independently and in a group.
Group work and working alone are not mutually exclusive methods of study. They com- 4

plement each other.
Independent study is appropriate when facts must be memorised, when calculations have to be
checked, when proofs must be studied and when coherent material must be worked out.
Group work is suitable:

— in the preparation phase, for identifying and analysing problems;
— for the discussion of results and for solving new problems with new methods;
— as a means of checking up on others.

Group work can prepare for and guide private study. Working in a group is particularly fruitful when the
work is prepared by the individuals so that all members of the group can take part in the discussion —
all being equally competent to do so. Group work cannot replace private study and, similarly, private
study cannot replace certain functions of work done in a group.

------------------- > | 55




Chapter 2 Vector Algebra II: Scalar and Vector Products

The inneror......ccccceeeeveeneeennen. product of two vectors can be obtained if the ..........c.cccecvreenen.

and the .......ccoeceeiriiieniene are given. 7
------------------- >| 8

2.3 The Vector Product; Torque s

Objective: Concepts of vector product, outer product, torque.
It is shown in the textbook how to calculate the torque for the general case of arbitrary forces and
any points of application.

READ: 2.2.1 Torque
2.2.2 Torque as a vector
Textbook pages 30-32

------------------- > | 56
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scalar
magnitude, included angle 8
YA
a b
v State the formula for the inner product of the vec-
tors a and b.
o ab=.......
“x
------------------- > 9
// A force F is applied to a body at point
/ P causing it to rotate about an axis 56
p, % through A.

F In order to calculate the torque we resolve the
force into its component perpendicular to the ra-
dius vector r and its component in the direction
of r.

r
A

Complete the diagram by drawing the components of F.
The magnitude of the component perpendicular to r is

------------------- > | 57
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a-b=ab cos ¢ 9
The scalar product of two vectors a and b A
is equal to the product of the magnitude of vector
a and the magnitude of the
projection of .................. ON oo
b
o,
x
Complete the sketch in such a way that
it fits the above statement.
——————————————————— > [ 10
Fp=F sin
P o 57

The component of F in the direction of r does not
contribute to the torque; it has no turning effect on
the body. Only the component perpendicular to r
is to be considered.

Hence the magnitude of the torque C is:

------------------- > | 58
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The scalar product of two vectors a and YA
b is equal to the product of the magni- 10
tude of vector a and the magnitude of the
projection of b on a.
7
In the above example the sign of the scalar product is:
[ positive
[J negative
------------------- > 11
C =rF sin
0 58
y d Draw the components of r in the sketch, one per-
/ pendicular to F and one parallel to F. The magni-
/ tude of the former is:
________ A,
F PP = e

------------------- > [ 59

10



Chapter 2

Vector Algebra II: Scalar and Vector Products

negative: cos ¢ is negative. The projection of b on a is opposite to a in direction. 11
The scalar product of the vectors a and b is also A
equal to the product of the magnitude of b and
the magnitude of the projection of ................ on
b
o,
The vectors a and b are the same as those in the >
last example. Complete the sketch for this case. *
The scalar product of the vectors is:
[ positive
[J negative
------------------- > 12
rp=r sin
¢ 59
y 4 By this construction the problem is again reduced
Y, to the special case of force and radius being per-
pendicular to each other.
—a——— — —3 A—y/ ¢ 3 Hence the magnitude of the torque is:
C o=
rp r

v

11

------------------- > | 60
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The scalar product of the vectors a and b A
is equal to the product of the magnitude 12
of b and the magnitude of the projection
ofaonb.
The scalar product of the vectors is negative.
x

All correct

——————————————————— > | 16
Further explanation required, or you have made errors

------------------- > [ 13

C =rF sin
0 60

When calculating torque the vectors cannot be considered as free vectors. We can only shift them along
their line of action. A parallel shift of vectors is not permissible in this case.

Torque is

[ a scalar

[J a vector
------------------- > [ 61

12
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In order to evaluate the scalar product we
need to know the projection of a on b or
of bona.

(i) Given a and b draw the projection of a on b.

YA

a 13

ap hasa b
magnitude = ...,
(ii) Draw the projection of b on a.
b, hasa
magnitude = ..........ccooiiiiiinnnnn.
>
YA
£\
b
>
------------------- > | 14
vector
61
/ Determine the magnitude and direction of the torque de-
, 4 fined in the figure.
Magnitude, C = ......oovveeiiiiiiiieeeennn.
ps® Direction of C:
F

(1) Ci8 oo torandF.

(2) When r is rotated towards F in accordance with the
right-hand rule, a right-handed screw moves forward
in the direCtion ..........cceceevienienienienierieeeeeene

——————————————————— > | 62

13
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14

a, =a cos ¢ by, =b cos ¢

The length of the projection of a vector depends on the included angle.
If the included angle is greater than 90° or /2 the projected vector is opposite to the vector on

which it is projected since the cosine is negative.

------------------- > | 15
C =rF sin¢ (1) Perpendicular
(2) perpendicularly into the plane of the page. 62

The right-hand screw rule is perhaps a little difficult to formulate clearly; it is easier to demonstrate.
We proceed as follows:

(1) We shift r and F along their line of action to a common point.
(2) ris turned in the shortest way so that it coincides with F.
(3) The rotation takes place in the way a right-handed screw would move.

Anyone who has had occasion to use a screwdriver will have developed a feel for right-handed screw
threads; we know from experience that such a screw would move forward and we use this fact to define
the direction of C.

The torque in the new figure on the right P 24
4
C=rAF e
is perpendicular to the page of this text and points
r F

0J upwards

0 downwards
——————————————————— > | 63

14
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Evaluation of the scalar product.

Step 1: Choose b as reference vector.
Step 2: Project a on the reference vector.

Step 3: The scalar product is obtained
by multiplying the reference
vector, b, by the component
of the other vector, a;, on the
reference vector.

The reference vector can also be a. Com-
plete the diagram with a as reference.

This is the solution.

We have the line of action of a as
reference.

The vector C points upwards.

=Y

M |

= <
—— 4t

=Y

Further explanation required

I want to go on

15

15

16

63

64
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Different symbols are used in the literature for the scalar product. Pick out three correct nota-
tions from the following: 16
Oa-b
Ja, b
U<a, b>
Oaxb
O(a, b)
——————————————————— > 17
r A We proceed one step at a time.
P Given: the shaft axis A of a body, the 64
force F and the point of application P.
F
Step 1: Shift r along its line of action so that r and
F meet at a common point, P.
A
,l'l -*
Pa’ Step 2: A right-handed screw at P operating from
r below the page would rotate r towards F and the
F screw would move out of the paper towards the
reader; this is the direction of the torque vector C.
LA
re
”
r'd
P
I
F

------------------- > | 65

16
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a-b
17
(a,b)
<a, b>
A body is moved a distance s by a force A
F applied to it.
Calculate the work done by the force, given:
F =6N $
s =2m > ‘
¢ = 7 /3 radians F —
3
Distance is measured in metres (m), force in newtons (N).
The work doneis F-s = ......ccccccoiiiiiiin.
------------------- 18
2.4 Definition of the Vector Product 65
Objective: Concepts of outer product, vector product, null vector, calculation of the vector
product (magnitude and direction).
READ: 2.2.3 Definition of the vector product
2.2.4 Special cases
2.2.5 Anti-commutative law for vector products
Textbook pages 32-34
------------------- 66

17
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F~s:6><2003%:6Nm

18
IfF=6N (!
s=2m
0 =120°
then F-s=...........
s
4 .
- >
x
------------------- 19
The need to calculate a torque leads to the need to define a new product of vectors.
We call this product ..........cccoceeveiennennnne product 66
(4] TR product
To distinguish this product from the inner or scalar product we need new symbols.
Two such symbols are:
OF e
------------------- 67

18
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F.-s=—-6Nm 19
All correct
------------------- > | 23
Units not clear, explanation required
——————————————————— > | 20
Concept of mechanical work not clear, explanation required
------------------- > | 22
Vector product or outer product
If A and B are two vectors, 67
the vector product is written A x B or AAB.
z Given: two vectors a and b in the x—y plane, and

uct then

> Magnitude ¢ = ...
It is perpendicular to both a and b.

<

|:|C1
DCZ

<Y

19

¢ = aAb has the following properties:

0 the angle between them. If ¢ is their vector prod-

Its direction follows the right-hand rule and is:

68
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Most quantities encountered in physics and engineering need to be given magnitudes and
units. For vectors we need direction as well. Vectors are represented by arrows and operations 20

can be performed with these arrows. Each arrow carries with it a unit, and when carrying out
calculations we have to consider the units.

Examples: A
(ST unit) |[F| = 200dyne
force newton (N)
velocity m/s
displacement m 60° R
electrical field intensity  V/m Is| = 400cm
X

A force applied to a body has a magnitude of 200 dyn and a displacement of 400 cm at an angle of
60° to the line of action of the force. Since cos 60° = 0.5 the work done (W) is:

------------------- > | 21

c|=|aAb|=ab sind, ¢
e/ = [a /bl —ab sino, ¢ -

Indicate the direction of the vector product a A b for the cases below. a and b lie in the x—y plane.

------------------- > | 69

20
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W =40000dyn cm = 0.004 N m 1
In this case it was important not to forget the units!

Concept of mechanical work is not clear, explanation required

------------------- > 22
No difficulties
------------------- > | 23
¢, dp, f

1 2, I 69

Insert in the sketches below the directions of the vector products. a and b lie in the x—y plane and ¢y
and ¢, in the y—z plane.

|

——————————————————— > | 70

21
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The mechanical work done by a force is ”

— the product of that force and the component of the displacement; or
— the product of the component of the force in the direction of the displacement and the displace-
ment.

Work is considered to be positive if the displacement is in the same direction as the force and
negative if these directions are opposite.

Thus mechanical work is obtained by forming the scalar product of the force and the displacement
of the point of action. Calculate the work done F for the following cases if F = 1N, s = Im.

Yy b/ Y Y Yy
302
r F 150°
s Simo F\[s m
3 F F
3 - = 3 =
Wi = oo, W = oo, W3 = oo, Wa = oo, Ws = oo,
------------------- > 23
70
X
All correct: right-hand screw rule fully understood
------------------- > | 75
Errors, further explanation required
——————————————————— > 71

22
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Wi =1Nm,

Wo=0, W;=0.87Nm,

Wi =0.87N m,

Vector Algebra II: Scalar and Vector Products

Ws = —-0.87Nm

23

The inner or scalar product is an arithmetical operation which we have introduced by means of an
example from mechanics.

But the concept of a scalar product is not restricted to applications in mechanics.

Given a =2
b=1
0 =135°

Calculatea-b =

) cos ¢ | sin ¢
0=0.00 0° |1 0
F=0.52 | 30° | 0.866 | 0.500
Z=0.79 | 45° | 0.707 | 0.707
Z =105 60° | 0.500 | 0.866
Z=157]90° [0 1

The result of the vector product a Ab is a new vector c.a and b define a plane P as shown
in the figure. ¢ is perpendicular to that plane and its direction is defined by the right-handed

screw rule.
|
I a
| b
P I
a
b
C
P

23

Steps required:

24

71

: Turn the first vector, a in this case, towards the

second vector b until they coincide. Take the
shortest route. The direction of the vector prod-
uct ¢ =aAb is the same as the displacement of
a right-handed screw.
To determine the sense of the vector ¢ we imag-
ine the way a right-handed corkscrew would
advance as we turn it.

72
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a-b=2x1 cos 135°=2x1(—0.707) = —1.414 24
ll—
Correct result
——————————————————— > | 27
Wrong result, explanation wanted
------------------- > | 25

always start with the first vector, i.e. a towards b.
Thus the direction of ¢ depends on the order.

b Insert the direction of the vector product
&" ¢ =aAb. The order of the vectors is im- 72
portant. To obtain the direction of ¢ we

b
&" Insert now the direction of
d=bAa
Note the change in the order.

——————————————————— > | 73

24
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The scalar product is sometimes negative since the cosine of a particular angle ¢ can be
negative. By using the unit circle you can easily determine the right sign. Let us consider an 25
example: The unit circle is drawn and the angle ¢ = 135° is marked.

A
[] cos135° = 0.707 >
[] cos135° = —0.707 *
------------------- > 26
c=anb
73
b b
a a
d=bnaa

The direction of the vector product depends on the order in which we take the vectors. This is quite

different from the scalar product where
a-b=b-a

For the vector product, however,

------------------- > | 74

25
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cos135° = —0.707

26

Observing the sign of the cosine, try again to solve:

a=2
b=1
0 =135° cos ¢ =-0.707

aAb=-bAa

To obtain the direction of the vector product proceed as follows:

(1) Consider the first vector.
(2) Rotate the first vector towards the second in the shortest way.

> 27

74

(3) Imagine this rotation to take place as if you were turning a right-handed screw. The advance of

this screw defines the direction of the vector product.

26

75
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a-b=2x1x(-0.707)=—1.414
27
Given:a =2, b=4.
Calculate the scalar products for the following included angles.
o =45° .
a-b=.... ¢ cos ¢ | sin ¢
a=1% 0=0.00 0° |1 0
a-b=.., x _052 | 30° | 0.87 | 05
o =120° 6 ) )
a-b=............. Z=0.79 | 45° | 0.71 0.71
Z=105]60° | 0.50 | 0.87
Z=157190° |0 1
------------------- > | 28
A The diagram shows a three-dimensional
coordinate system with the unit vectors i, 75
j and k on the axes.
Determine the magnitude of the vector product
K4 [FAJ] = oo,
The vector product
. A= o
Y
y
i
X

——————————————————— > | 76

27
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o=45°a-b=4x2x0.71=5.68 28
o=Z2a-b=4x2x0=0
o=120°a-b=4x2x(-0.5)=—4
The following special cases are worth memorising:
— The scalar product of parallel vectors is equal to the product of their magnitudes.
— The scalar product of perpendicular vectors is zero.
It follows that:
If the scalar product of two vectors is zero, then the vectors are ........................ to each other,
unless one (or both) of the vectors are ........................
------------------- 29
iAjl=1 7
inj=k
ZA
ka
N o Write down the vector products of the following
e Yy unit vectors:
; GAT= o
IANK= .,
x JAK=

28

77
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perpendicular
Zero 29
The scalar product of a vector with itself implies parallelism:
a-a=a’?
Given:c =3, a=3.
Ifc-a=09, theincluded angle o =.............cccooeeeiiiins
Ifc-a=0,theincluded angle g = .......cccceeeeeieiiiinnnniis
Obtainec-Cc=....ccccoovviiiinnnncncennn.
------------------- 30
jAni=—k (opposite of iAj) 77
ink=—j
jnk=i
v Given: a=4
b=2
9 =%
b [aAD] =
------------------- > | 78

29
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=0
¢ 30
o =90°
c.c=9
Try to prove the cosine rule by yourself:
c?2 =a®+b*—2ab cos a
a C
4%
b
Successful
------------------- 32
Hint required
——————————————————— 31
laAbl=ab sin d =4 x2xsin30°=4x2x05=4 25
The magnitude of the vector product has a geometrical meaning; it is the area of a certain
plane surface.
Sketch the area determined by a A b.
a
q) —
b
------------------- 79

30
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We express ¢ in terms of a and b 31
a C
b=a+c
[ hencec=b —a.
b
We now form
c-c=(b—a)-(b—a),
hence ¢2 = ...ocooveireiee
Check your result with the help of the textbook.

——————————————————— > | 32
79

anb

We had to know that [a Ab| = ab sin ¢.
We can learn it in two ways:

(1) By learning the geometrical meaning, i.e. that a A b represents the surface area of a parallelogram.
Hence with the help of a diagram we can reconstruct the formula.
(2) By memorising the formula.

The first method forces us to reason, and hence understand the problem, and is far superior to the

second one.
——————————————————— > | 80

31
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2.2 The Scalar Product in Terms of the Components of the Vectors »

Objective: To calculate the scalar product of two vectors when their components are known.
In the textbook it is shown that the calculations of the scalar product can be simplified if the com-
ponents of the vectors are known.

READ: 2.1.4 Scalar product in terms of the components of the vectors
Textbook pages 27-29

------------------- > | 33
The vector product (or outer product) has magnitude %0
[AAD]= .
The scalar product (or inner product) has magnitude
a-b=.
Try to derive both formulae geometrically.
------------------- > | 81

32
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A The unit vectors along the Cartesian axes
are shown. Obtain: 33

ii=....
ki ij=...
i-k=...
» > ji=.....
i jii=
jk=...
b k-i=.....
k-j=......
k-k=...

------------------- >| 34

‘a/\b|:ab sin(]) 81
a-b=ab cos ¢
The two diagrams below also help us to calculate the scalar and vector products. For a and b, the

magnitude of the:

scalar product = a times the projection of b on to a;
vector product = a times the projection of b on to the perpendicular to a.

a@'
v
Y

82

33
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.i.i:1 J]:() k.izo 34
i-j=0 j'i=1 k-j=0
i-k=0 j-k=0 k-k=1
All correct
——————————————————— 39
Errors or difficulties, or more examples wanted s
___________________ 3
a-b=ab cos
¢ 82
|aAb|=ab sin ¢
Using the definitions you should be able to answer the following questions:
ANa= ... ?
A A= .. ?
——————————————————— &3

34
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A Let us look at the problem in the x—y
plane. The unit vectors have magnitude 1 35
and are directed along the axes as shown.
a
J
> t
1 X
i-iis the scalar product of the unit vector with itself; both have the same direction.
Result: i-i=1x1xcos0°=1
i-j: The vectors are perpendicular to each other; therefore their scalar product is zero.
i-j=1x1xc0s90°=0
Now try the following for yourself:
Ji=
Joi=
——————————————————— >| 36
aNa=0
83
a-a=a’?

It is time to have a break!

Before the break try to recapitulate briefly what you have learned. Write down the important con-
cepts.

Now fix the duration of the break.

During the break it is important that you do something totally different.

Go and make yourself a cup of coffee or tea, do some exercises (physical ones!) or go for a short
walk. If you prefer, go and play your piano or your guitar or put a record on your stereo.

Do something different during your break! Read on for an explanation.
------------------- > | 84

35
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- 36
j'i=0
| Now consider again the three-dimensional case
and evaluate the scalar products of the following
unit vectors:
kii=............
ka4
K- j= .
J - k-k=.......
e y
i
X e > | 37

Psychologists have demonstrated that learning is impaired if similar subjects are studied at the
same time. For example, a foreign correspondent is studying Spanish and Italian at the same
time. She believes that the similarity between the two languages will promote the learning
process. Unfortunately she is mistaken; she notices that when studying Spanish, Italian words keep
coming into her mind and vice versa. This makes her feel unsure because she does not know if the
words that come to her mind belong to Spanish or Italian. This phenomenon is called interference.
Such interference obstructs the learning process, and increases the learning time and affects one’s
confidence.

Interference is prevented by doing something totally different during your break, something which
has nothing to do with mathematics.
So have a break now and fix its duration.

84

End of your break: .........ccocueennnee.
——————————————————— >| 85

36
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k-i=0, the vectors are perpendicular to each other
k- j =0, also perpendicular to each other
k -k = 1, the vectors have the same direction

37

If

It is much easier to fix the duration of the break than to keep to it.
Look at your watch and compare the time that you fixed with the time now.
Are they in agreement?
If yes: splendid!
If not: it is not too serious.

However, the difference between intentions and actions should not be allowed to accumulate.

37

38

85
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a-b=1-34+4.1=7 38

We end the explanations, but if you still have difficulties read section 2.1.4 once more and/or ask
someone for help.

------------------- > | 39

2.5 Resultant of Several Torques Applied to a Body Components
of the Vector Product 86

The first section is intended to show you an application of the vector product.
The second shows the calculation of the vector product if the vectors are represented by their com-
ponents.

READ: 2.2.6 Components of the vector product
Textbook pages 34-35

Write things down for yourself as you read. If you are not familiar with determinants follow the exam-
ple in the textbook by applying equation (2.11b).

------------------- > | 87
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Chapter 2

Vector Algebra II: Scalar and Vector Products

With the help of the textbook or from your own notes evaluate the vector product a A b for

a=(2, 1, 1) and b=(-1, 2, 1)

alAb= ...
e
4.

39

39
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Chapter 2 Vector Algebra II: Scalar and Vector Products

a-c=axcx t+aycy—+azc; 40
YA
P,
F=(0, —5N)
y S:(3II'17 3m):P1P2
p The displacement is given by the vector s.
I
F Calculate the work done in a displacement
- from Py to P».
* W=F 8= s
——————————————————— > | 41
aAb=(1x1-1x2)i+(-1-2)j+(4+1)k=—-i—3j+5k e
Note: We have used equation (2.11a) of the textbook.
Write the answer in the shorthand way of expressing a vector, i.e.
aAb= (... ) e ) e )
------------------- > | 89
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Chapter 2 Vector Algebra II: Scalar and Vector Products

W =0x3+(-5)x3=—15Nm

A 4s Given: F= (0, —5N).
Calculate the work done if:

si=(2m, —1m)
s2=(2m, Om)

4
) < % s3=(0m, 2m)
34 /4]

Sy

Wo = i

=Y

A body rotates about the x-axis with an angular velocity ® = (®, 0, 0).
Calculate the velocity of a point P = (1, 1, 0).
Hint: the velocity v= ®OATr
r is the position vector of P.

41




Chapter 2 Vector Algebra II: Scalar and Vector Products

Wi =5Nm, W,=0, W3=—-10Nm

All correct

Errors, or further examples wanted

The following are exercises on the whole chapter.
Write down the formulae for the vector product

and for the scalar product

given the magnitude of the vectors and the included angle ¢.

42

42
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Chapter 2 Vector Algebra II: Scalar and Vector Products

Consider a force F such that
P, 43

F=(F., Fy)=(200N, 0)

The force is applied to a body and

* moves it from Py to P5.
The displacement s has components
sx and 5.
S NN
s = (Sx, Sy)
3 = (2km, 2km)
W=F-S=..e
------------------- > | 44
aAb=ab si
ab sin ¢ 91
a-b=ab cos ¢
A Write down the vector products of the unit vec-
tors:
A=
k‘k i /\ k R R Y
iNT= .
J >
" y and the scalar products
1= o,
K=
=
——————————————————— > 92
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Chapter 2 Vector Algebra II: Scalar and Vector Products

F-s = (Fxsx+ Fysy)
= (200N x 2km + ON x 2km)
= 400N km = 400 000N m = 4 x 10°N m

44

YA

We now consider a different displacement s for
the same force.

F = (200N, 0)

P = s=(—2km, 2km)

x
——————————————————— > | 45
k, —j, 0
) -]7 92
0, 0, 1
Which maxim for the delivery of a lecture was cited at the beginning of this chapter?
------------------- > | 93
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Chapter 2

F-s=—400N Km = —400000N m = —4 x 10°N m

Vector Algebra II: Scalar and Vector Products

A

v
-

Given: a=(—1,
b= (-2,
Obtain: a-b =
The vectors
each other.

Say what you are going to say, say it, say what you have said.

The vector a = (2,

3,

1) has magnitude a =

45

45
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Chapter 2 Vector Algebra II: Scalar and Vector Products

a-b=2-2=0
46
The vectors are perpendicular to each other.
Write down the scalar product of the following vectors:
F=(Fx, F), F;)
s=(sx, Sy, 5z)
F-s= .
Check your answer yourself using the textbook
------------------- > | 47
a=+vV14=3.74 (to two decimal places) 94
A body moves from Py to P; under the action of a force F = (5N,  0). The change in its position is
s=(3m, O0).
Thework W = ...,

------------------- > | 95
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Chapter 2 Vector Algebra II: Scalar and Vector Products

Obtain the magnitude of the vector 47
c=(3, 2, -2
C = i
------------------- > | 48
W =15Nm 95

To solve such problems it is important to consider the direction in which the displacement takes place.
Extreme cases occur whenever:

(1) displacement and force have the same or opposite directions, or
(2) displacement and force are perpendicular to each other.

It is advisable to draw sketches.
Some final remarks:
Planning your work is important; it helps you to learn efficiently and to save time and energy.
You can fix times and dates and monitor them.
A notebook and pen help!
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Chapter 2 Vector Algebra II: Scalar and Vector Products

c=1/(32422+(-2)2=V17=4.12102dp. 48

Calculate the scalar product of the two ) :ﬁl"@
vectors 7
a=(4 1) W
b=(-1, 4) ©
/ =

------------------- > 49

Please continue on page 1
(bottom half)
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