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Vectors and Scalars
What is a vector, how is it different from a scalar?.......c.ccooeeoveveiivvccv e
Which mathematical operations can you perform with vectors? ............ccocvvvviinnnnns

Listening https://ocw.mit.edu/courses/mathematics/18-02-multivariable-calculus-fall-
2007/video-lectures/lecture-1-dot-product/

Listen for the first time to the lecture and decide whether the statements are true or
false.

What is the nationality of the speaker?
1) Almost all students have heard about vectors before.
2) In the first week there will not be many new things to learn.

3) If the students have problems with vectors, they can go to the instructor’s house and
ask him.

4) Vector has both the direction and size.
5) If we are in the plane, we use x-y-z axis.
6) Vector quantity is indicated by an arrow above.
7) In the textbooks vectors are in bold because it is easier to read.
8) A vector <j> hat points along the z axis and has length one.
9) The notation al and a2 is in angular brackets.
10) The length of a vector is a scalar quantity.
Listen for the second time to the lecture and try to continue the sentences.

a) So let’s start right away with stuff that we will need to see before we can go on to

....................................................................................................
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....................................................................................................

.....................................................................................................
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12. Solve these problems:

a)} An arithmetical

WO terms ?

b) A geometrical Progression begins 4, {,

e e, ’ "gq
Hnitd.- . ;J
Vectors and scalars N\
Acaris travelling north alo aroad

d) a.?+mv.?+wmr?+wmv
e) 11, 16,21, 26,31

X x x x
)} x.m.w.m,wﬂvmn

Progression begins §, §, What are the next

......

......

What zre the next twe

at60km b~ '. We say that it hag 5 velocity

of 60km h™* north, Ithasaspeed of 60 km k!, Thesecond quantity, speed, isa

scalar quantity, that is, it is a size, or magnitude. The first quantity,

vector, thal is, it has both magnitude

velocity, isa
and direction.

The magnitude of a quantity is usually expressed in relation 0 2 standard
unit of magnitude, Forexample, if the mass of 2 metal cylinderis 2500 g, then it

15 2 500 times the unit of mass, that |
tight bulb is 40 W, then it is 40 times
are scalar quantities.

s, the gramme. If the electrica) power of 3
the unit of power the watt. Both of these

I a certain town is 150 km from London, then the distance from London to

the town is 150000 tumes the unit of distance, the metre. Distance

14. Divide the following qu

speed, mass, displacement, weight,

distance, volume,

antities into vector or scaler quantities:

. q.o_.oa. acceleration, velocity,
temperature, momentum, power

a) The mass of ap object is the same as the weight of the object,

b} An ordinary number is a vector quanlit
vector quartity consists of two parts.

) A
d} A position in
by a vector,

16. puzzig

Comment on this
3o

A train travels 60 km at 30 km h—!
... Bverage speed is therefore 45 ki h=1.

the Cartesian co-ordinate System may be expressed

statement:
» then 60 km at 60 km h™t, g
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Unit9 Measurement 3

Ratio and Proportion

Section I Presentation

1. Look at these examples:
>Iil.-lw

od )
£

s} C
b\ B

Now make similar sentences about the following:
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AB is approximately three times as
long as CD. N

The area of rectangle ABCD is exactly
twice as big as that of AABE.

e Z a) ABC..... ACB
2I\3
. x V' Vv mumﬂ ...... xN..
R
Al 3 ’m .
5 5 AXYZ.

P a

-

d) ABCD ... theinsciibed
semicitcle.

...... any circle ...... the inscribed

square.

f} Thecircumfercace...... the
diameter.
€ P g ... rhombus ABCD ......
ABE.
A B
S— > .3 ...... cylinder ...... cone with the
P same base and height.
X

B A . cubeA......cube B,



Avrea In millions of square kilomatres

Section?’ Development
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Ansmmes————  The lengths of AB and CD are in the
 oa—— ’ ratio of approximately 3:1.
D] > The areas of ABCD and ABE are in

the ratio of exactly 2:1.

Now make similar sentences about the examples in exercise 1.

3. Look and read:

" w'y. .. . Thisbar graph shows the relative sizes
’ . of some countries in millions of square
kilometres.
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¢ The USSR is far larger than India,

o India is considerably larger than
France.

o Canadaisslightly larger than China.

Now compare the other countries in the same way.

4. Ew&?ﬁﬁgﬁgggonggaﬁggnﬁ
&n.ﬂﬂnsgﬂ.uqnanvﬁgnaﬂgﬁggagsg
compare the heights of different moantains

Continent Highest Mountain Height (in metres)
Africa Kilimanjaro 5963
Amtarctica Vinson Massif 5139
Asia Everest BE80

. Australasia Wilhelm 4693
Europe Elbrus 5633
North America McKinley 6187
South America Aconcagua 6959

5. Look and read:

Variation

yoox The ratio between v and x is a constant.
y is directly proportional to x.
We say that y varies directly as x.

yoc m y is directly proportional to the reciprocal of x.

We say that y is inversely proportional to x and that y varies
inversely as x.

yocxz  yisdirectly proportionat to the product of x and z.

We say that y is jointly proportional to x and z, and that y
varies jointly as x and z.

Describe the relationship between the following quantities, where k is a
constant:

i e i

a) y
b) ¥y v A
c) y k
y
Y

%
= k

L

d)
€)

| —

6. Look and read:

x4

m

The volume of a gas is inversely proportional to its pressure.
The smaller the volumne, the higher the pressure.

Now make similar sentences about the fi ollowing:

a) the density and pressure of a gas (for a constant temperature)
b) the volume and temperature of a gas (for a constant pressure)
¢) the velocity of a falling body and the time it has been falling

d) acceleration and mass for a constant force

€} theelectrical resistance of 3 wire and its cross-sectional area

f) thecircumference of a circle and its diameter

g) the volume of a cylinder and its cross-sectional area and height

Section3 Reading
7. Read this:

The ratio of two quantities is the magnitude of one quantity refative 1o

the other. Division of the quantity a by the quantity b givesthe ratio m.
which can also be written as a: b and is read as ‘the ratioof a to b". For

example, the ratio of boys to girls in a particular school is 3:2. If the
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,fmog.om --;?%ﬂunrgﬂ_ﬁuﬂn see that § of these are boys and $
n.%..ﬂ%:r%ﬁ&%woﬁga 100 gir

.
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€ Relative sizes of more than two quan-

tities may be expressed by ratio. For
cxample, the ratio of AB:BC:AC in
triangle ABC is 3:4:6. Hence we can
sec that ACis twice as long as AR, Any
triangle which is similar to triangle
ABC has sides in exactly the same
ratio.

When the ratio of one pair of quantities is equal to the ratio of another
Pair of quantities, the two pairsaresaidtobein proportion, If we say

thatab.cd, arein proportion, we mean that m = m A property of this

proportion is that the reciprocals are also in proportion. Moreover,
the ratio of the pumerators is equal to the ratio of the denominators,

Say whether the following statements are true or faise. Correct the false
statements.

a) Inatestastudent scored 30 ont of 100. This gives a ratio of correct
- answers to incorrect answers of 3:10.
b} Thelength of the shortest side of a triangle simitar to triangle ABC
is 12¢m. The other sides are therefore 16 and 24¢m long.
) Anytriangle with sides in the ratio 2:3:6isa right-angled triangle.

d) Wemayuseratios to express the relationship between any number
of quantities.

&) Ifa,b,c,darein proportion, then ad = be.
8. Coruplete these exercises:

The last two sentences of the reading passage contain two properties
of the proportion m = m Put these two properties into mathematical
form, and pumber them 1 and 2, _

In the calculations which follow, there are four more properties of the
proportion. Complete the proof by adding expressions from the lists,

From properties 2 and 3, we have
Adding 1 to cach side, we obtain
From properties 2 and 5, we have
Similarly

From properties 2 and 4, we have

But
_Therefore
" Given
Substituting, we obtain

c) ..o mﬂ 1 muanm_u.. ]
a+b c+d
&v ...... Iﬂiﬂl&lhwn.og uv
) . ml.m_m = olmm (Property 4)
a+b_b
D TraTa
a-b_b .
MV ...... ..ﬂll.lm,lm
B oo 222 2B (propenty 5)
) . M&Hlm = mnmuovnnq 5)

Section4 Listening
Using percentages in statistics

9. Listen to the passage and write down these words in the order in which you hear
them:

sed respectively while
ﬂﬂmﬂg relative higher
improvement yesterday meat

10. Copy the following disprams, which illustrate the statistics in the five

T L
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The five examples given in the passage may be summarised as: (1)
bread; (2) wages; {3) exam; (4) restaurant; (5) meat.

a) Put the correct title under each diagram. . .
b) Label the diagrams as accurately as possible using the figures



