Math 5c. Classwork 3. SChOOl

nova.

Exponent.

Exponentiation is a mathematical operation, written as a”, involving two numbers, the base a
and the exponent n. When # is a positive integer, exponentiation corresponds to repeated
multiplication of the base. In other words, a™ is the product of multiplying » bases:

at=a-a‘a..-a
[ ——
n times

In that case, a™ is called the n-th power of a, or a raised to the power 7.

The exponent indicates how many copies of the base are multiplied together.

Properties of exponent.

Based on the definition of the exponent, a few properties can be derived.

a*-a®=a-a..rarara..ra=a-a‘a..-a=aq*tm
n times m times n+m times
@aym=q"-a"..;a"=a-a-..ra*...-aa-..ra=a"™m
m times n times n times
m times

If a number a in a power on n multiplied by the number a one more time, the total number of
multiplied bases increased by 1:

aa=a-a‘a..rara=a'a‘a‘a...,a=a*""1=qg"-al
N —
n times n+1times

In order to have the set of power properties consistent, any number in the first power is the

number itself. In other words, a' = a for any number a.
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Also, a™ can be multiplied by 1:

n_—_,mn,q —,n+t0 — ,n, 50
a®=a"-1=a""=a"-a Il. a*=a-‘a:a.."a
e ——
n times
In order to have the set of properties of exponent 2 qm-q™ = gtm
consistent, a® = 1 for any number a, but 0. » .
‘% (an)m - a?l‘"l
If there are two numbers @ and b: o
(a-b)"=(a-b)-..-(a*b)=a-...a b+ .. b 4. a' = q,forany a
n times n times n times _ 0 .
— g pn 5. a” =1,foranya # 0
All these properties can be summarized: 6. (a:b)t =tacihs
Positive and negative numbers:
o A positive number raised into any power will result a positive number.
J A negative number, raised in a power, represented by an even number is positive,

represented by an odd number is negative.

If a number a in a power n is divided by the same number in a power m,

aa-..-a
an —_—
— =_ntme _|g.q-..al:(laa..cal=amam=a"™
a™ a-a-..-a . .
~—_———— n times m times
m times
So, we can say that
1 _ 1
a :—1:—’ an:—’
a a a"

Let’s see how our decimal system of writing numbers works when we use the concept of
exponent:

3456 = 1000-3+100-4+10-5+1-6=103-3+10%-4+10'-5+10°-6

The value of a place of a digit is defined by a power of 10 multiplied by the digit. Very large

numbers can be written using this system, as well as very small numbers.

1
03=—-3

_ _ -1,
0 3ot - 1073

24345=10"-2+10°-44+10"1-3+1072-4+1073-5



Scientists work with very large and very small things, from galaxies to viruses. They need to be
able to write numbers, describing the object of interest, for example the distance between two
galaxies or the diameter of a virus.
One of the most important numbers in the universe is the speed of light.
299 792 458 m / s. It’s very convenient to represent it as a decimal starting with units and
multiplied by a power of 10.

299 792 458 m per s = 2.99792458 - 108 m p s.
Let's convert the value to kilometers per hour. Each kilometer is 1000 meters, so we need to
divide it by 1000:

3 10° =3-10%5=3-10%
o3 TPS = = mper s
In each hour there are 3600 seconds, or 3.6 - 103 seconds. To find out the speed of light in km
per hour we now need to multiply the speed in seconds by 3.6 - 103
108

3-mes:3-108_5 =3-10°kmpers =3-10°-3.6-10° = 10.8- 102 kmp h

The Milky Way galaxy has a diameter of
105,700 light years, so the light will travel from
one end to the other through its center in

105700 years.

The Milky Way

How far is one side from the other in the Milky

Way in kilometers? 10.8-108km p 4 -105700

years.

How many hours in a year? 24 - 365.25 = 8766 ~ 8.8 - 103 hours

10.8-108 kmp h - 105700 years ~ 1.08-10° kmp h-8.8-10% - 1.06 - 10> ~ 10 - 107 km
~ 108km.



This way to write numbers is called scientific notation, it’s

used a lot in science for describing various objects, big and

small. Let’s take a look on the small things, like bacteria and

viruses.

1 =0.01 = — = — =1 -2

cm = 0.01m 100m 102m 0™“m
1 = 0.001m = = 1 =103
mm = 0. m_1000m_103m_ m
1gm = 10"%m, 1nm =10""m

Bactria are between 0.5 — 1.5 ym
0.50m =05-10"°m =5-10"m

lcm
1mm

100pm

10 um

1um

Mllu!mdrla

(~0.,6 10 0,8um)

DNA
(*nm)

Bacteria
(05 to Sum)

100nm

10nm

Inm

0.1nm

Symbal
for Scientific
kst
exa E 1000000000000 000 000 10’8
peta 3 1 000 000 000 000 000 1018
tera T 1000000 000 000 1012
giga G 1 000 000 000 10
mega M 1 000 000 108
kilo I 1000 10?
hecto B 100 102
deka  da 10
mew 5 by 10?
deci @ 01 10!
centi ¢ 001 102
milli m 0.001 1
micro 0.000 001 10®
nano  n 0.000 000 001 10
pico P 0,000 000 000 001 1012
femio £ 0.000 000 000 000 001 1n's
attn a 0.000000 000000 000001 107'8

Red blood cells
(~8um)

Bacteriophages Viruses
(~20t0 200nm)  (~100to 800nmY

K

Atoms
(~1-5 Angstrom)




Exercises:
. Continue the sequence:
a. 1,4,9,16 ... b.1,8,27, .. c. 1,4,8,16 ... d. 1,3,9,27 ..

. Write the following products as exponents:

Example:
—2:2-2-2=-2% (=2)-(=2)-(=2)- (=2) = (-2)*
a. (=3)-(=3)-(-3)-(-3); b. (=5m)(—=5m)-2n-2n-2n;
c. —3-3-3-3; d —-5m-m-2n-n-n;
e. (ab) - (ab) - (ab) - (ab) - (ab) - (ab); f- —4-9°9-q9-g;
g. 477777, h. @—q)-0—q) (p—9q);

. What digits should be put instead of * to get true equality? How many solutions does each
problem have?
a. (2 *)2 =*x 1; b. (3 *)2 =xxx6 . (7 *)2 =xxx5 d. (2 *)2 =%x% 0

. Without doing calculations, prove that the following inequalities hold:
Example:

392 <2000: 39<40, 392 <40%=1600; 1600 < 2000.

a. 292 < 1000;  b. 482 < 3000; c. 422 > 1500; d.672 > 3500

. Evaluate:

1
3% =3 (3% 7 R -2 @dh 23 (5) o

. Let’s take a look on a sequence of numbers:

2 22 23 24, ... 212
What are the last digits of this numbers? Can you tell the last digit of 213, 214 2159
What about 232, 249, 2629

Can you tell what would be the last digit of 2022232 2025232 2023237 202623



7. Compare the following exponents:

a. 2% and 103; b. 10'°° and 1001°
c. 239 gnd 200; d. 31 and 17%°; e. 4°3 and 15%°

8. Prove that
85 + 211 s divisible by 17
97 — 310 s divisible by 20

9. x5< y8< yd< xb
Where 0 should be placed?



