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Recall that when solving any equation, you have basically three methods which you can use: graphs, tables,
and symbolically (i.e. by hand).

Activity 1: Properties of Exponents

You can solve the following two equations symbolically:
2x—8=5(1-x)+2 4x* —10 =190

1. Which of the two equations above is ready to be solve immediately “by hand?” Explain why.
4)(1__/0 5,155 C)ﬁ"&.l-»\.“% (jr?f‘_:v e (et € e ;

2. What must be done to the other equation above before you can solve “by hand?”

) T J“W% f‘w&.

Being able to simplify is very important. Not only does it allow you to solve equations, but it offers you a
shorter, less complicated looking expression.

& ) Simplify each of the following expressions so that the result is equivalent and short as possible.
,-‘/ -~

*\f
: i a. 3x*+9x*-9-8x"+¥3x m)@@@
3x7+x% +3x -9

b. 5X—9—(7*3X)+10X }?X e /b
SXx-9-T+3x+/dx

c. %(9-8x)+3x+7 -—57‘;(7‘_},';2,,( i )
Ax —ExT+3x+]

d. 7am+ 9am®— 9m + 3ma + 6m q O\W\Z + O arm *.3 m~
Notice that the main operation in each expression above is addition (and subtraction which is just “adding the

opposite”). But how would these expressions and their results change if the main operation between terms was
multiplication? You will explore some examples and see what happens.

Before you begin to study some patterns to shorten expression involving multiplication as the main operation, it
is important to remember the following:

Multiplication is the shorthand way to write repeated addition of the same number.

Bt 3% 35+ d¥h+ o=
Exponents are the shorthand way to write repeated multiplication of the same number.

eX. 5e505e5e50505 =5’



Activity 1: Properties of Exponents

4. Use that information to shorten each of the given expressions without actually determining what they are
equal to. Pay attention to the operation ...

coveec s (REE) (D

C. mememexex M~ ¢ d. memem + xex | 2 +7C ke

e. —9e-9 L’ Ci)?_ @f9+~9 ;Zéfq)

Experiment 1: The Product of Powers

5. Consider this expression: et
a. As written, there appears to be two calculations which are being used. What two calculations are they?

melt, JMQU‘\‘—- < L4t 1one e
b. If you really think about it, what is the one and only operation which is really being used?

QN &_Q_;"\P/Qu’_&j .

c. Explain your response to part b.

oxperarts onx I shek s g repehl M

6. Based upon what you know about multiplication and exponents, the expression in #5 can be written in the
following “long’ from:

57 8 5' = (5e5)e(5050505)

Note that the parenthesis is not needed. They are put there is emphasize the two different exponents
which are being used!!

Based upon how the original expression has been written in “long” form, what would the expression,
2 . Soco BE 5
5% » 5%, be equivalent to in “short” form?

5265 = 5_&?



Activity 1: Properties of Exponents

+/. Complete this table showing the “long™ and “short” forms of various expressions. Include the parenthesis in
your “long” forms!!

Original Expression “long” form “short” form
5% e 5 (585)e(5e50505) 5°
»
2e¢ 26 CQJG(Q-J-QQ-QQ) 5,
| e
B* e B® /B-@-B-BIES-6-53‘$BB-B>
q
m*e meom* (/4\ nh-m f”\\"” A~ * q (Wl ’M’W\'H/\) q AT
5
Koy’ (x:-x) « C4-u-y-y-y) Xy
~ = B S Tl e

8. Which original expression didn’t become any shorter? Explain why.
wﬁk&'—a Mm M‘;”TJ“—MSM (7(/!,&35
9. Study all the other “original’ expressions and their respective “short” forms. Describe the pattern which you

5eg, TE fa bere o e Daus ‘o/_gQ ,-N_._Q;(——‘_;MJ -ﬂ“n,,- kﬂ-ﬁﬂ? e Vorpensd
awe—o acﬁcﬁ tla ,p_/)((q,wi,k)(‘s % b,pyo %g\,u._ MM(]W_lj"

10. Based upon the pattern you just described, write this expression in “short™ form.
XI'IJ ® XI’] o ;K

@ Notice that the title of the experiment was “Product of Powers.” Explain why.

(e . ,
?o“—i‘w @;M) -y, m/\.\_Q)F’cFJAA—J R am ._ﬂ/}éd?a?\ﬂm-ﬂs

Before you begin the next experiment, do the following:

)Y@Solve the following equation for x: 4x=-17
? —
= X= 1%/,
13. How did you solve this equation for x? Why did you use this method?
dL‘LQLéL,;OLB_L{ e s condloes e el o X

14. Simplify each of these expressions ....
a 8+8 = | b. 05+05 = | c. -9+ -9 = |

15. Why did you get the results you did in the previous question?

’ o gor L



Activity 1: Properties of Exponents

16. Reduce the given fractions be rewriting both the numerator and denominator as the product of other values.
Then reduce the fraction by “dividing out” everything you can.

e b @:L'?‘S‘» 25 o X 223 |
8 204 Y Y2 S - " 81 394-3.3 3

Experiment #2: The Quotient of Powers

@ Complete the table using what you know about the meaning/use of exponents and also what you know about
ﬁ reducing fractions. Do NOT simplify the numerical expression to what they equal.

Original Expression “long” form “short” form

4 Z-
% 3. D33 3

e s
7 =3
% /o /O -)0-10-)0-)0- /O /0
Y 1010 10-
[ i

] 2 n?
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i 2.2.6-0% b bbbbhb 2.
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18. Which original expression didn’t become any shorter? Explain why! .
ﬁ,ﬁrmm 2wt L Veseo S0 A coldek ‘-“—M/Q“"a}&‘a”j

19. Study all the other “original” expressions and thgir respective “short™ forms. Describe the pattern whic
you see. "Lb %bMMMM ey MM\OMCMQ H e duppe—ersa
Yoo dop Fxpnh [ oo~ artprnsD: Aoy — Voot

Based upon the pattern you just described, write this expression in short form:



Activity 1: Properties of Exponents

% 1. Notice that the title of this experiment was “Quotient of Powers.” Explain why.

/rw ©  Poullad CAAO— \Q-Q'“"L) &_,{:U"t_l,ﬁut

22. Recall that exponents are the shorthand way to write repeated multiplication. Sometimes these repeated
multiplications are more complicated. Consider these two expressions:

(3m)”® and 3m>

The parentheses are important. The parentheses are needed to help you recognize what the base is. For
example, the expression to the left has a base of 3m while the expression to the right has a base of only m.

in other words . ...
(3m)2 =(3m)* (3m) and 3m’ = 3emem

Though both expressions have a 3, an “m”, and an exponent of “2”, the results are very different depending
upon the use of the parentheses.

Pay close attention to the bases, write each of these expressions in “long” form only.

a. (2111)4 = (2 »N)( ), n\jé ;zm)sz}
b. 6x’ = (o X X X AXXKX
c. 9.810° = Q% ¢ )p. JO- D

d @a+b? = (arblarb)

Experiment 3: The Power of a Power

23. Complete this table. Do not simplify numerical expression down to what they equal. Be attentive to the
location of the various exponents. The first expression has been partially completed for you.

Original Expression “long” form “short” form
4
(5) (5850505) o (5e50505) s
: (X
(21Y G-a2Y2.22Y22-2220(22-2) 2

(1772 )4 C’V‘ "‘“l{ he M\vawa wu) [/V\g)
() (B bbb A %)




Activity 1: Properties of Exponents

24. Study the original expression and its equivalent, short form. Describe the pattern whish is observed.
L o Q)ou.»-_ S {‘zM-u-‘D —Eb [~ NN W‘JVJ(QM-U-D \La_._f;. Fow o cnan QM—Q-,\‘M'A«O-/{“?_

@ Based upon your description, what would the given expression simplify to?
e N

@™y =
26. This pattern is called the “power of a power.” Explain why. 1
n 1P e @MM v LM ComdA 4 Mﬂ/w‘v—kﬁ
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do o Qoo

Experiment 4: The Power of a Product

27. Complete this table. Do not simplify the numerical expressions all the way down to what they equal. Your
final “equivalent” form should be written differently than the original expression.

Original Expression “long” form “short” form
3
(695) (695) (695) (695) oS>

(2x)’ (Qxilxy?»x\,(&)(’zg 2 5)( 7

2.

(nd) (T& od) A
(ab)’ EOENRS olbT

28. What is the only operation which is going on inside of the parentheses?

Aok, P

29. Study the original expression and its equivalent short form. Describe the pattern which is observed.
Mba.cﬂ-m— v\v-—St,c/O\—L W_‘jt,w ww%mwh
ased upon your description, what would the given expression simplify to?

m

S S
31. This pattern is called the “power of a product.” Explain why.
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Activity 1: Properties of Exponents

Txperiment 5: Power of a Quotient

32. Complete this table. Do not simplify the numerical expressions all the way down to what they equal.

first one has been done for you. Recall that when multiplying fractions, you simply multiply all the
numerators (i.e. multiply across the “top™) and multiply all the denominators (i.e. multiply across the

“bottom™).
Original Expression “long” form “short” form
(2]“ (2 (2] [2J {2) De2e2e2 o
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33. What is the only operation which is going on inside of the parentheses?

bk

34, Study the original expression and its equivalent short form. Describe the pattern which is observed.

@ased upon your description, what would the given expression simplify to?

36. This pattern is called the “power of a quotient.” Explain why.

o quched v WhI waceel Y \ooac
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Activity 1: Properties of Exponents

Experiment 6: Negative Exponents

37. Using the appropriate keys on your calculator to help you, determine the fraction equivalent to each of the
following.

Original Expression fractional expression

5 Frs
T
10_3 /0(90
3
3 -
3
] b

e

& ]

@Two things occur when you have a base raised to a negative exponent. Based upon your results above,
describe what those two things are.

a. \EM_Q CI\W“’B’“’ Yo Ol /‘“‘,’wp

L IN—

e _ >
b. "J\"\NL LQv—'j-@mV}\fu'\'k \:'Q—C«ubw,_.a RDQ it

39. Using the pattern, rewrite this expression so that it no longer contains a negative exponent.

-b
a

Using the pattern, rewrite this expression so that it no longer contains a negative exponent.

H . £ (%)n i
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J W




Activity 1: Properties of Exponents

¥xperiment 7: Zero Exponents

41. Using the appropriate key on your calculator, simplify each expression.
Sin %—J

Original Expression fractional expression
10° l
(~2.6)’ (

42. Describe the pattern which you are observing,
0.)-‘«‘3\90\4-‘1.. i*cuu_n—o(‘ Yo an Mt"""“':x_ab?—-m:l
Use the pattern to simplify this expression:
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Activity 1: Properties of Exponents

Summarize the Math

a. What is the definition of an exponent?

rqzwﬁwﬁ md&W

b. How do you simplify an expression which has a negative exponent? Give an example.

@ Q,\z\u»}i Tl _,G/)L"[,ti%-d o ?osr\'—u\;-—q X = XL
c. How do you simplify an expression which has a zero exponent? Given an example.
[ Voo fa_u:_y.g Yo e Tas = | o
MC)I C7( +a) = l
d. Consider the following expressions: i (Zx)_z i, 2x% iii. —16°

e What is the base of the -2 exponent in the first expression? 2){
e What is the base of the -2 exponent in the second expression? Y

e What is the base of the 3 exponent in the third expression? | (p

e. Simplify each of the following and name the exponent property illustrated in each.
* (5m3)20m4 S_W\}.SW\S'M‘-( = .25_}'1"\-10

. 8x°-(3x)0 Bl ool - &
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