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1. How many squares do you see in the image below?
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Counting the squares above is an easier task for an older student than it is for, say, a five-year-old
child. To a kindergartener, the likely way to approach the task above is by counting. . . one square at a

time.1,2,3,4,...,27,28,29,30,...and soon.

Fortunately, you don't need to count like this any more. At some point, you learned how to speed up
the tedious task of counting by combining groups of numbers and counting those groups multiple
times: hence the word multiplication. Forexample, “4+4+4 +4+4 + 4+ 4 + 4" can be expressed as

“8 sets of 4” or "8 times 4”. Multiplication is a way to represent repeated addition.

2. Consider an example of another repeated operation. You'll need a spare sheet of paper.

a. Take a sheet of paper and fold the paper in half once. When you unfold it, the paper will

now be divided into how many sections?

b. Fold the paper in half once again. Now fold that portion in half, and then fold this entire
portion in half a third time. When you open it up, the paper will be divided into how many

sections?

c. Ifyou fold a sheet of paper in half 5 times and open it up again, into how many sections

will the paper be divided?

3. You should now notice a pattern in the growth in the number of sections as the paper is folded.

a. A sheet of paper will be divided into 64 sections if you fold it in half times.

b. A sheet of paper will be divided into 256 sections if you fold it in half times.

4. If you fold a sheet of paper in half N times and open it up again, into how many sections will the paper

be divided?
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11.
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If you could fold a sheet of paper in half 10 times and open it up again, it would be divided into
2:2:2-2:2-2-2-2-2-2 sections. If you could fold it in half 75 times and open it up again, it would be
divided into. . . as with the squares earlier, this is getting rather tedious again without more
condensed notation.

. Since"3+3+3+3+3+3+3"canbeexpressedin a more concise form as “3x7", how can you

express 2-2:2-2-2-2-2-2-2-2 in a more concise form?

Just as multiplication represents repeated addition, an exponent is a type of notation that is used to
represent repeated multiplication. An exponent can be used to write 2-2-2-2-2-2-2-2-2-2 in a much
more condensed form as 2'° (2 raised to the 10™ power).

. Write each of the following expressions as a single number raised to an exponent.

a. 555 b. 10-10-10-10 . (-3)(=3)(-3)(-3)(-3)

. Write each of the following expressions as a single variable raised to an exponent.

a. X-X-X b. y-y-yy C. 2:2:2:22

. Write each of the following expressions as a repeated multiplication expression. For example, 7° can

be writtenas 7-7-7.

a. 10° b. (—2)4 . m

. Write each of the following expressions as a repeated multiplication expression. For example, 7° can

be writtenas 7-7-7.

a. 3.3 b. y-y*y

4
How would you write (ZX) as a repeated multiplication expression?

2
How would you write (x+1) as a repeated multiplication expression?
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Consider the result when expressions with exponents are multiplied together. Simplify each product
below and write each result as a single number raised to an exponent.

a. 33 b. 4°.4° c. 5.5° d. 6°-6"°

Write each expression as a single number raised to an exponent.

a. 3%.3.3* b. (1) (=) (=) c. 2

Write each expression as a single variable raised to an exponent.

a. x*-x b. x*-x° c. x-x

Write each expression as a single variable raised to an exponent.

a. x’x-x b. y-y*y c. x*x%x©

The previous scenarios illustrate The Product Rule, which applies when you multiply like bases and
determine the exponent of your result. Write out The Product Rule rule in your own words as if you
were explaining it to someone.

Consider that 5-5=25.

a. Does 57-5° have the same value as 25> or does 5°-5° equal 5°? How can you persuade
someone else that your conclusion is accurate?

b. Does 3°-3" have the same value as 3” or does 3°-3* equal 9°?
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Fillin the blanks to write the expression in an expanded form. The first one is done for you.

3 4 5
a. (2)=20-222 b. (2°) = c (2°)=
How many 2’s are multiplied together to form each expression?
3 4 10 X
a. (2) b. (2°) . (%) d. (2)
How many x’s are multiplied together to form each expression?

a. (X4)2 b. (XZ)S c. (XG)ﬂ d. (x4)y

3
Rewrite the expression (Bm) as a base raised to an exponent.

Write each expression below as a repeatedly multiplied expression.

a. (ZX)3 b. (—3)()3

Try to simplify each expression. In this case, “simplify” means to write an equivalent form of the
expression shown without parentheses in your expression.

a. (sx*) b. (-2y) . [%2)4

3
How would you write (—3x1°) as a repeated multiplication expression?

Simplify each expression.

a. (10x7)2 b. (—4)/2)3 c. (—5xy2)
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65. Recall the patterns you noticed in the previous scenarios to determine the value of each of the
following expressions. Express your answer as a fraction.

a. 67 b. 77 c. 87 d. X

1
66. In a previous scenario, you found that 22=4 while 2‘2=%. Additionally, 2°=8 while 2‘3=§.

a. What is the relationship between these pairs of results?
b. Since 2*=16, what is the value of 27*?

c. What is the value of 47?

6/. How can you find the value of A if Ais a positive integer and X is a negative integer?

1
1 3
6:8. You have seen earlier that 3™ has the same value as (g] . Since 3 can be written as 7 it follows

=1

-1 1
that (%] :(%] . Following this structure, what is the value of (%j ?
69. Determine the value of each of the following expressions.
D -1 4 -1
a. | = b | =
/0. Determine the value of each of the following expressions.
6\ 9Y)’
a. | — b. |2
/7. What is the value of 072

summitmathbooks.com 26 © Alex Joujan, 2020



ANSWER KEY

GUIDED DISCOVERY SCENARIOS

Section 10

. 192 squares 32| aax b. X a1 d x* e x*P
2. a. 2 b. 8 c. 32 N 10
3. a. 6 b. 8 33 a4 b o d %
- 2:(]) x* 7x* ); 3x*°
> 2 34| a. — b. Yoo 2
] ) ; 2 6 5 2
6. a. 5 b. 10 c. (-3) - P,
7. a. x° b. y* c. When dividing like bases, simplify the
2. 10-10-10 b. (_2)(_2)(_2)(_2) 36. | fraction formed by the coefficients and
8. subtract the exponents.
. mm-m-m-m iy
9. a. 3-3-3:33 b. y-y-y-y-y-y 37. a. x* b.2fg’ «c %
10. 2(xf;<)(2x+i;( 38| b 22.23.03.2° c. 210,910,910 510 510
”' O 9] a6 b12 c5 d 8x
12. a. 3> b. 4 c 5 d 67 40. a. 8 b.10 ¢ 66 d. 4Y
13. a. 3 b. (—1)10 c. 2V 4l B”-B°-B"— B
421 a. (2x)| 2x)(2x b. (—3x)|—3x]){—3x
L RJe(z) b ()]
8
15, a. X' b y? ¢ oxM€ 43, 3. 25x° b. -8y c =
% When multiplying like bases, you can add 81
' the exponents 44, (—3x1°)(—3x1°)(—3x‘°)
v a. 5°5°=5" b. 3°-3'=3 451 a. 100x™ b, —64y° . 625x*y°
18. a. 10%-x? b. 4°y? 4 s _8g°
46. Z i
19. a. 2%"° b. 7’x* < m’p! &g b. x* b
20. a. 3% b. 8¥® ¢ 5 47. a. 8x° b. 100x* c. 216x°
1. 10 7 K
a. 15 b. x c. 2x 48, a2 g™ b. X"y . a_K
22. a. —4x’ b. 21y" c. 45x° b
GK
5 a. 3w’ 3w’ —ow® b. 18x° 49 a. xMNyM b 9
. HK
c. =4m’-—4m’ —16m" _ b
50 Power; When raising a power to a power,
24. 2 orjust2 ‘ multiply the exponents.
1 . 5‘] 22X+2H:2H+2H:2.2H:21+H:2W
25. two times 2
% 53 a. 2(5x) —2:25¢* > 50x’
' : 52,
27. a. two b. three C. Six b, —3(3y)3—>—3-27y3—>—81y3
28. a. 3’ b. 7 c. 4
1 1 1
29. a. 3 b. 7° c. 9'orjust"9" 53. a. — b. — c. =
2 10 5
30.1 a. 2° b. 4'orjust"4" c. 5% orjust"1" o4 a1 b 1 C
3. a. 5 b. (—1)3 c. X
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