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MATH EXPLORATIONS Algebra I: 1.5

SECTION 1.5 EQUIVALENCE OF EXPRESSIONS
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EXPLORATION 1

Consider the square grid below, representing an 8 X 8 swimming pool with a shaded border of
width 1. How many squares are shaded in? Answer this without talking, without counting one by
one, and without writing.

g+g+g¢3’f'4
Mswert 37 q.g +¢-|
s il vy 74
\/JOJ Al e ete.
(» &

EXPLORATION 2

Now look at a n X n square swimming pool with a border of width one. Determine the number of
squares in the border using two of the methods your classmates described in Exploration 1. For
each of the methods write out in words what the method is doing. Write an algebraic expression
that explains each method you used. Make sure to say what the variable in your expression
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EXAMPLE 1

Write the following relationship mathematically:

in two different ways.

"Twice the amount of money that Jessica has in the bank now"

27 = T3

PROBLEM 2

j: amaw’]?L chf,‘o& [’\ﬂf AN 7Ll\-—& éa'\L noed

A rectangle has length L and width 1. What is the perimeter of the rectangle? Write as many
expressions for the perimeter as you can and explain how you arrived at the expressions. Drawing
a sketch of the rectangle might be helpful in the explanation.

WI/P‘/W

EXPLORATION 3

L

calculating each side.
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5+7:7+5c»mmwk+w&pm¢.oﬁadi
56+89 =89 +56 Comutahve PO #:“JA'
457 + 684 = 684 + 457

578943 + 674321 = 674321 + 578943

P=B=f= 7

56 — 80 = 89 — 56

457 — 684 = 684 — 457

578943 — 674321 = 674321 — 578943

e BB o] = § PSS 0 s it Pm?m{aAJ-
44+5-6=5—6+4 .
U= Tl B = 10— o= 1

11+(-14)+21=114+21+(-14) associatve ProfD. of add.
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P (L)) +w)- 2L <20 -
2(L +v) = C+w) (L) >

(wWiw) +L ) = 210 +2L -

2(w+l) = (W+l) ¢ (v +L)

Determine which of the following number sentences are true. Try to justify your answer without

(ete.)
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PROBLEM 3

The number line is a good way to visualize properties of addition. Use a number line to illustrate

that each of the following mathematical sentences is true. ¢
(: 2“ 2‘.' sl 3
V3 e f ) -
1 244+6=6+24 < ——t—> 0r<—/———/"/"_—’——‘>
o 6 30 % 24 3o

2 8+ (—5)=(=5)+8

3. n+m = m+ n where each of m and n are numbers

S eaumbl
7 é“/_For ’|5 2 -5 o 3
¥ ¥ / f b < i s
N n.fm M m +1
e)( e L&J f( “ ¢ - 6\"3' e
PROBLEM 4 ( " /0 w/ I 0(7(/"' If M o~ N Gre Aeg v )

Is it possible to change the order with other operations and maintain equivalence? Check to see if
this works with subtraction, multiplication, and division. For each operation, if it is commutative,
make a rule. If not, give an example of how it fails to be commutative.

3-| =2 ke i 55
”'3:_’2 ‘{3:/2 %:/é'
o~ an o Nnumbes x “"JJ, X :gx.
PROBLEM 5 \a J

1. Does the associative property work for subtraction? Is (6—5)—3=6—(5-23)7 No.
b -8)-5*|-g=-7 & -(5-3)= (-2 = 4
2. Does multiplication have an associative property? Is (8- 4) - 2 equal to 8- (4 - 2)? Is (ab)c =
a(be)? 25,

&9z -322:¢4 €(4-2)=%(2) 64
3. Does division have an associative property? Check to see if (8+4)+2and 8+ (4+2)are
equivalent. AN o.

@=)=2: 22 = §+(41+2):¢=7 - 4
4. Discuss why when carrying out any operation is it important to be particularly mindful of
parentheses when subtracting and dividing.

56C4MS& "’L\L Orat.c/ A JML‘/V%(//' ﬂ'\&@ 0/1'\/1}/&
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EXPLORATION 4

Compute the area of each of the large rectangles below in at least two ways:

1.
) 54496 = 30454 =%
6:(5+9) " G-14 - g4
5 9
2.
L{.X +Hg _'L/)(*BZ
4
L{(x *q)= ‘/«*32
3.
+ = Yz
’ 3% 79
J(x+2) B o i
PROBLEM 6 area of whole

4

Use the area model to show that 3(z +4) = 3z + 3 - 4.
I N
3 Fﬁ»-# F“"+
q

Use the three rectangles below to explain why the expressions 2% %x and %(2x) are equivalent.

‘ x gaoti 5%@&4’

EXAMPLE 2

X area (s {-’L\e/
. Sane numbe- oF
64\/%( ‘Daf"z.
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PROBLEM 7

Kate believes that 2x+4 = 2 + 2. Jamie says, "No. It should be 2”T+4 xr + 4. Who is right?

Draw an area model to support your answer. x + Y

, S . 2/2752]
2| Ax Y
P ]

1. The number a is marked on the number line below. Locate 2a, 3a and 5a on the number

line. Explain why 2a + 3a = 5a. !
77\.? G /- L—Q ‘ILf/MS,

2
T T T —P

EXPLORATION 5

2. The numbers 2a and 3b are marked on the number line. Locate a, b and 2a + 3b on the
number line. In part 1, we " combined” 2 and 3a into 5a. Do you think it is possible to write

2a + 3b as one term? Explain.
ne, -waa lf\mre J F[WJ'

(l) a 2a 3b \/a,—,ag(_os g‘7 a e /\ojL

H— vad
\b__/'/ [,(&Lvms
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EXAMPLE 5

Find an expression that is equivalent to 3(z + 4) — 2(2z — 3) + 8z — 1 by:

1. Using the distributive property to remove the need for parentheses,

2. Combining like terms. > 7X +17

3 +9) ~2(2x-3) + 8 -

3, 2 +(2)2e-3)¢ Ge - |

Se412+(-4x)=(-6) +
Sx 29 +6 +8x -
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PROBLEM 8

Match each expression on the left to an equivalent expression on the right. Explain.

1. 402z —3) + 3z — 2 a. —(z+18) |z -x I8
gx’lz) t3x -2 @ :
2. 2&3—2m)+33(x+’5) —(1 O b. 11z — 14
“-/x * e + S’__
3.5(2z — 3) — 2(3 — 22) c.8(x+3) = |Fx +24
10x -15 -6 +{x @

4. 7(x +3)+3(z+3) —2x—6 d: @ =20
7x +2] +3x 9 "2)("

5.4r —5(z —2)+8 (j e. 142 — 21
L{K—s_x '”0‘!’%

Number Sense, Mental Math and Equivalent Expressions

EXPLORATION 6

1. Compute each of the following.

a. 5410 54

b. 54100 5y

c. 54-+1000 054

2. A fourth grader is learning how to divide and is given the problems above. How would you
explain the “easy way" to find the answer? AI\SWM ’Kﬁ? Va"} d

SL\.F"- fhe o@zuwlplac/&

3. Compute each of the following. What do you notice?
a. 100 +50 2

b. 10=50
c. 27+50 = 54 +J00 = gy

d 132250264 +1p0 = 94y

4. Use the properties in this chapter to show that z = 50 = 2z = 100.

X a5 aE
50 2 50 |pO
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5. Discuss with your neighbor how z + 50 = 2z -+ 100 can be used to compute 1234 + 50. Do
you think this is easier than using long division? |2 3Y 246¢ 1234 =SD
—— — SO
5D 100 : 24 .¢9
6. Naveen is traveling in India to visit his grandparents. The exchange rate is 50.5 Indian Rupees

to the dollar. He sees a shirt he wants to buy. The price is 332 rupees. Naveen wants to know
if this is good price. Use the trick you explored here to estimate how much the shirt costs in

dollars.
@5_ /.S aLow',‘ g)/ So
2 Ja/(ﬁd’ } 010”4’ = -4 AQ/(Q/I
= - ¥ 332 o
W ?Urv«,aec/s pees

2 lallac x dollaxr 32 dollas

R~ ~

100 rupecs 300 rupees 3 LoD r.,'lgus
SUMMARY (What I learned today) At 36
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