THE NUMBER LINE
HOLDS ALL POSI-
TIVE AND NEGATIVE
WHOLE NUMBERS
AND FRACTIONS.

PO WE NEED ANY
OTHER NUMBERS
BESIDES THESE FOR
MEASUREMENT? IN
FACT, WE DO...

—
——
—

AS YOU MAY KNOW, YOU ¢CAN TURN ANY
FRACTION INTO A DECIMAL BY LONG
DIVISION. HERE ARE 2/3, 5/8, AND 1/7:
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AND HERE'S WHY:

WHEN DIVIDING ONE WHOLE NUMBER BY ANOTHER,
THERE ARE ONLY TWO PO%5IBILITIES. THE DECIMAL
EITHER

TERMINATES (ENDS, 5TOPS) AS WITH

5/8 = 0.625

OR REPEATS A PATTERN cNpLESSLY, LIKE
2/3 = 0.666666666.....
1/7 = 0142857 142857 142857....

WHY? LOOK AT THE DIVISIONS ON THE LEFT. IF A
REMAINDER 15 EVER O, THE DECIMAL TERMINATES.
IF NOT, WELL... EACH REMAINDER MUST BE LESS
THAN THE DIVISOR, 0 THERE CAN BE ONLY $O
MANY PO55IBLE REMAINDERS. AS YOU KEEP DIVIDING,
YOU MUST HIT ONE OF THEM A SECOND TIME, AT
WHICH POINT THE ENTIRE PATTERN MUST REPEAT.

AS FAR AS THE
EYE CAN SEE,

AND FARTHER!

1 - 0.0909090909

IT 50 HAPPENS THAT SOME NUMBERS HAVE AN EX-
PANSION THAT pOES NOT ENDLESSLY REPEAT A
PATTERN. ONE EXAMPLE 15 V2, THE SQUARE ROOT
OF 2. (THIS 15 THE NUMBER WHOSE PRODUCT WITH
ITSELF 15 2. MORE ON THIS LATER!)

VZ = 1.41421 35623 73095 04880....

ANOTHER

NON-REPEATER T
15 m, Pl, THE

DISTANCE

AROUND A

CIRCLE WITH

DIAMETER = 1.

= 314159 26535 8979% 23846...

THESE NON-REPEATERS ARE CALLED
IRRATIONAL NUMBERS, AND THEY
HAVE THEIR PLACE ON THE NUMBER
LINE, TOO.

G6ETTING (ROWDED
POWN THERE...

BY THE WAY, “IRRATIONAL” DOESN'T MEAN
WACKY OR UNPREDICTABLE, ALTHOUGH
SOMETIMES IT MUST HAVE SEEMED THAT
WAY. AT ONE TIME, SQUARE ROOTS USED
TO BE CALLED “5URDS,” AS IN ABSURD.

YOU'LL GET
USED TO ME...

2 [ o

WHAT IRRATIONAL DOES MEAN 15 THAT THESE
NUMBERS (AN NEVER BE WRITTEN A5 A RATIO
OF TWO WHOLE NUMBERS—IN OTHER WORDS,
A5 A FRACTION. (A FRACTION'S DECIMAL
EXPANSION MUST TERMINATE OR REPEAT.)

1.41421356237309504880168872420969
9079‘559671975376949073176679737990

25935239505474575028775996173

EVERY MEASURING NUMBER, THEN, 15 ONE
OF THESE:

Integer

A WHOLE NUMBER,
POSITIVE OR NEGATIVE

Rational

A NUMBER THAT CAN BE
WRITTEN A5 A FRACTION

Irrational

ANYTHING ELSE

THEY GIVE ME A
HEADACHE, 50 THEY
MUST BE REAL!

ALTOGETHER,
THIS LINE FULL
OF NUMBERS

15 CALLED THE
“REAL” NUMBERS,
BUT WHETHER
THEY'RE AS REAL
A%, SAY, A ROCK
OR A PIECE OF
CHEESE T LEAVE
FOR YOU TO
DECIDE...

Excerpts from Gonick, Larry (2015). The Cartoon
Guide to Algebra. New York, NY. Harper Collins.
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START WITH A FRESH LOOK AT SOMETHING
FAMILIAR: ADPING AND SUBTRACTING POSITIVE
NUMBERS. WE ¢AN THINK OF TWO NUMBERS
AS LENGTHS (2 AND 3, IN THIS CASE) SITTING
OVER THE NUMBER LINE.

TO APD THE NUMBERS, LEAVE ONE LENGTH
WHERE IT 15 (POESN'T MATTER WHICH ONE)
AND MOVE THE OTHER...

TO THE FAR END OF THE FIXED ONE...

AND ATTACH IT, END TO END, EXTENDING OUT-
WARD. THE SUM 15 THE TOTAL LENGTH.

NO Bl&6 SURPRISE!

2+2=5 !

(] 1 2 3 4 5

TO SUBTRACT THE SMALLER NUMBER FROM
THE LARGER, T AGAIN LAY THE LENGTHS
END TO END—BUT NOW WITH THE SMALLER
LENGTH INSIDE THE LARGER ONE.

THE DIFFERENCE 15 THAT PART OF THE LARGER
NUMBER THAT DOESN'T OVERLAP. IT'S WHAT'S LEFT
WHEN YOU TAKE AWAY THE SHORTER LENGTH FROM
THE LONGER.

®

TO MAKE THIS PICTURE COVER ALL REAL NUMBERS, POSITIVE AND NEGATIVE, WE NEED TO THINK OF
EACH NUMBER NOT A% A LENGTH, BUT A5 AN ARROW WITH A LENGTH AND DIRECTION. ON THE
NUMBER LINE, THIS ARROW POINTS FROM O TO THE NUMBER, 50 NESATIVE NUMBERS HAVE LEFT-
POINTING ARROWS, WHILE POSITIVE ARROWS POINT RIGHT.

ADD TWO POSITIVE NUMBERS A% BEFORE: FIX
ONE ARROW'S TAIL AT O AND MOVE THE
OTHER'S TAIL TO THE FIXED ONE’S HEAD. THE
SUM 15 THE POSITION OF THE MOVED HEAD.

ADD NEGATIVE NUMBERS THE SAME WAY:
HOLDING ONE ARROW FIXED, MOVE THE OTHER'S
TAIL TO THE FIXED HEAD AND READ THE PO%I-
TION OF THE MOVED HEAD. TWO NEGATIVE
NUMBERS, FOR EXAMPLE, APD LIKE THIS:

3+2=5 (-2)+(-2)=-5

4 i n I i i ! ! 1
T T 1 T T T T

-4

4 o0 1 2 3 4 5 -5 -4 -3 -2 4 0 1
WHEN ADDING OR NEGATIVE,
POSITIVE TO DEPENDING
NEGATIVE, ON THE
AGAIN PUT 3+(-2)=1 (-3)+2 = -1 rumeers
TAIL TO HEAD. BEING ADDED.
THE SUM MAY

BE POSITIVE... <€ ! 5 >
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Excerpts from Gonick, Larry (2015). The Cartoon
Guide to Algebra. New York, NY. Harper Collins.
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