Tangents

ARE THERE LINES THAT TOUCH |
THE CIRCLE AT ONLY ONE POINT?
LINES THAT “KIS%™ IT, AS MATHE-
MATICIANS SAY? (ACTUALLY, THEY
SAY “OSCULATE,” BECAUSE IT HAS
MORE 5YLLABLES.)

THIS 15
JUST EMBAR-
RAS5ING!

Theorem 17-3. THROUGH EACH POINT ON A CIRCLE, THERE 15 EXACTLY ONE
LINE THAT INTERSECTS THE CIRCLE AT ONLY THAT POINT.

Proof. Lct A Bc A POINT ON THE CIRCLE WITH CENTER O. LET L BE THE LINE
THROUGH A WITH LLOA. FIRST WE SHOW THAT L INTERSECTS THE CIRCLE NOWHERE
ELSE; THEN WE SHOW THAT ANY OTHER LINE THROUGH A INTERSECTS THE CIRCLE AT
ANOTHER POINT.

1. LET B BE ANY (RULER POST.) L A B
OTHER POINT ON L.
2.L1OA (AS5UMED)
3. AOAB 15 A RIGHT (PEFINITIONS)
TRIANGLE WITH OB
AS HYPOTENUSE.
4. OB>OA (THM. 7-3)
5. B 15 NOT ON THE (DEF. OF CIRCLE) OB>O0A
CIRCLE.
NOW LET M BE A LINE THROUGH A NOT PERPENPICULAR TO
OA. M AND OA FORM AN ANGLE 6 < 90° ON ONE $IVE.
6. DRAW RAY OC AT AN ANGLE A ¢
1 =180°-26 WITH OA ON M e
THE SAME SIDE OF THE RADIUS \ o \/
AS /O, INTERSECTING M AT C.
7. LACO=180°- (B + ) (THM. 10-4)
=0
8. AAOC 15 1505CELES, WITH (THM. 6-2)
OA=0C.
9. C 15 ON THE CIRCLE, AND M (VEF. OF o
INTERSECTS THE CIRCLE TWicE. ] ¢RCLE) o’;g oc

Definition. A Ling THAT TOUCHES A CIRCLE AT A SINGLE POINT 15 CALLED A
TANGENT TO THE CIRCLE.

THEOREM 17-3 SAYS THAT
THERE 15 EXACTLY ONE
“KIS5ING™ TANGENT AT
EVERY POINT OF THIS
LUCKY CIRCLE: THE
PERPENDICULAR TO

THE RADIUS AT THAT
POINT.

THE NEXT THEOREM
SAYS HOW TO “AIM™ A
TANGENT FROM ANY
POINT IN THE PLANE
OUTSIPE THE CIRCLE.

P
(4
1. FIND O, THE CENTER  (CONSTR., P. 87; ,
OF C, AND DRAW POST. 2) ¢
oP.
2. FIND M, THE (CONSTR., P. 85) \ P
MIDPOINT OF OP.
3. DRAW A CIRCLE €’ (DEF. OF CIRCLE) \V
CENTERED AT M
WITH RADIUS OM.

4. OMPCIS A DIAMETER (VEF. OF DIAMETER)
OF C'.

Theorem 17-4. cven a
POINT P OUTSIDE A CIRCLE C, THERE
ARE TWO TANGENTS CONTAINING P.

Proof.

5. LET C AND £’
INTERSECT AT
POINTS Q AND R.

(POST. 6)

6. /OQP AND LORP
ARE RIGHT AN6LES.

(COR. 17-2.4)

7. PR AND QR ARE (THM. 17-3)

TANGENT TO C. 11




Real-Life Tangents

HERE'S JASPER TROTTING
OVER A CIRCULAR HILL.
NEARING THE SUM-

AT THE VERY TOP,
HE'S MOVING EXACTLY
HORIZONTALLY,

MIT, HE'S 6OING PERPENPICULAR
UPHILL, AND TO THE RADIVS
AFTER PASSING THERE.

IT, HE'S 6OING

DOWN.

OR IMAGINE A ROTATING CIRCLE, LIKE A FERRIS
‘WHEEL. THE SAME REASONING SU6GESTS THAT

> THE TANGENT 15 THE
DIRECTION OF THE
CIRCLE AT THAT POINT.

A LITTLE HARD
TO GRASP...

IN PRACTICAL TERMS, IT MEANS THIS: IF BIANCA SWINGS HER PURSE AROUND IN A CIRCLE
AND THEN LETS IT 60, IT WILL LITERALLY “FLY OFF ON A TANGENT,” FOLLOWING THE

CIRCLE’S TANGENT LINE AT THE POINT OF RELEASE.

s~

BY THEOREM 17-3, A CIRCLE’S TANGENTS PASS THROUGH
EVERY POINT IN THE PLANE OUTSIDE THE CIRCLE, %0

WITH 600D AIM AND A STRONG ARM, BIANCA SHOULD BE
ABLE TO HIT ANY TARGET ANYWHERE!

OKAY... WE KIND OF WENT OFF ON A
TANGENT OURSELVES FOR A MINUTE...

HEY! GIVE
THAT BACK!

MOVING RIGHT ALONG, THEN..
HM... NOTHING HERE
BUT A STRAIGHTEDGE
AND COMPASS...

Excerpts from Gonick, Larry (2024). The Cartoon
Guide to Geometry. New York, NY. Harper Collins.
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