
Basic Circle Facts

1. The degree measure of any arc on a circle is the same as the degree
measure of the central angle  determined by that arc.

In the figure below, point  is the center of the circle. The above sentence is nothing more than aS
definition of how we measure an arc on a circle using angle measure. The central angle may be
measured in either degrees or radians.
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2. The measure of an angle inscribed in a circle is  the measure of its"
#

intercepted arc.

In the figure below,  In fact, there are three cases;7Ðn Ñ œ 7 nFEG œ 7 n œ 7 FG Þ! )
wa b a b Š ‹" "

# #

the first case is where the circle center point  lies in the exterior of ; the second case is whereS n!
the circle center point  lies on the line  the third case is where the circle center point  lies inS EGà S
the interior of . The first and third cases are shown in the next two circle figures.n!
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Proof of 2:

We will first prove the second case not shown in the above two circles. We begin by assuming the
circle center point  lies on the line  In other words, we assume  is a diameter of the circle.S EGÞ EG
See the next circle in the figure below where the angle of interest is . Note that  isnFEG ˜ESF
isosceles because the two sides  and  are both radii. Thus the two base angles in  canES SF ˜ESF
both be labeled as . Finally, note that the angle  is an exterior angle to  at point  This! ) ˜ESF SÞ
means we have  In other words, ) ! ! ! ! )œ  œ # Þ œ Þ"
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For the third case where point  is in the interior of , we can split the inscribed angle  into twoS n) )
angles,  and  as shown in the following figure. Then we apply the above argument to the two) )" #

isosceles triangles  and  that are formed on both sides of the diameter line thatß˜ESF ˜ESGß
contains   and E SÞ

O
A

B

C

!

!

2

1

1

1

2

2
!

!

)

)

We won't give a proof of the first case for the first circle shown in property 2, but the secret is to
draw  and apply subtraction of angles and corresponding arcs.ES

3. An angle inscribed in a semi-circle is always a right angle.

Proof of 3:

In the figure below,  is a diameter of the circle and  must be a right triangle with a rightEG ˜EFG
angle at point . The reason is because  intercepts the arc  that is half a circle.F nF EG

7 EG œ ")! 7 nEFG œ 7 EG ÞŠ ‹ Š ‹a bw w° ° and thus  =90"
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4. If two chords of a circle intersect at an interior point of that circle, then
the two main triangles determined by those chords and their common
point of intersection are similar triangles.

In the figure below, .˜EIH µ ˜GIF
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Proof of 4:

To establish the two triangles are similar we need only establish two equal angles in the two relevant
triangles. Clearly, the pair of vertical angles are equal,  so we need only7 nEIH œ 7 nGIFa b a b
find one more pair of equal angles. That is simple however, because both  and nIEH nIGF
intercept the same large arc that is FHÞ

5. If two chords of a circle intersect at an interior point of that circle, then
the product of the two lengths on one chord is the same as the product
of the two lengths on the other chord.

For the above figure this statement says .ÐEIÑÐIFÑ œ ÐHIÑÐIGÑ

Proof of 5:

After establishing the two similar triangles, it is easy to setup the ratios of corresponding sides to
derive the relevant equation.

EI IG

HI IF
œ ÐEIÑÐIFÑ œ ÐHIÑÐIGÑÞ      or      



6. If two secants of a circle intersect at a point exterior to the circle, then
the angle at that point of intersection measures one half of the
difference of the two intercepted arcs.

In the figure below the statement would be that

7 n œ 7 nEIG œ 7 EG  7 FH œ 7 EG 7 FH Þa b a b Š ‹ Š ‹ š ›Š ‹ Š ‹)
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Proof of 6:

To establish the angle relationship we need only draw the chord  and let  Then weGF n œ nEFGÞ!
can reason that  is exterior to  at  so ! ! )˜IFG Fß 7 n œ 7 nFGH 7 n Þa b a b a b
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Now we simply solve for 7 n Þa b)
7 n œ 7 n 7 nFGH œ 7 n  7 FH œ 7 EG  7 FH œa b a b a b a b Š ‹ Š ‹ Š ‹) ! !
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7. The measure of an angle formed by a secant and a tangent is equal to "#
of the intercepted arc.

In the figure below, line  is tangent to the circle at  and line  is a secant line.FG Fß EF

The statement is that 7 n œ 7 nEFG œ 7 EF Þa b a b Š ‹)
w"
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Proof of 7:

Draw the diameter from  through the center point  and let point  be such that  is a diameter.F S H FH
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The derivation is simple because we know  measures  and  Also weFEH ")! FEH œ FE EHÞ
w w w w°

know  Also, we have 7 nHFE œ 7 EH Þ 7 nHFE 7 n œ *! Þa b a b a bŠ ‹"
#

w
) °

Now we just need to put all these equations together and solve for . We multiply this last equation)
by 2 on both sides and write:

# † 7 nHFE  # † 7 n œ ")! œ 7 EF 7 EH Þa b a b Š ‹ Š ‹)
w w°

7 EH  # † 7 n œ 7 EF 7 EHŠ ‹ Š ‹ Š ‹a bw w w
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# † 7 n œ 7 EFa b Š ‹)
w

7 n œ 7 EFa b Š ‹)
w"
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8. If a point  is outside a circle, and if both a tangent and a secant areT
drawn to the circle, then the square of the length of the tangent to that
point is the same as the product of the two lengths from the point to
the two intersection points determined by the secant.

In the figure below we would write this statement as the proportion equation:

TE TF

TG TE
œ ÐTEÑ œ ÐTFÑÐTGÑ  or  #
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Proof of 8:

Draw the segments  and  Claim that EF EGÞ ˜EGT µ ˜ ÞF TA
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By the tangent/secant property we know  and we know that7 n œ 7 EFa b a bFET "
#

w

7 nEGT œ 7 EF 7 nEGT œ 7 n Þa b a b a b a b"
#

w
 so that  Last, it is trivial thatFET

7 nGTE œ 7 n Þa b a bETF  Now by the triangle simliarity we can write:

TE

TG
œ ÐTEÑ œ ÐTFÑÐTGÑ
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9. If two secants of a circle intersect at a point exterior to the circle, then 
the product of the length of each secant with the external length of that
secant is the same for both secants.

In the figure below this statement would say:   ÐEIÑÐFIÑ œ ÐGIÑÐHIÑÞ
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Proof of 9:

We draw the two segments  and  Now we claim that FG EHÞ ˜IEH µ ˜IGFÞ
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It is trivial that  because both of these angles measure  of the same7 nEIH œ 7 nFGIa b a b "
#

difference between the same two intercepted arcs.  and7 nEIH œ 7 EG 7 FHa b š ›Š ‹ Š ‹"
#

w w

7 nFIG œ 7 EG 7 FHa b š ›Š ‹ Š ‹"
#

w w
 so these two angles measure the same.

Next,  and also . This gives us our second pair of7 nIEH œ 7 FH 7 nFGI œ 7 FHa b a bŠ ‹ Š ‹" "
# #

w w

equal angles.  . Now that the two triangles are similar we can write the7 nIEH œ 7 nFGIa b a b
following ratio:

EI HI

GI FI
œ EI ÐFIÑ œ ÐGIÑÐHIÑ      or      a b


