
ERRATA

A SURVEY OF CLASSICAL AND MODERN GEOMETRIES

The following is a list of known errors in the book A Survey of Classical and
Modern Geometries: with computer activities. These will be corrected in the second
printing. I have placed asterisks next to some corrections. No asterisk – a typo with
an obvious correction. One asterisk (*) – a typo with a less obvious correction. Two
asterisks (**) – a mistake that, when caught, the readers might question whether I
made the mistake or they did. Three asterisks (***) – a subtle error.

The errors have been ordered by page number. The number after the page
number is the line where the error is. A negative number means the line is counted
from the bottom. Two or more numbers mean there are corrections on several lines.

I would like to thank Mark Hunacek, David Kraines, Joe Bechely, Jamie Langille,
Diana Baragar, Michael Woltermann, Robin Hartshorne, James Katseane, and Vic-
toria Sapko for pointing out some of these errors.
p xiv: In the acknowledgements, Brenda Walter’s name is misspelled. I should

also thank Murray Klamkin for letting me reproduce the ’81 IMO logo.
p 24, -5, in Ex 1.38: Typo: The article ‘a’ is missing.

*p 24, -2, in Ex 1.38: ∠ABC = ∠CDA.
**p 29, 9, in Ex 1.44: The displayed equation should read

|AF |
|FD| =

1 +
√

5
2

.

Change the − to a +.
*p 32, -2, in Ex 1.58: Typo: The last sentence should read “Prove that the circle

with diameter CD has the same area as the arbelos.” (the C of CD is
missing).

p 35, 5: The line should read “... we get |B′G| = 1
2 |GB| and |C ′G| = 1

2 |GC|.”
(not |C ′G| = 1

2 |BC|.”)
*p 40, 9, in Ex 1.76: “In Figure 1.34(b) ...” (not 1.34(a)).
*p 40, -5, in Ex 1.77: “In Figure 1.34(a) ...” (not 1.34(b)).

**p 46, 8, in Ex 1.98: The conclusion is

|∆ABC| = 2R2 sinA sinB sinC.

That’s a 2, not a 4.
***p 56, -5, in Ex 1.120: “In Figure 1.47, show that

|∆ABP |
|∆APC| =

|BD|
|DC| .”

In the numerator of the left hand side of the equation, we have replaced
∆APB with ∆ABP . Is it a necessary change? Yes, if one wants to think
of these as signed ratios. The obvious convention for the sign of a ratio
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of areas of triangles is that the sign is ‘+’ if the triangles are oriented the
same way, and ‘−’ otherwise.

**p 80, 6, in Ex 3.19: “Prove that

cos(4π/5) =
−1−√

5
4

.”

That’s 4π/5, not π/5.
p 103, 3: “The number of vertices has remained ...” That’s ‘vertices,’ not ‘edges.’

**p 103, -1: The last displayed equation should read

2 = χR′ = χR + 1.

Change the ‘−’ to a ‘+.’
**p 110, -15, in Ex 5.20: “Consider the set of convex polyhedra ....” The word

‘convex’ was omitted.
p 110, -13, in Ex 5.20: “... at each vertex.” (not ‘face’).

**p 139, 12, in Ex 7.9: “Show that the map

Φr(x, y) =
(

r2x

x2 + y2
,

r2y

x2 + y2

)

is inversion ....” The r’s must be squared.
***p 146, 14 – 18: The warning I gave is not what I meant. The line should read

“This notation, though, is not without its flaws, and we must warn that in
general, k(γz) �= (kγ)z, since

k(γz) =
k(az + b)

cz + d

but

(kγ)z = γz =
az + b

cz + d
.”

**p 156, 8: The displayed formula should read

(w, P ;N, M) = (z, P ; a,∞).

The M and N are switched.
**p 175, -8, in Ex 7.109: “... and take the limit as a goes to infinity.” Let a go to

infinity, not b.
**p 180, 8: “Of these, only (3, 12, 12), (4, 6, 12),....” I dropped the case (3, 12, 12).
**p 180, -5: Change Exercise 8.6 to: “ Exercise 8.6. Explain why the tilings (3, 3, 6, 6)

and (3, 5, 4, 4) do not exist.” I don’t know what I was thinking.
***p181, -4: The four regions in Figure 8.6 are fundamental domains for G, but none

of them are fundamental domains for G′. For example, the point (1/4, 1/4)
is in F1. Using G′, we can rotate this point by 90◦ to get (−1/4, 1/4),
and translate by �v1 to get (3/4, 1/4), which is also in F1. Thus, F1 is not
a fundamental domain for G′. In fact, a fundamental domain for G′ is a
square of side length 1/2 with a vertex at the origin. Regions like F1 and
F4, but dilated by 1/2, form fundamental domains for G′. It is intriguing
that the fundamental domains for G′ are 1/4 the area of the fundamental
domains for G, yet they produce the same lattice. This is because the
stabilizer for the origin in G is just the identity, but in G′ it has order 4.

p 185, 4, in Ex 8.13: “Construct the point A = ia in ....” (not ir).
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**p 187, 6, in Ex 8.19: What we are asked to prove might be true, as stated, but
I don’t see how to do it, so I’ve modified the exercise. The last sentence
should read “Show that A1 and A2 are constructible (in the Euclidean
plane) if and only if both the n-gon and m-gon can be constructed.

*p 198, -14: The displayed equation should read

d(P, R) = d(P, R′) = r.

That’s ‘r,’ not ‘s.’
*p 196, -6: I define the distance function, but there is no reason why such a function

should exist, so our first axiom (zero-th axiom?) should be the assumption
that such a function exists.

p 198, -16: In Definition 20, the second line should begin “Furthermore, for any
point P ∈ l and any real number ....”

***p 198, -9: Axiom 2 should read “Every line segment can be realized as a subset
of a unique line.” I have not been able to prove that lines are unique using
the axiom system as it stands.

*p 204, -4: “This is a nice complement to Lemma 9.6.1.” That’s Lemma 9.6.1, not
Lemma 9.16.

p 205, -5: Can you spell ‘parallelogram’?
p 213, 7: The identity is, of course, sin2 A + cos2 A = 1.

*p 219, -7: The paragraph should begin “In a right angle triangle ∆ABC with
right angle at C, we pick points E and F on the extended sides AC and
AB, respectively, and such that |AE| = |AF | = π/2, as in Figure 10.7.”
The two instances of D should be changed to E and the two instances of
E should be changed to F .

**p 221, 3, in Ex 10.19: Prove

cosD = − sin a sin b.

A minus sign is missing.
**p 221, -3, in Ex 10.22: “Prove that

1− cos∆ =
sin2 h(1 − cos a)

(1 + cos b)(1 + cos c)
.”

What is stated in the text is correct for h the altitude at C.
**p 230, Fig 11.4: Switch the labels Q′

1 and Q′
3.

*p 235, 20: The cross ratio is defined for elements of P
1, not P

2.
*p 237, 6, in Ex 11.8: A clarification. The displayed equation should read

f(x, y) = y2 − x3 + x + 1 = 0.

Without the ‘= 0,’ it’s not really an equation.
p 240, Ex 11.13: I apologize for using f in two ways (as a function and as a

coefficient of that function). An obvious fix is to capitalize f whenever it
refers to the function.

**p 240, 11 – 13, in Ex 11.13: What we are asked to prove is not quite true.
Change the sentence to “Prove that the curve F (X) = 0 describes a non-
degenerate conic in P

2(R) if and only if two of the eigenvalues of A are
positive and one is negative, or if one is positive and two are negative.”

**p 242, -10, -8, -1: Replace three instances of 1/2 with 2.
**p 243, 2, 10: Replace two more instances of 1/2 with 2.
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**p 244, 12, in Routh’s Theorem: Change the value of µ to µ = |CE|
|EA| .

**p 244, -7, in Routh’s Theorem: The displayed equation should read

|∆PQR| = (λµν − 1)2|∆ABC|
(λµ + λ + 1)(µν + µ + 1)(νλ + ν + 1)

.

The area |∆ABC| was omitted from the numerator.
*p 249, 5, in Ex 12.4: A clarification. “Show that the arclength on S in polar

coordinates is ....”
p 249, -11, in Ex 12.6: “The map −I is an isometry of S.” That’s S, not S.

**p 249, -8, -7, in Exercise 12.7: The signs are wrong. These lines should read:

�u× (�v × �w) = (�u · �w)�v − (�u · �v)�w

(�u × �v) · (�w × �x) = det
[
�u · �w �u · �x
�v · �w �v · �x

]
.

*p 253, -8, in Ex 12.17: We must make the restriction φ ≥ 0 in order to have it
well defined.

*p 254, -8: There is an extra ◦ that should not be there. The displayed equation
should read

�a ◦ �b = ||�a||||�b|| cos θ.

***p 254, 8, -10: The way this section reads, it implies that one can define the angle
between any two lines, whether they intersect or not. This is not true. One
can do it only for intersecting lines, so in these two lines of text, where it
reads “the angle between two lines,” we insert the word “intersecting,” so
it reads “the angle between two intersecting lines.” The section relies on
Exercise 12.19, which asks the reader to prove a false result. We fix this
below.

p 255, 4: The definition should be �P ⊗ �Q = J−1P × Q. Of course, for our J ,
we have J−1 = J , so in some sense, no correction is required. However,
more generally, any symmetric J with two positive eigenvalues and one
negative eigenvalue defines a Lorentz product. For such a Lorentz product,
the definition of the Lorentz cross product must be changed as noted.

***p 255, Exercise 12.19: This exercise should read as follows: “Suppose ||�a|| =
||�b|| = 1 and the lines on V+ described by �a ◦�x = 0 and �b ◦�x = 0 intersect
in V+. Prove that there exists T ∈ O+

J such that T�a = (1, 0, 0) and T�b =
�b′ = (b′1, b′2, 0).” The original exercise could not possibly be true, since it
would imply that all lines on V+ intersect. The error in the solution manual
is the statement that tanhx is invertible on R. The range of tanhx is only
(−1, 1).

p 255, Exercise 12.20: Following up on the remark above (for p 255, line 4), this
exercise depends on our choice of J . More generally, the properties one can
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prove are

�u⊗ �v = λJ�u× J�v

�u⊗ �v = −�v ⊗ �u

�u ◦ (�v ⊗ �w) = det


u1 u2 u3

v1 v2 v3

w1 w2 w3




�u⊗ (�v ⊗ �w) = λ((�u ◦ �w)�v − (�u ◦ �v)�w)

(�u⊗ �v) ◦ (�w ⊗ �x) = λdet
[
�u ◦ �w �u ◦ �x
�v ◦ �w �v ◦ �x

]
,

where λ = detJ−1. And in Exercise 12.21, the i is really
√

detJ−1.
*p 261, -10: This should read �F′ = �B + λ(�A− �B) = ....

**p 264, properties 9, 10, and 11 of a field: Property 9 should read “a · 1 = 1 ·
a = a;” property 10 should read “a · a−1 = a−1 · a = 1;” and property 11
should read “a · (b + c) = a · b + a · c and (a + b) · c = a · c + b · c.” These
modifications are not necessary, since in property 8 we require a · b = b · a.
However, I later refer to a division ring as something that satisfies all the
properties of a field except property 8. This is not true, unless properties
9, 10, and 11 are modified, as above.

p 264, 11 – 12: The word ‘of’ should be inserted between these lines.
p 266, 11, 12, 14: A matter of style. When writing homogeneous coordinates, we

usually start the index at 0. Thus, P should have coordinates (P0, P1, P2)
(lines 11 and 12) and the equation of a line should be written (the displayed
equation in line 14)

a0x + a1y + a2z = 0.

*p 266, Fig 13.2: The coordinates of the center point should be (1, 1, 1).
**p 268, -5 to -2: What we are asked to prove in Exercise 13.13 is, in general, false.

I have changed the exercise so that it now reads: “Exercise 13.13*. A linear
automorphism of an affine or projective geometry G is an invertible map
f from G to itself which sends lines to lines. Every linear transformation
T ∈ Gl2(F ) gives a linear automorphism of F 2. Can there be a linear
automorphism of F 2 which is not a linear transformation?” Hint: The
choice of F is important.

*p 268, -1, in Ex 13.14: The field is not specified. I meant Fp or Fq.
p 273, Exercise 13.28: There are two extraneous instances of “projective.”

**p 298, -7, in Ex 14.23: The displayed equation should read

y2 − zy − 1 = 0.

(Change a sign.)
p 300, 9: In the displayed equation, there is a missing close parenthesis.

**p 301, -13, in Ex 15.2: There are integer solutions to this equation – try (1, 1).
Change the equation to

a2 + b2 = 3c2.

*p 321, 10: The first term on the right hand side of this displayed equation should
be (τ3τ4 + τ2τ4 + τ2τ3).

p 321, -6: This should be substituted into Equation 15.6, not 15.7.
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*p 329, -8: The date for Euclid should be ca. 300 B.C. One of my sources for dates
was a poster on my wall which I have since discovered is not very accurate.
This date and the corrections below are taken from Heath, who is usually
considered accurate.

p 329, -3: Change ‘triangle’ to ‘angle.’
*p 330, -8: The date for Pappus should be the “End of the 3rd century.”
*p 330, -4: The date for Diophantus of Alexandria should be ca. 250 A.D. This

also means the entries for Pappus and Diophantus should be switched.
p 331, 18: Under Al-Biruni, there is a use of ‘than’ that is misspelled ‘then.’
p 332, in the entry on Euler: The phrase “a 1000” should just be “1000.”
p 334, 3: Galois died at the age of 20.
p 339, 5, in the hint for Ex 1.48: Typo: Replace instance of ‘and’ with ‘at.’
p 342, 15, in the answer to Ex 1.52: The length is of |DE|, as asked in the

exercise (not |BD|).
**p 343, 12, in the answer to Ex 7.105: The displayed equation should read

1 − cos∆ =
4 sinh s sinh(s − a) sinh(s − b) sinh(s − c)

(1 + cosh a)(1 + cosh b)(1 + cosh c)
.

That’s cos∆, not cosh∆.
*p 343, -6 and -4: The terms ‘reflexive’ and ‘symmetric’ are switched. Also, to

conclude symmetry from reflexivity and transitivity, we need to know that
an object is similar to some other object. This is guaranteed by property
1.

p 344, 14, in the answer to Ex 10.22: “... this formula approximates ∆ =
1
2ha ....” To be consistent with the exercise, it should be ∆ = 1

2ha, not
∆ = 1

2hc.
p 358, -3, -2, -1: The φ given here sends the upper half plane to the unit disc, so

the solution is correct. However, it doesn’t agree with the φ given in the
text. Using the φ of the text changes these three lines and the first line of
page 359.

p 359, 1: See the previous item.
*p 360, 7, 8: Some squares are missing and some signs are wrong. These two

displayed equations should read

= cot(π/m) cot(π/n) +
√

cot2(π/m) cot2(π/n) − 1

=
cos(π/m) cos(π/n) +

√
cos2(π/m) cos2(π/n) − sin2(π/m) sin2(π/n)
sin(π/m) sin(π/n)

. �
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