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Fig. 1 Page from Banneker’s journal

enjamin Banneker (1731–1806), the
son of a freed slave from Guinea and a
black woman, born free in the territory
of Maryland, was a self-taught mathematician, surveyor, and astronomer. He
lived and worked on the farm he owned with his father near Baltimore. His grandmother, an Englishwoman who had come to the colonies as an indentured servant, taught Banneker how to read and
write. She arranged for him to go to a local oneroom school, which was attended by several white
and a few black children. The Quaker schoolmaster
may have lent Banneker some books then, and later,
a neighbor lent him some books on mathematics
and astronomy. From these books he learned mathematics as far as double-position as well as surveying
and astronomy. He began publishing annual almanacs containing his astronomical observations
and predictions. He kept his notes in journals, but
only one of the journals is preserved. This journal
served as his notebook for astronomical observations, his diary, and his mathematics notebook. The
mathematics in his journal consisted of six puzzles
and two pages of mathematical writing.
With the aid of computer enhancement techniques we were able to reproduce Banneker’s actual handwriting of the page shown in figure 1.
His notes show both the mathematics he studied
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and the techniques he used. Teachers often encourage students to record their mathematical thinking
in notebooks, much as Banneker did. His handwriting is transcribed and lines numbered in figure 2.
I used Banneker’s work in my precalculus class
after we had completed a unit on logarithms and a
unit on the laws of sines and cosines. This work
helped my students review these concepts and gave
them insight into Banneker’s own study of mathematics. Here is a lesson plan for the activity:
1. Photocopy Banneker’s writing (fig. 1) onto an
overhead transparency. Enlarging the figure 150
percent will make a nice transparency. Cover up
the numbers 30 (the measure of side AC) and 15
(the measure of side BC) with opaque tape, and
then project the top third (lines 1–8) of the page
onto a screen.
2. Have a student in the class read aloud what
Banneker wrote.
3. Ask the students how they would compute the
lengths of sides AC and BC. Some students might
use the relationship cos 30º = 26/AC or tan 30º =
BC/26. Others might use the properties of a 30º60º-90º triangle to compute the lengths. Either
method gives the result of AC = 30.0222 and BC
= 15.0111. After the students compute the
lengths of AC and BC, remove the opaque tape
(from step 1) and verify that Banneker arrived at
the same conclusions.
4. Are there other methods that would also work?
With luck (and, maybe, some prodding), a student will suggest using the Law of Sines. Write
the equation
sin 60° sin 90°
=
26
AC

on the board and ask the students to solve it for AC:
0.866025
1
1 • 26
=
⇒ AC =
AC
26
0.866025

5. Have the students use logarithms to evaluate
the last expression by first taking the log (base
10) of both sides of the equation:
1 • 26
log AC = log
0.866025

= log1 + log 26 − log 0.866025
= 0 + 1.41497 − (–0.06247 )
So log AC = 1.4774 and thus AC = 30.022.
6. To show students how Banneker solved this
problem more than 200 years ago without the
aid of a calculator, reveal lines 9–13.
7. Have another student read what Banneker
wrote to the left of his calculations.
8. Ask the students, “What is Banneker doing
here?” Answer: He is using logarithms to apply

Trigonometry
1.
2.
3.
4.
5.

The Base being given, and the acute ∠ at A, to find the hypotenuse
And perpendicular
In this right angled triangle ABC there is given the
Base AB 26 feet, the angle at A 30° to find the length
of the hypotenuse.
C

30

15

30º
A

26

B

6. To find the Sine complement
7. Subtract the given angle at A
8. From 90°
9. As Sine complement of the ∠ at A
10. is to the Logarithm Base 26
11. So is radius or the Sine of 90º
12. to the Logarithm of the hypotenuse
13. AC = 30 feet

9.93753 Sub
1.41497 add
10.00000 to
11.41497 from
1.47744 = 30 feet
hypotenuse

14. The hypotenuse being obtained I now Seek for the perpendicular
15. As the Sine of the angle ACB 60º
9.93753 Sub
16. is to the Logarithm of base AB 26
1.41497 add
17. So is the Sine of the angle CAB 30
9.69897 to
18. to the Logarithm of the perpendicular CB
11.11394 from
19.
1.17641 = 15
20. Or this may be performed by projection, Draw a line at random for
the base but of a Suf21. ficient lenght, then lay your protractor on Said line, take from
thence the angle
22. of 30° at A and draw a line at pleasure for the hypotenuse and let
fall a per23. pendicular on B and that give the lenght of the perpendicular.

Fig. 2 Page from figure 1, transcribed

the Law of Sines to solve this triangle as in step 4
above. To discuss why his calculations are
not the same as the class calculations, inform
the students that before calculators were readily
available (in the early 1970s), students—and
their teachers—had to use tables to find logarithms. To ensure that the values in these tables
were positive (and to save the expense of printing additional tables), the logarithms of trigonometric functions were increased by 10. In line 9,
Banneker indicated that he was finding the sine
of the complement of A. In other words, he was
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finding the sine of 60º, the angle at C. He then
looked up the log sin 60º in a table of logarithms
of trigonometric functions. His result was
9.93753, and he would have known that this really meant that log sin 60º = 9.93753 – 10 or
–0.06247. An abbreviated log sine table from a
1740 textbook is shown in figure 3. The annotations in figure 4 show that Banneker’s computations are equivalent to steps 4 and 5 above.
9. Another question to ask the students is, Why
didn’t Banneker just divide 26 by 0.866025 to
find AC? Division by decimals is hard and errors can easily occur. Logarithms were invented
to make calculations easier and faster. Ask your
students to verify this by having them perform
this computation without the aid of a calculator.
At this point your students should be challenged to calculate the length of BC by Banneker’s method.
10. Now refer to Banneker’s work on lines 14–19
and compare the results.

Fig. 3 Table of Logarithms of Sines from Benjamin Martin,
Logarithmologia: Or the Whole Doctrine of Logarithms.
London: Printed for J. Hodges, at the Looking Glass on
London Bridge, 1740.

Banneker’s computations

Annotations

9.93753 Sub
1.41497 add
10.00000 to
11.41497 from
1.47744 = 30 feet hypotenuse

Banneker looks up the log of sin 60º
in a log trig table. He looks up the log
of 26 in a log table and he adds that
value to the log of sin 90º from the
log trig table. From this sum he subtracts the log of sin 60º to get the log
of the length of the hypotenuse.
Finally he takes the antilog of the
result to get AC. Note that the 10s
added to log sin 60º and log sin 90º
cancel when subtracted.

Fig. 4 Banneker’s computations
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Banneker also gives a geometric method (lines
20–23) of constructing the lengths of the sides of
the triangle.
Banneker’s 15-26-30-sided triangle is an excellent integer-sided approximation to a 30º-60º-90º
triangle. I have examined a number of eighteenthand nineteenth-century American math textbooks
and have not found any references to this approximation. Perhaps Banneker knew the dimensions of
this triangle and used it to practice the Law of
Sines, or perhaps he used this triangle while surveying to quickly get 30º or 60º angles.
As an assignment based on Banneker’s work,
ask the students to calculate the exact angle measurements for Banneker’s 15-26-30-sided triangle.
The solution, using the law of cosines:
cos C =

152 + 262 − 302
2 ⋅ 15 ⋅ 26

= 0.001282 ⇒ C = 89.92654°

Similarly, the other two angles are 29.99997º and
60.07348º.
I also used Banneker’s work to illustrate the importance of maintaining an organized mathematical
notebook. I asked my students, “Could someone else
read your notebook and determine what you were
doing? If not, how can you hope to use your notebook as a plan to study for exams at the end of the
year?” Banneker’s work also illustrates the fact that
the method used to solve a mathematical problem
depends on the tools available. Mathematics considered important to one generation—logarithms of
trigonometric functions, in this example—may be
nearly obsolete for another generation. This raises

the question for both students and teachers: What
mathematics is important to teach and to learn?
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Banneker’s journal is part of the Schomburg Collections of the New York Public Library. It was converted
to microfilm by 3M’s International Microfilm Press,
1970. Many universities and historical societies have
copies of the microfilm. I viewed it at the Maryland
Historical Society in Baltimore. Unfortunately, the
quality of the reproduction is quite poor. My son,
Quinn, a student at MIT, scanned my photocopy of
Banneker’s work. I sought additional help through the
international math history list server mathforum.org/
epigone/historia_matematica. I was contacted by Omar
Rumi, a retired mathematics teacher in Kuala Lumpur,
Malaysia, who generously offered his time. Over a
period of four months, Omar painstakingly cleaned up
the copies pixel by pixel. I am indebted to him. These
examples of Banneker’s handwriting can be downloaded from web.mit.edu/qmahoney/www/nctm/. ∞
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