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THE 

SOLUTION OF THE PYRAMID PROBLEM. 

W I T H the firm convic t ion that the P y r a m i d s of E g y p t 

w e r e buil t and e m p l o y e d , a m o n g o ther pu rposes , for 

one specia l , main, and impor tan t p u r p o s e of the g r e a t 

est ut i l i ty and conven ience , I find it n e c e s s a r y before I 

can es tab l i sh the theo ry I advance , to e n d e a v o r to de

te rmine the p r o p o r t i o n s and measures of one of the 

pr incipal g roups . I t a k e that of Gi 'zeh as b e i n g the 

one af fording most data, and as be ing p r o b a b l y one of 

the mos t impor tan t g roups . 

I shall first t ry to set forth the resul ts of m y inves

t iga t ions into the pecul iar i t ies of const ruct ion of the 

Gi 'zeh G r o u p , a n d a f te rwards show how the P y r a m i d s 

w e r e app l i ed to the nat ional w o r k for which I b e l i e v e 

t hey w e r e de s igned . 

§ i. T H E G R O U N D PLAN OF T H E G I Z E H G R O U P . 

I find that the P y r a m i d C h e o p s is s i tua ted on the 

acu te a n g l e of a r i g h t - a n g l e d t r i a n g l e — s o m e t i m e s ca l led 

the P y t h a g o r e a n , o r E g y p t i a n t r i ang le—of wh ich base , 

perpendicu la r , and hypo t enuse are to each o the r as 3 , 

4 , and 5 . T h e P y r a m i d ca l led M y c e r i n u s , is s i tua te on 
9 



IO SOLUTION OF THE PYRAMID PROBLEM. 

the greater angle of this triangle, and the base of the 
triangle, measuring three, is a line due east from Myce-
rinus, and joining perpendicular at a point due south of 
Cheops. {See Figure i.) 

Щ1. 

I find that the Pyramid Cheops is also situate at the 
acute angle of a right-angled triangle more beautiful 
than the so-called triangle of Pythagoras, because more 
practically useful. I have named it the 20, 2 1 , 29 trian
gle. Base, perpendicular, and hypotenuse are to each 
other as twenty, twenty-one, and twenty-nine. 

T h e Pyramid Cephren is situate on the greater angle 
of this triangle, and base and perpendicular are as be
fore described in the Pythagorean triangle upon which 
Mycerinus is built. {See Fig. 2.) 

Fil 2. 

Figure 3 represents the combination,—A being 
Cheops, F Cephren, and D Mycerinus. 

Lines D C , C A , and A D are to each other as 3, 4, 

Fii.3 

Cheops. 

^Mycerinus 

Cheopa. 

Cheops Cephren 

Cephren Jftlreertnxxs. 
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and 5 ; and l ines F B , B A , and A F are to each o ther as 

20, 2 1 , and 29. 

T h e l ine C B is to B A , as 8 to 7 ; T h e l ine F H is 

to D H , as 96 to 55 ; and the line F B is to B C , as 5 to 6. 

T h e R a t i o s of the first t r i ang le mul t ip l i ed b y for ty-

five, of the second mul t ip l ied b y four, and the o ther 

th ree se t s by twe lve , one, and s ix teen respec t ive ly , pro

d u c e the fo l lowing connec ted leng ths in na tura l num-

be r s for all the l ines. 

D C 1 3 5 

C A 1 8 0 

A D 225 

F B 80 

B A 84 

A F 1 1 6 

C B 96 

B A 84 

F H 96 

D H 5 5 

F B 80 

B C 96 

F i g u r e 4 connects another p y r a m i d of the g r o u p — 

it is the one to the sou thward and ea s twa rd of C h e o p s . 

1 1 
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In this connect ion, A Y Z A is a 3, 4, 5 t r iangle , a n d 

B Y Z O B is a square . 

L i n e s Y A to C A are as 1 to 5 

C Y to Y Z as 3 to 1 

F O to Z O as 8 to 3 . 

and D A to A Z as 1 5 to 4. 

1 m a y a l so point out on the s a m e p lan that ca l l ing 

the line F A radius , and the lines B A and F B s ine a n d 

co-sine, then is Y A equal in l eng th to v e r s e d s ine of 

ang l e A F B . 

T h i s connects the 20, 2 1 , 29 t r i ang le F A B wi th the 

3, 4, 5 t r i ang le A Z Y . 

I h a v e not sufficient da ta at m y d i sposa l to e n a b l e 

m e to connect the remain ing e l even smal l p y r a m i d s to 

m y sat isfact ion, and I cons ider the four a re sufficient for 

m y pu rpose . 

I now es tabl ish the fo l lowing list of m e a s u r e m e n t s of 

the p lan in connec ted na tura l numbers . (See Figure 4.) 
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P L A N R A T I O S C O N N E C T E D I N T O N A T U R A L N U M B E R S . 

The above connected natural numbers multiplied by eight become 

R.B. cubits. R.B.C. 
(Thus, BY, 48 x 8 = 3 8 4 ) . 

BY I 

YZ I 

DN 6 1 

NR 60 

CY ió 

DC 1 5 

BA 2 1 

FB 20 

CB S 

BA 7 

ED, 8 

AE 7 

VW 5 5 

FW 48 

SJ 7 

SU 6 

48 

3 

] 

] 

9 
] 

4 

1 2 

1 5 

I 

1 2 

48 

48 

S 3 

80 

4 4 

3 5 

8 4 

So 

9 6 

8 4 

: 20 

05 

5 5 

48 

84 

72 

BC 

FB 

DN 

STZ 

PN 

PA 

CA 

DC 

YZ 

AY 

BA 

EB 

L Ì E 

DG 

HN 

FH 

6 

5 

6 1 

4 8 

5 I 

4 8 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

1 6 

3 

1 4 
2 "4 
1 1 

45 

1 2 

2 1 

2 4 

3 2 

9 6 

S O 

S 3 

44 

> ' 4 

5'2 

80 

3 5 

48 

36 

84 

6 3 

9 6 

72 

2 8 

9 6 

DC 

BC 

CY 

BC 

JE 

EX 

BC 

EB 

FO 

OR 

FT 

ST 

V W 

S V 

BJ 

AB 

4 5 

S 2 

3 

2 

3 

2 

J 2 

2 I 

3 2 

2 I 

S 4 

5 5 

5 5 

36 

4 5 

2S 

3 

4 : 

2. 

3 

4 

I 

I 

3 

' 3 5 

9 6 

1 4 4 

' 9 6 

72 

" 4 8 

9 6 

63 

1 2 ? 

84 

84 

5 5 

5 5 

36 

' 3 5 

84 

F B 

B Y 

F H 

DH 

Y X 

A Y 

EA 

AZ 

A B 

B O 

B C : 

AC 

ND 

NO 

P A 

A Z 

5 

3 

9 6 

5 5 

7 

4 

7 

4 

7 

4 

S 

' 5 

6 1 

3 2 

4 S 

25 

1 6 

I 

9 

' 5 

1 2 

I 2 

3 

I I 

2'4 

80 

4 8 

9 6 

5 5 

63 

3 6 

05 

60 

S 4 

48 

9 6 

S O 

8 3 

9 6 

; ' 2 

60 
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P l a n R a t i o Table.—{Continued.) 

T h e above connected natural numbers multiplied by eight become 

R.B. cubits. R.B.C. 
(Thus, G X 1 4 4 x 8 = 1 1 5 2 ) . 

GX 

DG 

SU 

SV 

TW 

T U 

SR 

RO 

YW 

AY 

MY 

ZY 

AC 

CH 

NZ 

ZA 

2 

i 

2 

i 

3 6 

1 7 

61 

28 

20 

9 

9 

4 

9 

4 

1 2 

S 

72 

36 

i 

3 

4 

1 2 

20 

1 2 

44 

72 

72 

3 6 

3 6 

1 7 

S3 

84 

80 

36 

08 

48 

80 

80 

4 4 

60 

S U 

DG 

HW 

DH 

FO 

DZ 

J B 

B Y 

FW 

FE 

AC 

CG 

EA 

AY 

CY 

YZ 

S 

2 

44 

5 5 

8 

3 

45 

1 6 

48 

•7 

20 

7 

3 5 

1 2 

3 

i 

3 6 

i 

1 6 

3 

I 

9 

3 

4« 

80 

72 

^44 

5 5 

28 

48 

: 3 5 

48 

48 

1 7 

[80 

6 3 

' ° 5 

3 6 

1 4 4 

48 

EO 

A Y 

H T 

D H 

D A 

AZ 

AC 

CN 

YV 

AY 

VZ 

ZO 

E U 

FE 

CA 

AY 

37 

1 2 

3 6 

1 1 

1 5 

4 

1 5 

4 

' S 

4 

6 1 

1 6 

84 

1 7 

5 

i 

3 

5 

1 5 

1 2 

9 

3 

I 

3« 

[ 1 1 

3 6 

;8o 

5 5 

Î25 

60 

[80 

48 

' 3 5 

3 6 

' 8 3 

48 

84 

1 7 

1 8 c 

3« 

>R 

t z 

<H 

?E 

LA 

Ï F 

VE 

I G 

r H 

IG 

61 

12 

96 

1 7 

1 0 5 

1 4 4 

1 7 

1 8 0 

1 7 

3 

i 

i 

i 

i 

1 8 3 

3 6 

96 

1 7 

1 0 5 

1 7 

1 4 4 

1 7 

1 8 0 

1 7 
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§ 2 . T H E ORIGINAL C U B I T MEASURE OF T H E G I Z E H 
GROUP. 

M r . J . J . W i l d , in his le t ter to L o r d B r o u g h a m wri t 

ten in 1 8 5 0 , cal led the ba se of C e p h r e n s e v e n seconds . 

I e s t ima te the base of C e p h r e n to be jus t s e v e n thir

t ie ths of the line D A . T h e line D A is there fore th i r ty 

seconds of the E a r t h ' s P o l a r c i rcumference . T h e l ine 

D A is there fore 3 0 3 3 " ! 1 8 6 2 5 Br i t i sh feet, and the base 

of C e p h r e n 7 0 7 7 2 7 Br i t i sh feet. 

I app l i ed a v a r i e t y of C u b i t s but found none to w o r k 

in without fractions on the beaut iful set of natura l di

mens ions which I had w o r k e d out for m y plan. {Sec 

table of connected natural numbers.) 

I u l t ima te ly a r r i ved at a cubit as the ancient measu re 

which I h a v e cal led the R . B . cubit , because it c lose ly 

r e sembles the R o y a l B a b y l o n i a n C u b i t of ' 5 1 3 1 metre , 

or 1*683399 Br i t i sh feet. T h e difference is 64r, of a foot. 

I a r r i v e d at the R . B . cubit in the fo l lowing manner . 

T a k i n g .the po la r a x i s of the ear th at five hundred mil

l ion g e o m e t r i c inches, th i r ty seconds of the c i rcumference 

will be 3 6 3 6 r o 2 6 o S — g e o m e t r i c inches, or 3 6 3 9 7 * 4 2 3 5 

Br i t i sh inches, at n ine hundred and ninety-nine to the 

t h o u s a n d — a n d 3030*0855 g e o m e t r i c feet, or 3 0 3 3 * 1 1 S 6 2 5 

Br i t i sh feet. N o w d i v i d i n g a second into s ix ty par ts , there 

a re 1 8 0 0 R . B . cubi ts in the line D A ; and the l ine D A 

b e i n g th i r ty seconds , m e a s u r e s 3 6 3 9 7 * 4 2 3 5 Br i t i sh inches , 

which d iv ided by 1 8 0 0 m a k e s one of m y cubi ts 20*220-

7908 Br i t i sh inches , o r 1 ' 685066 Br i t i sh feet. S i m i l a r l y , 
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3 6 3 6 1 "02608 geome t r i c inches d iv ided b y 1 8 0 0 m a k e s 

m y cubit 20*20057 geome t r i c inches in length . I h a v e 

t h e r e f o r e defined this cubit as f o l l o w s : — O n e R . B . 

cubi t is equa l to 2 0 - 2 0 o 6 g e o . inches, 20*2208 Br i t , 

inches , and 1 - 6 8 5 Br i t . feet. 

I now cons t ruc t the fo l lowing table of measures . 

T h u s t h e r e are seven ty - seven mill ion, s even hundred 

and s i x t y thousand R . B . cubits, o r two h u n d r e d and s ix

teen t h o u s a n d s tadia , to the P o l a r c i rcumference of the 

ear th . 

T h u s w e h a v e ob ta ined a perfect se t of na tura l a n d 

c o n v e n i e n t m e a s u r e s which fits the plan, and fits the 

c i r cumfe rence of the earth. 

A n d I c la im for the R . B . cubi t tha t it is the mos t 

pe r fec t ancient measu re y e t d i scovered , b e i n g the meas 

ure of the plan of the P y r a m i d s of G izeh . 

T h e s a m e forgot ten w i s d o m which d iv ided the cir

cle in to th ree hundred and s i x t y d e g r e e s , the d e g r e e 

P L E T H R A OR 
R B. CUBITS. STADIA. M I N U T E S , D E G R E E S . 

SECONDS. 

60 I 

•560 6 I 

3 6 0 0 60 IO I 

2 1 6 0 O O 3 6 0 O 60O 60 I 

77760OOO I2960OO 1 2160OO 2 1 6 0 O 3 6 0 
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T h e r eade r will now o b s e r v e that the cubit meas

ures of the main P y t h a g o r e a n t r i ang le of the plan a re 

obta ined by mu l t i p ly ing the o r ig ina l 3, 4 and 5 by 3 6 0 ; 

and that the en t i re d imens ions are ob ta ined in R . B . cu

bits by mu l t i p ly ing the last co lumn of connec ted na tura l 

numbers in the table by e i g h t , — t h u s — 

R. B. C U B I T S . 

Of, 

N A T U R A L NUMBERS. R. B. C U B I T S . 

D C 1 3 5 X 8 = 1 0 8 0 
C A 1 8 0 x 8 = 1 4 4 0 
D A 2 2 5 x 8 = 1 8 0 0 

& c . &c. 
(See Figure 5, p. 1 8 . ) 

A c c o r d i n g to Cass in i , a d e g r e e w a s 600 s tadia , a 

minute 1 0 s t a d i a ; and a modern I ta l ian mile, in the 

y e a r 1 7 2 3 , w a s equa l to one and a qua r t e r ancient R o 

man mi les ; and one and a qua r t e r anc ient R o m a n miles 

were equa l to ten s tad ia o r one minute . (Cassini, Traitc 

D C 3 x 3 6 0 = 1 0 8 0 
C A 4 x 3 6 0 = 1 4 4 0 
D A 5 x 3 6 0 = 1 8 0 0 

into s i x t y minutes , and the minute into s ix ty seconds , 

subd iv ided those seconds , for ear th measu remen t s , into 

the s i x t y par t s r ep resen ted b y s i x t y R . B . cubits . 

W e are a w a r e that thirds and four ths w e r e used in 

ancient a s t ronomica l ca lcula t ions . 
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RB. Cub. 

de la grandeur et de la Figure de la Terre. Amster

dam, 1 7 2 3 . ) 

D u f e u a l so m a d e a s tad ium the s i x hundredth par t 

of a d e g r e e . H e m a d e the d e g r e e 1 1 0 8 2 7 * 6 8 metres , 

which mul t ip l i ed b y 3*280841 g i v e s 3 6 3 6 0 7 * 9 9 6 + Br i t i sh 

feet ; and 3 6 3 6 0 7 * 9 9 6 + d iv ided b y 600 equa ls 606•-

0 1 3 3 2 7 feet to his s tad ium. 

I m a k e the s t ad ium 606*62376 Br i t i sh feet. 

T h e r e b e i n g 3 6 0 cubi ts to a s tad ium, D u f e u ' s s tad ium 

d i v i d e d b y 360 , g i v e s 1 ' 6833 Br i t i sh feet, which is the 

e x a c t m e a s u r e g i v e n for a R o y a l B a b y l o n i a n Cub i t , if 

r educed to met res , v iz . : 0 * 5 1 3 1 of a metre , and therefore 

p r o b a b l y the o r ig in of the measu re ca l led the R o y a l 

B a b y l o n i a n cubit . A c c o r d i n g to this measure , the G'i 'zeh 

p lan w o u l d b e abou t — smal l e r than if measu red b y 
r i o n J 

R . B . cubi ts . 

At l e v e l of Cephrens ") ( Cheops'Base 420 
"Base-which is theplaneli CepTiren's do no 
o r l e v e l of the plan J (.Mjncerinus' do 218 

Fifi 5. H.B Cxihih. 
FB = 610 AY= 288 
B A = 6 7 2 Z Y = 3 8 4 
A P = 9 2 8 Z A = 4 8 0 
DC= 1080 
CA= MIO 
AD = J80O 

DG = 576 
CE = T68 
ED = 960 

EB = 501 
BA = 6 7 2 
AB = 8 - 3 0 
N0 = r<Q8 

OF = J 0 2 - Î 
TN = 128 O 
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§ 3. T H E EXACT MEASURE OF T H E BASES OF T H E 

PYRAMIDS. 

A s t ad ium b e i n g 360 R . B . cubits , or s ix s e c o n d s — 

and a p le thron 60 R . B . cubits, or one second, the base 

of the P y r a m i d C e p h r e n is s even p le thra , or a s tad ium 

and a ple thron, equal to seven seconds, or four hundred 

and twen ty R . B . cubits. 

M y c e r i n u s ' base is a c k n o w l e d g e d to be half the base 

of C e p h r e n . 

Piazzi S m y t h m a k e s the base of the P y r a m i d C h e o p s 

9 1 3 1 ' 0 5 p y r a m i d (or geomet r i c ) inches, which d iv ided 

b y 2 0 - 2 0 o 6 g i v e s 4 5 2 - o i R . B . cubi ts . I call it 4 5 2 

cubits , and accept it as the measure which exac t ly fits 

the plan. 

I h a v e not sufficient da ta to de te rmine the exac t base 

of the o the r and smal le r py ramid which I h a v e m a r k e d 

on m y plan. 

T h e bases , then, of Myce r inus , C e p h r e n , and C h e o p s , 

a re 2 1 0 , 4 2 0 and 4 5 2 cubits , r espec t ive ly . 

B u t in p lan the bases should be reduced to one level . 

I h a v e therefore d rawn my plan, or hor izonta l sect ion, 

at the leve l or p lane of the base of C e p h r e n , at which 

leve l or p lane the bases or hor izontal sec t ions of the 

p y r a m i d s a r e — M y c e r i n u s , 2 1 8 cubits , C e p h r e n , 4 2 0 

cubits , and C h e o p s , 4 2 0 cubits . I shall show how I 

a r r ive at this by-and-by, and shall a l so show that the 

hor izonta l sec t ion of C h e o p s , c o r r e s p o n d i n g to the hori

zontal sect ion of C e p h r e n at the leve l of C e p h r e n ' s base , 
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occurs , as it should do, at the leve l of one of the courses 

of masonry , v i z .—the top of the tenth course . 

§ 4- T H E SLOPES, RATIOS, AND ANGLES OF T H E 

T H R E E PRINCIPAL PYRAMIDS OF T H E G I Z E H 

GROUP. 

B e f o r e en te r ing on the descr ipt ion of the e x a c t s lopes 

a n d a n g l e s of the three pr incipal p y r a m i d s , I must 

p r emi se that I w a s g u i d e d to m y conclus ions b y m a k i n g 

full use of the combined evo lu t ions of the two wonder fu l 

r igh t -angled t r i ang les , 3, 4, 5, and 20, 2 1 , 29, wh ich s eem 

to run t h r o u g h the w h o l e des ign as a sor t of dominant . 

F r o m the first I w a s firmly conv inced that in such 

skilful w o r k m a n s h i p s o m e v e r y s imple and eas i ly app l ied 

t empla tes mus t h a v e been e m p l o y e d , and so it tu rned 

out . B u i l d e r s do not m a r k a d imens ion on a p lan which 

t hey cannot measu re , nor h a v e a h idden m e a s u r e of a n y 

impor t ance wi thou t s o m e c lear ou te r w a y of es tabl ish

i n g it. 

T h i s m a d e m e " g o s t r a i g h t " for the s lant ra t ios . 

W h e n the P y r a m i d s w e r e cased from top to bo t tom 

w i t h po l i shed marble , there w e r e on ly t w o feas ib le 

measures , the ba se s and the a p o t h e m s ;* and for that 

r eason I con jec tured that these w o u l d b e the definite 

p lan rat ios . 

F i g u r e s 6, 7 and 8 s h o w the exact s l ope ra t ios of 

C h e o p s , C e p h r e n , and M y c e r i n u s , m e a s u r e d a s shown 

* The " Apothem is a perpendicular from the vertex of a pyramid on a side of 
the base."—Chambai Practical Mathematics, p. 156. 
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on the d i a g r a m s — v i z . , Cheops , 2 1 to 34, C e p h r e n , 20 

F i g . 6. 

l e a p s . 

Jfoie. The JlaKos of l i a s e s 
to - lllititdesai-e very 
nearly as •followsyvzz-

C e p h r e n . 

t heaps 33 to 21 or 3 3 0 & 2 1 0 

Cephven 3 2 lo 21 or 3 2 0 lo 210 

M j t e r b w 32 to 20 or 336 to 210 

< s \ l y e e r T n u s . 

to 3 3 , and M y c e r i n u s , 2 0 to 3 2 — t h a t is, half base to 

a p o t h e m . 

T h e ra t ios of base to al t i tude are, C h e o p s , 3 3 to 2 1 , 

C e p h r e n , 3 2 to 2 1 , and Myce r inus , 32 to 20 : not exac t ly , 

but near e n o u g h for all pract ical purposes . F o r the 

s ake of compar i son , it will be well to call these rat ios 

3 3 0 to 2 1 0 , 3 2 0 to 2 1 0 , and 3 3 6 to 2 1 0 , respec t ive ly . 

F i g u r e s 9 and 1 0 a re mer idional and d i agona l sec-

Fi(9. 

Cheops. 

Fig. 10. 

Cheops. 
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t ions, s h o w i n g ra t ios of C h e o p s , v iz . , half ba se to 

apothem, 2 1 to 3 4 exactly; half base to al t i tude, 5 ^ 

to 7 near ly , and 1 8 3 to 2 3 3 , neare r still (be ing the ra t io 

of Piazzi S m y t h ) . T h e ra t io of S i r F . J a m e s , half d iag

onal 1 0 to a l t i tude 9 is a l so v e r y near ly correct . 

M y a l t i tude for C h e o p s is 484*887 Br i t i sh feet, and 

the half b a s e 3 8 0 . 8 1 Br i t i sh feet. 

T h e ra t io of 7 to 5 ^ g i v e s 484*66, and the ra t io of 

2 3 3 to 1 8 3 g i v e s 484*85 for the al t i tude. 

M y half d i agona l is 538*5465 , a n d rat io 1 0 to 9, 

g i v e s 484*69 Br i t i sh feet for the al t i tude. 

I h a v e men t ioned the a b o v e to show h o w v e r y near ly 

these ra t ios a g r e e with ,my exac t ra t io of 2 1 to 34 half 

ba se to a p o t h e m 

F i g u r e s 1 1 and 1 2 show the ra t ios of C e p h r e n , v iz . , 

né 1 1 

Cephren. 
Fig. 1 2 

Cephren 

half base to apo them, 20 to 3 3 exactly, and half base , 

a l t i tude, and a p o t h e m re spec t ive ly , as 80, 1 0 5 , and 1 3 2 , 

v e r y near ly . 

A l s o half d i agona l , a l t i tude, and e d g e , p rac t i ca l ly as 

4 3 1 , 400, and 588. 
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half ba se to apo them, 20 to 3 2 exactly, and half base , 

a l t i tude, and apo them respec t ive ly , as 20, 25 , and 3 2 

v e r y near ly . 

A l s o full d i agona l to e d g e as 297 to 1 9 S , near ly . A 

pecu l i a r i t y of this p y r a m i d is, that base is to a l t i tude as 

a p o t h e m is to half base, T h u s , 40 : 25 : : 32 : 2 0 ; that 

is, half base is a fourth propor t iona l to base , apo them, 

a n d a l t i tude . 

=4 5. T H E EXACT DIMENSION'S 01" T H E PYRAMIDS. 

F i g u r e s 1 5 to 20 inclusive, show the l inear d imens ions 

Fit ¡5. Cheops. 

Jt.B.tttfc BritFt-
45 2 - 761 CS 
297 T67 • 
3Ö5 904r. 616 519 
430 058 -?L"t617 
639-£244*107? 093 

Cheops. 

F i g u r e s 1 3 and 1 4 show the rat ios of M y c e r i n u s , v iz . , 

Fig. 1 3 . Fig14 
Myce 
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of the three pyramids , a lso the i r ang le s . T h e base 

a n g l e s are , C h e o p s , 5 1 ° 5 1 ' 2 0 " ; C e p h r e n , 5 2 0 4 1 ' 4 1 " ; 

and M y c e r i n u s , 5 1 ° 1 9 ' 4". 

B.B.Ciü. Brii.Ft. 
• 4 2 0 =707-70 
275 61^46440 
3 4 6 5 0 = 5 8 3 8 5 
4 0 5 1 6 = 6 8 2 6 9 
69397 .1000 8 4 

Fig. 10. 

T i g . 20. 

M y c t r t n u a : R.BCub, Br&Ftr 
210 = 3 5 3 - 8 5 
1 6 8 = 2 8 3 0 8 
13114 « 2 2 0 S 7 
198 IO = 3 3 3 7 3 8 3 
2969848*300 42 

Fis.1T. C e p h r e n . 

Fié18. C e p h r e n . 

http://Fis.1T
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In C h e o p s , m y d imens ions a g r e e wi th Piazzi S m y t h 

—in the ba se of C e p h r e n , with Y y s e and P e r r i n g — i n 

the he igh t of C e p h r e n , wi th S i r G a r d n e r Wi lk in son , 

n e a r l y — i n the base of M y c e r i n u s , t hey a g r e e with the 

usua l ly a c c e p t e d measures , and in the he igh t of M y c e 

rinus, t hey e x c e e d J a s . J . W i l d ' s measure , by not qui te 

one of m y cubits . 

In m y a n g l e s I a g r e e v e r y near ly wi th Piazzi S m y t h , 

for C h e o p s , and wi th A g n e w , for C e p h r e n , differing 

about half a d e g r e e from A g n e w , for Myce r inus , who 

took this p y r a m i d to represen t the s a m e relat ion of n 

that P. S m y t h a sc r ibes to C h e o p s (v iz . : 5 1 ° 5 1 ' ' 4 ' o)> 

whi le he g a v e C h e o p s abou t the s a m e ang le which I as

cr ibe to M y c e r i n u s . 

I shal l now s h o w h o w I m a k e C e p h r e n and C h e o p s 

of equa l b a s e s of 4 2 0 R . B . cubi ts at the same level , 

v iz .—tha t of C e p h r e n ' s base . 

J o h n J a m e s W i l d made the bases of C h e o p s , C e p h r e n , 

and M y c e r i n u s , r e spec t ive ly , 80, 1 0 0 , and 104*90 cubi ts 

a b o v e s o m e po in t that he ca l led X i l e L e v e l . 

H i s cubi t w a s , I be l i eve , the M e m p h i s , o r N i lomet r i c 

cub i t—but at a n y rate, he m a d e the base of C e p h r e n 

4 1 2 of them. 

I t he re fo re d i v i d e d the r ecogn ized ba se of C e p h r e n 

— v i z . , 7 0 7 7 5 Br i t i sh f e e t — b y 4 1 2 , and g o t a result of 

1 "71 78 Br i t i sh feet for his cubit . T h e r e f o r e , his meas

ures mul t ip l i ed b y 1 7 1 7 8 and d iv ided by E6S5 will 

turn his cubi t s in to R . B . cubits . 

I thus m a k e C h e o p s , C e p h r e n , and M y c e r i n u s , re-
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spec t ive ly , 81*56 , 1 0 1 * 9 3 , and 106*93 R . B . cubi t s a b o v e 

the da tum that J . J . W i l d calls N i l e L e v e l . A c c o r d i n g 

to B o n w i c k ' s " F a c t s and F a n c i e s , " p. 3 1 , h igh w a t e r 

N i l e w o u l d be 1 3 8 ^ ft. be low base of C h e o p s (or 8 2 . 1 9 

R . B . cubi ts) . 

Piazzi S m y t h m a k e s the p a v e m e n t of C h e o p s 1 7 5 2 

Br i t i sh inches (or 86*64 R . B . cubits) a b o v e average 

Nile Level, but, b y sca l ing his map, his high Nile Level 

appea r s to a g r e e n e a r l y with W i l d . 

I t is the relative levels of the Py ramids , h o w e v e r 

that I require , no mat te r how much a b o v e N i l e 

L e v e l . 

C e p h r e n ' s base of 4 2 0 cubi ts be ing 1 0 1 * 9 3 cubits , 

and C h e o p s ' base of 4 5 2 cubi ts b e i n g 8 1 * 5 6 cub i t s a b o v e 

W i l d ' s datum, the difference in l eve l of the i r b a s e s 

is, 20*37 cubits . 

T h e rat io of ba se to a l t i tude of C h e o p s b e i n g 3 3 0 

to 2 1 0 , therefore 20*37 cubi ts d iv ided b y 2 1 0 and mul

t ipl ied b y 3 3 0 equa l s 32 cubits ; and 4 5 2 cubi ts minus 

3 2 cubits , equa l s 420 . 

S imi l a r ly , the ba se of M y c e r i n u s is 5 cubi ts above 

t he base of C e p h r e n , and the ratio of base to a l t i tude 

3 2 to 20 ; therefore , 5 cubits d iv ided by 20 a n d mult i

p l ied b y 3 2 equa l s 8 cubi ts to b e added to the 2 1 0 

cubit ba se of M y c e r i n u s , m a k i n g it 2 1 8 cubi ts in 

b read th at the l eve l of C e p h r e n ' s base . 

T h u s , a hor izonta l sect ion or plan at the l e v e l of 

C e p h r e n ' s base w o u l d meet the s lopes of the P y r a m i d s 

so that they wou ld on plan a p p e a r as squa res wi th s ides 



MB Cut 
Jfptx or Cephren aiow Sou. Cheops ¡¿95 98 
Ap&x of Guofts abovt, BUM Chtops 2&7 77 
sipcx if MyccniiuA ubvn,Bate Cheops 156 SI 
Bat*. Cephren ufowlma of Chtopi 20-37 
JB«e SliyctruuuabovtlxucvfOuopi 25 37 

fit- 2/. 

Jill t h e ahore dimensions are in R.B. cubits. 

^pex of Jtfycerimts 
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equa l to 2 1 8 . 420 , and 4 2 0 R . B . cubits , for M y c e r i n u s , 

Cephren , and C h e o p s , respec t ive ly . 

Piazzi S m y t h m a k e s the top of the tenth course of 

C h e o p s 4 1 4 p y r a m i d inches a b o v e the p a v e m e n t ; and 

4 1 4 d iv ided b y 20*2006 equa ls 20*49 R - B . cubits. 

B u t I h a v e a l r eady p r o v e d that C h e o p s ' 4 2 0 cubit 

base m e a s u r e occurs at a l eve l of 20*37 cubits a b o v e 

p a v e m e n t ; therefore is this l eve l the l eve l of the top of 

the tenth course , for the difference is on ly 0*12 R . B . 

cubits, or 2J2 inches. 

I wish he re to note as a ma t t e r of interest , but not 

as affecting- m y theory, the fo l lowing measu re s of Piazzi 

S m y t h , tu rned into R . B . cubits, viz . :— 

H e m a k e s the p resen t summit p la t form of C h e o p s 

5445 p y r a m i d inches a b o v e pavemen t . M y ca lcula t ion 

of 269*80 R . B . cub. ( S e e F i g . 2 1 ) is equa l to 5 4 5 0 

p y r a m i d inches—this is about i S cubits be low the 

theoret ica l a p e x . 

F i g u r e 2 1 represen t s the c o m p a r a t i v e l eve l s a n d 

d imens ions of M y c e r i n u s , C e p h r e n , and C h e o p s . 

r V R . INCHES. K . n . C u n i T S . 

King's Chamber floor, above pavement. . 1 7 0 2 ' = . 84*25 
Cheops' Base, as before stated 9131*05 ~ 4 5 2 " ° * 
King's Chamber, " True Length," 4 1 2 * 1 3 2 = 2 0 4 0 

" T r u e First Height,". 2 3 0 * 3 8 9 = 1 r 4 o 
" True Breadth," 206*066 = 10*20 
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T h e fo l lowing pecul iar i t ies a re no t i ceab le : — T h a t 

C h e o p s and C e p h r e n a re of equa l bases at the l eve l of 

C e p h r e n ' s base ;—that, at the l eve l of C h e o p s ' base, the 

la t ter is on ly half a cubit l a r g e r ; — t h a t , f rom the leve l 

of M y c e r i n u s ' base , C h e o p s is j u s t doub le the he igh t 

of M y c e r i n u s ;—and that f rom the l eve l of C e p h r e n ' s 

base , C e p h r e n is jus t double the he igh t of M y c e r i n u s ; 

m e a s u r i n g in the la t ter case , h o w e v e r , on ly up to the 

l eve l p la t form at the summi t of C e p h r e n , which is said 

to b e abou t eisrht feet wide . 

T h e p re sen t summi t of C e p h r e n is 23*07 cubi ts 

a b o v e the p re sen t summi t of C h e o p s , a n d the com

p le ted a p e x of C e p h r e n w o u l d be 8*21 cubi t s a b o v e the 

comple t ed a p e x of C h e o p s . 

I n the s u m m i t p la t forms I h a v e been g u i d e d b y 

P. S m y t h ' s e s t ima te of height deficient, 3 6 3 py r . inches, 

for C h e o p s , and I h a v e t aken 8 feet b a s e for C e p h r e n ' s 

s u m m i t p la t form. 

§ 6. G E O M E T R I C A L P E C U L I A R I T I E S O F T H E 
PYRAMIDS. 

In any pyramid, the apothem is to Jialf the base as 

the area of the four sides is to the area of the base. 

T h u s — R a t i o a p o t h e m to half ba se M y c e r i n u s . 3 2 to 20 

" " " " C e p h r e n . . . . 33 to 2 0 

" " " " C h e o p s . . . . 3 4 to 2 1 
A R E A O F T H E * F O U R S I D E S . A R E A O F T H E B A S E . 

Mycerinus 70560' *• • 44100 
Cephren 291060' 176400 
Cheops 33°777'9° 204304 

All in R.B. cubits. 
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Therefore—32 : 20 : : 7 0 5 6 0 ' : 4 4 1 0 0 
3 3 : 20 : : 2 9 1 0 6 0 ' : 1 7 6 4 0 0 

3 4 : 2 1 : : 3 3 ° 7 7 7 ' 9 ° • 2 ° 4 3 ° 4 

* H e r o d o t u s s ta tes that " the area of each of the four 

faces of Cheops zvas equal to the area of a square 

whose base was the altitude of a Pyramid;" or, in 

o the r words , that a l t i tude was a mean p ropor t iona l to 

a p o t h e m and half base ; t hus—area of one face equa l s 

the fourth of 3 3 0 7 7 7 * 9 0 or 82694*475 R . B . cubits , and the 

s q u a r e root of 82694*475 is 287*56. B u t the cor rec t 

a l t i tude is 287*77, s o the er ror is 0*21 , or 4 ) 4 Br i t i sh 

inches. I h a v e therefore the au thor i ty of H e r o d o t u s to 

suppor t the t heo ry which I shall subsequen t ly set forth, 

that this p y r a m i d was the exponen t of l ines d iv ided in 

mean and e x t r e m e ratio. 

B y taking* the d imens ions of the P y r a m i d from wha t 

I m a y call its working level, that is, the l eve l of the base 

of C e p h r e n , this pecu l ia r i ty shows more c lear ly , as a lso 

o the r s to which I shall refer. T h u s — b a s e of C h e o p s at 

w o r k i n g leve l , 4 2 0 cubits, and apo them 3 4 0 cubi ts ; 

ba se a r ea is, therefore , 1 7 6 4 0 0 cubits, and a r ea of one 

face is (420 cubits , mul t ipl ied by half apo them, o r 1 70 

cubi ts) 7 1 4 0 0 cubits . N o w the square root of 7 1 4 0 0 

w o u l d g i v e a l t i tude, or s ide of square equal to al t i tude, 

267*207784 cubi ts : but the real a l t i tude is V 3 4 0 2 — 2 1 0 2 

= - ^ 7 1 5 0 0 = 267*394839. S o that the e r ro r of H e r o -

dotus ' s p ropos i t ion is the difference be tween V 7 1 4 and 

•V/7T5. 

* PROCTOR IS RESPONSIBLE FOR THIS STATEMENT, AS I A M QUOTING FROM AN E S S A Y OF 

HIS IN THE Gentleman's Magazine. R . B . 
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T h i s l eads to a cons idera t ion of the p rope r t i e s of 

the ang l e fo rmed b y the rat io apothem 3 4 to Iialf base 

2 1 , pecu l i a r to the p y r a m i d C h e o p s . {See Figtcre 2 2 . ) 

FIG. 22 

Diagram illusiraiinß 
relations of ratios of 
the pyramid Cheops. 

C a l l i n g a p o t h e m 34 , radius ; and half base 2 1 , sine 

— I find that—-

R a d i u s is the squa re root c f 1 1 5 6 

S i n e 4 4 1 

Co-s ine 7 1 5 

T a n g e n t 7I3 

S e c a n t 1 8 6 9 

and Co-versed-s ine 169 

S o it fo l lows that the a r e a of one of the faces , 7 1 4 , is a 

mean be tween the squa re of the a l t i tude o r co-sine, 7 1 5 , 

and the squa re of the tangent , 7 1 3 . 

T h u s the r eade r will not ice that the pecul ia r i t i es of 

30 
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the P y r a m i d C h e o p s lie in the regu la r re la t ions of the 

squares of its v a r i o u s l ines ; whi le the pecul iar i t ies of 

the o ther two p y r a m i d s lie in the re la t ions of the l ines 

t hemse lves . 

M y c e r i n u s and C e p h r e n , born, as one m a y say , of 

those two nob le t r i ang les 3, 4, 5, and 20, 2 1 , 29, exh ib i t 

in thei r l ineal d e v e l o p m e n t s rat ios so near ly perfec t 

that, for all p rac t ica l purposes , they m a y be ca l led 

correct . 

T h u s — M y c e r i n u s , ( a ' 2 0 2 + 25**= 1 0 2 5 , and 3 2 2 = 1 0 2 4 . 

and C e p h r e n , ( b > S o 2 + 1 0 5 2 = 1 " 4 2 5 , and 1 3 2 2 = 

1 7 4 2 4 . 

o r <c> 400-' + 4 3 1 - = 3 4 5 7 6 1 . a m 1 5 8 8 ' = 3 4 5 7 4 4 . 

S e e d i a g r a m s , F i g u r e s 1 1 to 14 inclusive. 

In the P y r a m i d C h e o p s , a l t i tude is very nearly a 

mean p ropor t iona l be tween apo them and half base . 

A p o t h e m b e i n g 34 , and half base 2 1 , then a l t i tude 

w o u l d be V342 — 2 1 2 = \ / 7 1 5 = 2 6 7 3 9 4 8 3 9 , a n d — 

21 : 2 6 7 3 9 4 8 3 9 : : 2 6 7 3 9 4 S 3 9 : 34, nearly. 

H e r e , of course , the s a m e difference comes in as oc

cur red in cons ide r ing the assumpt ion of H e r o d o t u s , viz . , 

the dif ference b e t w e e n V 7 T 5 and ; because if the 

a l t i tude w e r e V 7 1 4 , then would it be exactly a mean 

p ropor t iona l be tween the half base and the a p o t h e m ; 

( thus, 2 1 : 2 6 7 2 0 7 7 : : 2 6 7 2 0 7 7 : : 34 . ) 

(a) Half base to altitude, (b) Half base to altitude. (c)IIalf diagonal of 
base to altitude. 
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In C h e o p s , the ra t ios of apo them, half base and 

e d g e are, 34 , 2 1 , and 40, v e r y near ly , thus, 3 4 2

 x 2 i 2 = 

1 5 9 7 , and 40*= 1 6 0 0 . 

T h e d imens ions of C h e o p s (from the l eve l of the 

base of C e p h r e n ) to be w h a t Piazzi S m y t h cal ls a n 

pyramid , would b e — 

Ha l f base 2 1 0 R . B . cubi ts . 
A l t i t u d e 267 -380304 , & c . " 

A p o t h e m 3 3 9 - 9 8 8 5 7 3 , & c . 

A l t i t u d e be ing to pe r ime te r of base , as rad ius of a c i rc le 

to c i rcumference. 

M y d imens ions of the p y r a m i d the re fore in w h i c h — 

H a l f base = 2 1 0 R . B . cubits . 
A l t i t u d e = 2 6 7 - 3 9 4 8 3 9 & c . 
A p o t h e m = 3 4 0 " 

c o m e about as near to the ra t io of x a s it is poss ib le to 

come, and p rov ide s imple l ines and t empla t e s to the 

w o r k m e n in cons t ruc t ing the b u i l d i n g ; a n d I en ter ta in 

no doubt that on the s imple l ines and t emp la t e s that 

m y ra t ios p rov ide , w e r e these three p y r a m i d s built . 

§ 6* T H E CASING STONES OF T H E PYRAMIDS. 

F i g u r e s 23 , 24, and 25 , r ep resen t o rd ina ry ca s ing s tones 

of the three py ramids , and F i g u r e s 26, 27 , and 28, 

r ep resen t ang l e or quoin ca s ing s tones of the s ame . 

T h e cas ing s tone of C h e o p s , found b y C o l o n e l 

V y s e , is r ep resen ted in B o n w i c k ' s " P y r a m i d F a c t s a n d 

F a n c i e s , " p a g e 1 6 , as measu r ing four feet th ree inches a t 

t h e top, e igh t feet th ree inches at the bo t tom, four fee t 



Fié. 23. 

Fi* 2*2. 

Cheops 

Cephren 

Til 25^ 
^Jflycerinus 

Casini Stones. 

Eg- 26. 
Cheops 

Tit. 27. 
Cephren 

Fig. 28. 
ftlyceviniis^ 

Jingle or Quoin Stones. 
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e leven inches at the back, and s ix feet three inches at 

the front. T a k i n g four feet e leven inches as Radius, 

and s ix feet three inches as Secant, then the Tangent is 

three feet ten inches and th ree tenths. 

T h u s , in inches (V75* — 59°) — 46*30 inches ; there

fore the incl inat ion of the stone must h a v e been—slan t 

he igh t 75 inches to 46*30 inches hor izonta l . N o w 

46*30 is to 75, as 2 1 is to 34. T h e r e f o r e , C o l . Y y s e ' s 

cas ing s tone a g r e e s e x a c t l y wi th m y rat io for the P y r a m i d 

Cheops , viz . , 21 to 34. (See Figure 29 . ) 

T h i s s tone must h a v e been out of p l u m b at the back 

an inch and s even tenths ; pe rhaps to g i v e room for 

g r o u t i n g the back jo in t of the marb le c a s ing s tone to 

the l imes tone b o d y of the w o r k : or, because , as it is 

not a necess i ty in g o o d m a s o n r y that the back of a 

s tone shou ld be e x a c t l y p lumb, so l ong as the e r ro r is 

Fig. 29. 

Coi. Vyses 
Casina Stone. 

75:46-3:: 33: 21 

1 5 
J O 
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on the r ight side, the bui lders migh t not h a v e been par

t icular in that respect . 

F i g u r e 5 9 represen t s such a t empla t e as the masons 

( TEIFTPKL OF CHEOPS, STANDING AL angle OF wall.} 

w o u l d h a v e used in bu i ld ing C h e o p s , both for d re s s ing 

a n d se t t ing the s tones. ( T h e courses a re d rawn out of 

p ropo r t i on to the template . ) T h e o ther p y r a m i d s mus t 

h a v e been buil t by the aid of s imi la r templates . 

S u c h l a r g e b locks of s tone as w e r e used in the cas ing 

of these p y r a m i d s could not h a v e been comple t e ly 

d re s sed before se t t ing ; the b a c k a n d ends , and the top 

and bo t tom beds w e r e p robab ly d re s sed off t ruly, and 

the face r o u g h l y scabb led off; but the t rue s lope a n g l e 

cou ld not h a v e been dressed off until the s tone had been 

t ru ly set and bedded , o the rwise there w o u l d h a v e been 

g r e a t d a n g e r to the sharp arr ises . 

I shal l now record the pecul ia r i t ies of the 3, 4, 5 o r 

3 4 

FIG. 59 



Fie: 30. 
Fit 32. 

Fig. 31. 

Fig-. 33. 
Fig. 35. 

Fie. 3 4 . 
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P y t h a g o r e a n t r i ang le , and the r ight -angled t r i ang le 20, 

2 1 , 29. 

§ 7. P E C U L I A R I T I E S OF T H E TRIANGLES 3, 4, 5, AND 
20, 2 1 , 29. 

T h e 3, 4, 5 t r i ang le contains 3 6 ' 5 2 ' 1 1 "65" and the 

c o m p l e m e n t o r g r e a t e r a n g l e 5 3 0 7' 4 S ' 3 5 ' ' 

R a d i u s 5 = 60 whole numbers.*"' 

Co - s ine . . . . . . . 4 = 48 " 

S i n e 3 = 36 

V e r s e d s ine . . . 1 = 1 2 " 

C o - v e r s e d s ine 2 — 24 " 

T a n g e n t 3 K = 45 " 

S e c a n t 6 J 4 = 75 

C o - t a n g e n t . . . . 6:'i = 80 " 

C o - s e c a n t Sl'i = i c o " 

T a n g e n t + S e c a n t = D i a m e t e r or 2 R a d i u s 

C o tan. + C o - s e c = 3 R a d i u s 

S i n e : V e r s e d - s i n e : : 3 : 1 

Co-s ine : C o - v e r s e d sine : : 2 : 1 

F i g u r e 3 0 i l lus t ra tes the p reced ing descr ip t ion . 

F i g u r e 3 1 s h o w s the 3M tr iangle , and the 2*1 t r i ang le 

buil t up on the s ine and co-sine of the 3, 4, 5 t r i ang le . 

T h e 3*i t r i a n g l e contains iS 26' 5*82" and the 2 - i 

t r i ang le 26° 3 3 ' 5 4 - 1 9 ' ' ; the la t ter has been f requen t ly 

not iced a s a p y r a m i d a n g l e in the ga l l e ry incl inat ions. 

F i g u r e 3 2 s h o w s these two t r i ang les combined wi th 

the 3, 4, 5 t r i ang le , on the c i rcumference of a circle. 

* Co = 3 X 4 x 5 
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T h e 20, 2 1 , 29 t r iangle conta ins 4 3 ° 3 6 ' i o - i 5 " a n d t h e 

complement , 46° 2 3 ' 4 9 - 8 5 " . 

E x p r e s s e d in who le n u m b e r s — 

T a n g e n t + S e c a n t = 2ZA radius 

Co- tan . + Co-sec = 2LA radius 

S i n e : V e r s e d sine : : 5 : 2 

Co-s ine : C o - v e r s e d s ine : : 7 : 3 

I t is not iceable that wh i l e the mul t ip l ie r r e q u i r e d to 

b r i n g radius 5 and the res t into w h o l e numbers , for the 

3 , 4, 5 t r iangle is twe lve , in the 20, 2 1 , 29 t r i ang le it is 

4 2 0 , the k e y measure for the bases of the two main p y r 

a m i d s in R . B . cubi t s . f 

I am led to be l i eve from s tudy of the plan, a n d con

s iderat ion of the who le numbers in this 20, 2 1 , 29 tri

ang le , that the R . B . cubit , l ike the M e m p h i s cubit , w a s 

d i v i d e d into 280 par ts . 

T h e who le numbers of radius , s ine, and co-sine d i v i d e d 

b y 280, g i v e a v e r y p re t ty m e a s u r e and se r ies in R . B . 

cubits , viz. , 43 A, 30 , and 3 1 A, o r 8 7 , 6 0 , a n d 63 , o r 1 7 4 , 1 2 0 

12180 = 20 X 21 x 29 t I S — 3 X 4, A N D 420 = 20 X 21 

So 

R a d i u s 29 = 1 2 1 8 0 * 

S i n e 2 0 = 8 4 0 0 

Co-s ine 2 1 = 8 8 2 0 

V e r s e d s i n e . . . 8 = 3 3 6 0 

C o - v e r s e d s ine 9 = 3 7 § o 

T a n g e n t . . . . . . = 1 1 6 0 0 

C o - t a n g e n t . . . . = 1 2 7 S 9 

S e c a n t = 1 6 8 2 0 

Co-sec = 1 7 6 6 1 
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and 1 2 6 ;—al l e x c e e d i n g l y useful in r ight -angled meas

urements . N o t i c e that the r igh t -angled t r iangle 1 7 4 , 

1 2 0 , 1 2 6 , in the sum of its s ides amounts to 420 . 

F i g u r e 3 3 i l lus t ra tes the 20, 2 1 , 29 t r iangle . F i g u r e 

3 4 s h o w s the 5*2 and 7*3 t r i ang les buil t up on the sine 

a n d co-sine of the 20, 2 1 , 29 t r i ang le . 

T h e 5 - 2 t r i ang le con ta ins 2 1 0 48 ' 5 'o8" and the 7*3 

t r i ang le 2 3 ° 1 1 ' 54-98". 

F i g u r e 35 s h o w s h o w these t w o t r i ang les a re combined 

wi th the 20, 2 1 , 29 t r i ang le on the c i rcumference, and 

F i g u r e 36 g i v e s a gene ra l v i e w and identification of 

these s ix t r i ang le s wh ich o c c u p i e d an impor tan t posi t ion 

in the t r i g o n o m e t r y of a p e o p l e w h o did all the i r w o r k 

by r ight a n g l e s and p ropor t i ona l l ines. 

Fie. 3 6 . 

lialios of 
Leading Triangles. 
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§ 8. GENERAL OBSERVATIONS. 

I t mus t be admit ted that in the de ta i l s of the build

ing of the P y r a m i d s of Gi'zeh there a re t races of o ther 

m e a s u r e s than R . B . cubits, but that the or iginal cubit 

of the plan was 1*685 Br i t i sh feet I feel no doubt . I t 

is a perfect and beautiful measure , fit for such a noble 

des ign , and, r ep resen t ing as it does the s ix t ie th par t of 

a s econd of the E a r t h ' s po la r c i rcumference , it is and 

w a s a measu re for all t ime. 

I t m a y be objected that these anc ient geome t r i c i ans 

could not h a v e been aware of the measu re of the 

E a r t h ' s c i rcumference ; and w i s e l y so , w e r e it not for 

t w o dist inct answers that ar ise . T h e first being, that 

s ince I think I have shown that P y t h a g o r a s n e v e r dis

c o v e r e d the P y t h a g o r e a n t r iangle , but that it must h a v e 

been known and pract ica l ly e m p l o y e d thousands of y e a r s 

be fo re his era, in the E g y p t i a n C o l l e g e s w h e r e he 

ob ta ined his M . A . degree , so in the s a m e w a y it is 

p r o b a b l e that E ra to s thenes , w h e n he wen t to w o r k to 

p r o v e that the earth 's c i rcumference w a s fifty t imes the 

d i s tance from S y e n e to A l e x a n d r i a , m a y h a v e obta ined 

the idea from his ready access to the ill-fated A l e x a n 

dr ian L i b r a r y , in which p e r h a p s s o m e record of the 

l e a r n i n g of the bui lders of the P y r a m i d s w a s s tored. 

A n d therefore I claim that there is no reason w h y the 

p y r a m i d bui lders should not h a v e k n o w n as much abou t 

the c i rcumference of the earth a s the modern wor ld that 

has ca lmly s tood by in its i gno rance and pe rmi t t ed 
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those magni f icent and, as I shall p rove , useful edifices 

to be s t r i pped of their beautiful g a r m e n t s of pol i shed 

marble . 

M y second a n s w e r is that the cor rec t cubit measu re 

m a y h a v e been go t by its inventors in a v a r i e t y of o ther 

w a y s ; for instance, by obse rva t ions of s h a d o w s of 

h e a v e n l y bodies , wi thout any k n o w l e d g e even that the 

ear th was round ; or it m a y h a v e been e v o l v e d l ike the 

Br i t i sh inch, which S i r Jchri He r sche l tells us is within 

a thousand th par t of be ing one l ive hundred mil l ionth 

of the ear th 's po la r ax is . I doubt if the c i rcumference 

of the ear th was cons idered by the inven to r of the 

Br i t i sh inch. 

I t w a s a pecu l i a r i ty of the H i n d o o ma themat i c i ans 

that they tr ied to m a k e out that all they k n e w was very 

old. M o d e r n s a v a n t s a p p e a r to take the oppos i te s tand 

for any litt le informat ion they happen to possess . 

T h e cubi t which is cal led the R o y a l B a b y l o n i a n 

cubit and s ta ted to measure o - 5 i 3 i met re , differs so 

s l igh t ly from m y cubit, on ly the s ix-hundredth par t of a 

foot, that it m a y fair ly be said to be the same cubit, and it 

will be for an t iquar i e s to t race the connect ion, as tin's 

m a y th row s o m e light on the ident i ty of the bui lders of 

the P y r a m i d s of Gi'zeh. P e w g o o d E n g l i s h two-foot 

rules a g r e e be t te r than these two cubi ts do. 

W h i l e I w a s g r o p i n g about in the da rk sea rch ing 

for this b r igh t needle , I tried on the plan many l ike ly 

anc ien t measu re s . 

F o r a l o n g t ime I w o r k e d in M e m p h i s or N i lome t r i c 
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cubi ts , wh ich I m a d e 1 7 1 2 6 Br i t i sh f e e t ; t hey s e e m to 

v a r y f rom 1 7 0 to 1 7 2 , and a l though I m a d e g o o d u s e 

of t hem in iden t i fy ing o ther people ' s measures , still t hey 

w e r e e v i d e n t l y not in accordance with the des ign ; bu t 

the R . B . cubit of 1*685 Br i t i sh feet w o r k s as t ru ly into 

the p lan of the P y r a m i d s withotit fractions a s it d o e s 

into the c i rcumference of the earth. 

H e r e I might , to p reven t o thers from fa l l ing into 

one of m y er rors , point out a rock on which I w a s 

a g r o u n d for a l o n g t ime. I took the ba se of the P y r a 

mid C h e o p s , de t e rmined b y Piazzi S m y t h , from B o n w i c k ' s 

" P y r a m i d F a c t s and F a n c i e s " ( a va luab le little refer

ence b o o k ) , as 7 6 3 . 8 1 Br i t i sh feet, and the a l t i tude as 

4 8 6 . 2 5 6 7 ; and then from Piazzi S m y t h ' s " Inhe r i t ance , " 

p a g e 27 , I conf i rmed these figures, and so w o r k e d on 

t hem for a l o n g t ime, but found a l w a y s a g r e a t flaw in 

m y w o r k , and at last adop ted a fresh base for C h e o p s , 

f ee l ing sure that M r . S m y t h ' s base w a s w r o n g : for I w a s 

a b s o l u t e l y g r o u n d e d in m y convict ion that at a cer ta in 

l eve l , C h e o p s ' and C e p h r e n ' s measures bore cer ta in rela

t ions to each other . I subsequen t ly found in a n o t h e r 

pa r t of M r . S m y t h ' s book, that the correc t m e a s u r e s 

w e r e 7 6 1 . 6 5 and 484 .91 Br i t i sh feet for ba se and a l t i tude , 

wh ich w e r e e x a c t l y w h a t I wanted , and enab led m e to 

b e in accordance wi th him in that p y r a m i d which he 

a p p e a r s to h a v e m a d e his par t icu lar s tudy. 

F o r the informat ion of those w h o m a y wish to com

p a r e m y measu re s , which a re the resu l t s of an e v e n o r 

r e g u l a r c i rcumference wi thout fractions, wi th M r . S m y t h ' s 
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measures , which a re the resul ts of an even or r e g u l a r 

d iamete r wi thou t fractions, it m a y be wel l to s ta te that 

there a re jus t abou t 99 R . B . cubits in 80 of Piazzi 

S m y t h ' s cubits of 25 p y r a m i d inches each. 

§ 9. T H E PYRAMIDS OF EGYPT, T H E T H E O D O L I T E S 
OF T H E EGYPTIAN LAND SURVEYORS. 

A b o u t twen ty - th ree y e a r s a g o , on m y road to A u s 

tralia, I was c ross ing from A l e x a n d r i a to C a i r o , and saw 

the p y r a m i d s of Gi'zeh. 

I w a t c h e d them care fu l ly as the t rain p a s s e d a long, 

not iced their c lear cut l ines aga ins t the sky, and their 

cons tan t ly c h a n g i n g re la t ive posi t ion. 

I then felt a s t r ong convic t ion that thev w e r e buil t 

for at least one useful purpose , and that pu rpose w a s 

the s u r v e y of the count ry . I said, " H e r e be the T h e o d 

oli tes of the E g y p t i a n s . " 

Bui l t by scientific men, we l l v e r s e d in g e o m e t r v , bu t 

unacqua in ted wi th the use of g l a s s lenses , these g r e a t 

s tone m o n u m e n t s a re so su i ted in shape for the p u r p o s e s 

of land s u r v e y i n g , that the pract ica l e n g i n e e r or sur

v e y o r must, af ter cons idera t ion , admi t that they m a y 

h a v e been buil t ma in ly for that purpose . 

N o t on ly might the coun t ry h a v e been s u r v e y e d b y 

these g r e a t ins t ruments , and the land a l lo t ted at pe r iod

ical t imes to the p e o p l e ; bu t they , r e m a i n i n g a l w a y s in 

one posi t ion, w e r e there to cor rec t a n d read jus t bound

ar ies d e s t r o y e d or confused b y the annua l inunda t ions of 

the Ni le . 
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T h e P y r a m i d s of E g y p t m a y be cons idered as a 

g r e a t s y s t e m of l a n d m a r k s for the es tab l i shment and 

ea sy read jus tment at any t ime of the boundar ies of the 

ho ld ings of the people . 

T h e P y r a m i d s of G'i'zeh a p p e a r to h a v e been 

main m a r k s ; and those of A b o u s i r , S a k k a r a h , D a s h o w , 

L i s h t , M e y d o u n , & c , wi th the g r e a t p y r a m i d s in L a k e 

Mceris , subord ina te marks , in this sys tem, which was 

p r o b a b l y e x t e n d e d from C h a l d e a th rough E g y p t into 

E t h i o p i a . 

T h e p y r a m i d bui lders m a y p e r h a p s h a v e made the 

e n t o m b m e n t of their K i n g s one of thei r exo te r i c objects , 

p l a y i n g on the morb id v a n i t y of thei r ru lers to induce 

them to the work , but in the minds of the bui lders 

be fo re e v e r they buil t must h a v e been planted the inten

tion to m a k e use of the s t ruc tures for the purposes of 

land s u r v e y i n g . 

T h e land of E g y p t w a s va luab l e and main ta ined a 

dense popula t ion ; e v e r y y e a r it w a s m o s t l y s u b m e r g e d , 

and the bounda r i e s d e s t r o y e d o r confused. E v e r y 

so ld ie r had s ix to twe lve acres of l and ; the pr ies ts had 

their s l ice of the land too ; after e v e r y w a r a reallot-

mcn t of the lands must h a v e taken place , pe rhaps e v e r y 

yea r . 

W h i l e the w a t e r w a s l y i n g on the land, it so sof tened 

the g r o u n d that the s tone b o u n d a r y m a r k s must h a v e 

requ i red f requent read jus tment , as t hey w o u l d h a v e been 

l i k e l y to fall on one side. 

B y the a id of their g r e a t s tone theodol i tes , the sur-
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v e y o r s , w h o b e l o n g e d to the pr ies t ly order , w e r e ab le 

to read jus t the boundar ies with g rea t precis ion. T h a t 

all sc ience w a s compr i sed in their secre t mys te r i e s m a y 

be o n e reason w h y no h ie rog lyph ic record of the sc ien

tific uses of the p y r a m i d s remains. I t is poss ib le that at 

the t ime of D i o d o r u s and He rodo tus , (and even w h e n 

P y t h a g o r a s v i s i t ed E g y p t , ) t h e o l o g y m a y h a v e so 

s m o t h e r e d science, that the uses of the p y r a m i d s m a y 

h a v e been forgot ten by the v e r y pr ies ts to w h o m in 

fo rmer t imes the k n o w l e d g e be longed ; but " a respectful 

r e t i c e n c e " which has been noticed in s o m e of these old 

wr i t e r s on p y r a m i d and o ther pr ies t ly mat te rs w o u l d 

r a the r lead us to be l i eve that an ini t iat ion into the mys 

te r ies m a y h a v e sea led their lips on subjec ts about which 

they migh t o the rwi se h a v e been more expl ic i t . 

T h e "closing" of one p y r a m i d o v e r ano ther in 

b r i n g i n g a n y of their m a n y lines into t rue order , must 

e v e n now be v e r y pe r fec t ,—but now we can on ly 

i m a g i n e the beau t ies of these g rea t ins t rumental won

der s of the wor ld when the cas ing s tones were on them. 

W e can p ic ture the rosy l ights of one, and the br ight 

wh i t e l igh t s of o thers ; their c lear cut l ines aga ins t the 

sky , t rue as the hairs of a theodol i te ; and the s o m b r e 

d a r k n e s s of the cont ras t ing shades , b r i n g i n g out thei r 

a n g l e s wi th s ta r t l ing dist inctness. U n d e r the influence 

of the E a s t e r n sun. the faces must h a v e been a v e r y 

b laze of l ight , and could h a v e been seen at e n o r m o u s 

d i s tances l ike g r e a t mirrors . 

I dec l a r e that the p y r a m i d s of Gi'zeh in all thei r 
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po l i shed g l o r y , before the de s t roye r s t r ipped them 

of their beautiful- ga rmen t s , w e r e in e v e r y respec t 

adap t ed to flash a round c lear ly defined l ines of sight, 

upon which the lands of the nation could be accura te ly 

th readed . T h e v e r y though t of these m i g h t y theodo

li tes of the o ld E g y p t i a n s fills m e wi th w o n d e r and 

reve rence . W h a t perfect and beaut i ful ins t ruments 

t hey w e r e ! n e v e r out of adjus tment , a l w a y s correct , 

a l w a y s r e a d y ; no magne t i c devia t ion to a l low for. N o 

w o n d e r they t o o k the t rouble t hey did to bu i ld them so 

cor rec t ly in thei r so marve l lous ly su i tab le posi t ions . 

I f A s t r o n o m e r s a g r e e that o b s e r v a t i o n s of a 

po le s ta r could h a v e been accura te ly m a d e by pee r ing 

up a smal l g a l l e r y on the north s ide of o n e of the p y r a 

mids on ly a few hundred feet in l eng th , I feel that 

I shal l h a v e li t t le difficulty in s a t i s fy ing them that 

accura te m e a s u r e m e n t s to points on ly miles a w a y could 

h a v e been m a d e from angu la r o b s e r v a t i o n s of the whole 

g r o u p . 

§ io. HOW T H E PYRAMIDS W E R E MADE USE OF. 

I t a p p e a r s from what I h a v e a l r e a d y se t forth that 

the plan of the P y r a m i d s under cons idera t ion is 

g e o m e t r i c a l l y exac t , a perfect set of measures . 

I shall now show h o w these edif ices w e r e app l i ed to 

a t h o r o u g h l y g e o m e t r i c a l pu rpose in the t rue m e a n i n g 

of the w o r d — t o measu re the E a r t h . 

I shal l s h o w h o w true s t ra igh t l ines could b e 

e x t e n d e d from the P y r a m i d s in g i v e n d i rec t ions useful 
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in r igh t -ang led t r igonomet ry , by direct obse rva t ion 

of the bu i ld ings , and wi thout the a id of o ther instru-

ments . 

A n d I shal l show how by the a id of a s imple instru

ment a n g l e s cou ld be exac t ly o b s e r v e d from any 

point . 

T h i s S u r v e y theo ry does not s tand or fall on the 

mer i t s of m y theo ry of the Gi'zeh plan. L e t it be 

p r o v e d that this g r o u p is not buil t on the e x a c t sys tem 

of t r i angula t ion set forth by me, it is still a fact that its 

plan is in a s imi la r shape, and any such shape wou ld 

enab le a s u r v e y o r acqua in ted wi th the plan to l ay down 

accu ra t e s u r v e y s by obse rva t ions of the g r o u p even 

shou ld it not o c c u p y the precise l ines a s s u m e d b y me. 

A n d he re I must s tate that a l though the l ines 

of the p lan as la id down herein a g r e e nea r ly with the 

l ines as laid d o w n in Piazzi S m y t h ' s book, in the 

P e n n y Cyclopaedia , and in an e s say of Proc tor ' s in the 

Gentleman's Magazine, still I find that they do not a g r e e 

at all sa t i s fac tor i ly with a map of the P y r a m i d s in 

S h a r p ' s " E g y p t , " sa id to be copied from W i l k i n s o n ' s 

map . 

W e wil l , h o w e v e r , for the time, and to exp la in m y 

s u r v e y theory , s u p p o s e the plan theory to be correct , as 

I f irmly b e l i e v e it is. 

A n d then, s u p p o s i n g it m a y be p r o v e d that the 

r e spec t ive pos i t ions of the p y r a m i d s a re s l igh t ly dif

ferent to those tha t I h a v e a l lo t ted to them on m y 

plan, it wil l on ly m a k e a s imi lar s l ight difference to 
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the l ines and ang le s which I shall he re s h o w could b e 

laid out by their aid. 

L e t us in the first p lace c o m p r e h e n d c lea r ly the 

shape of the land of E g y p t . 

A sec tor o r fan, with a l ong h a n d l e — t h e fan o r 

sector, the del ta ; and the hand le of the fan, the N i l e 

V a l l e y , running near ly due south. 

T h e P y r a m i d s of GTzeh are s i tua te at the a n g l e of 

the sector , on a rocky eminence w h e n c e they can all b e 

seen for m a n y miles . T h e summi t s of the t w o h igh 

ones can be seen from the delta, and from the N i l e 

V a l l e y to a v e r y g r e a t d is tance ; how far, I am unab le 

to s a y ; but I should think that whi le the g r o u p cou ld 

be made gene ra l use of for a radius of fifteen mi les , the 

summits of C e p h r e n and C h e o p s could b e m a d e use of 

for a dis tance of thir ty miles ; t a k i n g into cons ide ra t ion 

the gene ra l fall of the country. 

I t must be admi t ted that if mer id ian o b s e r v a t i o n s of 

the s tar A l p h a of the D r a g o n could be m a d e wi th 

accu racy b y peep ing up a small ho le in one of the 

py ramids , then sure ly might the s u r v e y o r s h a v e ca r r i ed 

t rue north and south l ines up the N i l e V a l l e y as far a s 

the summit of C h e o p s w a s vis ible , b y "plumbing in" 

the s tar and the a p e x of the p y r a m i d b y the a id of 

a s t r ing and a s tone. 

T r u e eas t and wes t l ines could h a v e been m a d e to 

intersect such north and south l ines f rom the v a r i o u s 

g r o u p s of p y r a m i d s a long the r i ve r banks , b y w h o s e a id 

a lso such l ines wou ld be p ro longed . 
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N e x t , supposing- that their a s t ronomers had been 

a w a r e of the l a t i t ude of C h e o p s , and the annual north

ing and sou th ing of the sun, s t ra ight l ines could h a v e 

been laid out in v a r i o u s sec tora l d i rec t ions to the north

e a s t w a r d and nor th -wes tward of C h e o p s , across the 

del ta , as far as the e x t r e m e a p e x of the p y r a m i d w a s 

v i s ib le , by o b s e r v a t i o n s of the sun, r i s ing or setting-

o v e r his summit . ( T h a t the D o g - s t a r was obse rved in 

this m a n n e r from the north-west , I h a v e little doubt . ) 

F o r this pu rpose , s u r v e y o r s wou ld be s ta t ioned at 

su i tab le d i s tances apar t with their s t r ings and their 

s tones , r e a d y to catch the sun s imul taneous ly , and at 

the v e r y m o m e n t he became t ransf ixed upon the a p e x 

of the p y r a m i d , and. was , as it were , " s w a l l o w e d by it." 

(Sec Figure 3 7 . ) T h e k n o w l e d g e of the py ramid s lope 

T4.37. 

a n g l e from different poin ts of v i e w would enable the 



4 8 SOLUTION OF THE PYRAMID PROBLEM. 

s u r v e y o r to p lace himself in read iness nea r ly on the 

l ine. 

S u r e l y such lines as these w o u l d be as t rue and as 

per fec t as w e could l a y out n o w a d a y s with all o u r 

m o d e r n ins t rumental appl iances . A s t r ing and a s tone 

here , a clean-cut point of s tone twen ty miles a w a y , and 

a g r e a t ba l l of fire behind that point at a d is tance of 

n ine ty odd mill ion miles. T h e e r ro r i n - s u c h a l ine 

w o u l d be v e r y trifling. 

S u c h obse rva t ions as last ment ioned w o u l d h a v e 

been p r o b a b l y ex t ended from C e p h r e n for long lines, as 

b e i n g the h ighe r p y r a m i d a b o v e the earth 's surface, a n d 

m a y h a v e been made from the moon or stars . 

In those d a y s w a s the sun the int imate fr iend of 

man. T h e moon and s tars w e r e his hand-maidens. 

H o w m a n y of us can poin t to the spot of the sun 's 

r i s ing or se t t ing ? W e , wi th our clocks, and o u r 

wa tches , and our compasses , r a r e l y o b s e r v e the sun o r 

s ta rs . B u t in a land and an a g e w h e n the sun w a s the 

on ly clock, and the p y r a m i d the on ly compass , the 

m o v e m e n t s and posi t ions of the h e a v e n l y bod ies w e r e 

k n o w n to all. T h e s e peop le w e r e familiar wi th t h e 

s tars , and kep t a watch upon their movemen t s . 

H o w m a n y of our v a u n t e d educa ted popula t ion 

c o u l d po in t out the D o g - s t a r in the h e a v e n s ?—but the 

w h o l e E g y p t i a n nation ha i led his r i s ing as the beg in 

n ing of thei r yea r , and as the ha rb inge r of thei r annua l 

b l e s s ing , the r is ing of the w a t e r s of the N i l e . 

I t is poss ib le therefore that the land s u r v e y o r s of 



Fig. 38, 
Irom the North West 
Bearing. 315 •*" 
Sun i r f t f - e West. 

Fi£. 39. 
From the South East 
Bearing 135* 
Sun in the West 

Fig 40. 
From the North Fast 
Bearing 45*-
Sun in the East. 

Fig. 41. 
From the South West 
Bearing 225^ 
SlW in the East. 
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E g y p t made full use of the h e a v e n l y bod ies in their 

s u r v e y s of the land ; and whi le w e are pi t i ful ly l a y i n g 

out our new countr ies by the c i r cumferen te r and the 

compass , w e p r e s u m e to s p e a k s l i gh t i ng ly of the sup

posed da rk hea then days , when the land of E g y p t w a s 

s u r v e y e d b y means of the sun and the stars , and the 

theodi l i tes w e r e built of s tone, with ve r t i ca l l imbs five 

hundred feet in height , and hor izonta l l imbs three thou

sand feet in d iameter . 

I m a g i n e half a dozen such ins t ruments as this in a 

d is tance of about s ix ty miles ( for each g r o u p of pyra 

mids w a s effectual ly such an ins t rumen t ) , a n d w e can 

form s o m e concept ion of the perfect ion of the s u r v e y s 

of an a lmos t prehis tor ic nat ion. 

T h e cen t re of L a k e Moeris, in which H e r o d o t u s tells 

us two p y r a m i d s s tood 3 0 0 feet a b o v e the leve l of the 

lake, appea r s from the maps to be abou t S . 28° W . , o r S . 

29° W . from G'i'zeh, dis tant about 57 miles, and the M c i -

dan g r o u p of p y r a m i d s appea r s to be abou t 3 3 mi les 

due south of G'i'zeh. 

F i g u r e s 38, 39 , 40 and 4 1 , show that north-west, 

south-east , north-east, and south-west l ines from the 

p y r a m i d s cou ld b e ex t ended b y s imp ly p lumb ing the 

ang les . T h e s e l ines would be run in se ts of two 's and 

three 's , a cco rd ing to the number of p y r a m i d s in the 

g r o u p ; and the i r known dis tances apar t at that ang l e 

would check the cor rec tness of the work . 

A sp lend id l ine w a s the line bea r ing 4 3 ° 3 6 ' 1 0 * 1 5 " , 

or 2 2 3 0 3 6 ' 1 0 * 1 5 " from C h e o p s and C e p h r e n , the pyra-



5o SOLUTION OF THE PYRAMID PROBLEM. 

micls c o v e r i n g each other , the l ine of h y p o t e n u s e of the 

g r e a t 20, 2 1 , 29 t r i ang le of the plan. T h i s I call the 

20, 2 1 line. (See Figure 42 . ) 

F i g u r e 43 represen ts the 3, 4, 5 t r i angle l ine from 

the s u m m i t s of M y c e r i n u s and C h e o p s in t rue l ine bear

ing 2 1 6 ° 5 2 ' 1 1 "65" . T h i s I call the south 4, wes t 3 line. 

T h e n e x t l ine is wha t I call the 2, 1 line, and is 

i l lus t ra ted b y f igure 44. I t is one of the mos t perfect 

of the ser ies , and b e a r s S . 26°. 3 3 ' 54M9" W . from the 

a p e x of C e p h r e n . T h i s l ine d e m o n s t r a t e s c l ea r ly w h y 

M y c e r i n u s w a s cased wi th red g ran i t e . 

N o t in m e m o r y of the beaut iful and "rosy-cheeked 

Ni tocr i s , as s o m e of the t omb theo ry peop l e say , but for 

a less romant ic but more useful object ; s imp ly because , 

from this quar ter , and round about , the l ines of the 

p y r a m i d s w o u l d h a v e been confused if M y c e r i n u s had 

not been of a different color. T h e 2, 1 l ine is a l ine in 

wh ich M y c e r i n u s w o u l d h a v e been abso lu t e ly lost in 

the s lopes of C e p h r e n but for his red color. T h e r e is 

not a fact that more c lear ly es tab l i shes m y theory , and 

the w i s d o m and fore thought of those w h o p lanned the 

Gi'zeh p y rami ds , than this red p y r a m i d M y c e r i n u s , and 

the 2, 1 line. 

F f e k e y a n B e y , s p e a k s of this p y r a m i d as of a " ruddy 

complexion;" J o h n G r e a v e s quo te s from the A r a b i c 

book , M o r a t A l z e m a n , " and the lesser which is col

oured ; " and an A r a b i c wr i te r w h o da t e s the P y r a m i d s 

three hundred y e a r s before the F l o o d , and cannot find 

a m o n g the l ea rned men of E g y p t " any certain relation 



m 4 2 . 
Boxxlh 21 West 20, 
Bearing 223~36'.1015r: 

Fig. 43 
South 4. West 3. 
Bearing 216^52'.n-65: 

FiS. 44. 
South 2. West I. 
Bearing 206r33:54ISr 

Fit. 4 5 . 
South 96. West 55. 
Bearing 209x:W.32-8i:' 

Fig. 46. 
Soulh 3, Westl. 
Bearing 198*. 26 '.5-82 

Fifi. 4 7 
South 5, West 2. 
Bearing 20r.48". 57 

Fig. 48. 
South 7. West 3. 
Bearing 203m: 55'. 
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concerning them" nor a n y " memory of them amongst 

men" a l so e x p a t i a t e s upon the beau t ies of the "coloured 

satin " c o v e r i n g of this one pa r t i cu la r py ramid . 

F i g u r e 45 represen ts the line south 96, wes t 5 5 , 

from C e p h r e n , b e a r i n g 209° 4 8 ' 3 2 * 8 1 " ; the a p e x of 

C e p h r e n is i m m e d i a t e l y a b o v e the a p e x of M y c e r i n u s . 

F i g u r e 46 is the S . 3 W . 1 line, b e a r i n g 1 9 8 ° 26 ' 5 .82" ; 

he re the d a r k s lope ang le of the p y r a m i d s with the sun 

to the e a s t w a r d occup ies half of the apparen t half 

base . 

F i g u r e 4 7 is the S. 5, W . 2 line, b e a r i n g 2 0 1 е 48' 5" ; 

he re C e p h r e n and M y c e r i n u s a re in outs ide s lope line. 

F i g u r e 48 is the S. 7 YY. 3 line, b e a r i n g 2 0 3 ° 1 1 ' 5 5 ' ; 

here the ins ide s lope of C e p h r e n sp r ings from the 

cent re of the a p p a r e n t base of M y c e r i n u s . 

I mus t conten t myse l f wi th the p r e c e d i n g e x a m p l e s 

of a few p y r a m i d l ines, but must h a v e said e n o u g h to 

show that from e v e r y point of the c o m p a s s their ap

p e a r a n c e w a s dis t inct ly m a r k e d and defini tely to be 

d e t e r m i n e d b y s u r v e y o r s acqua in t ed with the plan. 

§ 1 1 . D E S C R I P T I O N OF T H E A N C I E N T PORTABLE 
SURVEY I N S T R U M E N T . 

I must now c o m m e n c e with a s ing le py ramid , show 

how a p p r o x i m a t e o b s e r v a t i o n s could be made from it, 

and then e x t e n d the theo ry to a g r o u p with the obser

va t ions t h e r e b y r ende red m o r e perfect and del icate . 

W e wil l s u p p o s e the s u r v e y o r to be s t and ing look

ing at the p y r a m i d C e p h r e n ; he k n o w s that its ba se is 
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4 2 0 cubits, and its apo them 3 4 6 i cubits . H e has p r o v i d e d 

himself wi th a mode l in wood , or s tone, o r meta l , and 

one thousandth of its s ize—therefore his mode l will be 

0.42 cubit base, and 0 .3465 cubit a p o t h e m — or, in 

round numbers , e igh t and half inches base, and s e v e n 

inches apo them. 

T h i s model is fixed on the cent re of a card o r 

disc, g r a d u a t e d from the centre to the c i rcumference , 

l ike a compass card, to the v a r i o u s poin ts of the com

pass , o r d iv is ions of a circle. 

T h e mode l p y r a m i d is fastened due north and south 

on the l ines of this card or disc, so that w h e n the north 

point of the card points north, the north face of the 

mode l p y r a m i d faces to the north. 

T h e s u r v e y o r a l so has a table , which , w i th a p a i r of 

p lumb l ines or mason 's levels , he can erec t qu i te l e v e l : 

this t ab le is a lso g r a d u a t e d from the centre wi th d iv i s 

ions of a circle, or points of the compass , and it is l a r g e r 

than the card or disc a t tached to the model . 

T h i s table is made so that it can r e v o l v e upon its 

s tand, and can be c lamped. W e will cal l it the lower 

limb. T h e r e is a pin in the cent re of the l o w e r l imb, 

and a hole in the cent re of the disc b e a r i n g the mode l , 

which can be thus placed upon the cent re of the tab le , 

and b e c o m e s the upper limb. T h e uppe r l imb can b e 

c l amped to the l o w e r l imb. 

T h e first p rocess will be to c l a m p both u p p e r a n d 

l o w e r l imbs toge ther , wi th the nor th and sou th l ines of 

both in unison, then r e v o l v e both l imbs on the s t and till 
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the north and sou th l ine poin ts s t ra ight for the p y r a m i d 

in the d is tance , wh ich is done by the a id of s igh t s 

e rec ted at the north and south points of the pe r ime te r 

of the l o w e r l imb. W h e n this is ad jus ted , c l amp the 

lower l imb a n d re l ease the uppe r l imb ; now r e v o l v e the 

u p p e r l imb unti l the m o d e l p y r a m i d e x a c t l y c o v e r s the 

p y r a m i d in the d is tance , and shows jus t the s a m e shade 

on one s ide and l ight on the other, when v i e w e d from 

the s igh ts of the c l a m p e d lower l imb — and the l ines, 

ang les , and s h a d e s of the model co inc ide with the lines, 

ang les , and s h a d e s of the p y r a m i d o b s e r v e d ;—now 

c lamp the u p p e r l imb. N o w d o e s the mode l s tand 

rea l ly due nor th and south, the s a m e as the p y r a m i d in 

the d is tance ; it t h r o w s the s a m e shades , and exh ib i t s 

the s a m e a n g l e s when seen from the s a m e point of 

v i e w ; jus t as much of it is in shade and as much of it 

is in l ight as the p y r a m i d under obse rva t ion ; therefore 

it must be s t a n d i n g due north and south, because C e p h 

ren himself is s t and ing due north and south, and the 

upper l imb reads off on the l ower l imb the ang le or 

b e a r i n g o b s e r v e d . 

S o far w e posses s an ins t rument equal to the modern 

c i rcumferenter , a n d y e t w e h a v e only b r o u g h t one py ra 

mid into work . 

If I h a v e shown that such an opera t ion as the a b o v e 

is p rac t i ca l ly feas ible , if I h a v e shown that a n g l e s can 

be taken wi th m o d e r a t e accuracy by o b s e r v i n g one 

p y r a m i d of 4 2 0 cubi t s base , how much more accu ra t e 

will the o b s e r v a t i o n be w h e n the s u r v e y o r ' s p lane table 

- 1 
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bea r s a g r o u p of p y r a m i d s which occupy a represen ta t ive 

space of abou t 1 4 0 0 cubi ts when v i e w e d from the south 

or north, and about 1 760 cubi ts when v i e w e d from the 

eas t o r wes t . If s i tua ted a mile o r two south of the 

Gi'zeh g r o u p o u r s u r v e y o r could also tie in and perfect 

his w o r k b y s igh t s to the S a k k a r a h g r o u p with S a k k a r a h 

m o d e l s ; and so on, up the N i l e V a l l e y , he wou ld find 

e v e r y few mi les g r o u p s of p y r a m i d s b y aid of which he 

w o u l d b e enab led to t ie his w o r k together . 

If the Gi'zeh g r o u p of p y r a m i d s is p laced and shaped 

in the m a n n e r I h a v e descr ibed, it must be c lear that an 

e x a c t mode l and plan, s ay a thousandth of the size, cou ld 

b e v e r y e a s i l y made^—the plan be ing at the leve l of the 

ba se of C e p h r e n w h e r e the bases of the two main 

p y r a m i d s a re even ;—and if they are not exac t ly so 

p laced and shaped , it m a y be admi t ted that their pos i t ion 

and d imens ions w e r e known to the s u r v e y o r s o r pr ies ts , 

so that such mode l s could be constructed. I t is p robable , 

the re fore , that the ins t rument used in conjunct ion wi th 

these p y r a m i d s , w a s a mach ine cons t ruc ted in a s imi la r 

m a n n e r to the s imple machine I h a v e descr ibed , o n l y 

ins tead of there b e i n g but one mode l py ramid on the 

disc o r u p p e r l imb, it bore the w h o l e g r o u p ; and the 

sma l l e r p y r a m i d s w e r e wha t w e m a y call ve rn i e r poin ts 

in th is g r e a t circle, enab l ing the s u r v e y o r to m a r k off 

k n o w n a n g l e s with g r e a t a ccu racy b y not ic ing how, a s 

he w o r k e d round the g r o u p of py ramids , one o r o the r 

of the sma l l e r ones w a s cove red b y its ne ighbours .* 

* See general plan of Gizeh Group op. page I . 
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T h e i m m e n s i t y of the main p y r a m i d s wou ld requ i re 

the sma l l e r ones to be used for s u r v e y s in the im

med ia t e ne ighbourhood , as the s u r v e y o r might eas i ly 

be too close to g e t accura te obse rva t ions from the main 

p y r a m i d s . 

T h e upper limb, then, was a disc or c i rcular p la te 

b e a r i n g the model of the g roup . 

C h e o p s wou ld be s i tua ted in the cent re of the circle, 

and o b s e r v a t ' o n s wou ld be taken by b r i n g i n g the w h o l e 

mode l g r o u p into even line and even l igh t and s h a d e 

with the Gi'zeh g roup . 

I b e l i e v e that wi th a reasonable-s ized mode l occupy

ing1 a circle of s ix or seven feet d iamete r , such as a 

couple of men could ea rn 1 , v e r y accura te b e a r i n g s could 

h a v e been taken, and p robab ly w e r e taken. 

T h e p y r a m i d shape is the v e r y shape of all o the r s 

to e m p l o y for such purposes . A cone wou ld be use less , 

because the l ights and shades would be sof tened off and 

its a n g l e s from all points would be the same. O t h e r 

sol ids wi th pe rpend icu la r a n g l e s w o u l d be useless , 

because a l though they w o u l d v a r y in width from different 

points of v i e w they wou ld not present that e v e r chang

ing a n g l e that a py ramid does when v i e w e d from differ

ent d i rec t ions . 

A f t e r famil iar i ty with the models which I h a v e m a d e 

use of in p rosecu t ing these inves t iga t ions , I find that I 

can j u d g e with g rea t accuracy from their appearance 

only the b e a r i n g of the g r o u p from a n y point at which 

I stand. I m a k e bold to say that the pocke t c o m p a s s 

55 
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of the E g y p t i a n s u r v e y o r w a s a little mode l of the g r o u p 

of p y r a m i d s in his district, and he had on ly to hold it 

u p on his hand and turn it round in the sun till its 

s h a d e s and ang le s co r re sponded with the a p p e a r a n c e of 

the g r o u p , to tell as wel l as we could tell b y o u r com

passes , p e r h a p s bet ter , his bea r ing from the l a n d m a r k s 

tha t g o v e r n e d his s u r v e y s . 

T h e G r e a t C i r c l e of G o l d desc r ibed b y D i o d o r u s 

(JDiod. Sic. lib. X., part 2, cap. 1 ) as h a v i n g been em

p l o y e d b y the E g y p t i a n s , a n d on which w a s m a r k e d 

a m o n g s t o the r th ings , the posi t ion of the r i s ing a n d 

se t t ing of the stars , and s ta ted b y him to h a v e been 

car r ied off b y C a m b y s s e s when E g y p t w a s con

q u e r e d b y the Pe r s i ans , is supposed b y C a s s i n i to 

h a v e been a l so e m p l o y e d for f inding the mer id ian 

b y obse rva t ion of the r is ing and se t t ing of the sun. 

T h i s ins t rument and o thers desc r ibed b y wr i t e r s 

on E g y p t w o u l d h a v e been in pract ice v e r y s imi la r 

to the ins t rument which I h a v e desc r ibed as h a v 

ing been p robab ly e m p l o y e d for te r res t r ia l obse rva 

t ions. 

T h e tab le or d isc compr i s ing the l ower l imb of the 

ins t rument , migh t h a v e been suppor ted upon a smal l 

s tand with a c i rcular hole in the centre, so a r r a n g e d that 

the ins t rument could b e e i ther set up a lone and sup

po r t ed b y its own tr ipod, o r res ted fair ly on the top of 

a n y of those cur ious s tone b o u n d a r y m a r k s which w e r e 

m a d e use of, not on ly to mark the co rne r s of the differ

ent hold ings , but to show the leve l of the N i l e inunda-

5^ 



SOLUTION" OF THE PYRAMID PROBLEM. 

t ions. {See Figure 49, copied from Sharpcs Egypt, 

Fig 4 f l 

w / . 6.) T h e pecul ia r shape of the top of these 

s tone l a n d m a r k s , or " sacred boundary s tones ," a p p e a r s 

su i tab le for such purposes , and it wou ld h a v e been a 

g r e a t c o n v e n i e n c e to the su rveyor , and conduc ive to 

accuracy , tha t it should be so a r r anged that the instru

ment shou ld b e f ixed immedia te ly o v e r the mark, as 

a p p e a r s p r o b a b l e f rom the shape of the s tone. 

A no t i ceab le poin t in this theory is, that it is not in 

the least essen t ia l that the a p e x of a p y r a m i d shou ld be 

comple te . If thei r summits w e r e left p e r m a n e n t l y flat, 

t hey wou ld w o r k in for su rvey purposes qui te as well , 

and I think bet ter , than if carr ied to a point , and they 

w o u l d be m o r e useful with a flat top for defined s h a d o w s 

w h e n used as sun dials. 

In the Gi'zeh g r o u p , the summit of C h e o p s a p p e a r s 

to m e to h a v e been left incomplete the be t t e r to g e t the 

r a n g e with C e p h r e n for l ines down the delta. 

In this s y s t e m of su rv e y in g , there is a l w a y s a beau

tiful connec t ion be tween the horizontal bea r ings and the 

appa ren t or o b s e r v e d ang le s presented by the s lopes and 

e d g e s of the py ramid . T h u s , in p y r a m i d s l ike those of 

Gizeh , wh ich s tand north and south, and w h o s e meridi

onal sec t ions conta in less, and whose d i agona l sec t ions 

conta in more than a r ight angle , the v e r t e x b e i n g the 

point at which the a n g l e is measu red—th i s l a w holds :— 

$7 
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T h a t the smal les t in te r ior ang l e at the ve r t ex , con

ta ined b e t w e e n the ins ide e d g e and the ou t s ide 

edge , wil l e x h i b i t the s a m e ang le as the b e a r i n g 

of the obse rve r ' s eye_ from the a p e x of the 

p y r a m i d when the angle at the apex contained 

by the outside edges appears to be a rigid angle. 

F i g u r e s 50 to 55 inc lus ive i l lus t ra te this beaut i ful 

f/lieaps 

S 19.12'. 2 2 ' 
-w 19.12.22 j v 

7f 19-12.22 fl 
£ 19-13-22 S. 

Cheops 
f j v m poilus hear-iTìg 

S 19 .12.22 E 
W19-12.22 S 
if 19-12.22 ~W~ 
E 19-12.22 j V 

Cephren •from 

points Trearinq 
S 23.7.50-24 Vf 
}y23.7. 50 24 _iV 

J V 2 3 - 7 . 5 0 2 4 E 
JE 23- 7- 50-24. S 

Fié,. 52.. 

Cephren from 
poinls tearing 
$ 23- T . SO"24 H 

23.7-5024 S 
N 23 • 7. JO-24 IVf 
% 23 • 7- 50 24 X 

53 

5 8 

Fig. 50. 

Fig. 51. 
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law, from which it wil l be seen that the Gi'zeh s u r v e y o r s 

jytycertnus 
from points hearing 

$ 17.1.40-4 ir ° 
W17.1.404 N 

IT 17.1-40-4 E 
E 17.1.40-4$ 

Tie. 54. 

JfyfycerTnus 
from points bearin 

S 17~.i.4Ö4 JE W17-1*40-4 S J V 17.1.10-4 T V E 17.1.40-3 X 

Fig. 5 5 . 

possessed , in this m a n n e r a lone , e ight d is t inc t ly denned 

bea r ings from each p y r a m i d . 

I r e c o m m e n d a n y one des i rous to t ho rough ly com

prehend these mat ters , to m a k e a plan from m y d i ag ram, 

Figiirc 5, u s ing R . B . cubi ts for measures , and to a suit

ab le scale , on a p iece of card-board. T h e n to cut out 

of the ca rd-board the s q u a r e s of the b a s e s of the pyra

mids at the leve l of C e p h r e n , v iz . , 420 , 4 2 0 and 2 1 8 

cubi ts r e spec t ive ly , for the three main py ramids . O n e 

hundred cubi t s to the inch is a c o n v e n i e n t sca le and 

within the l imits of a shee t of B a t h board . 

B y s t r ik ing out the m o d e l s on card-board in the 

manne r s h o w n b y d i a g r a m s (see Figures 56 , 57 , and 58) 

they can be cut out wi th a p e n k n i f e — c u t t i n g on ly half 
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through w h e r e the l ines are dotted— bent up toge ther , 

and pas t ed a l o n g the e d g e s with s t r ips of wr i t i ng p a p e r 

abou t half an inch wide. 

T h e s e mode l s can be d ropped into the squa re s cut 

out of the card-board plan, thus cor rec t ing the e r ro r 

caused by the th ickness of the card-board base , and if 

p l aced in the sun, or at n ight b y the l igh t of one l a m p 

or candle p r o p e r l y p laced to represent the sun in the 

e a s t w a r d o r wes twa rd , the c l ea r cut l ines and c lea r con

t ras t ing shades will be manifest , and the l ines i l lus t ra ted 

b y m y f igures can be identified. 

W h e n inspec t ing the model , it is wel l to bea r in 

mind that the e y e must be kep t v e r y nea r ly leve l wi th 

the table, o r the py ramids will a p p e a r as if v i e w e d from 

a bal loon. 

I be l i eve that the s tones w e r e go t up to the bu i ld ing 

b y w a y of the north s ide of each p y r a m i d . T h e ca s ing 

on the south, east , and west , w a s p r o b a b l y buil t up as 

the w o r k p roceeded , and the w h o l e of these three faces 

w e r e p robab ly thus finished and comple t ed w h i l e t he re 

w a s not a s ing le cas ing s tone set on the north s ide. 

T h e n the w o r k w o u l d be c losed up until there r e m a i n e d 

no th ing but a g r e a t g a p or notch, w ide at the bo t tom, 

and n a r r o w i n g to the apex . T h e w o r k on the nor th 

s ide w o u l d then b e c losed from the s ides and top, and 

the b o t t o m cas ing s tone about the cent re of the nor th 

side, w o u l d be the last s tone set on the bui ld ing . 
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T h e s e o ld bu i lde r s w e r e too exper t not to h a v e thus 

made use of all the shade which their own bu i ld ing 

wou ld thus afford to a major i ty of the w o r k m e n . 

M a n y of the obe l i sks w e r e p robab ly m a r k s on py ra 

mid l ines of su rvey . 

T h e p y r a m i d indeed m a y h a v e been a d e v e l o p m e n t 

of the obe l i sk for this purpose . 

T h e i r s l an t ing s ides might co r re spond with s o m e of 

the near ly upr igh t slant ang l e s of the p y r a m i d s , in posi

t ions oppos i te cer ta in l ines. R e f e r e n c e to s e v e r a l of 

m y f igures will s how how well this would come in. 

H e r o d o t u s s p e a k s of t w o obe l i sks at H e l i o p o l i s , and 

B o n w i c k tel ls us that A b d al La t i f saw two there which 

he cal led Pha raoh ' s N e e d l e s . A n A r a b t ravel le r , in 

1 1 9 0 , saw a p y r a m i d of coppe r on the s u m m i t of the 

one that r emained , but it is now want ing . Pha raoh ' s 

N e e d l e s a p p e a r to h a v e been s i tua ted abou t 20 mi les 

N E . of the Gi'zeh g roup , and their s lope a n g l e s migh t 

h a v e coincided with the apparen t s lope a n g l e s of C e 

phren or C h e o p s on the e d g e nearest the obe l i sk . 

T h e anc ien t me thod of desc r ib ing the mer id ian b y 

means of the s h a d o w of a ball p laced on the s u m m i t of 

an obe l i sk po in ts to a reasonable in terpre ta t ion for the 

pecul ia r cons t ruc t ion of the two pi l lars , J a c h i n and 

B o a z , which a r e sa id to h a v e been s i tua ted in front of 

the H e b r e w T e m p l e at J e r u s a l e m , and abou t wh ich so 

much m y s t e r i o u s specula t ion has occurred . 
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T h e y w e r e no doubt used as sun-dials for the morn

ing a n d af ternoon sun b y the shadow of the ba l l s or 

" chapi te rs " th rown upon the pavement . 

W i t h o u t p r e suming to d ispute the objects a s s igned 

b y o the r s for the ga l l e r i e s and pas sages which h a v e been 

d i s c o v e r e d in the p y r a m i d C h e o p s , I ven tu r e to op ine 

that they w e r e e m p l o y e d to car ry wa te r to the bu i lde rs . 

T h e y a re connec ted with a well , and the wel l wi th the 

N i l e o r canal . W h e t h e r the wa te r was slided up the 

s m o o t h ga l l e r i e s in boxes , or whe the r the cochlea, o r 

w a t e r screw, w a s w o r k e d in them, their ang les , b e i n g 

sui table , it is imposs ib le to conjecture ; e i ther p lan 

w o u l d h a v e been conven ien t and feasible. 

T h e s e s ingu la r chamber s and p a s s a g e s m a y indeed 

p o s s i b l y h a v e had to do wi th some hydraul ic m a c h i n e r y 

of g r e a t p o w e r which modern science k n o w s no th ing 

about . T h e section of the pyramid , s h o w i n g these 

ga l l e r i e s , in the p y r a m i d books , has a most h y d r a u l i c 

appea rance . 

T h e t r emendous s t rength and regu la r i ty of the cav i 

t ies cal led the K i n g ' s and Queen ' s chambers , the r egu

la r i ty and the smallncss of most of the p a s s a g e s o r m a s 

s i v e s tone connec t ing pipes, f avor the idea that the cham

b e r s might h a v e been reservoi r s , their cur ious roofs , 

a i r chambers , and the ga l l e r i es or pa s sages , connec t i ng 

p i p e s for w o r k i n g w a t e r under pressure . W a t e r r a i s ed 

th rough the p a s s a g e s of this one p y r a m i d neares t to the 

canal , migh t h a v e been car r ied b y t roughs to the o the r 

p y r a m i d s , which w e r e in all p robabi l i ty in course of con-
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struct ion at the s a m e per iod of t ime. A profane fr iend 

of mine th inks that the s a r c o p h a g u s or " s a c r e d c o f f e r " 

in the K i n g ' s c h a m b e r m a y h a v e been used by the chief 

archi tect and l ead ing men of the w o r k s as a bath, and 

that the K i n g ' s c h a m b e r w a s no th ing m o r e nor less 

than a del ightful ba th room. 

T h e fo l lowing quotat ion from the wr i t ing of an 

A r a b i a n au tho r ( Ibn Abel A l k o k m ) , is ex t r ac t ed from 

B o n w i c k ' s " P y r a m i d F a c t s and F a n c i e s . " p a g e 72 :— 

" T h e C o p t i t c s ment ion in their b o o k s that upon them 

(the P y r a m i d s ) is an inscr ipt ion e n g r a v e n ; the e x p o 

sit ion of it in A r a b i c k e is this :—' I, S a u r i d the K i n g 

buil t the P y r a m i d s (in such and such a t ime) , and 

finished them in s ix y e a r s ; he that comes after me, and 

s a y s he is equa l to me, let him des t roy them in s i x 

hundred y e a r s ; and y e t it is known that it is eas ie r to 

p luck down than to build ; and when I had finished 

them, I covered them witJi sattin, and let him cover them 

with slats.' " 

T h e italics a re m y own. T h e bu i lder s e e m s to h a v e 

en ter ta ined the idea that his w o r k would be par t i a l ly 

des t royed , and a f t e rwards t empora r i ly repa i red or 

rebuilt . T h e first par t has unfor tuna te ly come true, 

and it is poss ib le tha t the last par t of the idea of K i n g 

S a u r i d m a y be ca r r i ed out, because it wou ld not be so 

v e r y e x p e n s i v e an u n d e r t a k i n g for any c iv i l ized nation 

in the interest of sc ience to re-case the p y r a m i d s 

63 
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of G'i'zeh, so that they might be once more app l i ed 

to l and - su rvey ing pu rposes in the ancient manner . 

I t w o u l d not be abso lu te ly neces sa ry to case the 

w h o l e of the p y r a m i d faces , so l ong as sufficient ca s ing 

w a s put on to define the angles . T h e "slats" used 

mi 'd i t be a lisfht w o o d e n f r amework c o v e r e d with thin 

metal . T h e meta l should be pa in ted whi te , e x c e p t 

in the case of M y c e r i n u s , which should be of a reddish 

color . 

Main Triangular Dimensions of Plan are Represented 
by the Following Eight Right-angled Triangles. 

TABLE TO EXPLAIN FIGURE 6 0 . 

64 

AB 2 8 ) ( 84 x 6 7 2 DG 3 7 2 5 7 6 

BJ 45 K ] 1 3 5 g ] 1 0 8 0 G E 4 t 24 9 6 8 7 6 3 
JA 5 3 ) 3 ( "59 J ( 1 2 7 2 ED 5 \ 2 4 ( 1 2 0 ) ( 960 

D C 3 ) x ( ' 3 5 ) x ( ' «So FW 4 8 ) t 48 ) x ( 3 8 4 
CA 4 L e 1 1 8 0 f 8 1 1 4 4 0 W V SS [ , ] 5 5 f g j 4 4 ° 
AD 5 ) 4 5 ( 2 2 5 J 8 I 1 8 0 0 VF 7 3 ; ( 7 3 ) ( 5 8 4 

EB 3 ) v ( 63 ) ( 5 0 4 FB 2 0 ) ( fco ) ( 6 4 0 
BA 4 f , X 84 - o ] 6 7 2 BA 2 1 [ * ] 84 [ I] 6 7 2 
AE 5)2I\ 105 \ 8 I 840 J AF 29 ) 4 ( 1 1 6 ) ( 92S 

F H 3 * 96 x 76S 
HN 4 1 2 8 \ I \ 1 0 2 4 
N F 5 ) 3 2 ( 1 6 0 ) 8 ( 1 2 8 0 

AY 3 / ( 36 ) x ( 

YZ 4 f X 1 4 8 f 8 1 3 o 4 

ZA S) ( 60 8 480 

NOTE.—In the above table the first 
column is the Ratio, the second the 
connected Natural Numbers, and the 
third column represents the length of 
each line in R.B. cubits. 
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1 2 . PRIMARY T R I A N G L E S AND T H E I R S A T E L L I T E S ; 
—OR T H E A N C I E N T SYSTEM OF R I G H T - A N G L E D 
T R I G O N O M E T R Y U N F O L D E D BY A STUDY OF T H E 
PLAN OF T H E PYRAMIDS OF GIZEH. 

R e f e r e n c e to Fig. 60 and the p r e c e d i n g table , will 

s how that the main t r i angu la r d imens ions of this p lan 

( imper fec t a s it is from the lack of e l even p y r a m i d s ) 

a re r ep re sen t ed by four main t r iangles , v iz :— 

R a t i o . 

C A D C . . . . 3, 4, 5 

F B A F . . . . 20, 2 1 , 29 

A B J A . . . . 28, 45 , 53 

F W V F . . . . 48, 5 5 . 73 

F i g u r e s 3 0 to 3 6 i l lustrate the two former , and Figures 

6 1 a n d 62 i l lus t ra te the two latter. I wil l call t r i ang les 

of this c lass " p r i m a r y t r i ang les , " as the mos t su i t ab le 

term, a l t h o u g h it is app l i ed to the main t r i ang les of 

g e o d e t i c s u r v e y s . 

Fie 60. 

05 
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W e h a v e on ly to select a n u m b e r of such triano-les 

and a s y s t e m of t r i gonomet ry ensues , in which base , 

perpendicu la r , and hypo t enuse of e v e r y t r iangle is a 

w h o l e m e a s u r e wi thout fract ions, and in which the 

nomenc la tu re for e v e r y ang le is c lea r and s imple . 

A n a n g l e of 4 3 0 3 6 ' 1 0 T 5 " wil l be ca l led a 20, 2 1 

angle , and an ang le of 3 6 0 5 2 ' 1 1 "65" will be cal led a 

3, 4 ang le , and so on. 

In the ex i s t i ng sys t em w h o l e ang les , such as 40, 4 5 , 

or 50 d e g r e e s , a re su r rounded b y lines, mos t of which 

can on ly be descr ibed in n u m b e r s by in te rminable 

fractions. 

In the ancient sys t em, l ines a re only deal t with, and 

e v e r y a n g l e in the table is su r rounded by l ines measur

ing w h o l e units, a n d descr ibed b y the use of a coup le of 

s imple numbers . 

C o n n e c t i n g this wi th our p resen t s y s t e m of t r igo

n o m e t r y wou ld effect a s a v i n g in calcula t ion, and gen

eral use of cer ta in pecul ia r a n g l e s b y means of which 

all the s impl ic i ty and beau ty of the w o r k of the ancients 

w o u l d be combined with the e x c e l l e n c e s of o u r modern 

ins t rumenta l appl iances . S u r v e y o r s should apprec ia t e 

the a d v a n t a g e s to be d e r i v e d from l a y i n g out t r ave r se s 

on the hypo t enuse s of " p r i m a r y " t r iangles , b y the 

s a v i n g of calculat ion and faci l i ty of p lo t t ing to be ob

ta ined from the pract ice. 

T h e k e y to these old tables is the fact, that in " pri

m a r y " t r i ang les the right a n g l e d t r i ang le f o rmed b y the 

s ine and v e r s e d sine, a lso b y the co-sine and co-versed-
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sine, is o n e in which base and pe rpend icu l a r a r e meas

ured b y n u m b e r s wi thout fractions. T h e s e I will call 

" sa te l l i t e" t r i ang les . 

T h u s , to the " p r i m a r y " t r iangle 20, 2 1 , 29, the rat ios 

of the co-sinal and sinal satel l i tes are r e s p e c t i v e l y 7 to 3, 

and 2 to 5. (SecFigure 3 5 . ) T o the 48, 5 5 , 73 t r iangle 

the sa te l l i t es a re 1 1 , 5 and 8, 3 (Fig. 6 2 ) ; to the 3, 4, 5 

t r i ang le they a r e 2, 1 and 3, 1 (Fig. 3 0 ) ; and to the 28, 

45> 5 3 t r i ang le , t hey a re 9, 5 and 7, 2 (Fig. 6 1 ) . T h e 

The 48.55-73 Triaiiôle. 

p r i m a r y t r iangle , 7, 24, 25 , possesses as sa te l l i tes the 

" p r i m a r y " t r iangle , 3, 4, 5, and the o rd ina ry t r iangle , 

4, 1 ; a n d the p r i m a r y t r iangle 4 1 , 840, 8 4 1 , is a t t ended 

by the 20, 2 1 , 29 t r iangle , as a satel l i te wi th the ordi

nary t r i ang l e 4 1 , 1, and so on. 

S i n c e a n y rat io , howeve r , whose terms, one or both, 

a re r e p r e s e n t e d b y fractions, can be t r ans fo rmed into 

w h o l e number s , it ev iden t l y fo l lows that e v e r y conceiv-

Fie. 61. 

The 28-45153 Triangle. 

Fig.62. 
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able re la t ive measu re of t w o lines which w e m a y dec ide 

to call co-sine and co-versed-sine, becomes a sa te l l i te to 

a co r re spond ing " p r ima ry" t r iangle . 

N o w , since the a n g l e of the satel l i te on the c i rcum

ference must be half the ang l e of the ad jacen t p r i m a r y 

t r i ang le at the centre, it fo l lows that in cons t ruc t ing a 

list of sa te l l i tes and their angles , the a n g l e s of the cor

r e spond ing p r imary t r iangles can be found. F o r in

s t a n c e — 

Sa te l l i t e 8, 3, conta ins 20° 3 3 ' 2 1 7 6 " 

Sa te l l i t e 2, 7, contains 1 5 0 5 6 ' 4 3 - 4 2 5 " 

E a c h of these a n g l e s doubled , g i v e s the a n g l e of a 

" p r ima ry " t r i angle as fol lows, v iz . :-

T h e 48, 5 5 , 73 t r iangle = 4 1 ° 6' 4 3 - 5 2 " 

T h e 28, 45 , 53 t r i ang le = 3 1 0 5 3 ' 26 -85" 

T h e ang le s .of the satel l i tes toge the r mus t a l w a y s b e 

4 5 0 , because the a n g l e at the c i rcumference of a quad

rant must a l w a y s b e 1 3 5 ° . 

F r o m the Gi'zeh plan, as far as I h a v e d e v e l o p e d it, 

the fo l lowing o rde r of sa te l l i tes b e g i n s to appea r , wh ich 

m a y be a g u i d e to the comple te Gi'zeh plan ra t io , a n d 

to those " p r i m a r y " t r i ang les in use b y the p y r a m i d 

s u r v e y o r s in thei r o rd ina ry work . 
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P r i m a r y t r i ang l e s m a y b e found from the angle of 

the satellite, bu t it is an e x c e e d i n g l y round-about w a y . 

I wil l , h o w e v e r , g i v e an e x a m p l e . 

L e t us cons t ruc t a p r i m a r y t r i ang le f rom the satel

l i te 4, 9. 

R a d . x 4 _ / O f 

- = ' 4 4 4 4 4 4 4 = T a n g t . / 23 5 7 4 5 < 0 4 i 

/ 2 3

o 5 7 ' 4 5 - 0 4 i " x 2 = 4 7 ° 5 5 ' 3 0 - 0 8 3 " . 

t he re fo re the a n g l e s of the " p r i m a r y " a re 4 7 0 5 5 ' 3 0 - 0 8 3 " . 

a n d 4 2 0 4 ' 2 9 - 9 1 7 " . 

T h e na tura l s ine of 4 2 0 4 ' 2 9 - 9 1 7 " = - 6 7 0 1 0 2 5 . 

T h e na tura l co-sine 4 2 0 4 ' 2 9 - 9 1 7 " = -7422684. 

— — 1 

I , 2 2, 3 3 , 4 4, S S, 6 6> 7 7, 8 S . 9 

I , 3 2 , 5 3 , 5 4> 7 5 , 7 7, 9 

I . 4 2, 7 3 , 7 4, 9 5 . 8 

I , S 2, 9 3 , 8 S, 9 1, li 

I , 6 5 . 1 1 

I , 7 3- 1 1 5 . 1 3 

I , 8 3 , 1 3 

h 9 

I , 1 1 

I , 1 3 

h 'S 

1 7 J 
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in the ca lcula t ion do not ba lance exac t ly , in conse

q u e n c e of the insufficient de l i cacy of the tab les or cal

cula t ions . 

T h e connect ion be tween pr imar ies and sate l l i tes is 

shown b y figure 64. 

L e t the t r iangle A D B be a satel l i te , 5, 2, which w e 

wi l l call B D 20, and A D 8. L e t C be centre of semi

circle A B E . 

F&63. 

FIG. 64. 

T h e g r ea t e s t c o m m o n measu re of these numbers is 

abou t 1 0 2 7 1 7 , t he re fo re— 

R a d i u s 10000000 ~- 1 o 2 7 1 7 = 97 

Co-s ine 7 4 2 2 6 8 4 - j - 1 0 2 7 1 7 = 72 

S i n e 6 7 0 1 0 2 5 ^- 1 0 2 7 1 7 = 65 

a n d 65 , 7 2 , 97 is the p r imary t r i ang le to which the sat

e l l i tes a r e 4, 9, and 5, 1 3 . (See Fig. 6 3 . ) T h e figures 
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A D : D B : : D B : D E = 5 0 (Euc. VI. 8 ) 

A D + D E = A E = 58 = d i ame te r 

A E - f . 2 = A C = B C = 29 = radius 

A C _ A D = D C = 2 i = co-sine 

and D B — 20 = sine 

F r o m the p r eced ing it is mani fes t tha t— 

s i n e ' ,. 
h ver-s = dia. 

ver-s 

T h e fo rmula to find the " p r i m a r y t r i a n g l e " to a n y 

sate l l i te is as fo l lows :— 

L e t the l o n g ratio line of the sa te l l i te or s ine be 

ca l led a, and the short ratio l ine or versed-s ine be ca l led 

b. T h e n — 

( 1 ) a = sine, 

( 2 ) Ì - — — = radius . 

f \ a- — b* 
( 3 ) ï = co-sine. 

2 D 

T h e r e f o r e va r ious p r ima ry t r i ang les can be con

s t ruc ted on a s ide D B (Fig. 6 4 ) as sine, b y t a k i n g dif

ferent m e a s u r e s for A D as versed-sine. 

F o r e x a m p l e — 

F r o m 

Sa t e l l i t e 

= s ine = 5 

= r ad ius = 1 3 

— C O S . I 2 
5. ». 
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F r o m 
Sa t e l l i t e 

= s i n e = 5 

= co-s. = 5 X 

20 

< 29 

{21 

F i n a l l y a r i ses the fo l lowing s imple rule for the con

st ruct ion of " p r i m a r i e s " to contain any a n g l e — D e c i d e 

upon a satellite which shall contain half the angle—say, 

5, 1. C a l l the first f igure a, the second b, t hen— 

a 2 + b 2 = hypo tenuse . 

a 2 — b 2 = perpendicu la r . 

a x 2b = base . 

" PRIMARY M LOWEST RATIO. 

H a v i n g found the lowest ra t io of the three s ides of 

a " p r i m a r y " t r iangle , the lowest w h o l e number s for 

t angent , secant , co-secant, and co-tangent , if requi red , 

a r e ob ta ined in the fo l lowing manner . 

T a k e for e x a m p l e the 20, 2 1 , 29 t r iangle , now 

20 x 21 = 420, and 29 x 420 = 1 2 1 8 0 , a new rad ius in

s t ead of 29 from which with the sine 20, and co-sine 2 1 , 

i nc reased in the s a m e ratio, the who le canon of the 

20, 2 i , 29 t r i ang le will come out in w h o l e numbers . 

= radius = 7% 

Thus— 
Satellite 5 , 1 

and— 
Satellite 5 , 2 

S' + I ' = 26 = 1 3 

5 ' - I s = 24 = 1 2 

5 x 2 X I = 10 = 5 

5" + 2 ' = 29 = 29 

5" — 2" = 2 1 = 2 1 

5 x 2 x 2 = 20 = 20 
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S i m i l a r l y in the t r iangle 48, 55 , 73, rad ius 73 x 1 3 2 0 0 

( the product of 48 x 5 5 ) m a k e s radius in w h o l e numbers 

963600 , for an e v e n canon wi thout fract ions. T h i s is 

because sine and co-sine are the two d e n o m i n a t o r s in 

the fractional pa r t s of the o ther l ines when w o r k e d out 

at the lowes t ra t io of sine, co-sine, and radius . 

A f t e r I found that the plan of the Gi'zeh g r o u p w a s 

a sys t em of " p r i m a r y " t r iangles , I had to w o r k out the 

rule for cons t ruc t ing them, for I had n e v e r met with it 

in a n y book, but I c a m e across it a f t e rwards in the 

" P e n n y E n c y c l o p e d i a , " and in R a n k i n e ' s " C i v i l E n g i -

nee r ine . " 

T h e pract ical ut i l i ty of these t r iangles , h o w e v e r , d o e s 

not a p p e a r to h a v e rece ived sufficient cons idera t ion . I 

ce r ta in ly n e v e r m e t wi th a n y e x c e p t the 3, 4, 5, in the 

pract ice of a n y s u r v e y o r of m y acquain tance . 

( F o r s q u a r i n g off a l ine no th ing could be more con

ven ien t than the 20, 2 1 , 29 t r i a n g l e ; for instance, tak

ing a base of 4 0 l inks, then us ing the w h o l e chain for 

the two r e m a i n i n g s ides of 42 and 58 l inks . ) 
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Table of Some Primary Triangles and their Satellites. 

2 ¡ 47 3 9 ' 7 ° 

6 j 4 3 58-62 

8 47 50-69 

10 2 3 19-89 

1 2 j 40 4 9 ' 3 7 

1 4 j 14 j 5 9 - 1 0 

1 6 ¡ 1 5 3 6 - 7 3 

1 8 j 5 5 2 8 7 1 

22 j 3 7 1 1 - 5 1 

25 ! 3 2 7 - 2 7 

25 5 9 2 1 - 2 2 

28 4 2o'94 

3 0 3 0 36 -49 

i 
3 1 . 5 3 26-85 ; 

3 6 5 2 1 1 - 6 5 

4 1 I 6 4 3 - 5 2 

4 2 I 4 3 0 ' o S 

¡ 

4 3 j 3 6 I ° ' J 5 

A N G L E OF PRIMARY 

D E C MIX. SEC. 

PRIMARY 

RAD. CO.-S. SINE. 
S A T E L L I T E . 

ANGLE OF S A T E L L I T E 

DEG. MIN. SEC. 

84I 840 4 1 

1 4 5 I44 17 ! 

85 84 1 3 

61 60 I I 

4 I 40 ! 9 

65 63 j l 6 

I 
25 24 ; 7 

3 7 3 5 ¡ 1 2 i 
I 

' 3
 1 2 i 5 

I 
85 77 1 3<5 

89 80 3 9 

' 7 1 5 ! » j 

65 5 6 1 3 3 

5 3 45 : 28 

j j 

5 : 4 1 3 

7 3 I 5 5 48 

97 j 7 2 65 

29 ! 2 1 20 

I 

4 1 i 

1 7 i 

1 3 1 

1 1 i 

9 1 

8 i 

7 -

6 i 

5 i 

9 2 

I 

1 3 j 3 

4 i 

1 1 3 

7 2 

3 1 

8 3 

1 3 5 

5 2 

i 2 3 49-85 

3 2 1 5 9 - 3 1 

4 23 5 5 - 3 4 

5 1 1 3 9 ' 9 4 

6 20 24-68 

7 7 29-55 

8 7 4 8 - 3 6 

9 27 4 4 - 3 5 

1 1 1 8 3 5 ' 7 5 

1 2 3 1 4 3 6 3 

1 2 5 9 4 0 6 1 

1 4 2 i o ' 4 7 

1 5 1 5 1 8 - 2 4 

1 5 5 6 4 3 ' 4 2 

1 8 26 5 -82 

20 3 3 2 1 7 6 

2 1 ' 2 1 5 - 0 4 

2 1 48 5-07 
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Table of some Primary Triangles and their Satellites. 

{Continued.) 

A N G L E OF PRIMARY i PRIMARY l! A N G L E OF S A T E L L I T E 

S A T E L L I T E . N 
D E C . MIX. SEC. i | RAD. CO.-S. SINE. I . D E C M IN. SEC. 

46 . 2 3 49-85 29 2<) 21 I 7 j 3 I 2 3 J I I j 5 4 - 9 2 

47 5 5 1 2 9 ' 9 2 ! 97 I 6 5 7 2 \ 9 ! 4 ! 2 3 5 7 44 '9 ' 5 

I 1 

4 S ; 5 3 16 -48 7 3 48 ss j H I 5 1 24 ! 26 3 8 - 2 4 

i * I ! 
5 3 : 7 4 8 - 3 5 5 3 j 4 : 2 I ; 26 j 3 3 5 4 - 1 7 

5 s I 6 ! 3 3 ' i 5 ! 5 3 2 § I 45 9 5 2 9 3 l 6 ' 5 7 
! 1 : 

5 9 2 9 ! 2 3 ' 5 ! 65 ; 3 3 j 56 ' 7 4 29 44 4 1 - 7 5 

; : j . j j j 
6 1 5 5 3 9 ' ° 6 1 7 S I 1 5 I 5 j 3 3 ° 5 7 4 9 ' 5 3 

j J ! ! I i 
64 o 3 S - 7 8 ! 89 3 9 ! 80 \ 8 I 5 3 2 1 o [ 1 9 - 3 9 

I 1 ll ' 
64 5 6 3 2 ' 7 3 8 5 3 6 j 77 ! 1 1 i 7 3 2 2S 1 6 - 3 6 
67 22 48 -49 1 3 5 j 12 ! 3 2 3 3 4 1 2 4 . 2 4 

l i ] i 

7 1 4 ! 3 i ' 2 9 ! 3 7 I 2 ; 3 5 ' 7 ! 5 H 3 5 3 2 i 5 ' 6 4 
1 ! I ' I 

7 3 44 2 3 ' 2 7 2 5 7 2 4 ! 4 ' 3 ; 3 6 ; 5 2 1 1 ' 6 3 
; i l l 

75 45 ° ' 9 ° 65 1 6 63 1 9 ! 7 3 7 5 2 30-45 

77 1 9 i ° ' 6 3 j 4 1 9 I 40 j 5 j 4 j ' 3 S 3 9 3 5 ' 3 ' 

79 3 6 4 0 ' H JJ 6 l j I I j 60 1 6 ! 5 I 3 9 I 4 S 20-05 

ii ' ! j ! !! ! I 

Si i 1 2 9 - 3 1 J 85 1 3 84 ! 7 j 6 j j 40 j 3 6 j 4-65 

8 3 j 1 6 1 -38 IJ145 1 7 1 4 4 [J 9 8 N 4 1 j 3 S 0-69 

87 I 12 20-30 1 S 4 1 ' 4 1 S40 ; 21 20 |j 4 3 ! 3 6 1 C 1 5 

Il I 1 I il ! 
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R e f e r e n c e to the. plan rat io tab le at the commence

ment , and to the tables here in t roduced, wil l shew that 

mos t of the p r i m a r y t r i ang les m e n t i o n e d a re indica ted 

on the plan rat io tab le pr inc ipa l ly b y the l ines corre

s p o n d i n g to the rat ios of the satel l i tes . T h u s — 

ratio GX to DG, 2 to i ; SU to SV, 2 to 1 ; 
and CY to YZ, 3 to 1 . 

4 8 > 5 5 , 7 3 - Exists on plan, FW, WV, VF—and is also indi
cated by plan ratio FO to OZ, 8 to 3 . 

6 5 , 7 2 , 97 . Plan ratio AC to CH, 9 to 4 ; MY to YZ, 9 to 4. 
20, 2 i , 29. Exists on plan FB, BA, A F ; and plan ratio, GU 

to DG, 5 to 2 . 

I t s e e m s p robab le that could I a d d to m y p y r a m i d 

p lan the l ines and t r i ang les that the mi s s ing e l even p y r a 

mids w o u l d supply , it w o u l d compr i se a comple t e t ab le 

on which w o u l d a p p e a r indicat ions of all the ra t ios a n d 

PRIMARY TRIANGLE INDICATED BY 

1 7 , 1 4 4 , 1 4 5 . Triangle FP, PA, AF on plan. 
1 3 , 84, 8 5 . Plan ratio of SJ to SU, 7 to 6. 
1 1 , 60, 6 1 . Plan ratio BC to FB, 6 to 5 , and DN to NR, 61 

to 60. 

1 2 , 3 5 , 3 7 - P l a n r a U o E 0 t 0 A Y > 3 7 t o l 2 > a n < i E A to AY, 
3 5 t 0 I 2 -

5, 1 2 , 1 3 . Plan ratio CY to BC, 3 to 2 ; J E to EX, 3 to 2 ; 
CA to YA, 5 to 1 ; and NZ to ZA, 1 2 to 5 . 

8, 1 5 , 1 7 . Plan ratio FB to BY, 5 to 3 , and AC to BC, 1 5 
to 8. 

3 3 , 5 6 > 5 5 - P 1 3 1 1 r a t i o Y X t o A Y > 7 t 0 4 ', AB to BO, 7 to 4 ; 
and EA to AZ, 7 to 4. 

a 8 > 4 5 , 5 3 - Exists on plan, AB, BJ, JA. 
3 , 4, 5 . Pervades the plan, and is also indicated by plan 
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t r i ang les m a d e use of in r ight -angled t r igonomet ry , a 

" ratiomctcr" in fact. 

I firmly b e l i e v e that so far as I h a v e g o n e it is cor

r e c t — a n d it is poss ib le , therefore , wi th the start that I 

h a v e made , for o the r s to cont inue the work , and a d d the 

e l even p y r a m i d s to the p lan in their correc t geomet r i 

cal pos i t ion . B y con t inu ing the s y s t e m of evo lu t ion by 

which I def ined the posi t ion of Cephren , and the little 

p y r a m i d to the south-eas t of C h e o p s , after I had ob

tained C h e o p s a n d M y c e r i n u s , m a y be rebuilt , at one 

and the s a m e t ime, a ske le ton of the t r igonomet r ica l 

tab les of a fo rgo t t en civi l izat ion, and the plan of those 

p y r a m i d s which a re its on ly l ink with the p resen t age . 

g 1 3 . T H E SIZE AND SHAPE OF T H E PYRAMIDS IN
D I C A T E D 13Y T H E PLAN. 

I p u r s u e d m y inves t iga t ions into the s lopes and alti

tudes of the p y r a m i d s wi thout reference to the plan, 

after once dec id ing their exac t bases . 

X o w it wil l be in te res t ing to note some of the w a y s 

in which the plan hints at the shape and size of these 

p y r a m i d s , and co r robo ra t e s m y work. 

T h e d i m e n s i o n s of Clicops a re indicated on the plan 

by the l ines E A to Y A , measu r ing 840 and 2S8 R . B . 

cubits r e spec t i ve ly , b e i n g the half pe r iphe ry of its hori

zontal sec t ion at the l eve l of C e p h r e n ' s base , and its 

own a l t i tude from its own base . (See Fig. 5.) 

T h e l ine E A , in fact, r epresen t s in R . B . cubi ts the 

half p e r i p h e r y of the b a s e s of e i ther C h e o p s or C e p h r e n 

77 
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measu red at the l eve l which I h a v e set forth as the 

plan level, v iz . , base of Cephren . 

T h e rat io of C e p h r e n ' s base to C e p h r e n ' s a l t i tude is 

indicated on the p lan b y the rat ios of the l ines B C to 

E B , or F O to O R , viz . , 32 to 2 1 . (See Fig. 4 . ) 

T h e al t i tude of M y c e r i n u s a b o v e C e p h r e n ' s ba se 

appea r s on plan in the line E F , m e a s u r i n g 1 3 6 R . B . 

cubits. 

T h e line E O on plan measu res 888 cubits , which 

wou ld be the l eng th of a l ine s t re tched f rom the a p e x 

of C h e o p s to the point E , at the l eve l of C h e o p s ' base . 

T h i s mer i t s considera t ion :—the l ines E A and A Y 

are connec ted on plan at the cent re of C h e o p s , and the 

l ines E O and E A are connec ted on p lan at the po in t E . 

N o w the l ines E O , E A and A Y a re s ides of a " p r i 

m a r y t r i ang le , " whose ratio is 3 7 , 3 5 , 1 2 , and w h o s e 

measu re in cubits is 888, 840, and 288 ; and if w e sup

pose the line E A to be s t re tched hor izonta l ly benea th 

the p y r a m i d s at the l eve l of the ba se of C h e o p s from 

E to A on plan, and the line A Y to b e a p l u m b l ine 

h a n g i n g from the a p e x of C h e o p s to the leve l of his 

base , then wil l the line E O jus t s t re tch from the poin t 

E to the a p e x of Cheops , and the three l ines wil l con

nect the two main p y r a m i d s b y a ver t ica l t r i ang le of 

which E A , A Y and E O form the base , pe rpend icu la r , 

and hypotenuse . Or , to exp la in it in a n o t h e r m a n n e r : 

let the line E A be a cord s t re tch ing hor izon ta l ly f rom 

A at the cent re of the base of C h e o p s to the po in t E , 

both ends be ing at the s a m e l e v e l ; let the l ine A Y b e a 

78 
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rod, lift it on the end A till it s tands erect , then is the 

end Y the a p e x of C h e o p s , N o w , the line E O would 

ju s t s t re tch from the top of the rod A Y to the point 

E first descr ibed . 

I t is a s i ngu la r coincidence , and one that m a y be 

in te res t ing to s tuden t s of the interior of the P y r a m i d s , 

that the s ide E P , of the small 3, 4, 5 t r iangle , E P , 

P F , F E , in the cen t re of the plan, measu res 8 i " 6 o R . B . 

cubits , which is v e r y near ly e igh t t imes the " true 

breadth" of the K i n g ' s c h a m b e r in Cheops , acco rd ing 

to Piazzi S m y t h ; for — g — = 1 0 - 2 0 R . B . cubits , or 

206-046 p y r a m i d inches (one R . B . cubit be ing 20-2006 

p y r a m i d inches ) . T h e s ides of this little t r i angle meas

ure 8i-6o, i o S - S o , and 1 3 6 , R . B . cubits r espec t ive ly , as 

can be eas i ly p r o v e d from the plan rat io table. 

§ 1 4 . A S IMPLE I N S T R U M E N T FOR LAVING OFF " PRI
MARY T R I A N G L E S . " 

A s imple ins t rument for l a y i n g off " p r i m a r y tri

a n g l e s " upon the g round , migh t h a v e been m a d e with 

three rods d i v i d e d into a n u m b e r of smal l equa l d iv i 

sions, wi th ho les th rough each divis ion, which rods 

could be p inned t o g e t h e r t r iangular ly , the rods w o r k i n g 

as a rms on a flat table, and the p ins ac t ing as po in te rs 

o r s igh ts . 

O n e of the p ins wou ld be pe rmanen t ly fixed in the 

tab le t h rough the first hole of two of the rods or a rms , 

and the two o t h e r pins w o u l d be m o v a b l e so as to fix 
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the a r m s into the shape of the v a r i o u s " p r i m a r y tri

a n g l e s . " 

T h u s wi th the two main a rms p inned to the c ross 

a rm in the 2 1 s t and 29th hole from the p e r m a n e n t l y 

p inned end, wi th the cross arm s t re tched to t w e n t y di

v is ions , a 20, 2 1 , 29 t r iangle would be the result , a n d 

so on. 

§ 1 4 « . G E N E R A L OBSERVATIONS. 

I must be excused by geomet r i c i ans for g o i n g so 

much in detai l into the s imple t ruths connec ted wi th 

r igh t -ang led t r igonomet ry . M y object ha s been to 

m a k e it v e r y c lear to that port ion of the publ ic not 

v e r s e d in geome t ry , that the P y r a m i d s of E g y p t mus t 

h a v e been used for land s u r v e y i n g b y r igh t -ang led tri

a n g l e s wi th s ides h a v i n g who le numbers . 

A re-examinat ion of these py ramids on the g r o u n d 

wi th the ideas s u g g e s t e d by the p r eced ing p a g e s in 

v i e w , m a y lead to in te res t ing d iscover ies . 

F o r instance, it is jus t poss ible that the v e r y accu

ra te ly and beaut iful ly w o r k e d s tones in the wa l l s of the 

K i n g ' s c h a m b e r of C h e o p s , m a y be found to ind ica te 

the ra t ios of the rec tangles formed by the b a s e s and per

pend icu la r s of the t r iangula t ions used b y the o ld s u r v e y 

o r s—tha t on these wa l l s m a y be found, in fact, co r rob

ora t ion of the theory that I h a v e s e t forth. I a m led 

to be l i eve a l so from the fact that Gi'zeh w a s a centra l 

a n d c o m m a n d i n g local i ty, and that it w a s the cus tom of 

t hose w h o p receded those E g y p t i a n s that h i s t o r y tel ls 
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of, to e x c a v a t e m i g h t y c a v e r n s in the ear th—that , there

fore, in the l imes tone upon which the p y r a m i d s a re 

built, and undernea th the p y r a m i d s , m a y be found v a s t 

excava t i ons , c h a m b e r s and ga l le r ies , that had en t rance 

on the face of the ridgfe at the l eve l of Hio-h Ni l e . 

F r o m this sub t e r r aneous city, occupied b y the pr ies ts 

and the s u r v e y o r s of M e m p h i s , access m a y be found to 

e v e r y p y r a m i d ; and wh i l e to the outs ide w o r l d the 

p y r a m i d s migh t h a v e a p p e a r e d sea led up as mauso

l eums to the K i n g s that it m a y h a v e seen publ ic ly in

ter red therein, this v e r y s e a l i n g and c los ing of the ou te r 

ga l l e r i e s m a y h a v e on ly rendered their m y s t e r i o u s 

recesses more p r i v a t e to the pr ies ts w h o en te red from 

below, and w h o were , pe rhaps , enab led to a scend b y pri

v a t e p a s s a g e s to thei r v e r y summits . T h e recent dis

c o v e r y of a n u m b e r of rega l m u m m i e s s t o w e d a w a y in 

an out of the w a y c a v e on the banks of the Ni l e , points 

to the unce remon ious m a n n e r in which the real rulers 

of K i n g s and peop l e m a y h a v e deal t with their sov

e re igns , the p o m p and c i rcumstance of a publ ic bur ia l 

once ove r . I t is jus t poss ib le that the c h a m b e r s in the 

p y r a m i d s m a y h a v e been used in connect ion with thei r 

m y s t e r i e s : and the smal l p a s s a g e s ca l led b y some " v e n 

t i l a t o r s " or " a i r p a s s a g e s , " sea led as they w e r e from 

the c h a m b e r b y a thin s tone ( and therefore no vent i la

to r s ) m a y h a v e been miditory passages a l o n g which 

sound migh t h a v e been p ro jec t ed from o the r c h a m b e r s 

not y e t o p e n e d b y the m o d e r n s ; sounds which w e r e 

pe rhaps a par t of the " h a n k y p a n k y " of the ancient 
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ce remonia l connec ted with the " m y s t e r i e s " or the " re

l ig ion " of that per iod. 

D o w n that " wel l " which ex i s t s in the inter ior of 

C h e o p s , and in the l imes tone foundat ions of the p y r a 

mid, shou ld I b e d i sposed to l ook for o p e n i n g s into the 

vas t sub te r raneous chamber s wh ich I am convinced do 

ex i s t be low the P y r a m i d s of Gïzeh . 

T h e pr ies t s of the P y r a m i d s of L a k e Mceris had 

their v a s t sub te r ranean res idences . I t appea r s to m e 

m o r e than p robab le that those of G ï z e h w e r e s imi la r ly 

p rov ided . A n d I g o further :—Out of these v e r y 

c a v e r n s m a y h a v e been e x c a v a t e d the l imestone of 

wh ich the p y r a m i d s w e r e built , thus k i l l ing two birds 

wi th one s tone—bui ld ing the ins t ruments and f inding 

cool qua r t e r s be low for those w h o w e r e to m a k e use of 

them. In the bowels of that l imes tone r idge on which 

the p y r a m i d s a re built will y e t be found, I feel con

v inced , a m p l e information as to the i r uses. A g o o d 

d i a m o n d drill wi th two or three hundred feet of rods is 

w h a t is w h a t is w a n t e d to test this, and the sol id i ty of 

the p y r a m i d s at the same t ime. 

§ 15. PRIMARY T R I A N G U L A T I O N . 

P r i m a r y t r iangulat ion w o u l d be useful to men of 

a lmos t e v e r y t rade and profess ion in which tools o r 

ins t ruments a re used. A n y one m i g h t in a shor t t ime 

cons t ruc t a tab le for himself a n s w e r i n g to e v e r y d e g r e e 

o r so in the c i rcumference of a circle for which on ly 

fo r ty or fifty t r iangles a re requ i red . 
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I t w o u l d be wor th whi le for some one to print and 

publ i sh a cor rec t set of these tables e m b r a c i n g a c lose 

d iv i s ion of the circle, in which set there should be a 

co lumn s h o w i n g the ang le in dec rees , minutes , s e c o n d s 

and dec imals , and a lso a column for the satel l i te , t h u s — 

S A T E L L I T E . PRIMARY. ANGLE. 

5 2 20 21 29 4 3 ° 36 ' 1 C 1 5 " 

7 3 2 1 20 29 4 6 0 2 3 ' 49-85 ' ' 

and so on. S u c h a set of tables w o u l d be a boon to 

sai lors , a rchi tec ts , su rveyo r s , eng inee r s , and all handi

craf tsmen : and I m a k e bold to say, w o u l d assist in the 

intr icate inves t iga t ions of the a s t r o n o m e r : — and the 

rule for bu i ld ing the tables is so s imple , that they could 

eas i ly be ach ieved . T h e architect from these tab les 

m i g h t a r r a n g e the shape of his chambers , p a s s a g e s o r 

ga l l e r i es , so that all measures , not on ly at r ight a n g l e s 

on the wal ls , but from a n y corner of floor to ce i l ing 

shou ld be even feet. T h e pitch of his roofs migh t be 

more var ied , and the m o n o t o n y of the bu i ld ings re l i eved , 

wi th rafters and t ie-beams a l w a y s in e v e n measu re s . 

T h e one so l i t a ry 3 , 4, 5 of V i t r u v i u s w o u l d cease to be 

his s t anda rd for a s ta i rcase ; and even in d o o r s and 

sashes , and pane ls of g lass , wou ld he be a l ive to the 

perfect ion of rec t i tude ga ined by e v e n l y - m e a s u r e d di

agona l s . B y a s l ight modificat ion of the c o m p a s s card, 

the n a v i g a t o r of b lue w a t e r migh t s t ee r his courses on 

the h y p o t e n u s e s of g rea t p r imary t r i ang le s—such tab les 

w o u l d be useful to all sa i lors and s u r v e y o r s w h o h a v e 

to deal with la t i tude and depar ture . F o r instance, fa-
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mil iar i ty wi th such tables w o u l d m a k e e v e r present in 

the mind of the s u r v e y o r o r sa i lo r his p ropor t iona te 

nor th ing and eas t ing , no mat te r w h a t course he w a s 

s t ee r ing b e t w e e n north and east , " the primary" em

braces the three ideas in one view. 

In d e s i g n i n g t russed roofs or b r idges , the " p r i 

m a r i e s " w o u l d be inva luab le to the eng inee r , strain-cal

cula t ions on d i agona l and up r igh t m e m b e r s w o u l d be 

simplif ied, and the bui lder w o u l d find the benefi t of a 

m e a s u r e in e v e n feet or inches f rom cent re of one pin 

o r connect ion to another . 

F o r e a r t h w o r k s lopes 3, 4, 5 ; 20, 2 1 , 2 9 ; 2 1 , 20, 29 ; 

and 4, 3, 5 w o u l d be found more conven ien t ra t ios than 

1 to 1 , and 1 3 to 1, etc. T e m p l a t e s a n d ba t t e r ing rules 

w o u l d b e m o r e perfec t and correct , a n d the e n g i n e e r 

could p r o v e his s lopes and m e a s u r e his w o r k at one 

and the s a m e t ime wi thout the a id of a staff or l eve l ; 

the s lope m e a s u r e s w o u l d r evea l the depth , and the 

s lope m e a s u r e s and bo t tom wid th w o u l d be all the 

m e a s u r e s requi red , whi le the top wid th wou ld p r o v e the 

cor rec tness of the s lopes and the m e a s u r e m e n t s . 

T o the land su rveyor , howeve r , the p r i m a r y t r i ang le 

w o u l d b e the mos t useful, and m o r e e spec i a l l y to those 

l a y i n g out new holdings , w h e t h e r smal l or l a rge , in new 

countr ies . 

W h e t h e r it b e for a " s q u a t t e r ' s run," o r for a town 

a l lo tment , the a d v a n t a g e s of a d i a g o n a l measu re to 

e v e r y p a r a l l e l o g r a m in even miles, chains, o r feet, should 

be k e e n l y felt and apprec ia ted . 
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T h i s was , I be l i eve , one of the secre ts of the s p e e d y 

and cor rec t r ep lacement of bounda ry marks by the 

E g y p t i a n land su rveyor s . 

I h a v e hea rd of a rev iew in the " C o n t e m p o r a r y , " 

S e p t e m b e r , 1 8 8 1 , re fer r ing to the t ransla t ion of a p a p y . 

rus in the Br i t i sh M u s e u m , by Dr . E i s e n l o h r — "A 

handbook of practical arithmetic and geometry "etc., "such 

as we miglit suppose would be used by a scribe acting as 

clerk of the works, or by an architect to shew the 'work

ing out of tlie problems lie had to solve in his operations." 

I should l ike to see a t ranslat ion of the book, from which 

it a p p e a r s that "the clumsiness of the Egyptian method 

is very remarkable." Pe rhaps this E g y p t i a n "Hand

book" m a y ye t s h e w that their opera t ions w e r e not so 

"clumsy" as they a p p e a r at iirst s ight to those accus

tomed to the pract ice of modern t r igonomet ry . I m a y 

not h a v e go t the exac t " h a n g " of the E g y p t i a n m e t h o d 

of land s u r v e y i n g — f o r I do not suppose that even their 

" c l u m s y " me thod is to be go t at in tu i t ive ly ; but I c la im 

that I h a v e shewn how the P y r a m i d s could be used for 

that pu rpose , and that the subs id ia ry ins t rument de

scr ibed by me w a s pract icable . 

I c la im, therefore , that the theory I h a v e set up. 

that the p y r a m i d s were the theodol i tes of the E g y p 

tians, is sound. T h a t the g r o u n d plan of these py ra 

mids d i sc loses a beautiful sys t em of p r ima ry t r i ang les 

and sa te l l i tes I th ink I h a v e shown b e y o n d the s h a d o w 

of a doub t ; and that this sys t em of g e o m e t r i c t r iangu-

lat ion o r r igh t -angled t r igonomet ry w a s the m e t h o d prac-
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t ised, s e e m s in the p reced ing p a g e s to be fair ly estab

l ished. I claim, therefore , that I h a v e d i s c o v e r e d and 

descr ibed the main secret of the p y r a m i d s , that I h a v e 

found for them at last a pract ical use, and that it is no 

l o n g e r "a marvel how after the annual inundation, each 

property eould have been accurately described by the aid 

of geometry." I h a v e advanced no th ing in the shape of 

a theory that will not s tand a pract ical test ; but to do 

it, the p y r a m i d s should be rc-cascd. I ron shee t ing , on 

iron or w o o d e n f ramework, would answer . I ma) ' be 

w r o n g in some of m y conclusions, but in the main I am 

satisfied that I am right. It must be admi t t ed that I 

h a v e w o r k e d under difficulties ; a g l i m p s e at the pyra

mids three and twen ty y e a r s ago , and the m e a g r e l ib ra ry 

of a n o m a d in the A u s t r a l i a n wi lde rness h a v i n g been all 

m y advan t ages , and t ime at my d isposa l on ly that 

sna tched from the rare in tervals of le isure af forded by 

an a rduous profess ional life. 

A f t e r fruit less wa i t i ng for a chance of v i s i t i n g E g y p t 

and E u r o p e , to sift the ma t t e r to the bot tom, I h a v e at 

last r e so lved to g i v e m y ideas to the wor ld a s they s tand ; 

c rude necessar i ly , so I must be e x c u s e d if in s o m e de

tails I m a y be found e r roneous ; there is truth I k n o w 

in the gene ra l conclusions. I am p r e s u m p t u o u s e n o u g h 

to be l ieve that the R . B . cubit of 1 6 8 5 Br i t i sh feet w a s 

the measure of the py ramids of Gi'zeh, a l t hough there 

m a y h a v e been an as t ronomica l 25 inch cubi t a l so . I t 

a p p e a r s to m e that no cubit measu re to b e d e p e n d e d on 

is e i the r to be g o t from a s t ray m e a s u r i n g s t ick found 
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in the jo in t s of a ruined building, or from any line or 

d imens ions of one of the pyramids . I submit that a 

mos t r e a s o n a b l e w a y to g e t a cubit measure out of the 

P y r a m i d s of Gi'zeh, was to do as I did :—take them as a 

whole , c o m p r e h e n d and es tabl ish the g e n e r a l g r o u n d 

plan, find it g e o m e t r i c and harmonic , obtain the rat ios 

of all the l ines, es tabl ish a comple te set of natural and 

even n u m b e r s to represent the measures of the lines, 

and finally b r i n g these numbers to cubits b y a c o m m o n 

mul t ip l i e r ( w h i c h in this case was the n u m b e r e igh t ) . 

A f t e r the w h o l e p ropor t ions had been thus exp re s sed 

in a cubit e v o l v e d from the whole propor t ions , I estab

l ished its l eng th in Br i t i sh feet by d iv id ing the base of 

C e p h r e n , as k n o w n , by the number of my cubits repre

s en t i ng its base . I t is pre t ty sound ev idence of the 

t heo ry b e i n g cor rec t that this test, with 4 2 0 cubi ts neat 

for C e p h r e n , g a v e me also a neat measure for C h e o p s , 

from Piazzi S m y t h ' s base , of 452 cubits, and that at the 

same leve l , these two p y r a m i d s become equal based. 

I h a v e pa id l i t t le at tent ion to the inside measure

ments . I t a k e it w e should first obtain our exo te r ic 

k n o w l e d g e be fo re v e n t u r i n g on esotoric research. T h u s 

the intr icate in ternal measurements of C h e o p s , made by 

v a r i o u s e n q u i r e r s h a v e been little serv ice to me, whi le 

the accura te m e a s u r e s of the base of C h e o p s by Piazzi 

S m y t h , and J o h n J a m e s W i l d ' s letter to L o r d B r o u g h 

am, he lped m e amaz ing ly , as from the two I estab

l ished the p lan leve l and even bases of C h e o p s and 

C e p h r e n at p lan l e v e l — a s I h a v e shown in the preced-
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ing p a g e s . M y theo ry d e m a n d e d that both for the 

bui ld ing of the p y r a m i d s and for the cons t ruc t ion of the 

models or subs id ia ry ins t ruments of the s u r v e y o r s , sim

ple s lope rat ios should g o v e r n each bu i ld ing ; be fo re I 

conclude, I shall show how I g o t a t m y s lope rat ios, b y 

e v o l v i n g them from the gene ra l g r o u n d plan. 

I am firmly convinced that a careful inves t iga t ion 

into the g r o u n d plans of the va r ious o ther g r o u p s of 

p y r a m i d s will a m p l y confirm m y s u r v e y t h e o r y — t h e rel

a t ive pos i t ions of the g roups should a lso be e s t ab l i shed 

— m u c h addi t ional l ight will be then thrown on the 

subject . 

L e t me conjure the inves t iga to r to v i e w these pi les 

from a distance with his mind 's eye , as the old s u r v e y 

ors v i e w e d them with their bodi ly eye . A p p r o a c h them 

too nearly, and, l ike H e n r y K i n g l a k e , you will be lost 

in the "one idea of solid immensity.'" C o m m o n sense 

tells us the) ' w e r e buil t to be v i e w e d from a dis tance. 

M o d e r n s u r v e y o r s s tand near their ins t ruments , and 

send their flagmen to a dis tance ; the E g y p t i a n sur

v e y o r was one of his own flagmen, and his ins t ruments 

were tower ing to the sk ies on the dis tant horizon. 

T h e s e migh ty tools will last out many a gene ra t i on of 

su rveyor s . 

T h e modern a s t ronomer from the top of an o b s e r v a 

tory points his ins t ruments direct a t the s tars ; the 

E g y p t i a n a s t r o n o m e r from the summi t of his par t i cu la r 

py ramid d i rec ted his obse rva t ions to the r is ing and set

t ing of the stars, or the pos i t ions of the h e a v e n l y bod ies 
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in respec t to the far a w a y g r o u p s of p y r a m i d s sca t te red 

a r o u n d h im in the d i s tance ; and by c o m p a r i n g notes, 

and wi th the k n o w l e d g e of the re la t ive posi t ion of the 

g r o u p s , d id these o b s e r v e r s m a p out the sky. S o l a r and 

lunar s h a d o w s of their o w n p y r a m i d s on the flat 

t r enches p r e p a r e d for the purpose , enab led the as t rono

m e r at each o b s e r v a t o r y to record the annual and 

m o n t h l y flight of t ime, whi le its hours were m a r k e d by 

the s h a d o w s of their obe l i sks , capped by coppe r 

p y r a m i d s or bal ls , on the more del ica te p a v e m e n t s 

of the cour t -ya rds of thei r public bui ld ings . 

W e mus t g r a s p that their celest ial and terres t r ia l 

s u r v e y s w e r e a lmos t a r e v e r s e process to our own, 

be fo re w e can v e n t u r e to enqu i r e into its detai ls . I t 

then b e c o m e s a much ea s i e r t ang l e to unrave l . T h a t a 

par t icu la r p y r a m i d a m o n g so many, should h a v e been 

chosen as a f a v o u r e d in te rore te r of D i v i n e truths, s e e m s 
A 

an unfair conc lus ion to the o ther p y r a m i d s ;—that the 

o the r p y r a m i d s w e r e rough and imperfect imitat ions, 

a p p e a r s to m y p o o r capac i ty " a base and impotent 

conclus ion ; " — ( a s far as I can learn, Mycerinus, in its 

perfect ion, was a m a r v e l of the mason ' s art ;) but that 

one par t i cu la r p y r a m i d should have a n y t h i n g to do with 

the pas t or the future of the lost ten t r ibes of I s rae l 

( w h o e v e r that fraction of our present ea r th ly commu

nity m a y be) , s e e m s to me the wi ldes t conclus ion of all, 

e xcep t p e r h a p s the theo ry that this one p y r a m i d po in ts 

to the future of the Br i t i sh race. Y e t in one w a y 

do I admi t that the p y r a m i d s poin t to our future. 
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T h i r t y - s i x centur ies a g o , they, a l r e a d y vene rab l e 

with antiquity, looked p roud ly down on l i v ing l abour ing 

Is rae l , in helpless s lavery , in the midst of an a d v a n c e d 

civi l izat ion, of which the his tory , l a n g u a g e , and re l ig ion 

a re now forgotten, or on ly at best, s l igh t ly unders tood . 

Th i r t y - s ix centur ies hence, they m a y look down on a 

civi l izat ion equa l ly s t range , in which our his tory, lan

g u a g e , and rel igion, H e b r e w race, and Br i t i sh race, m a y 

h a v e no place, no part . 

If the thoughts of noble poe t s l ive , a s they s eem to 

do, old C h e o p s , that mountain of m a s s i v e masonry , 

m a y (like the brook of our L a u r e a t e ) , in that d im 

future, still be s inging, as he s e e m s to s ing now, this 

idea, though not pe rhaps these w o r d s : 

" For men may come, and men may go, 
But I go on for ever." 

" A r s longa, vi ta b rev i s . " M a n ' s w o r k remains , w h e n 

the workman is forgot ten ; fair w o r k and square , can 

n e v e r per ish ent i re ly from men 's minds , so l ong as the 

wor ld stands. T h e s e p y r a m i d s w e r e g r and and noble 

works , and the}- will not perish till their reputa t ion has 

been re-established in the wor ld , w h e n they will l i ve 

in men's memor ies to all gene ra t i ons as s y m b o l s of the 

migh ty past. T o the minds of m a n y now, as to J o s e -

phus in his day, they a re "vast and vain Monuments,'' 

records of folly. T o me they are as m o n u m e n t s of 

peace , civil ization and order—re l ics of a peop le l i v ing 

under wise and beneficent r u l e r s — e v i d e n c e s of cul

t ivat ion, science, and art. 
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§ 16. T H E P E N T A N G L E OR FIVE P O I N T E D STAR T H E 
G E O M E T R I C SYMBOL OF T H E G R E A T PYRAMID. 

F r o m t ime i m m e m o r i a l this s y m b o l has been a 

b laz ing po in te r to g r a n d and noble truths, and a so lemn 

e m b l e m of impor tan t dut ies . 

I t s g e o m e t r i c s ignif icance, howeve r , has l ong been 

lost s ight of. 

I t is sa id to h a v e const i tuted the seal or s igne t 

of K i n g S o l o m o n ( 1 0 0 0 B . C . ) , and in ea r ly t imes it w a s 

in use a m o n g the J e w s , as a symbo l of safety. 

I t w a s the P e n t a l p h a of P y t h a g o r a s , and the Py tha 

g o r e a n e m b l e m of heal th ( 5 3 0 B . C . ) . 

It w a s ca r r ied as the banner of A n t i o c h u s , K i n g of 

S y r i a ( s u r n a m e d S o t e r , or the P r e s e r v e r ) , in his war s 

aga ins t the G a u l s ( 2 6 0 B . C . ) . A m o n g the Caba l i s t s , the 

s tar wi th the sac red name wri t ten on each of its points , 

and in the cent re , w a s cons idered ta l ismanic ; and 

in anc ient t imes it w a s e m p l o y e d all o v e r A s i a as a 

cha rm a g a i n s t witchcraf t . E v e n now, E u r o p e a n t roops 

at w a r wi th A r a b tr ibes, somet imes find, under the 

c lothing, on the b reas t s of their slain enemies , this 

anc ien t emb lem, in the form of a metal ta l isman, o r 

cha rm. 

T h e E u r o p e a n G o e t h e pu t s these w o r d s into the 

mou th of M e p h i s t o p h e l e s : 

" I am hindered egress by a quaint device upon the threshold, 
—that five-toed damned spell." 
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I shal l se t forth the geome t r i c s ignif icance of this star , 

a s far as m y genera l subject war ran t s me, and show that 

it is the geometric emblem of extreme and mean ratio, and 

the symbol of the Egyptian Pyramid Cheops. 

A p lane g e o m e t r i c star, o r a sol id g e o m e t r i c p y r a 

mid, m a y be l ikened to the coro l la of a flower, each 

s e p a r a t e s ide represen t ing a petal . W i t h its pe ta l s 

o p e n e d and e x p o s e d to v iew, the flower appea r s in al l 

its g l o r i o u s b e a u t y ; but w h e n closed, m a n y of its 

beau t i e s a r e hidden. T h e botanis t s e e k s to v i e w it flat 

o r open in its geome t r i c s y m m e t r y , and a lso closed, as a 

bud, or in repose :—yet j u d g e s and apprec ia tes the one 

s t a t e f rom the other. In the s a m e m a n n e r mus t w e dea l 

wi th the f ive po in ted star, and a lso wi th the P y r a m i d 

C h e o p s . 

In dea l ing with so quaint a subject , I m a y b e 

e x c u s e d , in pass ing , for the quaint concei t of l i ken ing 

the in te r ior ga l l e r i es and chamber s of this p y r a m i d 

to the in ter ior whor l of a flower, s t amens and pisti l , 

m y s t e r i o u s and incomprehens ib le . 

F i g u r e 67 ( p a g e 1 0 1 ) , is the five po in ted s tar , 

fo rmed b y the un lapping of the five s lant s ides of a 

p y r a m i d with a pen tagona l base . 

F i g u r e 70 ( p a g e 1 0 6 ) , is a s tar fo rmed b y the unlap

p i n g of the four s lant s ides of the p y r a m i d C h e o p s . 

T h e pen t agon G F R H O , {Fig. 6 7 ) is the ba se of the 

p y r a m i d " Pcntalpha," and the t r i ang les E G F , B F R , 

R O H , H N Q and Q A G , represen t the five s ides, so that 

s u p p o s i n g the l ines G F , F R , R H , H Q a n d Q G , to b e 
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h i n g e s connec t i ng these s ides wi th the base , then b y 

l i f t ing the sides, and c los ing them in, the points A , E , 

B , O, and N , would meet o v e r the cent re C . 

T h u s do w e c lose the g e o m e t r i c f lower Penta lpha . 

and c o n v e r t it into a py ramid . 

In the s a m e manner must w e lift the four s lant s ides 

of the p y r a m i d C h e o p s from its s ta r deve lopmen t , 

(•Fig. 70 ) and close them in, the four points mee t ing 

o v e r the cent re of the base , fo rming the sol id py ramid . 

S u c h t rans i t ions point to the indisso luble connect ion 

b e t w e e n p l a n e a n d sol id g e o m e t r y . 

A s the geometric emblem of extreme and mean ratio, 

the p e n t a n g l e a p p e a r s as an a s s e m b l a g e of l ines d i v i d e d 

the one b y the o thers in extreme and mean ratio. 

T o e x p l a i n to r eade r s not v e r s e d in g e o m e t r y , w h a t 

e x t r e m e and mean rat io s ignif ies , I re fer to F i g u r e 65 :— 

Fit. 65. 

L e t A B be the g i v e n l ine to be d iv ided in e x t r e m e 

and mean rat io, i.e., so that the who le line m a y 

be to the g r e a t e r part , as the g r ea t e r is to the 

less part . 

D r a w B C perpend icu la r to A B , and equa l to half A B . 

J o i n A C ; a n d wi th B C as a rad ius f rom C as a centre , 

descr ibe the arc D B ; then with cen t re A , and rad ius 
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A D , descr ibe the arc D E ; so shall A B be d iv ided in E , 

in e x t r e m e and mean ratio, or so that A B . : A E : : A E : 

E B . ( N o t e that A E is equal to the s ide of a deca

g o n inscr ibed in a circle wi th radius A B . ) 

L e t it be noted that s ince the d iv is ion of a l ine in 

mean and e x t r e m e rat io is effected by means of the 2, 1 

t r iangle , A B C , therefore, as the e x p o n e n t ofs this ratio, 

ano the r reason presents itself w h y it should be so im

por tan t a feature in the Gi'zeh p y r a m i d s in addi t ion to 

its connec t ion with the p r imary t r i ang le 3, 4, 5. 

Fig. 66. 

T o comple t e the exp lana t ion offered wi th figure 65, 

I must refer to F i g . 66, whe re in cons t ruc t ing a pen tagon , 

the 2, 1 t r i ang le A B C , is aga in made use of. 

T h e l ine A B is a side of the pen t agon . T h e line 

B C is a perpendicular to it, and half its length . 

T h e l ine A C is p roduced to F , C F b e i n g m a d e 

equal to C B ; then with B as a centre, and rad ius 

B F , the arc at E is descr ibed ; and wi th A as a 

centre, and the same radius, the a rc at E is inter

sected, thei r intersect ion be ing the cent re of the 
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circle c i rcumscr ib ing the pen tagon , and upon 

which the r ema in ing s ides a re laid off. 

W e will now refer to figure 67, in which the pent-

a n g l e appea r s as the symbo l i c e x p o n e n t of the d iv i s ion 

of l ines in e x t r e m e and mean ratio. 

T h u s : M C 

A F 

A B 

M H 

A G 

A F 

M H : H C 

A G : G F 

A F : F B 

2 : I — b e i n g the g e o -whi le M X , M H or X C : C D : 

met r ic t empla te of the work . 

T h u s e v e r y line in this beautiful s y m b o l b y its inter

sec t ions with the o ther l ines, manifes ts the p rob lem. 

N o t e a l so that 

G H = G A 

A E = A F 

D H = D E 

I append a table s h o w i n g the c o m p a r a t i v e m e a s u r e s 

of the l ines in F i g . 67, t ak ing radius of the circle as a 

mil l ion units. 

Tit 67. 



T h e t r i ang le D X H represents a ver t ica l sect ion of 

the p e n t a g o n a l p y r a m i d ; the e d g e H X is equal to H N , 

and the a p o t h e m D X is equa l to D E . L e t D H b e a 
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Table Showing the Comparative Measures of Lines. 

(Fig. 67.) 

ME — 2000000 = diameter. 
AB = 1 9 0 2 1 1 3 = AD ~ DB 

MB = 1 6 1 8 0 3 4 = MC + MH = MP + PB 

AS = 1 5 3 8 8 4 1 - 5 

E P = 1 4 5 3 0 S 6 = AG + FB 

AF = 1 1 7 5 5 7 0 = AE = GB 

MC = 1000000 = radius = CD + DX = CH + CX 
AD = 9 5 1 0 5 6 - 5 = DB = DS 

PB = 8 5 4 1 0 2 

QS = 8 1 2 2 9 8 - 5 

MP = 7 6 3 9 3 2 = CH x 2 = base of Cheops. 
AG = 7 2 6 5 4 3 = GH = X H = HN = PF = FB = Slant 

edge of Cheops. = slant edge of Pent. Pyr. 
D E = 6 9 0 9 8 3 = DH = XD = apothem of Pentagonal Pyramid. 

f apothem of Cheops. 
MH = 6 1 8 0 3 4 •— MN = XC = -s altitude of Pentagonal Pyramid. 

[_ side of decagon inscr'd in circle. 
MS = 500000 . 

( mean proportional between MH and HC 
4 8 5 8 6 8 = < 

( altitude of Cheops. 
OP = 4 4 9 0 2 7 = G F = GD + DF 

HC = 3 8 1 9 6 6 = half base of Cheops. 

s o = 3 6 3 2 7 1 - 5 = HS 

CD = 3 0 9 0 1 7 = half M H 
PR = 2 7 7 5 1 6 

GD = 2 2 4 5 1 3 - 5 

SP = 2 6 3 9 3 2 
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h inge a t t ach ing the p lane D X H to the base , now lift 

the p lane D X H until the point X is ver t ica l a b o v e the 

centre C . T h e n the points A , E , B , O, N of the five 

s lant sl ides, when c losed up, will all mee t at the poin t X 

o v e r the cent re C . 

W e h a v e now built a p y r a m i d out of the pen tang le , 

whose s lope is 2 to 1, a l t i tude C X b e i n g to C D as 2 

to 1. 

A p o t h e m D X = D E 

A l t i t u d e C X = HIM or M N 

Al t i t ude C X + C H = C M radius. 

A p o t h e m D X + C D = C M radius. 

E d g e H X = H N or P F 

X o t e also that 

M i ' = C H 

O P - H R 

L e t us now cons ide r the Pentangle as the symbol of 

the Great Pyramid Cheops. 

T h e line M P = the base of C h e o p s . 

T h e line C H = half base of C h e o p s . 

T h e line H M = apo them of C h e o p s . 

T h e line H N = slant e d g e of C h e o p s . 

T h u s : A p o t h e m of C h e o p s = s ide of decagon . 

A p o t h e m of C h e o p s = al t i tude of p e n t a g o n a l 

py ramid . 
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S l a n t e d g e of C h e o p s = s lant e d g e of pen t ago 

nal p y r a m i d . 

N o w s ince a p o t h e m of C h e o p s = M H 

and half ba se of C h e o p s = H C 

then do a p o t h e m and half base represent , w h e n taken 

toge ther , e x t r e m e and mean rat io, and al t i tude is a 

mean p ropor t i ona l be tween them : it h a v i n g a l r eady 

been s ta ted, wh ich a lso is p r o v e d by the f igures in the 

table , that M C : M H : : M H : H C and apoth : al t : : 

alt : half base . 

T h u s is the four poin ted s ta r Cheops e v o l v e d from 

the five po in ted s ta r Pentalpha. T h i s is shown c lear ly 

b y F i g . 68, thus : — 

W i t h i n a circle descr ibe a pen tang le , a round the 

in ter ior p e n t a g o n of the s tar descr ibe a circle, a round 

the circle desc r ibe a s q u a r e ; then will the s q u a r e repre

sent the ba se of C h e o p s . 

D r a w two d i a m e t e r s of the ou te r c i rc le pa s s ing 

th rough the cen t re s q u a r e at r ight ang l e s to each other , 

and each d i a m e t e r para l le l to s ides of the s q u a r e ; then 

Tig. 68. 
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will the pa r t s of these d iameters be tween the s q u a r e 

a n d the ou te r circle represent the four a p o t h e m s of the 

four s lant s ides of the pyramid . Connec t the a n g l e s of 

the squa re wi th the c i rcumference of the ou te r circle b y 

l ines at the four points indicated by the d iamete rs , and 

the s ta r of the p y r a m i d is formed, which, w h e n c lo sed 

a s a sol id , wi l l b e a correct model of C h e o p s . 

C a l l i n g apo them of C h e o p s , M H = 3 4 

and half base, H C = 2 1 

as pe r F i g u r e 6. T h e n — M H + M C = 55 

and 55 : 34 : : 34 : 2 1 * 0 1 8 , be ing on ly in e r ro r a few 

inches in the p y r a m i d itself, if carr ied into ac tua l meas

ures . 

T h e ratio, therefore , of apo them to half-base, 3 4 to 

2 1 , which I ascr ibe to Cheops , is as near as s tone and 

mor t a r can be go t to i l lustrate the a b o v e p ropor t ions . 

C o r r e c t l y s ta ted ar i thmet ica l ly let M H = 2. 

T h e n H C = A75 — 1 

M C = V 5 + 1 

a n d a l t i tude of C h e o p s = V M H X M C 



TO CONSTRUCT T H E STAR TENTAI. PHA 

FIG. 6g. 

Describe a circle. 
Draw diameter MCE. 
Divide MC in mean and extreme 

ratio at H. 
Lay off half MH from C, to D. 
Draw chord ADB, at right angles 

to diameter ECM. 
Draw chord BHN, through H. 
Draw chord AHO, through H. 
Connect NE. 
Connect EO. 

TO CONSTRUCT T H E STAR CHEOPS, 

FIG. 70. 

Describe a circle. 
Draw diameter MCE. 
Divide MC in mean and extreme 

ratio, at H. 
Describe an inner circle with ra

dius CH, and around it describe 
the square a, b, c, d. 

Draw diameter ACB, at right an
gles to diameter ECM. 

Draw Aa, aE, Eb, bB, Bd, dM, 
Mc, and cA. 

T h e question now arises, does this pyramid Cheops 

set forth by the relations of its altitude to perimeter of 

ICO SOLUTION OF THE PYRAMID PROBLEM. 

L e t us now compare the const ruct ion of the t w o 

s ta rs : — 

Fig. 69 Fig: 70. 
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base the ra t io of d i a m e t e r to c i rcumference ; or, does it 

set forth mean propor t iona l , and e x t r e m e and mean 

rat io, b y the p ropor t ions of its apothem, al t i tude, and 

half-base ? T h e a n s w e r i s—from the pract ical imposs i 

bi l i ty of such e x t r e m e accu racy in such a mass of 

masonry , that it poin ts a l ike to all, and m a y as fa i r ly be 

cons ide r ed the e x p o n e n t of the one as of the o the r s . 

P iazz i S m y t h m a k e s C h e o p s 761 "65 feet base , and 

484*91 feet a l t i tude, which is v e r y near ly wha t he cal ls 

a 7T p y r a m i d , for which I reckon the al t i tude w o u l d be 

abou t 484*87 feet wi th the same base : and for a pyr 

a m i d of e x t r e m e and mean rat io the al t i tude w o u l d be 

484*34 feet. 

T h e w h o l e difference, therefore , is on ly about s ix 

inches in a he igh t of near ly five hundred feet. T h i s 

difference, e v i d e n t l y b e y o n d the p o w e r of man to dis

cove r , now that the p y r a m i d is a ruin, would even in its 

per fec t s ta te h a v e been inapprec iable . 

I t a p p e a r s mos t p r o b a b l e that the s tar Pen t a lpha 

led to the s tar C h e o p s , and that the s tar C h e o p s 

(Fig. . 7 0 ) w a s the plan used by the ancient architect , 

and the rat io of 3 4 to 2 1 , h y p o t e n u s e to base, the tem

pla te used by the ancient bui lders . 

S u p p o s e s o m e k i n g said to his architect , " M a k e me 

a plan of a p y r a m i d , of which the base shall be 4 2 0 

cubi ts square , and a l t i tude shall be to the pe r ime te r of 

the base as the rad ius of a circle to the c i rcumference ." 

— T h e n m i g h t the archi tec t p r e p a r e an e labora te p lan 

in which the r e l a t ive d imens ions would be a b o u t — 
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R. *B. CUBITS. 

B a s e 4 2 0 

B a s e a n g l e 5 1 0 5 1 ' 1 4 * 3 ' ' ^ A l t i t u d e . . . . 267*380304 & c . 

A p o t h e m 3 3 9 ' 9 8 8 5 7 3 & c -

T h e k i n g then orders another p y r a m i d , of the s a m e 

base , of which al t i tude is to be a mean p ropor t iona l be

tween apo them and ha l f -base—and a p o t h e m and half-

ba se t aken as one l ine a re to be in mean and e x t r e m e 

rat io. 

T h e archi tect ' s plan of this p y r a m i d wil l b e the 

s imple figure i l lus t ra ted b y m e (Fig. 7 0 ) , and the 

d imens ions about—• 
R. B. CUBITS. 

B a s e 4 2 0 

B a s e a n g l e 5 1 ° 49 ' 2,7 ~~ \ A l t i t u d e . . . 2 6 7 - 1 2 3 9 8 4 9 & c . 
4 / 1 ' A p o t h e m . . 3 J 9 7 8 7 5 1 5 3 & c -

B u t the bui lder prac t ica l ly car r ies out both p lans w h e n 

he bui lds to m y templa tes of 34 to 2 1 w i t h — 

R. B. CUBITS. 

B a s e a n g l e 5 1 ° 5 1 ' 20" 

B a s e 4 2 0 

A l t i t u d e . . . 2 6 7 - 3 9 4 8 3 9 & c . 

A p o t h e m . . 3 4 0 

and ne i ther k i n g nor archi tect could detect e r r o r in the 

work . 

T h e r eade r wi l l r e m e m b e r tha t I h a v e p r e v i o u s l y 

a d v a n c e d that the leve l of C e p h r e n ' s base w a s the p lan 

l eve l of the Gi'zeh py ramids , and that at this l eve l the 
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b a s e of C h e o p s measu re s 4 2 0 R . B . cub i t s—same as the 

base of C e p h r e n . 

T h i s h y p o t h e s i s is suppor ted b y the reve la t ions of 

the pen tang le , in which the rat io of 34 to 21 = a p o t h e m 

3 4 0 to half-base 2 1 0 R . B . cubits, is so near ly ap

p roached . 

S h o w i n g h o w propor t iona l l ines w e r e the o rde r of 

the p y r a m i d s of Gi'zeh, w e will summar i s e the propor

t ions of the th ree main p y r a m i d s as s h e w n by m y di

mens ions and rat ios, v e r y near ly , viz. :— 

Mycerinus. Base : Apothem : : Attitude : Half-Base. 
as shown by the ratios, {Fig. 1 3 ) , 40 : 32 : : 25 : 20. 

Cephren. Diagonal of Base : Edge : : Edge : Altitude. 
as shown by ratios, (Fig. 1 2 ) , S62 : 5SS : : 5SS : 400. 

Cheops. {Apothem + Half Base) : Apoth. : : Apoth. : 

Half Base.-

as shown by the ratios, {Fig. 9), 55 : 34 : : 34 : 2 1 . 

a n d — A p o t h e m : Altitude : : Altitude : Half-B. 
S i m i l a r c lose re la t ions to o ther s tars m a y be found in 

1 

o t h e r py ramids . T h u s :—Suppose NHO of figure 69 to 

be the NHO of a hcptanglc instead of a pentangle, then 

d o e s N H rep resen t apo them, and N O represent base of 

the p y r a m i d M y c e r i n u s , whi le the co-sine of the a n g l e 

N H M ( b e i n g M H minus v e r s e d s ine ) will be equal to 

the a l t i tude of the py ramid . T h e ang le N H M in the 

h e p t a n g l e is, 38° 3 4 ' 1 1 4 2 " , and acco rd ing to m y plan 

of the p y r a m i d M y c e r i n u s , the co r r e spond ing ang le is 

38"" 4 0 ' 56" . (See Eig. 1 9 . ) T h i s a n g u l a r difference of 

0° 6' 3 9 " w o u l d on ly m a k e a difference in the apo them 

103 
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of the p y r a m i d of eight inches, and of ten inches in its 

a l t i tude (apothem be ing 283 ft. 1 inch, a n d a l t i tude 

2 2 1 / / . ) . 

§ 1 7 . T H E MANNER IN W H I C H T H E SLOPE RATIOS 
OF T H E PYRAMIDS WERE A R R I V E D AT. 

T h e manner in which I a r r ived a t the S l o p e R a t i o s 

of the P y r a m i d s , viz . , 32 to 20, 3 3 to 20, and 3 4 to 2 1 , 

for Mycerinus, Cephren, and Cheops, r e spec t i ve ly (see 

Figztrcs 8, 7 and 6), w a s as f o l l o w s : — 

F i r s t , be l i ev ing in the connect ion b e t w e e n the rela

t ive pos i t ions of the P y r a m i d s on plan (see Fig. 3, 4 or 

5 ) , and their s lopes , I v i ewed their pos i t ions thus : — 

M y c e r i n u s , s i tuate at the ang le of the 3, 4, 5 tri

ang l e A D C , is l ike ly to be connec ted wi th that " p r i 

m a r y " in his s lopes. 

C e p h r e n , s i tuate at the ang le of the 20, 2 1 , 29 tri

ang l e F A B , and strung, as it were , on the h y p o t e n u s e 

of the 3, 4, 5 t r iangle D A C , is l ike ly to be connec ted 

with both p r imar ies in his s lopes. 

C h e o p s , si tuate at the point A , c o m m o n to both 

main t r iangles , g o v e r n i n g the pos i t ion of the o the r 

py ramids , is l ikely to be a sort of mean b e t w e e n these 

t w o p y r a m i d s in his s lope rat ios. 

R e a s o n i n g thus, wi th the addit ion of the k n o w l e d g e 

I pos ses sed of the angu la r es t imates of these s lopes 

m a d e by those w h o had vis i ted the g round , and a use

ful s tar t for m y ra t ios ga ined by the reduct ion of b a s e 

measu re s a l r eady known into R . B . cubi ts , g i v i n g 4 2 0 as 
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a g e n e r a l base for C h e o p s and C e p h r e n at one level, 

and t a k i n g 2 1 0 cubi ts as the base of M y c e r i n u s (half 

the base of C e p h r e n , as g e n e r a l l y admit ted) , I had 

s o m e t h i n g so l id a n d substant ia l to g o upon. I com

menced wi th M y c e r i n u s . (Sec Fig. 7 1 . ) 

(J\Tyce7ïnus ) FI?. 71. 

L H N M rep resen t s the ba se of the py ramid . On 

the half-base A C I desc r ibed a 3, 4. 5 t r i angle A B C . I 

then p ro jec ted the l ine C F = B C to be the al t i tude of 

the p y r a m i d . T h u s I e rec ted the t r iangle B F C , ra t io of 

B C to C F b e i n g 1 to 1. F r o m this da tum I a r r ived at 

the t r i ang les B E A , A D C , and G K H . G K , E A . and 

A D , each r ep re sen t a p o t h e m of p y r a m i d ; C F , and C D , 

a l t i t u d e ; and H K , edge . 

T h e l eng th of the l ine A D b e i n g * / A C a + C D 1 , the 

l eng th of the l ine H K b e i n g V H G - j - G K ' , and line C H 

(half d i a g o n a l of b a s e ) b e i n g v 7 C G 2 + G H 3 . T h e s e 

m e a s u r e s r e d u c e d to R . B . cubi ts , ca l l ing the l ine A C = 

ratio 4 = 1 0 5 cubi ts , half-base of py ramid , g i v e the fol

l o w i n g resu l t s : — 
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R . B . C U B I T S . B R I T I S H F E E T . 

a n d thus I acqu i red the rat ios : — 

Hal f -base : A l t i t u d e : : A p o t h e m : B a s e . 

= 20 : 25 : : 32 : 40 near ly . 

T o p lace the l ines of the d i ag ram in their ac tual 

so l id p o s i t i o n — L e t A B , B C , C A and H G be h inges 

a t t ach ing the p lanes A E B , B F C , C D A and H K G to 

the base L H N M . Li f t the plane B C F on its h inge till 

the poin t F is ver t ica l o v e r the cent re C. L i f t p lane 

C D A on its h inge , till point D is ver t ical o v e r the 

cen t re C ; then will l ine C D touch C F , and b e c o m e 

one line. N o w lift the plane A E B on its h inge , unti l 

poin t E is ver t ical o v e r the centre C , and plane H K G 

on its h i n g e till point K is ver t ical o v e r the centre C ; 

then wil l points E , F , D and K , all meet at one poin t 

a b o v e the centre C, and all the lines will be in thei r 

p r o p e r p laces . 

T h e ang le at the base of Myce r inus , if built to a 

ra t io of 4 to 5 (half-base to a l t i tude) , a n d not to the 

m o r e prac t ica l but near ly perfect ratio of 3 2 to 20 ( apo 

t hem to ha l f -base) w o u l d be the complement of a n g l e 

A D C , t h u s — 

1 . = -8 = T a n . < A D C = 3 8 0 3 9 ' 3 5 ^ ' 
5 

.*. < D A C = 5 1 ° 20 ' 2 4 ^ -

106 

Ha l f -base L A = 105*000 = 176*925 

A p o t h e m . . . . E A = 168*082. = 283*218 

E d g e . . . . H K = 1 9 8 * 1 8 3 = 333V37 

A l t i t u d e C D = 1 3 1 * 2 5 0 = 2 2 1 * 1 5 6 

Ha l f d iag . of b a s c . C H = 148*4924 = 250*209 
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but as it is p robab le that the p y r a m i d w a s builr. to the 

ra t io of 32 to 20, I h a v e shown its b a s e a n g l e in F i g u r e 

1 9 , a s 5 1 0 1 9 ' 4 " . 

F i g u r e 72 s h o w s how the s l opes of Cephren w e r e 

a r r i ved at. 

( Cephren ) Fiir. 72. 
F K 

L H N M represen t s the base of the p y r a m i d . O n 

the half-base A C , I descr ibed a 3, 4, 5 t r i ang le A B C . 

I then pro jec ted the line C F (rat io 2 1 to B C 2 0 ) , thus 

e rec t ing the 20, 2 1 , 29 t r iangle B C F . F r o m this da tum, 

I a r r ived at the t r iangles B E A , A D C , and G K H ; 

G K , E A and A D each represen t ing a p o t h e m ; C F and 

C D , a l t i tude ; and H K , edge . T h e l eng ths of the l ines 

A D , H K and C H b e i n g go t at as in the p y r a m i d M y 

cer inus . T h e s e measu re s reduced to cubits , ca l l ing 

A C = ratio 1 6 = 2 1 0 cubi ts (half-base of p y r a m i d ) g i v e 

the fo l lowing result . 
R. n . c r n i T S . BRITISH F F F T . 

Half -base , 2 1 0 - 0 0 3 5 3 - 8 5 = L A 

A p o t h e m 346-50 5 8 3 ' 8 5 = E A 

E d g e 4 0 5 - 1 6 682-69 = H K 

A l t i t u d e . . . 275-625 464-43 = C D 

Hal f -d iag .o f base 296-985 5 o o - 4 2 = C H 



io8 SOLUTION OF THE PYRAMID PROBLEM. 

thus I g e t the ra t ios o f — A p o t h e m : H a l f - B a s e : : 3 3 : 

20 , & c . T h e p lanes in the d i a g r a m are p laced in thei r 

cor rec t pos i t ions , as d i rected for F i g u r e 7 1 . 

T h e a n g l e at the base of Cephren , if buil t to the 

ra t io of 1 6 to 2 1 (half -base to al t i tude) , and not to the 

p rac t ica l ra t io of 3 3 to 20 ( a p o t h e m to ha l f -base) , w o u l d 

b e the c o m p l e m e n t of < A D C , thus— 

ll = 7 6 1 9 0 4 = T a n . < A D C = 3 7 ° 1 8 ' 1 4 H " 
2 1 

< D A C = 52° 4 i ' 45*"H 

but as it is p robab le that the p y r a m i d w a s buil t to the 

rat io of 3 3 to 20, I h a v e m a r k e d the base ang l e in F i g . 

1 7 , a s 5 2 ° 4 1 ' 4 1 " . 

I t o o k Cheops out, first as a n pyramid , and m a d e 

his l ines to a base of 4 2 0 cubits, as f o l l ows— 

Hal f -base 2 1 0 

A l t i t u d e 2 6 7 . 3 8 0 3 0 4 

A p o t h e m 3 3 9 . 9 8 8 5 7 3 {See Fig. 7 3 . ) 

D 

B u t to p r o d u c e the bu i ld ing rat io of 3 4 to 2 1 , as p e r 

d i a g r a m F i g u r e 6 or 9, I had to a l te r it t o — 

( Cheops) Fig/ 73. 
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Half -base 

A l t i t u d e . 

A p o t h e m 
2 6 7 - 3 9 4 8 3 9 

340 

2 1 0 

T h u s the theoret ica l ang l e of C h e o p s is 5 1 0 5 1 ' 1 4 * 3 " , 

and the p robab le ang l e at which it w a s buil t is 5 1 ° 5 1 ' 

20" , a s pe r f igure 1 5 . 

C h e o p s is therefore the mean or cent re of a s y s t e m — 

the s lopes of M y c e r i n u s b e i n g a little flatter, and those 

of C e p h r e n a lit t le s teeper , C h e o p s c o m i n g fair ly be

tween the two, within abou t 1 0 minutes ; and thus the 

connect ion be tween the g r o u n d plan of the g r o u p and 

the s lopes of the three p y r a m i d s is e x a c t l y as one migh t 

e x p e c t af ter examina t i on of F i g u r e 3, 4 or 5. 
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