
(the MIRACLE is … that the EQUATION exists) 

Albert Einstein’s Theory of General Relativity: 
 
Suppose I were to ask you what this equation means:  2 + 3 = 5 
 
You reply “it says that two plus three equals five,” and if I ask what that means, you might stick out your 
hands, one with two fingers extended and one with three, and bring them together, and look at me quizzically.   
 
Then, suppose I ask you what this means:  𝑥! + 𝑦! = ℎ! ?  You likely reply “that is the Pythagorean theorem;” 
and when I ask “what does IT mean?,” you’ll likely say “it says that the square on the hypotenuse of any right-
angled triangle is equal to the sum of the squares on the other two sides:  even the Straw Man got that, sorta!” 
 
I then point out that a mathematical equation seems to be a concise and completely accurate way of stating 
something that you can with no difficulty also express in English words, and that is (or might be) true. 
 
My first equation was both abstract AND concrete:  true in general, true in particular for your extended fingers. 
 
The Pythagorean equation is similar:  in general, for any pair of x and y, you can find a number h for which the 
statement is true.  And also, if the tiles on your parquet floor are rectangular with sides x and y, and you 
measure their diagonal size, you will, in fact, find it to be h, as computed from that Pythagorean equation. 
 
Now suppose I ask you what this means:  + 𝑑𝑥! + 𝑑𝑦! + 𝑑𝑧! = 𝑑𝑟! 
 
You will now say “Pythagoras:  but in three dimensions," and you will be right!  Notice the unconventional  
plus sign; notice the small change in terminology:  to  𝑑𝑥 = 𝑥! − 𝑥!  ,  specifying an interval in the x direction. 
 
Finally:  if I suggest to you that for two finger-snaps, made at different locations (and at different times) 
 

+ 𝑑𝑥! + 𝑑𝑦! + 𝑑𝑧! −  𝑑𝑡! = 𝑑𝑠! 
 

perhaps you will say “that tells us that the spacetime separation of the two finger-snaps is ds,” and also say 
“Hey, you didn’t think I knew Einstein’s theory of Special Relativity, did you?” and make my day! 
 

Einstein’s theory of General Relativity postulates that: 
 

𝑅  !
! − !

!
𝑅 = 𝑇  !

! + Λ      or:   Spacetime-curvature-contracted, then adjusted  =  Mass-Energy + Lambda 
 
The adjusting, was Einstein finding a tweak to the Ricci tensor to make it be CONSERVED, so it can be set 
equal to the mathematical expression for Mass-Energy (which of course is conserved, i.e. is constant).  [ I've 
also included a universal constant, Lambda, the "cosmological constant," recently discovered to be non-zero. ]  
Einstein’s famous Field equations, Einstein, himself, never solved—other than numerically.  They were first 
solved by Karl Schwarzschild — in 1917, while Karl was fighting on the eastern front, for Germany. This is it: 

 
define 𝑟 ≡ 𝑥! − 𝑥!    Then,   The Schwarzschild solution  is (for two finger-snaps on the x-axis) 
 

+
𝑑𝑥!

1 − 2𝒎𝑟

+  0! + 0! − 1 −
2𝒎
𝑟

 𝑑𝑡! = 𝑑𝑠! Units:  𝒎 = M ×
𝐺
𝑐! ≈ 1.6 km, for our Sun 

 
which gives the spacetime-separation of two finger-snaps ("events"), BUT WITH, at location 𝑥!, humungous 
POINT-MASS  m, present — say, a star at 𝑥! that has gravitationally collapsed, to a point!  (It does happen!) 
 
You are at 𝑥! , at distance r from that mass m:  you will begin falling toward that mass m, so r decreases … 
and decreases!  When 𝑟 < 2𝒎 the last term in the Schwarzschild solution becomes positive (it was time:  but 
now it is space) while the first term becomes negative:  that is, it becomes time.  From previous, and extensive, 
personal experience:  you cannot go backward in time!  You have fallen into 
 

a Black Hole! 


