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BB ..   TT hh ee   AA rr ee cc ii bb oo   MM ee ss ss aa gg ee   

 

In November 1974, a team of radio astronomers at the National Astronomy and 
Ionosphere Center at Arecibo, Puerto Rico broadcast the first ever interstellar 
message directed to alien intelligence.  The Arecibo message is on the right. 

The three-minute message was thoughtfully and carefully crafted by scientists and 
intellectuals.  It contained, in a very few characters, a large amount of data and 
information about Earth and the humans who occupy this planet.  But there were no 
opportunities for the rest of us to join in this historic attempt.  In contrast, Encounter’s 
"Cosmic Call" will allow anyone who wishes to participate to send a message to 
another star!  Furthermore, the Encounter transmission, utilizing a sophisticated 
mathematical alphabet, will include a special preamble message that will contain 
much more information than the Arecibo message. 

The Arecibo message was transmitted to M13, a globular cluster of stars about 
25,000 light-years from Earth.  (The Encounter  message will be transmitted to a star 
only 50 to 70 light-years from Earth.)  The Arecibo message consisted of 1,679 bits 
of data in the form of on/off pulses.  1,679 is the product of two prime numbers, 73 
and 23.  The reasoning is that extraterrestrials receiving the message 25,000 years 
from now will take the clue and arrange the 1,679 bits in a table of 73 rows and 23 
columns.  If the on and off pulses in the message are represented by dark and blank 
squares in the table, respectively, then the table will illustrate information about 
Earth, ourselves, and our solar system. 

Using high school algebra, we have created a relatively simple puzzle that illustrates 
the basic concepts used in the Arecibo transmission.  The example uses the 
concepts of square root, prime numbers and the Cartesian coordinate system to 
produce a "smiley face" plotted on graph paper. 

 

 



 

Demonstration of Arecibo Message Concept 

 

Suppose you are an extraterrestrial radio astronomer and you detect a deep space 
radio transmission.  The transmission consists of a series of high and low frequency 
signals which you represent with "1"s and "0"s below.   Interpret this transmission. 

 

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 
0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0  

HINT:  Approach this puzzle in two phases.  In Phase I, utilize the concept of square 
root and, to a lesser extent, prime numbers.  In Phase II, utilize the insights gained 
from Phase I together with the Cartesian coordinate system to create a picture with 
graph paper. 

 

SOLUTION 

Phase I 

There are a total of 361 1's and 0's.  The square root of 361 is 19, a prime number.  
As an alien radio astronomer, you should find these facts to be more than just mere 
coincidence. 

Phase II 

Take the first 19 1's and 0's and write them down in a row.  Write down the second 
set of 1's and 0's below the first row.  Do the same for the third set of 19 1's and 0's, 
the fourth set of 19 1's and 0's, and so on. 

First Set      Second Set     Third Set 
 

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0  
 
3rd Set, ctd.   Fourth Set                                  Fifth Set 
 
00001000000000000000000000000010000000000000100 

. 

. 

. 
 
18th Set, ctd.     Nineteenth Set 
 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0  



The 19 sets of 1's and 0's: 

0000000001000000000 
0000001000001000000 
0000100000000010000 
0000000000000000000 
0010000000000000100 
0000000000000000000 
0100000100010000010 
0000000000000000000 
0000000000000000000 
1000000000000000001 
0000100000000010000 
0000000000000000000 
0100010000000100010 
0000000100010000000 
0010000001000000100 
0000000000000000000 
0000100000000010000 
0000001000001000000 
0000000001000000000 

 

Then, using graph paper, create a table of 19 rows and 19 columns.  For every row, 
represent each 0 with a blank square, and each 1 with a black square.  You should 
get a picture as below: 

 

 
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   
                   

 


