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• Piano episode, frequency hopping 
• Antheil suggested piano rolls 
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Lamarr Quotes 
 

“Any girl can be glamorous.  All you 
have to do is stand still and look stupid.” 
 
 
 
“It’s about time”,  
-- upon receiving the “Pioneer Award” 
from the Electronic Frontier Foundation 
in 1997, at the age of 86.   
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• Frequency hopping for anti-jam 
• Reproducible hopping pattern that 
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• Lamarr system was never built 

 
1950-60:  Many experimental systems 
(all classified) by Sperry, Sylvania, 
Bureau of Ships, MIT, NSA, etc: 
 
But some people knew … 
 
 
 
 
 
 





“What?” said the missile expert.  “I guess I was 
off base about the jamming.  Suddenly it seems to 
me that’s so obvious.  It must have been tried and it 
doesn’t work.” 
 “Right.  It doesn’t.  That’s because the frequency 
and amplitude of the control pulses make like pure 
noise—they’re genuinely random.  So trying to jam 
them is like trying to jam FM with an AM signal.  
You hit it so seldom, you might as well not try.” 
 “What do you mean, random?  You can’t control 
anything with random noise.” 
 The captain thumbed over his shoulder at the 
Luanae Galaxy.  “They can.  There’s a synchronous 
generator in the missiles that reproduces the same 
random noise, peak by pulse.  Once you do that, 
modulation’s no problem.  I don’t know how they do 
it.  They just do.  The Luanae can’t explain it:  the 
planetoid developed it. 
 England put his head down, almost to the table.  
“The same random,” he whispered from the very 
edge of sanity. 
 

 The Pod in the Barrier, by Theodore Sturgeon, 
Galaxy magazine, September 1957. 



 
1970’s:   

Code Division Multiple Access 
(CDMA) or 

Direct Sequence Spread Spectrum 



Spread spectrum communication

Signature sequence: 0010111

Send 1: 0010111 Send 0: 1101000

00101110010111110100000101111101000

0010111

The correlator counts

#(agreements) - #(disagreements)

in each window



Given periodic sequences of period T

a = (a0, a1, · · · ) and b = (b0, b1, · · · )
Their cross correlation is

Ca,b(τ) =
r−1∑

i=0

(−1)ai(−1)bi+τ

Autocorrelation Aa(τ) = Ca,a(τ)

Idea: Each user has a different signature sequence.

These sequences have low cross-correlations. The

receiver (correlator) knows your sequence. Re-

ceived signal will look like this:



Some common CDMA systems 
 
GPS: 24 satellites 
   Each has its own spreading code 

  1.57542 GHz common carrier  
   1.023 MHz chiprate (C/A code) 
   1023 bit spreading code 
   1000 bits/sec information 
   50 bits/sec after error correction 
   30 sec (1500 bits) for full frame  
   15 watt transmitter 
 
GPS   Pcode (military only) 

1.2276 GHz carrier  
    10.23 Mhz chiprate  
    



 
Wi FI: 2.4 GHz carrier 
   11 MHz chiprate 
   11 bit spreading code 
   1 Mb/sec information rate 
 
CDMA cell phones: 
   860 MHz, 1.8 Ghz, 1.9 Ghz 
   1.2288 MHz chiprate 
   128 bit spreading code 
   9600 bits/sec information rate 
    
3G CDMA cell phones: 
   8 and 16 MHz chiprate 
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This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the
FCC and NTIA. As such, it does not completely reflect all aspects, i.e., footnotes and recent changes
made to the Table of Frequency Allocations. Therefore, for complete information, users should consult the
Table to determine the current status of U.S. allocations.



 
 

Why do they call it spread spectrum? 
 

















 
 
 

Now what about all those errors? 
 











6-Channel, 10-Model Memory
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DX6 System 
 
• 2.4 Gz band 
• 80 channels, 1 Mhz spacing 
• 32 bit spreading code 
• Tx also receives (future telemetry) 
• Does not begin transmitting until it 

finds 2 free channels 
• Rx is bound to Tx at factory 
• Rx searches for the 2 signals (5 sec) 
• Cypress Wireless USB chips (off the 

shelf) www.cypress.com 
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• 1 Mhz chiprate 
• 32 bit spreading code x 2 
• 15,625 info. bits/sec 
• 6 servo channels 
• 2600 info bits per channel each sec 
• stick resolution = 4096 positions (12 

bits per channel) 
• mes/sec  so 2600/12 = 180 fra
• or 5.6 ms per frame 
• compare PPM: 18 ms per frame 
• faster response, higher resolution  
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• 2.4 Ghz is highly directional 
• 5 seconds to re-acquire signal 
 
 

Who else uses 2.4 GHz? 
 
• Wi-Fi (802.11a,b,g) 
• Bluetooth (frequency hopping) 
• Cordless Phones 
• Microwave Ovens 
• Trees  
(Higher frequencies do not penetrate 
wood very well.) 
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Yes, spread spectrum is great!  But 
there is one problem it can’t solve. 

 









 
 

Pilot Error 
 
 

The End 



 
 
 

The End 




