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ÅThe National Spectrum Management Association (NSMA) is a voluntary 
international association of microwave  radio/wireless and satellite 
frequency coordinators, licensees,  manufacturers and regulators. 
Established in 1984 at the request of the  FCC, the Association provides 
a forum to develop industry guidelines for  efficient use and management 
of the frequency spectrum by the wireless  telecommunications
community.

ÅNSMA provides a linkage between government regulations and industry  
practice by developing recommendations that streamline and standardize  
procedures used by the frequency coordination community. We strive to  
provide an open forum for stakeholders to mold responsible spectrum  
industry practice and resolve conflicts.
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History



× 1614: John Napier discovers logarithms

× 1620: Edmund Gunter uses logarithmic scale and calipers to 

multiply and divide

× 1622: William Oughtred combines two logarithmic scales for a 

primitive slide rule

× 1675: Isaac Newton adds a cursor

× 1722: John Warner adds squares, cubes, and their roots

× 1815: Peter Roget adds log -log scales

× 1859: Amedee Mannheim arranges into modern form é 

400 Years of Slide Rules



× Adopted by French military

ü standardized; mass produced

ü similar to entry -level slide rules 100 years later

Mannheim Slide Rule (1859)



Role of the Industrial Revolution
× Science -based analysis 

replaced trial and error

× Designs required extensive 

calculation

ü drove need for better slide 

rules

ü precise mass production 

gave better slide rules



Designed Using Slide Rules
Examples (~ 1800 -1975):

ü steam technology (railroads, ships, factories, mines)

ü electrical power (generation, distribution. motors, etc.)

ü radio & TV transmitters and receivers

ü Empire State Building, Golden Gate Bridge, Hoover Dam, more

ü telephone system

ü òLittle Boyó (Hiroshima) atomic bomb

ü early satellite / microwave equipment

ü Mercury / Gemini / Apollo rockets and spacecraft 

Å carried on lunar missions

ü early computers, calculators

Flew on Apollo 11



First short Q&A Break
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How slide 

rules work



Add with Two Rulers

2 + 3 = 5

(a) set index at 2 (c) read result 5

(b) set cursor at 3



Multiply with Two Rulers

(a) set index at log(2)

= 0.301

2 x 3 = 6

log(2) + log(3) = log(6)

(c) read result log(6)

= 0.778

(b) set cursor at log(3)

= 0.477



Relabel the Rulers
× Label with numbers at corresponding log values

ü now easy to set slide and read result

2 ï3 = 6

(a) set index at 2 (c) read result 6

(b) set cursor at 3



General -Purpose Slide Rules ð1
× Basic models (1 side, 6 -9 scales)

ü multiply & divide

ü square & square root

ü cube & cube root

ü radians / degrees

ü sin, cos, tan

ü log and exponent (base 10)

not on all models



General -Purpose Slide Rules ð2
× Advanced models (2 sides, ~35 scales)

ü all functions on previous slide plus é 

ü fast operations on Ù

ü log and exponent (base e)

ü polar -Cartesian conversion

ü any number to any power

ü any root of any number

ü log of any number to any base

ü hyperbolic trig functions

ü Pythagorean

ü é plus specialized scales

not on all 
models



× Less popular than linear slide rules 

ü pro: fits in smaller pocket

ü con: short inner scales give poor 

precision

Circular Slide Rules



Special -Purpose Slide Rules ð1
× Early:

ü 1677: measuring and calculating length, area, volume of timber

Å used by merchants and builders for 200 years

ü 1683: assessing barrel volume and alcohol content 

Å used for by tax collectors for 200 years

18th century 

rule for taxing 

alcohol



Special -Purpose Slide Rules ð2
× Modern

ü made for branches of engineering, skilled 

trades, general business

ü either general -purpose slide rule with added 

scales, or dedicated device.
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Radio propagation
Photo: George Kizer Aircraft operations

(still in daily use)



Second short Q&A Break

20



Comparison 

with 

Calculators



Slide Rule vs. Calculator

Slide Rule Calculator

Speed (comparable)

Signigicant

Figures
~3 * 8-12

Decimal 

Placement
manual automatic

Learning Curve long short

Error vs. Mistake 2 x 3 = 5.99 2 x 3 = 782

* adequate for most engineering purposes




