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Note: peak reading digital
voltmeter and ammeter (optional)
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Smith-Root, Inc.

Continuous voltage control? Frequency

Presenter
Presentation Notes

Output waveforms AC or pulsed DC.

Frequency control is stepped.

Peak reading voltage and amp meters can be added via the “Power Standardization System” or by retrofit LCD metering.

Voltage control is not direct and is confounded because one control knob controls both voltage and pulse width (SCR controlled).  See Miranda and Spencer (2005) for a description.  In addition, the following slides run through the waveforms resulting from changes in “Percent of Range”.  In actuality, “Percent of Range” refers to the % of possible pulse width, not range of voltage.  In theory and as you will observe in the slides, peak voltage increases when “Percent of Range” is increased from 10 to 50% or so.  After 50%, peak voltage does not increase, or increases very little.  Pulse width (and duty cycle) increases directly with increasing “Percent of Range”.  So, 50% of range is 50% of the maximum pulse width capacity of the control box.
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SCR

		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000

		10		0.174		0.174

		20		0.342		0.342

		30		0.500		0.500

		40		0.643		0.643		0.000

		50		0.766		0.766		0.766

		60		0.866		0.866		0.866

		70		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.000

		90		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.000

		130		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.000

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000

		370		0.174		0.174

		380		0.342		0.342

		390		0.500		0.500

		400		0.643		0.643		0.000

		410		0.766		0.766		0.766

		420		0.866		0.866		0.866

		430		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.000

		450		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.000

		490		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.000

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000		0.000		0.000		0.000		0.000

		10		0.174		0.174		0.174		0.174		0.174		0.174

		20		0.342		0.342		0.342		0.342		0.342		0.342

		30		0.500		0.500		0.500		0.500		0.500		0.500

		40		0.643		0.643		0.643		0.643		0.643		0.643

		50		0.766		0.766		0.766		0.766		0.766		0.766

		60		0.866		0.866		0.866		0.866		0.866		0.866

		70		0.940		0.940		0.940		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.985		0.985		0.985

		90		1.000		1.000		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.866		0.866

		130		0.766		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.342

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000		-0.000		-0.000		-0.000		-0.000

		370		0.174		0.174		0.174		0.174		0.174		0.174

		380		0.342		0.342		0.342		0.342		0.342		0.342

		390		0.500		0.500		0.500		0.500		0.500		0.500

		400		0.643		0.643		0.643		0.643		0.643		0.643

		410		0.766		0.766		0.766		0.766		0.766		0.766

		420		0.866		0.866		0.866		0.866		0.866		0.866

		430		0.940		0.940		0.940		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.985		0.985		0.985

		450		1.000		1.000		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.866		0.866

		490		0.766		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.342

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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SCR

		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000

		10		0.174		0.174

		20		0.342		0.342

		30		0.500		0.500

		40		0.643		0.643		0.000

		50		0.766		0.766		0.766

		60		0.866		0.866		0.866

		70		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.000

		90		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.000

		130		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.000

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000

		370		0.174		0.174

		380		0.342		0.342

		390		0.500		0.500

		400		0.643		0.643		0.000

		410		0.766		0.766		0.766

		420		0.866		0.866		0.866

		430		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.000

		450		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.000

		490		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.000

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000		0.000		0.000		0.000		0.000

		10		0.174		0.174		0.174		0.174		0.174		0.174

		20		0.342		0.342		0.342		0.342		0.342		0.342

		30		0.500		0.500		0.500		0.500		0.500		0.500

		40		0.643		0.643		0.643		0.643		0.643		0.643

		50		0.766		0.766		0.766		0.766		0.766		0.766

		60		0.866		0.866		0.866		0.866		0.866		0.866

		70		0.940		0.940		0.940		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.985		0.985		0.985

		90		1.000		1.000		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.866		0.866

		130		0.766		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.342

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000		-0.000		-0.000		-0.000		-0.000

		370		0.174		0.174		0.174		0.174		0.174		0.174

		380		0.342		0.342		0.342		0.342		0.342		0.342

		390		0.500		0.500		0.500		0.500		0.500		0.500

		400		0.643		0.643		0.643		0.643		0.643		0.643

		410		0.766		0.766		0.766		0.766		0.766		0.766

		420		0.866		0.866		0.866		0.866		0.866		0.866

		430		0.940		0.940		0.940		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.985		0.985		0.985

		450		1.000		1.000		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.866		0.866

		490		0.766		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.342

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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SCR

		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000

		10		0.174		0.174

		20		0.342		0.342

		30		0.500		0.500

		40		0.643		0.643		0.000

		50		0.766		0.766		0.766

		60		0.866		0.866		0.866

		70		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.000

		90		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.000

		130		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.000

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000

		370		0.174		0.174

		380		0.342		0.342

		390		0.500		0.500

		400		0.643		0.643		0.000

		410		0.766		0.766		0.766

		420		0.866		0.866		0.866

		430		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.000

		450		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.000

		490		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.000

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000		0.000		0.000		0.000		0.000

		10		0.174		0.174		0.174		0.174		0.174		0.174

		20		0.342		0.342		0.342		0.342		0.342		0.342

		30		0.500		0.500		0.500		0.500		0.500		0.500

		40		0.643		0.643		0.643		0.643		0.643		0.643

		50		0.766		0.766		0.766		0.766		0.766		0.766

		60		0.866		0.866		0.866		0.866		0.866		0.866

		70		0.940		0.940		0.940		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.985		0.985		0.985

		90		1.000		1.000		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.866		0.866

		130		0.766		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.342

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000		-0.000		-0.000		-0.000		-0.000

		370		0.174		0.174		0.174		0.174		0.174		0.174

		380		0.342		0.342		0.342		0.342		0.342		0.342

		390		0.500		0.500		0.500		0.500		0.500		0.500

		400		0.643		0.643		0.643		0.643		0.643		0.643

		410		0.766		0.766		0.766		0.766		0.766		0.766

		420		0.866		0.866		0.866		0.866		0.866		0.866

		430		0.940		0.940		0.940		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.985		0.985		0.985

		450		1.000		1.000		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.866		0.866

		490		0.766		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.342

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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SCR

		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000

		10		0.174		0.174

		20		0.342		0.342

		30		0.500		0.500

		40		0.643		0.643		0.000

		50		0.766		0.766		0.766

		60		0.866		0.866		0.866

		70		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.000

		90		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.000

		130		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.000

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000

		370		0.174		0.174

		380		0.342		0.342

		390		0.500		0.500

		400		0.643		0.643		0.000

		410		0.766		0.766		0.766

		420		0.866		0.866		0.866

		430		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.000

		450		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.000

		490		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.000

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000		0.000		0.000		0.000		0.000

		10		0.174		0.174		0.174		0.174		0.174		0.174

		20		0.342		0.342		0.342		0.342		0.342		0.342

		30		0.500		0.500		0.500		0.500		0.500		0.500

		40		0.643		0.643		0.643		0.643		0.643		0.643

		50		0.766		0.766		0.766		0.766		0.766		0.766

		60		0.866		0.866		0.866		0.866		0.866		0.866

		70		0.940		0.940		0.940		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.985		0.985		0.985

		90		1.000		1.000		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.866		0.866

		130		0.766		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.342

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000		-0.000		-0.000		-0.000		-0.000

		370		0.174		0.174		0.174		0.174		0.174		0.174

		380		0.342		0.342		0.342		0.342		0.342		0.342

		390		0.500		0.500		0.500		0.500		0.500		0.500

		400		0.643		0.643		0.643		0.643		0.643		0.643

		410		0.766		0.766		0.766		0.766		0.766		0.766

		420		0.866		0.866		0.866		0.866		0.866		0.866

		430		0.940		0.940		0.940		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.985		0.985		0.985

		450		1.000		1.000		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.866		0.866

		490		0.766		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.342

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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SCR

		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000

		10		0.174		0.174

		20		0.342		0.342

		30		0.500		0.500

		40		0.643		0.643		0.000

		50		0.766		0.766		0.766

		60		0.866		0.866		0.866

		70		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.000

		90		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.000

		130		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.000

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000

		370		0.174		0.174

		380		0.342		0.342

		390		0.500		0.500

		400		0.643		0.643		0.000

		410		0.766		0.766		0.766

		420		0.866		0.866		0.866

		430		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.000

		450		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.000

		490		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.000

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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		X		Sin X		Sin X		Sin X		Sin X		Sin X		Sin X

		0		0.000		0.000		0.000		0.000		0.000		0.000

		10		0.174		0.174		0.174		0.174		0.174		0.174

		20		0.342		0.342		0.342		0.342		0.342		0.342

		30		0.500		0.500		0.500		0.500		0.500		0.500

		40		0.643		0.643		0.643		0.643		0.643		0.643

		50		0.766		0.766		0.766		0.766		0.766		0.766

		60		0.866		0.866		0.866		0.866		0.866		0.866

		70		0.940		0.940		0.940		0.940		0.940		0.940

		80		0.985		0.985		0.985		0.985		0.985		0.985

		90		1.000		1.000		1.000		1.000		1.000		1.000

		100		0.985		0.985		0.985		0.985		0.985		0.985

		110		0.940		0.940		0.940		0.940		0.940		0.940

		120		0.866		0.866		0.866		0.866		0.866		0.866

		130		0.766		0.766		0.766		0.766		0.766		0.766

		140		0.643		0.643		0.643		0.643		0.643		0.643

		150		0.500		0.500		0.500		0.500		0.500		0.500

		160		0.342		0.342		0.342		0.342		0.342		0.342

		170		0.174		0.174		0.174		0.174		0.174		0.174

		180		0.000		0.000		0.000		0.000		0.000		0.000

		190		-0.174

		200		-0.342

		210		-0.500

		220		-0.643

		230		-0.766

		240		-0.866

		250		-0.940

		260		-0.985

		270		-1.000

		280		-0.985

		290		-0.940

		300		-0.866

		310		-0.766

		320		-0.643

		330		-0.500

		340		-0.342

		350		-0.174

		360		-0.000		-0.000		-0.000		-0.000		-0.000		-0.000

		370		0.174		0.174		0.174		0.174		0.174		0.174

		380		0.342		0.342		0.342		0.342		0.342		0.342

		390		0.500		0.500		0.500		0.500		0.500		0.500

		400		0.643		0.643		0.643		0.643		0.643		0.643

		410		0.766		0.766		0.766		0.766		0.766		0.766

		420		0.866		0.866		0.866		0.866		0.866		0.866

		430		0.940		0.940		0.940		0.940		0.940		0.940

		440		0.985		0.985		0.985		0.985		0.985		0.985

		450		1.000		1.000		1.000		1.000		1.000		1.000

		460		0.985		0.985		0.985		0.985		0.985		0.985

		470		0.940		0.940		0.940		0.940		0.940		0.940

		480		0.866		0.866		0.866		0.866		0.866		0.866

		490		0.766		0.766		0.766		0.766		0.766		0.766

		500		0.643		0.643		0.643		0.643		0.643		0.643

		510		0.500		0.500		0.500		0.500		0.500		0.500

		520		0.342		0.342		0.342		0.342		0.342		0.342

		530		0.174		0.174		0.174		0.174		0.174		0.174

		540		0.000		0.000		0.000		0.000		0.000		0.000
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Presentation Notes
Essentially linear increase of pulse width with Percent of Range setting.
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Vp

		Smith-Root GPP 7.5 Peak Voltage vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		The Gompertz and Logistic equations provide closer estimates than the Sine-based formula, though the latter is more explanatory.

		Above the 60% Range setting, peak voltage is near maximum.

		The GPP output occurred in 305 uS/cm ambient water conductivity.

		% Range		170		340		500		1000										Max		132.0737826031				A_		147.6278136543				Max1		121.7916292008						Smith-Root GPP 7.5 boat electrofisher peak voltage output by percent range setting.

		10		92		186		283		536										k_		1.151526879				B_		1.0395242272				c_		1.8259156699						Estimated values are peak voltage as percent of voltage setting, peak voltage,

		20		109		232		340		653										g_		0.026308447										g1_		0.0395480692						pulse width in mS and duty cycle in percent for given frequencies (pulses per second).

		40		157		303		442		849																SSR		24.8												Percent setting Vp values estimated from a logistic equation.

		60		181		349		515		1040										SSR		0.4										SSR		0.1						Data from L. E. Miranda, Mississippi State University Coop Unit.

		80		183		361		533		1072

		100		183		361		536		1072																														Peak voltage setting =				340

																																								% Range		Vp (% Setting)		Vp		PW (mS)		dc 15		dc 60		dc 120

		% Range		% Setting		% Setting		% Setting		% Setting		Average				Gomp		Resid				Sine		Resid				Logistic		Resid										10		54.6		186		1.3		2.0		7.9		15.9

		10		54.1		54.7		56.6		53.6		54.8				54.5		0.3				53.5		1.2				54.6		0.1										20		66.6		227		1.9		2.8		11.2		22.5

		20		64.1		68.2		68.0		65.3		66.4				66.9		-0.5				67.9		-1.5				66.6		-0.2										30		78.2		266		2.3		3.4		13.8		27.5

		40		92.4		89.1		88.4		84.9		88.7				88.4		0.3				89.5		-0.8				88.6		0.1										40		88.6		301		2.6		4.0		15.9		31.8

		60		106.5		102.6		103.0		104.0		104.0				104.1		-0.1				99.5		4.5				104.1		-0.0										50		97.2		331		3.0		4.4		17.8		35.5

		80		107.6		106.2		106.6		107.2		106.9				114.8		-7.9				96.5						113.1		-6.2										60		104.1		354		3.2		4.9		19.5		38.9

		100		107.6		106.2		107.2		107.2		107.1				121.6		-14.5				81.0						117.7		-10.6										80		106.9		363		3.7		5.6		22.5		44.9

																																								100		107.1		364		4.2		6.3		25.1		50.2

		10														54.5						53.5						54.6

		20														66.9						67.9						66.6

		30														78.3						80.0						78.2

		40														88.4						89.5						88.6

		50														97.0						96.1						97.2

		60														104.1						99.5						104.1

		Note: Check formulas under the Gomp, Sine and Logistic columns. The Gompertz and Logistic equations provide almost equivalent results.
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DC

		Smith-Root GPP 7.5 Pulse Width vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		% Range		PW (ms)				Model		Resid				c_		0.4185

		10		1.29				1.32		-0.03				e_		0.5

		20		1.98				1.87		0.11

		40		2.60				2.65		-0.05				SSR		0.02

		60		3.19				3.24		-0.05

		80		3.73				3.74		-0.01

		100		4.23				4.19		0.04

		Note: PW = 0.419 x % Range^0.5
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		Smith-Root GPP 7.5 Duty Cycle vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		% Range		15		60		120		PW (ms)		PW est				15 est		60 est		120 est

		10		1.85		7.70		14.80		1.29		1.32				1.99		7.94		15.88

		20		2.85		11.90		23.30		1.98		1.87				2.81		11.23		22.46

		40		3.77		15.20		30.30		2.60		2.65				3.97		15.88		31.77

		60		4.72		19.00		37.00		3.19		3.24				4.86		19.45		38.90

		80		5.70		22.50		44.00		3.73		3.74				5.62		22.46		44.92

		100		6.30		25.30		50.00		4.23		4.19				6.28		25.11		50.23

		Note: Duty Cycle = (Pulse Width x Hz) ÷ 10
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Presenter
Presentation Notes
Greater than 50 – 60% of range results in little to no voltage increase.
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Vp

		Smith-Root GPP 7.5 Peak Voltage vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		The Gompertz and Logistic equations provide closer estimates than the Sine-based formula, though the latter is more explanatory.

		Above the 60% Range setting, peak voltage is near maximum.

		The GPP output occurred in 305 uS/cm ambient water conductivity.

		% Range		170		340		500		1000										Max		132.0737826031				A_		147.6278136543				Max1		121.7916292008						Smith-Root GPP 7.5 boat electrofisher peak voltage output by percent range setting.

		10		92		186		283		536										k_		1.151526879				B_		1.0395242272				c_		1.8259156699						Estimated values are peak voltage as percent of voltage setting, peak voltage,

		20		109		232		340		653										g_		0.026308447										g1_		0.0395480692						pulse width in mS and duty cycle in percent for given frequencies (pulses per second).

		40		157		303		442		849																SSR		24.8												Percent setting Vp values estimated from a logistic equation.

		60		181		349		515		1040										SSR		0.4										SSR		0.1						Data from L. E. Miranda, Mississippi State University Coop Unit.

		80		183		361		533		1072

		100		183		361		536		1072																														Peak voltage setting =				340

																																								% Range		Vp (% Setting)		Vp		PW (mS)		dc 15		dc 60		dc 120

		% Range		% Setting		% Setting		% Setting		% Setting		Average				Gomp		Resid				Sine		Resid				Logistic		Resid										10		54.6		186		1.3		2.0		7.9		15.9

		10		54.1		54.7		56.6		53.6		54.8				54.5		0.3				53.5		1.2				54.6		0.1										20		66.6		227		1.9		2.8		11.2		22.5

		20		64.1		68.2		68.0		65.3		66.4				66.9		-0.5				67.9		-1.5				66.6		-0.2										30		78.2		266		2.3		3.4		13.8		27.5

		40		92.4		89.1		88.4		84.9		88.7				88.4		0.3				89.5		-0.8				88.6		0.1										40		88.6		301		2.6		4.0		15.9		31.8

		60		106.5		102.6		103.0		104.0		104.0				104.1		-0.1				99.5		4.5				104.1		-0.0										50		97.2		331		3.0		4.4		17.8		35.5

		80		107.6		106.2		106.6		107.2		106.9				114.8		-7.9				96.5						113.1		-6.2										60		104.1		354		3.2		4.9		19.5		38.9

		100		107.6		106.2		107.2		107.2		107.1				121.6		-14.5				81.0						117.7		-10.6										80		106.9		363		3.7		5.6		22.5		44.9

																																								100		107.1		364		4.2		6.3		25.1		50.2

		10														54.5						53.5						54.6

		20														66.9						67.9						66.6

		30														78.3						80.0						78.2

		40														88.4						89.5						88.6

		50														97.0						96.1						97.2

		60														104.1						99.5						104.1

		Note: Check formulas under the Gomp, Sine and Logistic columns. The Gompertz and Logistic equations provide almost equivalent results.
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DC

		Smith-Root GPP 7.5 Pulse Width vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		% Range		PW (ms)				Model		Resid				c_		0.4185

		10		1.29				1.32		-0.03				e_		0.5

		20		1.98				1.87		0.11

		40		2.60				2.65		-0.05				SSR		0.02

		60		3.19				3.24		-0.05

		80		3.73				3.74		-0.01

		100		4.23				4.19		0.04

		Note: PW = 0.419 x % Range^0.5
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		Smith-Root GPP 7.5 Duty Cycle vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		% Range		15		60		120		PW (ms)		PW est				15 est		60 est		120 est

		10		1.85		7.70		14.80		1.29		1.32				1.99		7.94		15.88

		20		2.85		11.90		23.30		1.98		1.87				2.81		11.23		22.46

		40		3.77		15.20		30.30		2.60		2.65				3.97		15.88		31.77

		60		4.72		19.00		37.00		3.19		3.24				4.86		19.45		38.90

		80		5.70		22.50		44.00		3.73		3.74				5.62		22.46		44.92

		100		6.30		25.30		50.00		4.23		4.19				6.28		25.11		50.23

		Note: Duty Cycle = (Pulse Width x Hz) ÷ 10
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Presenter
Presentation Notes
Three frequencies, 15, 60, and 120 pulses per second.  Essentially linear increases at the test water conductivity.  However, Martinez and Kolz (2009) reviewed power output vs. percent of range at different voltage settings over a range of water conductivities.  If you have a GPP unit and are interested in standardizing, give this paper a look.   At the very least, you will see that using a high voltage setting in higher water conductivities can lead to diminished output and actually less power output than lower voltage settings.  You can use Boat Power to demonstrate these dynamics as well.
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Vp

		Smith-Root GPP 7.5 Peak Voltage vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		The Gompertz and Logistic equations provide closer estimates than the Sine-based formula, though the latter is more explanatory.

		Above the 60% Range setting, peak voltage is near maximum.

		The GPP output occurred in 305 uS/cm ambient water conductivity.

		% Range		170		340		500		1000										Max		132.0737826031				A_		147.6278136543				Max1		121.7916292008						Smith-Root GPP 7.5 boat electrofisher peak voltage output by percent range setting.

		10		92		186		283		536										k_		1.151526879				B_		1.0395242272				c_		1.8259156699						Estimated values are peak voltage as percent of voltage setting, peak voltage,

		20		109		232		340		653										g_		0.026308447										g1_		0.0395480692						pulse width in mS and duty cycle in percent for given frequencies (pulses per second).

		40		157		303		442		849																SSR		24.8												Percent setting Vp values estimated from a logistic equation.

		60		181		349		515		1040										SSR		0.4										SSR		0.1						Data from L. E. Miranda, Mississippi State University Coop Unit.

		80		183		361		533		1072

		100		183		361		536		1072																														Peak voltage setting =				340

																																								% Range		Vp (% Setting)		Vp		PW (mS)		dc 15		dc 60		dc 120

		% Range		% Setting		% Setting		% Setting		% Setting		Average				Gomp		Resid				Sine		Resid				Logistic		Resid										10		54.6		186		1.3		2.0		7.9		15.9

		10		54.1		54.7		56.6		53.6		54.8				54.5		0.3				53.5		1.2				54.6		0.1										20		66.6		227		1.9		2.8		11.2		22.5

		20		64.1		68.2		68.0		65.3		66.4				66.9		-0.5				67.9		-1.5				66.6		-0.2										30		78.2		266		2.3		3.4		13.8		27.5

		40		92.4		89.1		88.4		84.9		88.7				88.4		0.3				89.5		-0.8				88.6		0.1										40		88.6		301		2.6		4.0		15.9		31.8

		60		106.5		102.6		103.0		104.0		104.0				104.1		-0.1				99.5		4.5				104.1		-0.0										50		97.2		331		3.0		4.4		17.8		35.5

		80		107.6		106.2		106.6		107.2		106.9				114.8		-7.9				96.5						113.1		-6.2										60		104.1		354		3.2		4.9		19.5		38.9

		100		107.6		106.2		107.2		107.2		107.1				121.6		-14.5				81.0						117.7		-10.6										80		106.9		363		3.7		5.6		22.5		44.9

																																								100		107.1		364		4.2		6.3		25.1		50.2

		10														54.5						53.5						54.6

		20														66.9						67.9						66.6

		30														78.3						80.0						78.2

		40														88.4						89.5						88.6

		50														97.0						96.1						97.2

		60														104.1						99.5						104.1

		Note: Check formulas under the Gomp, Sine and Logistic columns. The Gompertz and Logistic equations provide almost equivalent results.
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DC

		Smith-Root GPP 7.5 Pulse Width vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		% Range		PW (ms)				Model		Resid				c_		0.4185

		10		1.29				1.32		-0.03				e_		0.5

		20		1.98				1.87		0.11

		40		2.60				2.65		-0.05				SSR		0.02

		60		3.19				3.24		-0.05

		80		3.73				3.74		-0.01

		100		4.23				4.19		0.04

		Note: PW = 0.419 x % Range^0.5
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		Smith-Root GPP 7.5 Duty Cycle vs Percent Range setting.  Data directly from L. E. Miranda, Miss. State

		% Range		15		60		120		PW (ms)		PW est				15 est		60 est		120 est

		10		1.85		7.70		14.80		1.29		1.32				1.99		7.94		15.88

		20		2.85		11.90		23.30		1.98		1.87				2.81		11.23		22.46

		40		3.77		15.20		30.30		2.60		2.65				3.97		15.88		31.77

		60		4.72		19.00		37.00		3.19		3.24				4.86		19.45		38.90

		80		5.70		22.50		44.00		3.73		3.74				5.62		22.46		44.92

		100		6.30		25.30		50.00		4.23		4.19				6.28		25.11		50.23

		Note: Duty Cycle = (Pulse Width x Hz) ÷ 10
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Duty Cycle vs POR
GPP 7.5, Three Frequencies
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Presenter
Presentation Notes
Often, the most efficient electrofishing will occur when the duty cycle is between 20 and 40%.   If 20 – 40% duty cycle is your target, then there are only two frequencies that will allow the target to be achieved, 60 pps & 120 pps.  Since going above 60 percent of range doesn’t increase peak voltage but does increase average power demand on your equipment, the settings you need to operate in are:

60 pps, 60 – 100 percent of range

120 pps, 15 – 60 percent of range
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50 % of Range
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Peak & GPP Current vs POR Adjustment
GPP 7.5, 60 & 120 Hz
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A Consideration About Metering
Does the GPP ammeter measure Peak or Average current?

Fluke 60 or 120 = scopemeter measured peak current under 60 pps or 120 pps
GPP 60 or 120 = GPP ammeter displayed current under 60 pps or 120 pps

Using the 60 pps, 60% of range 
settings, the peak voltage was 
~25 amps and the GPP ammeter 
reading was ~5 amps.  Duty 
cycle at 60 pps, 60 POR is about 
20%.  Thus, the average current 
is about 20% of the peak.  In 
this case, 20% of 25 amps is 5 
amps.

Presenter
Presentation Notes
The GPP ammeter reads less current than the scopemeter at both frequencies.  The scopemeter is reading peak current, thus the GPP ammeter is definitely not reading peak current but is it displaying average current?

We can use duty cycle to answer this question.  At 60 pps, 40 percent of range, the duty cycle from the previous graph is about 15%.  The GPP ammeter reading at 40 percent of range (60 pps) is about 4 amps.  The peak current from the scopemeter is about 23 amps.

Average amps = (peak amps) x duty cycle = 23 x 0.15 = 3.5 average amps.

This is close agreement to the GPP ammeter reading so we can conclude that the ammeter reads average amps.  Now, although the GPP ammeter tracks the scopemeter readings, the tracking is not exact.  Additional measurements have shown that the GPP ammeter is more an index of average amp output than a precise average ammeter.
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Black Bass Box

		Hot Springs Black Bass Boat; Black Bass Box (GPP 7.5); Lake Greenlee 6/20/11

		Cs = 580 at 32°C; Ca = 666 µS/cm; all at 120 Hz

		One Boom: 180 Vp, 14.3 Ap; 12.6 Ω								A + C = 12.6 Ω

		Two Booms: 177 Vp, 23.9 Ap; 7.4 Ω								½ A + C = 7.4 Ω

		Therefore, ½ A = 5.2 Ω, A = 10.4 Ω, C = 2.2 Ω at ambient resistance of 666 µS/cm

		A is the resistance of one anode boom.  10.4 x 6.66 = 69 Ω at 100 µS/cm

		C is the resistance of the boat hull.  2.3 x 6.66 = 14.7 Ω at 100 µS/cm

		Percent of Power to the Anodes = 5.2 ÷ 7.4 = 70%

		Guidelines: Clean Boat Hulls are often 15 Ω at 100 µS/cm

				Percent of Power to the Anodes 60-75% optimum

				Total resistance often 40-60 Ω

		Conclusions: This EF boat appears ideal in terms of overall resistance, boat hull resistance

		and percent of power to the anodes

		Lacked voltage gradient probe to map voltage gradients but expect the field is good.

		POR		Vp		Duty Cycle		Ap		GPP		Wp		Ra		R100		GPP/Peak

		10		122		22.2		16.9		4.2		2062		7.22				0.25

		20		142		29.2		19.9		6.2		2826		7.14				0.31

		40		164		34.3		22.5		8.2		3690		7.29				0.36

		60		177		39.5		24.8		11.0		4390		7.14				0.44

		80		179		45.6		25.3		12.5		4529		7.08				0.49

		100		179		48.9		25.5		13.4		4565		7.02				0.53

														7.15		47.6

		Note: GPP ammeter does not measure peak current, and peak current

		is needed to standardize electrofishing by power for different conductivities





Black Bass Box
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River Box
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		Hot Springs Black Bass Boat; River Box (GPP 7.5); Lake Greenlee 6/20/11

		Cs = 580 at 32°C; Ca = 666 µS/cm; 60 and 120 Hz

		POR		Fluke 120		GPP 120		Fluke 60		GPP 60		Duty Cycle

		10		15.1		3.2		15.2		1.6		20.1

		20		17.4		4.5		17.5		2.4		23.3

		40		22.3		8.0		22.9		4.2		33.3

		60		25.6		11.6		26.2		5.8		39.9

		80		26.2		14.5		26.3		7.3		46.5

		100		25.8		15.3		26.0		7.6		52.0
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Summary
• GPPs have interrelated controls, i.e., the POR controls peak voltage (and 

peak current and peak power) in an asymptotic fashion, it increases over 
10-60 POR then begins to level off within 60-100 POR

• This interrelatedness between voltage and duty cycle (two important fish-
catching factors) leads to greater variation and hinders standardization

• The operator does not have fine control over voltage and duty cycle, 
hindering the use of standardization tables

• POR increases pulse width in a linear fashion
• Changing frequency affects duty cycle (possibly why some agencies only 

use 120 pps with GPPs)
• GPPs lack peak metering for current and have no voltage metering (to 

monitor peak voltage or current output, either must use external metering 
or install Smith-Root, Inc. metering)



Summary (continued)
• Settings for general warmwater fish sampling:

– set Frequency to 120 pps
– set Percent of Range (POR) knob in a range of 40 –

60
– in very low (say ≤ 50 µS/cm) or in very high (say ≥ 

800 µS/cm) conductivity, try Alternating 
Current (AC)



Optional Meter for GPPs



GPP Meter Display

All the important 
attributes are 
displayed: peak volts, 
peak amps, and peak 
power plus frequency 
and duty cycle.  
However, you still have 
very little direct control 
of output.

Presenter
Presentation Notes
All the important attributes are displayed: peak volts, amps, and power plus frequency and duty cycle.  However, you still have very little direct control of output.
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