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In	the	lab,	opera&onal	amplifiers	are	oKen	used	to	make	small	
signals	larger	so	we	can	more	easily	measure	them

124.06 mV - 123.47 mV 
——————————- 

10 lbs - 0 lbs
= 0.059 mV/lb or 0.000059 V/lb

X1000!
= 590 mV/lb or 0.59 V/lb



The	name	opera&onal	amplifiers	implies	more	than	a	simple	
amplifier	though
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Let’s	look	at	some	terminals	of	the	opera&onal	amplifier
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Real	amplifiers	have	a	few	more	connec&ons	that	we’ll	get	to
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Understanding	the	ideal	op-amp	is	enough	to	examine	many	
circuits,	but	can	be	problema&c	in	actual	design

1. Infinite open-loop voltage gain 
2. Infinite input impedance 
3. Zero output impedance 
4. Zero noise contribution 
5. Zero DC output offset 
6. Infinite bandwidth



Op-amps	can	be	powered	by	unipolar	or	bipolar	power	supplies
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You	can	think	of	an	opera&onal	amplifier	in	this	simplified	model	-	
the	output	should	always	be	the	sum	of	the	inputs	with	the	open	
loop	gain	applied!
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Open	loop	gain	is	the	gain	with	NO	feedback	from	output	to	input.	
It	is	generally	20,000	-	200,000	in	real	op-amps



In	an	open	loop	configura&on	we	can	build	a	voltage	comparator
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Squaring	up	a	waveform	is	another	common	applica&on

Images:	allaboutcircuits.com

http://allaboutcircuits.com


A	voltage	divider	and	series	of	comparators	can	make	an	LED	
bargraph	driver

Images:	allaboutcircuits.com

http://allaboutcircuits.com


A	voltage	divider	and	series	of	comparators	can	make	an	LED	
bargraph	driver
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Ac&vity:	Calculate	the	voltage	at	which	each	LED	will	switch	on
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What	happens	if	we	hook	up	the	amplifier	with	nega&ve	
feedback?
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This	circuit	is	called	a	voltage	follower
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We	use	voltage	followers	to	buffer	between	our	signal	and	the	
load	(think	back	to	the	ideal	op-amp	“rules”)
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We	can	place	a	voltage	divider	in	the	nega&ve	feedback	loop	to	
control	the	gain	of	the	circuit	(non-inven&ng	amplifier)
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Ac&vity:	What	is	the	gain	of	this	circuit?	What	is	the	output?
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By	changing	where	the	input	is,	we	can	create	an	inver&ng	
amplifier
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Ac&vity:	What	are	valid	combina&ons	of	standard	value	resistors	
for	R1,R2?

-12V
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We	can	also	use	posi&ve	feedback,	what	happens	if	we	ground	the	
inver&ng	input?
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Remember	using	a	comparator	to	square	a	waveform?
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What	if	there	is	some	noise	on	the	input	waveform?
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Adding	some	posi&ve	feedback	imposes	hysteresis	on	the	circuit

Images:	allaboutcircuits.com

http://allaboutcircuits.com


This	cleans	the	waveform	up	drama&cally
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We	can	even	create	an	oscillator	with	posi&ve	feedback
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We	can	make	voltage	to	current	converters	with	op-amps	for	long	
distance	signaling
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Common	mode	rejec&on	is	a	big	spec	to	watch	out	for!
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Input	offset	voltage	is	another	non-ideal	characteris&c	of	real	op-
amps

Images:	allaboutcircuits.com

http://allaboutcircuits.com


Input	offset	voltage	is	another	non-ideal	characteris&c	of	real	op-
amps

Images:	allaboutcircuits.com

http://allaboutcircuits.com


You	can	use	a	poten&ometer	to	null	the	offset	if	necessary
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Input	bias	currents	need	a	ground	path	and	can	be	a	frustra&ng	
problem	to	realize
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They	can	also	cause	voltage	drops	that	you	don’t	expect
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Like	any	semiconductor,	there	is	a	temperature	driK
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Beware	of	the	frequency	response	as	well
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Assignment:	Projects	-	it’s	&me	to	start	really	cranking	on	them

Due	:	10/25


