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ELECTRONIC	MEASUREMENTS	
LAB	1	INTRO:	SETTING	UP	A	DC	POWER	SUPPLY	AND	MAKING	DC	AND	AC	VOLTAGE	
MEASUREMENTS	USING	A	SCOPE	AND	DIGITAL	MULTIMETER.	

GOALS	

In	this	lab,	you	will	use	basic	test	and	measurement	equipment	that	are	useful	for	building	and	testing	simple	
circuits.	In	particular,	you	will	make	measurements	of	voltage	using	an	oscilloscope	and	digital	multimeter.	You	will	
also	determine	an	accurate	measurement	technique	for	measuring	small	resistances.		

Proficiency	with	new	equipment	

o DC	Power	Supply:	
§ Set	up	the	connections	to	supply	both	(+)	and	(-)	voltage	
§ Operate	in	voltage	controlled	and	current	controlled	modes	

o Oscilloscope:	
§ Measure	DC	voltage	levels	
§ Determine	the	effects	of	DC	and	AC	input	coupling	
§ Determine	the	effects	of	changing	the	input	impedance	
§ Trigger	the	scope	on	different	waveforms	

o Function	generator:	
§ Create	various	shaped	waveforms,	and	modify	amplitude	and	frequency		
§ Change	the	output	impedance	to	match	the	rest	of	your	system	

o Digital	Multimeter	(DMM):	
§ Measure	DC	voltages	and	DC	currents	
§ Determine	the	frequency	and	impedance	limitations	of	the	DMM.	

Experimental	design	

o Develop	familiarity	with	the	design-based	approach	to	experiment	
o Measuring	small	resistances	using	a	4-terminal	approach	

LAB	NOTEBOOK	GUIDELINES	

The	lab	notebook	will	play	an	essential	role	in	this	course.		You	will	use	your	notebook	for	keeping	records	of	many	
things	including	

• Answering	lab-prep	questions	from	the	lab	guide.	
• Answering	in-lab	questions.	
• Recording	data.	
• Including	plots	of	data.	
• Analysis	and	results.	
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• Diagrams	and	pictures.	
• Procedures	of	experiments	that	you	design.	

The	 lab	 notebook	will	 be	 an	 important	 part	 of	 your	 grade	 because	 learning	 to	 keep	 a	 good	 lab	 notebook	 is	 an	
important	part	of	your	professional	development.		You	may	find	it	helpful	to	write	up	many	of	your	notes	on	the	
computer,	for	example,	within	Mathematica	or	another	program.		This	is	fine.		However,	before	your	notebook	is	
turned	in,	the	notes,	plots,	and	analysis	should	be	transferred	to	the	lab	notebook	by	printing	and	taping	the	pages	
or	keeping	them	in	a	three	ring	binder.	 	This	 is	standard	practice	in	research	labs.	Your	lab	notebook	is	the	main	
mechanism	for	communicating	your	process	and	results	of	the	lab	experiments.	Each	week,	you	will	be	responsible	
for	turning	in	both	your	pre-laboratory	work	and	your	lab	book	/	analysis	via	D2L	in	scanned	format.		See	syllabus	
for	more	information.	

DEFINITIONS	

Power	rail	(or	rail)	–	this	refers	to	the	±	V	power	supply	outputs	that	powers	the	circuit.	

Electrical	Load	(or	load)–	this	refers	to	the	circuit	or	impedance	connected	to	the	output	of	a	circuit.		

RMS	(Root	Mean	Square)	–	is	the	square	root	of	the	average	of	a	periodic	function	squared	over	one	period.	

Example:	For	the	function		𝑌 = 𝐴 𝑠𝑖𝑛(𝜔𝑡),	the	RMS	value	is	 𝑌!	= 𝐴/ 2.	

USEFUL	READINGS	
	
1.	Fischer-Cripps	(FC)	chapters	1	(electricity),	2	(dc	circuits),	and	3	(ac	circuits)	provide	an	introduction	to	important	
topics	relevant	to	the	first	 two	weeks	of	 lecture.	Note:	we	will	 revisit	various	sections	 in	these	chapters	 in	more	
detail	later	–	for	example	filters	and	oscillators.	Also	look	at	p.	274	for	the	resistor	color	code	(or	Google	it).		
2.	The	following	documents	on	the	course	website	will	be	useful:		

a)	AGILENT	33220A	function	generator	manual	pp.	17-24		
b)	Tektronix	3014	Scope	Users	Manual,	pp.	15-32,	46-49	

	 c)	Math	review	(complex	numbers)			
3.	Chapter	1,	Sections	1.01-1.12	of	Horowitz	and	Hill	(H&H).		
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SETTING	UP	YOUR	DC	POWER	SUPPLY	

Your	DC	power	supply	will	provide	all	of	your	circuits	with	the	required	power.	Setting	up	the	power	supply	will	
always	be	the	first	thing	you	do	when	you	begin	working	with	a	circuit.		

Step	1	
Electronic	Lab	
skills	

Set	up	the	DC	power	supply	to	power	your	circuits.		

a. Connect	the	power	supply	so	you	have	one	variable	(+)	and	one	variable	(-)	output	with	
respect	to	ground,	one	from	each	side	of	the	supply.	Each	side	has	outputs	labeled	(+),	
(-),	and	ground.	The	voltage	displayed	on	the	LED	display	shows	only	the	potential	
difference	between	the	(+)	and	(-)	output.	You	must	connect	the	(-)	to	ground	to	get	a	
(+)	voltage	and	the	(+)	to	ground	to	get	a	(-)	voltage.	(See	Figure	1.)	Also,	make	sure	the	
two	outputs,	(+)	and	(1),	are	independently	controlled	(rather	than	in	series	or	parallel).	

b. Confirm	the	sign	and	magnitude	of	the	voltages	displayed	on	the	power	supply	using	
the	DMM.	In	your	lab	book,	document	the	setup,	the	output	voltage	from	the	power	
supply,	and	the	measured	output	on	your	DMM	(Hooking	up	the	power	to	your	circuit	
with	reversed	polarity	or	to	too	high	a	voltage	can	cause	your	components	to	be	
destroyed.)		
	

Step	2	
Electronic	Lab	
skills	

Use	the	power	supply	as	voltage	or	current	source.		

A	voltage	source	maintains	a	constant	potential	difference	with	the	current	output	dependent	on	
the	load	resistance.	A	current	source	maintains	a	constant	current	with	the	voltage	output	
dependent	on	the	load	resistance.	The	supply	will	tell	you	which	mode	it	is	in	by	an	illuminated	
LED	on	the	front	panel.	(C.V.	for	constant	voltage	and	C.C.	for	constant	current.)	

NOTE:	If	you	are	working	with	the	Agilent	power	supplies,	the	controls	are	slightly	different	and	
more	intuitive.		

a. With	no	load	attached,	record	the	output	voltage	and	current	for	both	power	rails	(see	
definitions).	You	will	have	to	move	the	switch	to	see	the	voltage	and	then	the	current.	

b. Try	adjusting	the	value	of	the	voltage	and	current	using	the	knobs.	Why	is	the	current	
output	always	zero?	

c. Now	short	the		(+)	rail	to	ground.		
d. Vary	the	value	of	the	voltage	and	current	using	the	knobs.	Describe	the	behavior	of	the	

voltage	and	current	readings	and	the	mode	(C.V./	C.C.)	of	the	power	supply.	What	
happens	when	you	short	the	output	to	ground	(have	too	small	a	load)?	What	is	the	
maximum	output	of	current	and	voltage	your	supply	can	produce?			
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Figure	1	DC	power	supply	connections	

MEASURING	VOLTAGE	WITH	YOUR	OSSCILOSCOPE	

The	goal	of	this	part	of	the	lab	is	to	be	able	to	use	a	scope	to	make	measurements	of	DC	voltages	and	AC	
waveforms.	You	will	also	learn	how	to	produce	various	waveforms	using	a	function	generator.		

There	are	a	few	precautions	to	observe	when	operating	the	oscilloscope:		
•	Avoid	overheating	the	instrument.	Do	not	block	ventilation	of	the	interior	by	laying	books	on	the	case.		

	 •	Do	not	apply	more	than	400	V	to	any	input	terminal.		
	 •	Avoid	serious	or	fatal	injury	from	electrical	shock.	Do	not	remove	the	cover	to	expose	the	120	V	mains.	
Otherwise,	the	instruments	are	robust	and	cannot	be	damaged	by	wrong	settings.	So	try	whatever	you’re	curious	
about	and	measure	what	happens.		

Step	3	

Electronic	Lab	
skills	

Modeling	the	
measurement	
system.	

	

	

Measuring	a	DC	voltage	on	a	Scope.	

The	Tektronix	3014	has	four	 independent	vertical	channels	so	that	four	separate	signals	can	be	
displayed	at	once.	Each	trace	is	color	coded	with	the	buttons	on	the	panel.		

a. Connect	a	+5V	signal	from	your	power	supply	to	the	scope	using	the	supplied	
connectors.	Measure	the	voltage	on	scope	using	the	cursors.	Try	exploring	the	different	
knobs	and	menus	on	the	scope	to	make	the	measurement.	There	are	a	few	hints	listed	
at	the	end	of	this	document	if	you	get	stuck.		

b. In	your	lab	book,	describe	the	setup	of	the	electric	circuits	(diagrams	are	useful)	and	the	
outcomes	measured.	
	

NOTE:	Oscilloscopes	can	only	distinguish	about	100	different	values	on	the	vertical	axes	of	
the	screen.	So	before	you	use	the	oscilloscope	to	measure	anything	make	sure	that	the	trace	
covers	at	least	50%	of	the	vertical	screen	without	clipping	at	the	top	or	bottom.	This	way	you	
get	a	resolution/accuracy	of	approximately	±2%.	
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Step	4	

Electronic	Lab	
skills	

Triggering	an	AC	waveform	on	the	scope.	

Most	scopes	produces	about	0-5	V	square	wave	on	the	“probe	comp”	pins	to	use	for	testing.	We	
will	use	this	to	get	familiar	with	triggering	the	scope.	

a. Connect	the	Probe	Comp	output	to	the	scope	using	mini	grabbers.	(See	figure	3)	
b. Display	 the	 waveform	 on	 the	 scope.	 You	 will	 need	 to	 trigger	 the	 scope	 off	 of	 the	

waveform.	 Confirm	 with	 your	 instructor	 that	 you	 have	 the	 scope	 triggered	 correctly	
before	continuing.	Again,	describe	the	setup	and	outcomes	in	your	lab	book.	
	

	The	trigger	level	controls	the	voltage	at	which	the	trace	starts.	Stability	is	lost	when	the	trigger	
level	lies	outside	range	of	the	displayed	voltage.	Change	TRIGGER	MODE	to	NORMAL.	Note	that	
the	 trace	now	“freezes”	when	the	 trigger	 level	 is	misadjusted.	You	can	see	whether	or	not	 the	
scope	is	actually	being	triggered	by	looking	for	the	small	writing	TRIG‘D	or	TRIG?	at	the	top	of	the	
display.	See	Hints	for	the	trigger	menu.	
	

c. What	is	the	frequency	of	the	waveform?	You	can	measure	the	period	and	then	calculate	
the	 frequency	 using	 that	measurement.	 	 Include	 your	measurements,	 procedure,	 and	
calculations	in	your	lab	book.	

Step	4	

Electronic	Lab	
skills	

Creating	an	AC	waveform	using	a	function	generator	and	measuring	it	on	a	scope.	

The	Agilent	33120A	 function	generator	 can	produce	sine,	 square,	 triangle,	pulse	and	 ramp	
waveforms	over	 the	 frequencies	 from	0.0001	Hz	 to	15	MHz.	The	output	amplitude	can	be	
varied	between	50	mV	and	10	V	peak-to-peak	with	an	output	impedance	of	50 Ω.		
	
There	 is	 one	main	 precaution	 to	 keep	 in	mind:	 Do	 not	 connect	 any	 output	 of	 the	 33120A	
directly	to	dc	power	or	to	the	output	of	any	other	instrument	or	circuit.	Doing	so	will	burn	out	
the	output	amplifier!	

	
a. Create	a	1	V	peak-to-peak	(p-p)	sine	wave	at	1	kHz	with	no	dc	offset	(you	may	want	to	

use	this	standard	setup	in	the	future	if	you	have	trouble).	You	will	need	to	set	the	output	
termination	 of	 the	 function	 generator	 to	 HIGH	 Z	 (see	 Hints	 Section	 or	 page	 40	 of	
manual).		

b. Display	the	waveform	on	the	scope.	You	can	use	a	BNC	cable	to	make	the	connection.		
See	Figure	2.	You	will	need	to	trigger	the	scope	off	of	the	waveform.		

c. Reduce	the	amplitude	to	100	mV	p-p.	You	may	notice	the	scope	stopped	triggering.	This	
is	because	the	waveform	never	crosses	the	trigger	level	now.		

d. The	function	generator	has	a	trigger	output	that	can	be	used	to	trigger	the	scope	(called	
SYNC).	Using	the	trigger	output	is	more	convenient	than	triggering	the	scope	off	of	the	
waveform	itself	because	you	avoid	having	to	readjust	the	scope	trigger	every	time	you	
change	the	waveform.	Connect	the	SYNC	output	of	the	function	generator	to	Channel	4	
of	the	scope	and	trigger	off	of	that	waveform.	Now	change	the	amplitude	and	frequency	
of	the	sine	wave,	and	notice	how	the	scope	remains	nicely	triggered.		

e. Come	up	with	a	waveform	of	your	own	that	you	want	to	create	(e.g.,	triangle	wave	at	1	
MHz	with	a	200	mV	p-p	amplitude)	and	measure	 its	properties	with	the	scope.	Report	
on	 the	 one	 you	 created	 and	 record	 this	 in	 your	 lab	 book.	 You	 can	 either	 print	 a	
screenshot	directly	from	the	scope	or	take	a	picture	and	print	it.	
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MEASURING	QUANTITES	WITH	THE	DIGITAL	MULTIMETER	

The	multimeter	is	a	useful	device	to	measure	constant	voltages,	currents,	and	resistances.			

Step	6	 To	measure	various	quantities	with	the	DMM,	you	have	to	have	the	dial	set	correctly	and	the	
two	leads	connected	to	the	correct	input	ports.	

a. Connect	the	leads	and	set	the	dial	to	measure	resistance.	Get	five	5k	(5%)	resistors	form	
the	stock	drawers.	Measure	the	resistance	of	each	resistor.	Do	all	the	resistors	meet	the	
5%	specification?	

	
b. Connect	the	leads	and	set	the	dial	to	measure	voltage.	Measure	the	voltage	of	both	

sides	of	the	DC	power	supply	again.	Does	it	agree	with	the	LED	display?		
c. Connect	the	leads	and	set	the	dial	to	measure	current.	Measure	the	current	produced	

by	the	power	supply.	Make	sure	the	current	is	limited	to	a	value	below	the	fuse	of	the	
DMM.		How	do	you	experimentally	set	the	current	limit?	If	you	blow	the	fuse,	just	
replace	it.		Does	the	measured	current	agree	with	the	LED	display?	Using	the	current	
and	voltage	readings,	what	is	the	impedance	of	the	ammeter?	HINT:	The	DMM	leads	
must	be	in	different	places	to	measure	current	vs.	voltage.	Also,	it	is	recommended	to	
use	the	high	current	input	until	you	are	certain	that	the	current	is	low	enough	to	be	read	
by	the	low	current	input.	This	avoids	blowing	the	fuse.	

d. 	The	DMM	also	has	an	AC	voltage	setting.	Over	what	frequency	range	is	the	reading	
accurate	to	2%?	You	will	need	to	use	the	function	generator	to	produce	an	AC	
waveform.	Note:	the	DMM	displays	the	RMS	amplitude	of	the	waveform.	See	
Definitions	at	the	beginning	of	the	guide	for	an	explanation	of	RMS.	

e. Remember	in	the	future	that	this	is	the	usable	frequency	range	for	the	AC	setting	of	the	
multimeter.	Record	this	frequency	in	your	lab	books	for	future	reference.	

	

	

	

	

	

	

Ground	conductor 

Signal	conductor	(gold) 

Figure	2:	BNC	connector Figure	3:	Mini	grabber	to	BNC 
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APPLICATION	EXPERIMENT:	MEASURE	SMALL	RESISTANCES		
In	the	previous	section,	you	measured	resistances	using	the	ohmmeter	in	the	DMM.		

You	will	now	use	all	of	the	measurement	techniques	and	devices	you	have	learned	to	determine	most	accurate	
way	to	measure	a	small	resistance.		

Step	7	
	

Measure	a	small	resistance	using	a	DMM	ohmmeter.	
a. Use	a	~	2	m	length	of	magnet	wire	(26	or	28	gauge)	as	your	small	resistor.	Magnet	wire	

has	a	very	thin	amber-colored	insulating	coating.	Make	sure	you	remove	the	insulation	
from	the	ends	of	the	wire	to	make	a	good	electrical	connection	and	measurement	of	the	
diameter	of	the	wire.	You	can	burn	off	the	insulation	with	a	flame	or	carefully	scrape	it	
off	with	a	razor	blade.	

b. What	is	the	resistance	based	on	the	diameter,	length,	and	resistivity?	(The	resistivity,	ρ,	
of	copper	at	room	temperature	is	1.68	μΩ-cm)	Reminder	R	=	ρl/a		(l	=	length;	a	is	area)	
It	is	hard	to	measure	the	diameter	of	the	wire	with	the	insulating	coating	on	and	the	
stripping	process	usually	deforms	the	copper.	However,	you	can	just	look	up	the	
diameter	of	your	particular	gauge	of	wire	online.	

c. Use	the	ohmmeter	in	the	DMM	to	measure	the	resistance	of	the	wire.	Document	your	
setup,	measurements,	and	calculations	in	your	lab	book.		
	

Step	8	
	

Measure	a	small	resistance	using	a	4-terminal	approach	
a. Use	your	DC	power	supply	to	run	a	current	through	the	wire.	You	can	then	measure	the	

voltage	drop	across	the	wire	to	determine	its	resistance	based	on	Ohm’s	law.	
b. You	can	use	the	display	on	the	power	supply	to	measure	the	current	or	use	your	DMM	

as	an	ammeter.	(Consider	the	resolution	of	both	devices	when	making	your	choice.)	You	
can	use	your	DMM	as	a	voltmeter	to	measure	the	potential	difference	across	the	wire.	
Can	you	just	use	the	voltage	reading	on	the	power	supply?	Explain.		

c. Draw	a	diagram	of	your	experimental	set	up.		
d. Consider	how	the	amount	of	current	flowing	through	your	resistor	affects	the	sensitivity	

of	your	measurement.		
e. Calculate	the	resistance	of	the	wire	from	your	measurements	using	Ohm’s	Law.	

	
	

Step	9	
	

Compare	the	two	measurement	techniques.	
a. The	ohmmeter	in	the	DMM	works	by	supplying	a	current	and	measuring	the	potential	

difference	between	the	outputs.	How	is	this	measurement	different	than	the	4-terminal	
approach	you	built?	Hint:	consider	where	the	current	is	flowing	and	what	resistances	are	
involved	with	each	measurement	technique.	It	is	usually	helpful	to	draw	a	diagram	
including	all	the	resistances,	even	of	the	wires	in	this	case.	

b. Which	method	is	more	accurate	for	measuring	small	resistances	based	on	your	
explanation	for	part	a?	

c. Do	your	two	measurements	confirm	your	scientific	argument	made	in	part	b?	Defend	
your	assertion	using	your	data.	
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HINTS	

1. Oscilloscope	Controls	

To	change	the	horizontal	(time	base)	scale:	

1) Scale	knob	changes	the	time	per	division	(sec/div	are	color	coded	and	displayed	on	the	screen)	
2) Position	knob	changes	location	of	the	trigger	(labeled	as	a	orange	arrow	on	the	top	of	the	screen)	

To	change	the	vertical	(voltage	base)	scale:	

1) Scale	knob	changes	the	voltage	per	division	(V/div	are	color	coded	and	displayed	on	the	screen)		
2) Position	knob	changes	location	of	the	ground	(labeled	as	a	colored-coded	arrow	on	the	left	of	the	screen)	

To	access	the	parameters	for	each	channel:	 	

Ch.	1	(or	2,3,4)	button	è	Vertical	MENU	button	(under	Vertical	Scale	knob)	

1) Input	Coupling	(AC/DC/Ground)	
2) Invert	Signal	
3) Probe	Setup	
4) Input	Impedance	(1MΩ	or	50	Ω)	

Ch.	1	(or	2,3,4)	button	è	Vertical	Off	button	(above	Vertical	Scale	knob)	

1) turns	off	that	channel’s	trace	

To	adjust	the	trigger:	

1) Trigger	knob	changes	the	voltage	level	of	the	trigger	
2) Trigger	MENU	button	

a. Select	which	channel	to	trigger	off	of	(trigger	level	arrow	changes	color	to	show	which	channel	is	
being	triggered)	

b. Slope:	can	trigger	off	a	rising	or	falling	edge.	
c. Trigger	Mode:	Auto,	Normal,	other	

To	select	the	AQUIRE	mode:	

1) Run/Stop:	sets	the	scope	to	continuously	quire	or	freeze	after	last	trigger	
2) Single	sequence:	draws	once	after	it	triggers	
3) Autoset:	scope	tries	to	choose	overall	best	scope	settings	(sometimes	useful	when	you	can’t	see	anything,	

but	generally	used	as	a	last	resort	because	it	can	also	mislead	you		)		

Measure	Menu	(top	of	panel):	

You	can	select	various	measurements	and	which	channel	to	measure.	Be	very	careful	with	automatic	
measurements	(again	these	can	be	deceptive).	Generally	use	cursors	to	make	accurate	measurements.		Note	that	
the	automatic	mode	searches	for	the	very	top	and	bottom	of	the	signals.	For	example,	in	the	schematic	of	a	noisy	
sine	wave	below,	automatic	mode	will	return	the	upper	and	lower	most	lines	which	will	include	the	noise	
contribution.	A	careful	manual	measurement	indicated	by	the	inner	(shorter)	lines	can	remove	the	noise	from	the	
amplitude	measurement.	With	small	or	noisy	signals,	the	automatic	mode	will	give	very	poor	results.		
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Cursor	Menu	(top	of	panel):	

1) Choose	time	(vertical	bars)	or	voltage	(horizontal	bars)	measurement.	
2) Choose	which	channel	to	measure	(measurement	cursors	are	the	same	color	as	the	channel	they	are	

measuring)	
3) Big	top	knob	moves	the	cursors		
4) SELECT	button	changes	which	cursor	to	move.	
5) Position	relative	to	ground	(trigger	zero	time)	is	displayed	on	the	screen	with	the	“@”	symbol.	
6) Relative	distance	between	cursors	is	displayed	on	the	screen	with	the	“Δ”	symbol.	
	

2. Changing	the	Output	Termination	on	the	function	generator	(Agilent	33120A).	

	


