
&REQUENCY�2ESPONSE�-EASUREMENTS�WITH�THE�%����!
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4HERE� ARE� MANY� TECHNIQUES� FOR� MEASURING� THE
FREQUENCY� RESPONSE� OF� A� LINEAR� SYSTEM�� 3OME
DETERMINE� ONLY� THE� MAGNITUDE� OF� THE� FREQUENCY
RESPONSE�WHILE�OTHERS�DETERMINE�BOTH� THE�MAGNITUDE
AND� PHASE� OF� THE� RESPONSE�� )N� EITHER� CASE� THE
MEASUREMENT� REQUIRES� A� SIGNAL� TO� BE� APPLIED� TO� THE
SYSTEM�UNDER�TEST�AND�A�MEASUREMENT�OF�THE�RESPONSE�
3OME� TECHNIQUES� APPLY� A� SINUSOIDAL� SIGNAL�WHICH� IS
SWEPT� OR� STEPPED� ACROSS� THE� FREQUENCY� RANGE� OF
INTEREST�� /THERS� APPLY� A� REPETITIVE� SIGNAL� CONTAINING
MANY�DISCRETE�FREQUENCIES�AT�WHICH�THE�RESPONSE�CAN
BE�MEASURED� SIMULTANEOUSLY�WITHOUT� SWEEPING�� 3TILL
OTHERS�APPLY�A�TRANSIENT�WHICH�CONTAINS�ENERGY�AT�ALL
FREQUENCIES�WITHIN�THE�BAND�OF�INTEREST��4HE�SWEPT�OR
STEPPED�TECHNIQUES�CAN�ACHIEVE�VERY�ACCURATE�RESULTS
BUT� ARE� TYPICALLY� RELATIVELY� SLOW�� 4HE� MULTITONE
TECHNIQUE� CAN� BE� MUCH� FASTER� BUT� REQUIRES� A
SPECIALIZED� SOURCE� TO� GENERATE� THE� APPROPRIATE
REPETITIVE�SIGNAL��4HE�TRANSIENT�EXCITATION�METHOD�CAN
BE�VERY�FAST�� IS�CONCEPTUALLY�SIMPLE��AND�REQUIRES�NO
SPECIAL� SOURCES�� BUT� IT� IS� SELDOM� USED� FOR� PRECISION
MEASUREMENTS� BECAUSE� OF� THE� POOR� SIGNALTONOISE
RATIO�TYPICALLY�ACHIEVABLE�WITH�TRANSIENT�EXCITATION�

!� SIGNIFICANT� BENEFIT� OF� THE�MULTITONE� AND� TRANSIENT
TECHNIQUES�IS�THAT�THE�RELATIVE�PHASE�VERSUS�FREQUENCY
CAN�BE�OBTAINED�WITHOUT�A�SEPARATE�REFERENCE�CHANNEL�
4HAT�IS�BECAUSE�THE�EXCITATION�SIGNAL�APPLIES�ALL�SIGNAL
FREQUENCIES� SIMULTANEOUSLY� WITH� A� KNOWN� INITIAL
PHASE�RELATIONSHIP��4HUS�� THE� RECEIVER�CAN�DETERMINE
RELATIVE�PHASE�SHIFTS�AT�DIFFERENT�FREQUENCIES�WITHOUT�A
SEPARATE� PHASE� REFERENCE�� 4O� OBTAIN� PHASE
INFORMATION� WITH� THE� SWEPT� OR� STEPPED� APPROACH
REQUIRES� A� PHASE� REFERENCE� CHANNEL�� 4HIS� REFERENCE
CAN� SOMETIMES�BE�HIDDEN� IF� THE� SOURCE� AND� RECEIVER
ARE�CONTAINED�IN�THE�SAME�INSTRUMENT�OR�PROVIDE�SOME
SORT� OF� EXTERNAL� PHASE� LOCKING� MECHANISM�� %NDTO
END� FREQUENCY� RESPONSE� MEASUREMENTS�� WHERE� A
REFERENCE� CHANNEL� IS� NOT� AVAILABLE�� TYPICALLY� USE� A
MULTITONE�OR�TRANSIENT�EXCITATION�

-OST� ELECTRICAL� ENGINEERS� ENCOUNTER� THE� CONCEPT� OF
FREQUENCY� RESPONSE� IN� A� SOPHOMORE� LEVEL� COURSE� ON
LINEAR� CIRCUITS�� 4HE� TOPIC� IS� USUALLY� INTRODUCED�WITH
THE� CONCEPTS� OF� SUPERPOSITION�� IMPULSE� RESPONSE�
CONVOLUTION�� AND� STEP� RESPONSE�� !LTHOUGH� IMPULSE
AND� STEP� RESPONSES� REMAIN� AS� KEY� MATHEMATICAL
REPRESENTATIONS� FOR� LINEAR� CIRCUITS�� PRACTICAL
MEASUREMENT� LIMITATIONS� USUALLY� DICTATE� THAT� LINEAR
CIRCUITS� BE� MEASURED� AND� CHARACTERIZED� BY� THEIR

RESPONSE� TO� SINUSOIDAL� SIGNALS��WITH� THE� IMPULSE� AND
STEP� RESPONSE� BEING� COMPUTED� FROM� THIS� FREQUENCY
RESPONSE��#LEARLY��GENERATING�AN�IDEAL�IMPULSE�SOURCE
IS� NOT� PRACTICAL� AND�MOST� DEVICES� UNDER� TEST� DO� NOT
RETAIN� THEIR� LINEARITY� WHEN� EXPOSED� TO� AN� INFINITE
VOLTAGE�APPLIED�FOR�ZERO�TIME��(OWEVER��THE�CLASSICAL
STEP� FUNCTION� CAN� BE� APPROXIMATED� WITH� AVAILABLE
SOURCES� AND� FOR�MANY�APPLICATIONS� CAN�BE�USED� AS� A
PRACTICAL�EXCITATION�

/NE� DISADVANTAGE� OF� USING� A� STEP� EXCITATION� IS� THE
FACT� THAT� ITËS� SPECTRAL� ENERGY� DECREASES� AT� HIGH
FREQUENCY�WITH�A� SLOPE�OF���D"�DECADE��4HE�SIZE�OF
THE�STEP�MUST�BE�KEPT�SMALL�ENOUGH�TO�BE�WITHIN� THE
LINEAR�OPERATING�RANGE�OF�THE�SYSTEM�UNDER�TEST�AND�OF
THE� MEASUREMENT� RECEIVER� CONNECTED� TO� THE� OUTPUT�
4HE�RESULT�IS�A�POTENTIALLY�LOW�SIGNAL�TO�NOISE�RATIO�AT
HIGH� FREQUENCY�� AND� THE� COMPUTED� FREQUENCY
RESPONSE�WILL�HAVE�POOR�ACCURACY�AT�HIGH�FREQUENCY�
!� SECOND� DISADVANTAGE� OF� STEP� EXCITATION� IS� THAT
SLIGHT�NONLINEARITIES�IN�THE�RESPONSE�MEASUREMENT�CAN
ALTER� THE� APPARENT� STEP� RESPONSE�� RESULTING� IN� AN
ERRONEOUS�FREQUENCY�RESPONSE�

7ITH� ITS� LOW� NOISE� AND� EXCELLENT� LINEARITY�� THE� (0
%����!� CAN� OVERCOME� BOTH� OF� THESE� PROBLEMS� AND
PROVIDE� GOOD� RESULTS� FOR� DIRECT� STEP� RESPONSE
CHARACTERIZATION�OF� LINEAR� SYSTEMS��3INCE� A� COMPLETE
FREQUENCY� RESPONSE�GRAPH�CAN�BE�GENERATED� FROM�AN
INDIVIDUAL�VOLTAGE�STEP��THE�UPDATE�RATE�IS�VERY�RAPID�
4HIS� IS� PARTICULARLY� USEFUL� FOR� APPLICATIONS� REQUIRING
REAL� TIME� FEEDBACK� OF� FREQUENCY� RESPONSE�� SUCH� AS
FLATNESS� ADJUSTMENT�� OR� CHANNEL� ADAPTATION�� )N�MANY
CASES� THE� NORMAL� SIGNAL� ENCOUNTERED� BY� THE� SYSTEM
CONSISTS� OF� A� SEQUENCE� OF� VOLTAGE� STEPS�� 4HUS�� THE
STEP�EXCITATION� IS�ACTUALLY�A�BETTER� SIGNAL� THAN�A� SINE
WAVE� FOR� CHARACTERIZING� THE� SYSTEM�� SINCE� IT� IS�MORE
SIMILAR�TO�THE�TYPICAL�SIGNAL�AND�DOES�NOT�REQUIRE�THE
SYSTEM�TO�OPERATE�OUTSIDE�ITS�NORMAL�CONDITIONS�

5SING� THE� %����!� TO� MEASURE� FREQUENCY� RESPONSE
WITH�A�STEP�EXCITATION�INVOLVES�THE�FOLLOWING�STEPS�

�� !PPLY� A� REPETITIVE� STEP� SIGNAL� �A� SQUARE� WAVE	
WITH� SUFFICIENT� PERIOD� TO� AVOID� OVERLAPPING� THE
SYSTEM�STEP�RESPONSES�

�� 3ET� UP� THE� %����!� WITH� THE� BANDWIDTH� �AND
SAMPLE� RATE	�HIGH�ENOUGH� TO�COVER� THE� FREQUENCY
RANGE�OVER�WHICH�THE�FREQUENCY�RESPONSE�IS�TO�BE
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MEASURED�� -AKE� SURE� THE� ANALOG� ALIAS� FILTER� IS
TURNED�ON�

�� 4RIGGER� AND� COLLECT� A� BLOCK� OF� DATA� WHICH
ENCOMPASSES�THE�COMPLETE�STEP�RESPONSE�

�� !PPROXIMATE�THE�DERIVATIVE�OF�THE�RESPONSE�AS�THE
DIFFERENCE� BETWEEN� ADJACENT� SAMPLES�
Y N X N X N� 	 � 	 � 	= + −�

�� 2ETAIN� ONLY� THE� PORTION� OF� THIS� RESULT� WHICH
CONTAINS�THE�SYSTEM�IMPULSE�RESPONSE��3ET�TO�ZERO
ALL�SAMPLES�OUTSIDE� THIS� REGION� TO� REDUCE� RANDOM
NOISE�IN�THE�RESULT�

�� !PPEND� OR� REMOVE� ZEROED� SAMPLES� TO� ACHIEVE� A
BLOCK� LENGTH� WHICH� IS� AN� INTEGER� POWER� OF� TWO�
4HE�SAMPLE�DENSITY�OF�THE�FREQUENCY�RESPONSE�CAN
BE� CONTROLLED� BY� SELECTING� THE� APPROPRIATE� BLOCK
LENGTH�HERE�

�� #OMPUTE� AN� &&4� OF� THE� DATA� TO� ACHIEVE� THE
PRELIMINARY� FREQUENCY� RESPONSE�� $O� NOT� APPLY� A
WEIGHTING� FUNCTION� OR� ÍWINDOWÎ� THE� DATA� BEFORE
COMPUTING�THIS�TRANSFORM�

�� )F�MEASUREMENT�NOISE�CAUSES�TOO�MUCH�VARIANCE�IN
THE� FREQUENCY� RESPONSE�� REPEAT� STEPS� ��� AND
AVERAGE� THE� RESPONSE� FUNCTIONS� TO� ACHIEVE� THE
DESIRED�VARIANCE�

��� #OMPENSATE� FOR� THE� EFFECT� OF� USING� THE� FINITE
DIFFERENCE� APPROXIMATION� OF� THE� DERIVATIVE� BY
MULTIPLYING� THE� FREQUENCY� RESPONSE� FUNCTION� BY
p pF F F F
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���)F�MAXIMUM�ACCURACY�IS�REQUIRED��COMPENSATE�FOR
THE� KNOWN� FREQUENCY� RESPONSE� OF� THE� %����!
DIGITAL�AND�ANALOG�FILTERS�

&IGURE�� SHOWS� ACTUAL�MEASURED� DATA� COLLECTED�WITH
AN� %����!�� 4HE� VOLTAGE� STEP� WAS� FROM� A� �6
PEAKTOPEAK���K(Z�SQUARE�WAVE�GENERATED�BY�AN�(0
����!�0ULSE�'ENERATOR��4HE�%����!�BANDWIDTH�WAS
SET� TO� �-(Z�� AND� THE� SAMPLE� RATE� WAS� SET� TO
����-3AMPLE�SEC�

&IGURE���3TEP�RESPONSE����6�DIV�VERTICAL������US�DIV
HORIZONTAL

4HE� GRAPH� SHOWS� ADJACENT� SAMPLES� CONNECTED� BY
STRAIGHT� LINES��4HIS� IS� NOT� AN� ACCURATE� REPRESENTATION
OF�THE�UNDERLYING�CONTINUOUS�SIGNAL�BETWEEN�SAMPLES�
4HIS� DOES� NOT� DETRACT� FROM� THE� FACT� THAT� THE� SAMPLE
VALUES� THEMSELVES� ARE� VALID� AND� CONTAIN� SUFFICIENT
INFORMATION� TO� RECONSTRUCT� THE� CONTINUOUS� STEP
RESPONSE�IF�WE�WANTED�TO��(OWEVER��WE�DO�NOT�NEED
TO� RECONSTRUCT� THE� CONTINUOUS� STEP� RESPONSE� IN�ORDER
TO�COMPUTE�THE�FREQUENCY�RESPONSE�OF�THE�SYSTEM�

&IGURE�� SHOWS� THE� TIME� RECORD� RESULTING� FROM
COMPUTING� THE� DIFFERENCE� OF� ADJACENT� SAMPLES� FROM
THE� STEP� RESPONSE�� !GAIN�� THE� STRAIGHT� LINES� DRAWN
BETWEEN� POINTS� DO� NOT� ACCURATELY� REPRESENT� THE
UNDERLYING� CONTINUOUS� STEP� RESPONSE�� !GAIN�� WE
DONËT� CARE� SINCE� THE� COMPLETE� SIGNAL� INFORMATION� IS
CONTAINED�IN�THE�DISCRETE�SAMPLES�

&IGURE��� )MPULSE� RESPONSE� FROM� FINITE� DIFFERENCES�
���6�DIV�VERTICAL������US�DIV�HORIZONTAL�

4HE� FREQUENCY� RESPONSE� CAN� BE� COMPUTED� FROM� THE
STEP� RESPONSE� BY� COMPUTING� ITS� &OURIER� TRANSFORM�
&IGURE�� SHOWS� THE� MAGNITUDE� OF� THE� &&4� OF� THE
MEASURED� IMPULSE�RESPONSES�ZERO�PADDED� TO�A�BLOCK
LENGTH� OF� ������ /NLY� THE� FIRST� ��� SAMPLES� OF� THE
IMPULSE� RESPONSE� WERE� INCLUDED� IN� THIS� BLOCK�� 4HE
REASON�FOR�ZERO�PADDING� TO�A� LONG�BLOCK� LENGTH� IS� TO
PROVIDE� MORE� POINTS� IN� THE� FREQUENCY� RESPONSE� FOR
EASIER�VISUALIZATION��3EVERAL�INDIVIDUAL�MEASUREMENTS
WERE�MADE�WITH�EACH� FREQUENCY� RESPONSE�PLOTTED�ON
TOP�OF�ONE�ANOTHER�IN�THE�GRAPH��4HE�THICKNESS�OF�THE
RESULTING� LINE� SHOWS� THE� VARIABILITY� OF� THE� COMPUTED
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FREQUENCY� RESPONSE� CAUSED� BY� CHANGING� STEP� ARRIVAL
TIME�RELATIVE�TO�THE�!$#�SAMPLE�TIMES��.OTE�THAT�THE
VARIABILITY�IS�QUITE�LARGE�NEAR�THE�UPPER�FREQUENCY�END
OF�THE�GRAPH��4HAT�IS�BECAUSE�THE�UPPER�PORTION�OF�THE
SPECTRUM� IS� NOT� FULLY� ALIAS� PROTECTED� AT� THE� SELECTED
SAMPLE� RATE� AND� BANDWIDTH� COMBINATION� ��-(Z
BANDWIDTH�� ����-(Z� SAMPLE� RATE	�� 4HE� TRANSITION
BAND� OF� THE� DIGITAL� FILTERS� EXTENDS� FROM� �-(Z� TO
����-(Z�� 4HUS� THE� FREQUENCY� BAND� OF� ����-(Z
����-(Z�FOLDS�BACK�ONTO�THE��-(Z����-(Z�BAND�
7ITH�DIFFERENT� STEP�ARRIVAL� TIMES� THESE� TWO�ÍALIASESÎ
WILL� EITHER� CONSTRUCTIVELY� OR� DESTRUCTIVELY� INTERFERE�
CAUSING�THE�VARIABILITY�SEEN�IN�THE�GRAPH��"ECAUSE�OF
THIS�UNCERTAINTY��THE�PORTION�OF�THE�GRAPH�FROM��-(Z
TO�����-(Z� IS�NOT�USED�AND�WILL�NOT�BE� INCLUDED� IN
SUBSEQUENT�COMPUTATIONS�

&IGURE��� &REQUENCY� RESPONSE� MAGNITUDE�
�����-(Z�� �D"�DIV� VERTICAL�� MULTIPLE� UNAVERAGED
MEASUREMENTS�

!NOTHER�NOTICEABLE�FEATURE�OF� FIGURE�� IS� THE�GENERAL
ROLLOFF�OF�THE�FREQUENCY�RESPONSE��4HIS�IS�A�RESULT�OF
USING� THE� FINITE� DIFFERENCE� APPROXIMATION� OF� THE
DERIVATIVE�TO�COMPUTE�THE�IMPULSE�RESPONSE�FROM�THE
STEP� RESPONSE�� &IGURE�� SHOWS� THE� SAME� FREQUENCY
RESPONSE� AFTER� BEING� ADJUSTED� FOR� THE� SIN�X	�X
RESPONSE� OF� THIS� FINITE� DIFFERENCE� APPROXIMATION�
.OTE� THAT� THE�VERTICAL� SCALE�HAS�BEEN� EXPANDED�BY� A
FACTOR� OF� TWENTY� TO� ��D"�PER� DIVISION��4HE� RESULTING
RESPONSE� LOOKS� VERY� SIMILAR� TO� THE� DIGITAL� FILTER
RESPONSE�GRAPHED�IN�THE�%����!�DATA�SHEET�

&IGURE��� &REQUENCY� RESPONSE� MAGNITUDE�� SIN�X	�X
REMOVED�� ��-(Z�� ���D"�DIV� VERTICAL�� MULTIPLE
UNAVERAGED�MEASUREMENTS�

3INCE� THE� DIGITAL� FILTER� RESPONSE� IS� PERFECTLY
REPEATABLE�� IT� CAN� BE� COMPENSATED� FOR� IN� THE
MEASUREMENT�� 4O� MAKE� THIS� EASIER�� THE� %����!
LIBRARY� INCLUDES� THE� #FUNCTION� CALLED
HPE����?FILTER?RESP?GET��	��&IGURE��SHOWS�A� FAMILY
OF� INDIVIDUALLY� MEASURED� FREQUENCY� RESPONSES� AFTER
REMOVING� THE� EFFECTS� OF� THE� DIGITAL� FILTER� AND� THE
NOMINAL� ANALOG� FILTER�� 4HE� VERTICAL� SCALE� HAS� ONCE
AGAIN�BEEN�EXPANDED�TO�����D"�PER�DIVISION�

&IGURE��� &REQUENCY� RESPONSE� MAGNITUDE�� SIN�X	�X
AND� NOMINAL� %����!� FILTER� RESPONSE� REMOVED�
��-(Z�� ����D"�DIV� VERTICAL�� UNAVERAGED� MULTIPLE
MEASUREMENTS�

7ITH�THE�EXPANDED�VERTICAL�SCALE�WE�CAN�NOW�SEE�THE
EFFECT� OF� MEASUREMENT� NOISE�� 4HE� THICKNESS� OF� THE
LINE� IN� FIGURE�� IS� A� RESULT� OF� THIS� NOISE�� NOT� OF� THE
ALIASING�PROBLEM�DISCUSSED�EARLIER�� )F�MORE�ACCURACY
IS� REQUIRED�� SEVERAL� INDIVIDUAL� RESPONSE
MEASUREMENTS�CAN�BE�AVERAGED�TOGETHER�AS�SHOWN�IN
FIGURE��� %VEN� WITH� AVERAGING� ���� INDIVIDUAL
MEASUREMENTS�� THE� TOTAL� MEASUREMENT� TIME� CAN� BE
QUITE� SHORT��7ITH� A� SUFFICIENTLY� FAST� SIGNAL�PROCESSOR
TO�DO� THE�COMPUTATIONS� THESE�����AVERAGES�COULD�BE
DONE�IN����MS�SINCE�THE�STEPS�ARE�REPEATED�AT�A��K(Z
RATE�� 4HIS� IS� A� VERY� FAST� WAY� TO� ACHIEVE� BETTER� THAN
����D"�REPEATABLE�FREQUENCY�RESPONSE�RESULTS�

&IGURE��� &REQUENCY� RESPONSE� MAGNITUDE�� SIN�X	�X
AND� NOMINAL� %����!� FILTER� RESPONSE� REMOVED�
��-(Z������D"�DIV�VERTICAL��MULTIPLE�MEASUREMENTS
WITH�����AVERAGES�PER�MEASUREMENT�
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4HE� REPEATABLE� RESPONSE� PLOT� SHOWN� IN� FIGURE�� IS
DOMINATED� BY� THE� ÍNONFLATNESSÎ� OF� THE� STEP� SOURCE�
4HIS� CAN� BE� DEMONSTRATED� BY� USING� A� DIFFERENT� STEP
SOURCE��&IGURE��SHOWS�THE�SAME�MEASUREMENT�USING
AN� (0� ����!� 4WO� #HANNEL� &UNCTION� 'ENERATOR
INSTEAD�OF�THE�����!�0ULSE�'ENERATOR��4HE�DIFFERENT
RESPONSE� GRAPHS� INDICATE� THAT� THE� VOLTAGE� STEPS
PRODUCED�BY�THESE�TWO�SOURCES�DEVIATE�FROM�IDEAL�IN
A� DIFFERENT� WAY�� (OWEVER�� EACH� SOURCE� PRODUCES� A
VERY�REPEATABLE�ÍALMOST�IDEALÎ�STEP�FUNCTION�

&IGURE��� 3AME� SETUP� AS� FIGURE��� USING� ����!� AS
STEP�SOURCE�

)F� THE� ULTIMATE� ACCURACY� FREQUENCY� RESPONSE
MEASUREMENT� IS� REQUIRED�� THE� SOURCE� NONFLATNESS
COULD�BE�MEASURED�AND�STORED��)T�COULD�THEN�BE�USED
TO� COMPENSATE� SUBSEQUENT� RESPONSE� MEASUREMENTS�
4HE�RESULTING�INACCURACY�WOULD�THEN�BE�PRIMARILY�DUE
TO�THE�VARIANCE�CAUSED�BY�MEASUREMENT�NOISE��)N�THE
EXAMPLE� SHOWN� THIS� IS� APPROXIMATELY� ±����D"� FOR
UNAVERAGED� SINGLESHOT� MEASUREMENTS�� !VERAGING
IMPROVES�THIS�BY�A�FACTOR�EQUAL�TO�THE�SQUARE�ROOT�OF
THE�NUMBER�OF�AVERAGES�USED�

7HEN� USING� THE� %����!� FOR� DIRECT� STEP� RESPONSE
MEASUREMENT� OF� FREQUENCY� RESPONSE�� THE� FOLLOWING
KEY�POINTS�SHOULD�BE�REMEMBERED�

• $IRECT� STEP� RESPONSE�MEASUREMENT� OF� FREQUENCY
RESPONSE� CAN� BE� DONE� WITH� INEXPENSIVE� AND
READILY� AVAILABLE� SIGNAL� SOURCES� WHICH� DO� NOT
HAVE� TO� BE� INTEGRATED� WITH� THE� MEASUREMENT
ÍINSTRUMENTÎ�

• "OTH� MAGNITUDE� AND� PHASE� INFORMATION� CAN� BE
OBTAINED�WITHOUT�HAVING�TO�USE�A�REFERENCE�PATH�
4HIS�IS�IMPORTANT�FOR�ENDTOEND�MEASUREMENTS�

• 6ERY�GOOD�RESULTS�CAN�BE�ACHIEVED�WITH�A�SINGLE
STEP� RESPONSE�� 4HIS� IS� PROBABLY� THE� FASTEST� WAY
POSSIBLE�TO�CHARACTERIZE�A�LINEAR�SYSTEM�RESPONSE�

• 4HE� SAMPLED� MEASUREMENT� MUST� BE� ALIAS� FREE
OVER� THE� FREQUENCY� RANGE� OF� INTEREST�� 4HE
%����!�PROVIDES�FOR�THIS�WITH�ITS�BUILTIN�FILTERS�

• ,OW�NOISE� AND� GOOD� LINEARITY� ARE� NECESSARY� FOR
ACCURATE�RESULTS��4HE�%����!�PROVIDES�BOTH�


