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THIS BOOK INCLUDES STANDARD  APPLICATION
CIRGUITS AND CIRCUITS DESIGNED BY THE
AUTHOR. EACH CIRCUIT WAS ASSEMBLED  AND.
TESTED BY THE AU'r)-\oR, As THE ‘BoOK WAS

. PEVELDPED. - AFTER THE B8ooK WAS COMPLE‘!‘ED
. THE ~ AUTHOR REASSEMSBLED EACR CIRCUIT TO
Q\AECK ‘FOR  ERRORS. WHILE FL&ASoMASL& CAR&
. WAS EXERCISED N TRE PREPARATION OF THIS
 Books, VARIATIONS IN COMPONENT TOLERANCES
ANID: coNSTRucT)old METHODS Mhychusﬁ THE
RE.SuL.TS You OBTAIN TO DIFFER: FROM THOSE
GIVEN HERE. THEREFORE THE AUTHoR AND
RADIO SHACK ASSUME NO RESPONSIBILITY FOR
TME SuITABILITY OF THIS Book’S CONTENTS
FOR = ANY APPLICATION. SINCE WE HAUE NO
COM'TROL. OVER THE ULSE To WhICH THE
CINFORMATION IN THIS BoOK 18 PuT, WE.
ASS-UME NO LIABILITY FOR  ANY DAHAGES
RESOLTING FROM TS USE. OF COULRSE IT
1S WOUR RESPONSIBILITY TO DETERMINE IF
CommERCIAL USE, SALE OR MANUFACTURE
OF ANY DEVICE THAT INCORPORATES INFOR-
MATION INn  THIS Book INFRINGES  ANY
PATENTS, COPYRIGHTS OR OTHER RIGHTS.

DUE TO THE MANY |WQUIRIES RECEWED BY
RADKO SHACK AND THE AUTHOR, IT IS NOT
POsSIBLE TO PRovIDE PERSONAL RE S PONSES
T REQUESTS FOR  ADDITIONAL INFORMATION
(CusToM CIRRUIT DESIGN, TECHNICAL ADVICE,
TROWBLE SHOOTING Aowce, eTc). IF You
wis To LEARN MORE  ABouT ELE ¢ TRONICS,
SEE OTHER BookS I THIS SERIES AnND
RAD IO SHACK'S "GETTING STARTED IN
ELECTRONICS. | ALSO, READ MAGAZINES LIKE
MODeERN - é;gcTRgM\gs "AND RADID-ELECTROMNICS.
THE AUTROR WRITES A MONTHLY CoLumMnM,
"ELEC.TRomQS NoTEBOOK, FOR MoDEEN ELECTROM!C&
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THE FIRST MAGNETS

AS FAR BACK AS 85(3«:>B.C.5 THE GREEKS
WROTE  ABOUT THE STRANGE PROPERTIES OF
A DRRK GRAY OR BLACK MINERAL THAT CAN
ATTRACT AND HOLD RITS OF (RON. THIS
MINERAL 1S THE (RON oxIDE (Fe304) now
KNOWN  AS MAGNETITE. PIECES OF HiS
MINERAL ARE NATURAL MAGRETS. HERE (1S
A SKETCR OF A PIECE OF MAGWETITE ON
MY DESK AS I WRI\TE !

Wil

MAGRNETITE
(LODE STONE)

FIL\NGS AR -

NATURAL MAGNETS ARE CALLED LLODE STONES.
THIS NAME COMES FROM LEADING STONE,*
WHICH REFERS TO THE FACT THE SAME SIDE
OF A LODESTONE. SUSPENDED FROM A STRING
ALWAYS POINTS NORTH. THIS DISCOVERY
LED TO THE INVENTION OF THE CDMPASS»,
THE FIRST WIDE SPREAD APPLICATION FoR
NATURAL MAGRNETS. THE COMPASS GAVE
SAILORS  AND EXPLORERS A VITALLY
IMPORTANT NAVIGATIONAL TOOL.

TRERE ARE AT LEAST TWO STORIES AROUT
THE ORIGIN OF THE WORD "MACNET."
ACCORDING TO THE ROMAN WRITER LUQRETIUS!
THE WORD COMES FROM MAGNESIA | THE
GREEK PROVINCE WHERE L(LODESTONES
WERE  FoUND. PLINY THE ELDER? WROTE
THAT THE NAME CAME FRom MAémE.S., A GREEK
SHEPRERD. THE NAILS |N H\S SHOES AND THE
IRON TIP OF WIS STAFF WERE ATTRACTED ™A
FIELD oF MAGNETITE AS HE WALKED.

1 9¢ 10 55 B.Cc. 2A.D 23 To 79 :

)



MAGNETIC FIELDS

THE REGION AROUND A MAGNET THAT INFLUENCE S
EXTERMAL OBTECTS IS THE MAGNETIC FIELD
OF THE MAGNET. THE MAGNETIC FIELD AROUND .
A MAGUET FORMS AN ORGAWIZED PATTERN .
THS PATTERN CAn BE MADE VISIBLE BY ‘
SPRINKLING IRDN FILNGS ON A SHEET. ofF
WHATE PAPER LYING ON A BAR MAGNET.

. \ [ J e - Nl S Z‘V,’. . -

"N \;\‘\\'/(’///n”;, T ;\i\\\h ;’//!.,/,
BN S N et S L D
RON oMo N2 - . MAGNET IS
FIUNGS == T .=« LNDER. SHEET

e \ OF PAPER

\\MA c-gueﬂcf
| FIELD .

MAGRETIC FIELD LINES ARE MAPPED WiTh A COMPASS.

"MAGNETIC POLES

A MAGNET'S FORCE 1S CONCERTRATED AT POINTS
CALLED POLES. IF A BAR MAENET IS HUNG
FROM A STRING , ONE END WitL EVENTUALL
POl oT. NORTH,  THIS END IS THE MAGRET’S
NORTHR PoLE. THE END OF THE MAGNET THAT
POJNTS  SDUTH IS THE SOUTH POLE. :

TAE OPPOSITE POLES OF TWO MAGNETS ATTRACT
ONE ANOTHER. LIKE POLES REPEL.

s N <[5 A< 3]
ATTRALT . . REPE L i,

b



MAGNETIC FIELD INTENSITY

THE [INTENSITY OF A MAGNETIC FIELD IS
MEASURED |N GALSS, THE MAGNETIC
FIELD 4 QEMTIMETE_R FROM A STRAIGHT
LENGTR OF WIRE THROUGH wHICH A
CURREMT OF 5 AMPERES 1S Frowing
1S 1 6AUSS. CTHE MAGCNMETIC FIELD o©OF
VARIOUS MAGNETS CAN BE HUNDREDS oR
E.\IEM THOUSANDS OF GAUSS.

. 1 GAussA_ S  MAGNETIC

| T e -/ FIELD
B |
B , ELE CTRICAL
L I CURRENT OF
‘ / 0 5 AMPERES

| ,;WIRE

THE T TERM c;Auss Honogé CARL FRIEDRICA
GAQSS (1'77'7 o 1355), THE GREAT MATHE MATICIAN.,

s THE EARTH A MAGNET?

EARTH HAs F\MAGNETIQ FIELD, BUT EARTH
IS NOT - A MAGNET. THE EARTH® s - CORE 1S
BELIEVED  TO BE MOLTEN METAL TRAT 15
MucH TOO HKOT T BE MAGNETIC, THE,
MOST  POPULAR THEORY IS THAT EARTH’S
MAGNETIC FIELD IS CAUSED RY ELECTRICAL
CURRENTS GENERATED By ROTATION OF THE
Lmunp CDRE.

EARTH S MAGNETIC FIELD

THE; FoRcE OF EARTH'S MAGNETIC FIELD
1S ABoUT 0.3 GAUSS NEAR TRHE EQuATAOR
AND ABOUT 0.7 GAUSS NEAR THE PoLES.
TROUG H  VERY wEAK, THE FIELD IS &AszL‘/
DETECTED BY A CoMmPAss.

7



EARTH'S GEOGRAPHIC POLES

EARTA ROTATES ABouT AN IMAGINARY AXIS . THE
POLILTS WHERE THE AXIS MEETS EARTH'S SURFACE
ARE TRE NORTR ARND SouTH POLES.,

EARTH'S MAGNETIC POLES

EARTY ALSO HAS MAGNETIC POLES. THE MAGIETIC
POLES Do NOT MATCR THE GEOGRAPRIC POLES,
TRE. NORTHRERNMOST MAGNETIC POLE 1S . NORTH
OF CANADA’S HUDSON BAY. THE SOUTHERMMOST
MAG NETIC PoLe 1S (N ANTARCTICA SOUTH OF
TAS MANIA,

NOR-TH N NORTH
GEO(;RAPH\QC/,\_,} e MAGNETIC

PoLE s R PoLE

~ .
NN \
Y EARTH'S
| VS MAGRETIC

—
~

\ \\ ’ ’ F“ELD
NN /7
SOV TH < / SOUTH
MAGRETIC o _ _ 7 GEOGRAPHIC
PoLE S~~~ POLE

EARTH'S CHANGING FIELD

THE FORCE CF EARTH'S MAGNETIC FIELD ,
FLWCTUATES ON A DAILY BASIS. THE CHANGE
NEdR THE EQUATOR IS ABoUT 0.0002 GAUSS
EACK DAY. AT THE PoLES THE CHANGE IS
0. 0005 GAUSS EACH DAY. THE CHANGE IS
S0 METIFES GREATER THAN THIS WHEN THE
SUN IS VERY ACTIVE.

&



LIVING MAGNETS

THE EBODIES OF MANY ANIMALS INCLODE BITS
OF MAGNETITE.. RECENT DISCOVERIES HAVE
SHOWN ° TRAT MAGNETITE MAY ACT AS A

KIND  OF OoMPASS THAT ASSISTS THE NAVI-
GATION: OF VARIOUS RIRDS , INSECTS , FISH AND
EVEN BACTERIA.

MAGNETIC BACTERIA

IN 1975 RICHARD BLACKMORE. NOTICED THAT SOME
BACTERIA FROM THE MUDDY BOTTOMS OF MARSHES
ALWAYS  MIGRATE TO ONE SIDE OF A DRoP OF
WATER. WHEN HE PLACED A MAGNET NEARBY,
TRE. BACTERIA SWAM TOWARD THE SOUTH -SEEK~
ING POLE AND AWAY FROM TRE NORTH-SEEKING
POLE. LATER 1T WAS DISCOVERED THAT MAGNETIC
BACTERIA ALIGN THEMSELVES WITH A MAGNETIQ
- FIELD EVEN WHEN THEY ARE DEAD, MORE THAN
A DOZEN KINDS OF MAGNETIC BACTERIA HAUVE
BEEN DI SCOVERED. MOST LIVE IN MUD OR SILT
UNDER BODIES OF WATER, AND SoME LIVE (N

- SolL. THEY ARE COLLECTIVELY KNOWN AS.

- MAGMETOTAXIC BACTERIA. TREY |NCLUDE A
STRANG  OF MICROSCOPIC MAGNETS CALLED
MAGRETOSOMES.

| FLAGELLOM
MAGOETOTAXIC (PROPULSION DEVICE)
" BACTERIA , ‘

MAGNETOSOMES
(MAGNET(TE)

MAGNETO TAXIC BACTERIA [N THE NORTHERN HEM|~
SPRERE SwiM NORTH. THOSE IN THE SOUTHERAM
HEMISPHRERE SwWIM  SOUTH. THOSE NEAR THE
EQUATOR  SWwWIM N EITHER DIRECTION.

9



APPLICATIONS FOR N\AG NETS

1. DIRECT CURRENT (ve) MOTORS
ELECTRICAL GENERATORS
AUDIO SPEAKERS '

AUDIO EAR AND HEAD PHONE"S’

T P R

SEPARATING IROM AND . STEEL_ SC.RAP
FRoM  Non- MAC,MET'U‘_ MAtERlALS

(. RETRIEVE {RON AND s-rr:ac. OEIEC‘\"S Los-r
IN BODIES oF WATER ~ SRR T

1. RETR\E\}E BROKE.N DR!LL HEADS FRDM. ou.
AND GAS  WELLS ; i

8. coLLeCT FILING cmps r—ﬂom DR!LL.E.D Ho;s.s

Q. TRAP s\Ts oF METAL In Sromc»—\s OF
cows (*cow MAGMETS) I

10 ERASE DATA STORED ON MAéNET‘IC. TAPtE
11. CABINET LATCHES - -
12 TEMPORARILY MOUNT ANTENNA 0N CAR RooFk
12 TEMPORARILY MoUNT SIGNS Ol\) Cmas

14. MOUNTING, SuPPoRTlMé AND HﬂLDING S\GNSm
GADGETS AND ORJECTS lN HONES AND OFF:CES

15, COLLECTING NAILS LOST N 5011_
16. PAPER CLIP HOLDER )
17. SCIENTIFIC RESEARCKH AND DEV‘ELO?AET.NT

16. I'VE USED A MAGNET TO FIND £ITS or— iRON
\ METE.OR!TE INSIDE. A LARLZE METEDR came&

10



MAGNET CON FIGURATIONS

' AHONG THE MANY MAGNET c.oMFtGURATIONS

e L

AKE. TPLE.SE.

BAR

i



TEMPORARY MAGNETS

SOFT IRON ARND STEEL CAN BE MAGNETIZED ,
BUT DD NOT NECESSARILY STAY MAG NETIZED.

A~ oo

(r TT=In

. 3

\\\ [

TEMPORARILY T~y
MAGRETIRED fitj

TACKS
o LT L

P - e

‘ ¥
DEMAS NETIZED @
TACKS 4

PERMANENT MAGNETS

HARDENED RON AND STEEL AND CERTAIN METAL
ALLOYS STAY MAGNETIZED INDEF INITELY. CERAMIC
MA GUETS AND MAGNETIC RUBBER AND PLASTIC
CONTAIN PARTICLES OF MAGRNETIC MATERIAL. HERE
ARE. SOME COMMON PERMANENT MAGNET
MATERIALS AND THE STRENGTH oF THEIR

MA GNETIC FIELD ¢

ALNICO  (VARIOUS ALLONS OF ALUMINUM ,
NICKEL AND COBALT) — 5500 TO 13,100 GAUSS

CIROMIDM  STEEL — 4,700 GAULSS
PARE EARTH CORALT— D100 GAUSS
CERAMIC — 2,200 TO 3,500 GAULSS
pLASTIC— 1,400 GAUSS

RWRBRER— 1,300 T 2,300 GAUSS

]
DaTA 1 HAGDBOOK OF CHEMISTRY AnD PATSICS (CRC PRESS).

172



USING AND CARING FOR MAGNETS

1. THE ABILITY OF A MAGRET TO LIFT A LDAD 1S

REDUCED BY SoiL, DUST, PAINT AND RUusT ON
THE MAGNET OR LOAD. ; ~

2. LIFTING ABILITY. IS REDUCED WHEN THE LOAD ,

'S VERN THiv (CANS, ETC.) OR HAS A ROUGH
OR IRR.EGULAR  SuRPACE, |

3. AUOID DROPPING OR STRIKING A MAGNET. (T
MIGHT BRBAK OR BECOME DEMAGNETIZED.

H4. FORCING THE SAME POLES oOF TWo  MAGNETS

TOGETHER CAN  PARTIALLY DEMAGNETIZE BoTH
MAGNETS. - :

5. ALWAYS SEPARATE TWO MAGNETS BY PULLING
THEM  AWAY FROM ONE ANOTHER , DO NOT
SLIDE ONE MAGNET AGAINST ANOTHER T0
SEPARATE THEM AS THIS MIGHT SHARPLY
DEMAG NETIZE ONE oR BoTH MAGMNETS,

TRY TO KEEP SEPARATED MAGNETS FRomM
SLAMPMING BACK TO GETHER ,

b AID  PLACING A MAGNET NEAR A STRONG
MAGNETIC FIELD FROM A MoTDR,

7. A "KEEPER" OF <OFT
T™E LIFE OF A MAGRET,

J f

IRON  WiLL EXTEND

\

\4
PARIR. OF par MAGNETS PORSESHOE MAGNET
8. tAuTioN! keep MAGMVET S AWAY FROM MAGNETIC

MEDIA (COMPUTER DISKS . CREDIT CARDS , RECORD-

)
ING TAPE , ETC.)| ALSO KEEP MACNETS Awdy
FROM M ECRAMICAL WATCRES.

13



THE COMPASS

THE SIMPLEST COMPASS 15 A MAGNETIZED
IRON NEEDLE ©OR PoiNTER FREE TO ROTATE
AgROUT A PwWOT. TRE NEE DLE Wit ALIGN
ITSELF ALONG THE EARTR'S MAGNETIC FIELD.
SOME HISTORIANS BELIEVE THWE FIRST COMPASS
WA S A LODESTONE ATOP A SMALL piecé oF
woOD ELOATING IN A gowlL OF WATER.

1 TRIED TS BY PLACIN G A LODESTONE ON A
SMALL SQUARE OF WoOoD ELOATING ON
WATER |Nn A PLASTIC ROX. BOT THIS "COMPASS" .
WO RKS ONLY WHEN THE WATER 1S sTILL. |IT
MIGHAT WORK ON LAND BuT IT woutb NoT
WOoORK WELL N A RoAT. THE FIRST PRACTICAL
COMPASSES ARE BELIEVED TO HRAVE BEEN
MAGNETIZED NEEDLES INSERTED CROSSWAYS
THROUVGH A FLOATING REED OR SPLINTER.
™ME NEEDLE WAS MAGNETIZED BY STROKRING
M AGAINST A LODE STONE. .

MAGRNETIZED

FLDOATING NEEDLE

NEEDLE

COMPASS . wWoob
s TooTHPICK
N

T TRIED THIS AND IT WORKS .,
FireT T STROKED A STEEL SEWING
NEEDLE AGAINST A LODESTONE.. SINCE
TME NEEDLE ATTRACTED IRON FILINGS,
ST WAS MAGNETI2ED. I USED PLIERS TO
EORCE THE MNEEDLE THRouUCH A woob TOOTHPICK,
CAUTION : USE CARE TD AVaiD BREAKIN G THE
LEEDLE OR PRESSING IT INTO A EINGER!
uangN FLOATED ON WATER | THE NEEDLE AND
TOOTHPICK ARRANGEMENT witl SLOWLY ROTATE
UmTIL THE NEEDLE POINTS NORTH A~ND SouUTH
1A oD THE TOOTHPICK EAST AND WEST.
i



MAPPING 'A MAGNETIC FIELD

A COMPA<ZS CAN BE QLED TO MAP A MAGRET'S
FIELD, THIS 1S OFTEN MORE PRACT\CAI_ THAN
USINIE  YRON FILINGS.

NOR.TH (N) o COMPASS

SOUTH (%)

MAGNET N

NoTICE ch THE NORTH END OF THE
COMPAS NEEDLE Pom'rs TO THE SouTH
PolLE o© (1 THE MAGNET .

TP OPPOS\TE. ATTRACT , UNLIRES REPEL.

A COMPASS witlL REZPOND TO A MAGRUT UP
C 3C CENTIMETERS (ABOUT 1 FOCT) AWAY.

-

15



CLECTROMAGNET

ALK ELECTRICAL CURRENT FLOWING THROUGH A .
Loof OF WIRE CREATES A MAGNETIC FIELD, THE
WEAR FIELD OF A SINGLE L00P CAN BE GREATLY. '

INCREASED BY WINDING A coll OF MANY LoDPS.

e G Cim (ABouT 2.25 ny—=

S& gg LT 3“ R K :

RIS A DY

PLASTIC  APPROXIMATELY § METERS (30 FEET)
- SODA 30 AWwG COATED MAGNET WIRE . 1 7.
 STRAW (ABoLT 3 LAYERS WHEN TIGHTLY. WoUnD)

INCERT STEECT |NSIDE THIS coll AND CONNECT A
GL-voLT LAMTERN BATTERY TO WIRE LEADS. . USE
FLAME OR FINE GRIT SAMD PAPER TD REMOVE
NSULATION FRoM ENDS OF WIRE. ®NAIL ETC.

SOLENOID
n . THE ELECTROMAGMET SHOWN
ABOVE CAN ALSD FUNCTION AS
A SOLENOID OR "SUCKING
MAGNET.” PLACE ¢col 1IN A
VERTICAL PosiTion.  ALLoW NAL
10 TOUCH SURFACE BELowW :'
Coll. WHEN CURRENT IS . -
APPLIED TO THE COIL, THE MAIL
witL BE RAPIDLY PULLED wP .« .
INTD THE coli 8Y THE. COIL's. .
MAGNETIC F(ELD. SOLENOIDS
RELEASE LATCHES, CLOSE VALUES |
Lock DooRS, ETC. '

RESISTANCE OF PROTOTYPE

coiL 1S 3.1 5L, AT bVoLTs THE .
Vs CORREMT IS G /2.1 OR 1.9 AnPs.
vy USE SOLENoID SPARINGLY TO . |
Wt AL L_PRESERUE BATTERY UIFE. .. b



ELEC TRON\AG NETI C 12 ELAY

f‘ \]t‘:r - NOPJ\AALLY CLOSE.D CQN"BQC.I':,
8 : MOVING com'Ac:r S

/ || 1<—~—cmL D o
e S A RELAY 1S A
- SPRING . kFRAME. SWITCH ACTUATED.

,E\z AN ELECTRO-
| "“‘LEADS o wawﬁx f

" * OPERAT\NG Pomr

COmAc.Ts RE.LA\/S CAN BE, ACTUATED Lo

: o BY LDW VOLTAGE TRANS!STDR.,

.. AND IC CIReUITS. THEIR
Qo CONTACTS. CAN CONTROL .
A uou‘AGE.,S AND CURRENTS . .

. THAT wouLd DESTROY .. ..
P RE;LAY DlAGRAM : . TRANs\STORS A:ND Ics L

RELA\{ DR!\/ER i - T

5 n-us CIRCUIT SHOWS Row A smc;z.s. TE.ANS:STOR i
CAN CONTROL: A RELAY.; 7

A T . o +9v s cireuIT PULLS' RN
RL } . IN THE RELAY. WHEN :
K b A . LUGHT STRIKES THE .
L 1 cds - PRomwcELL. RL .
2\ PROTOCELL. CONTROLS SENSITIVITY.

. - DL PRQTEC.TS S
R , <2 - Q1 FROM HIGH
at PN VOLTAGE
B ISTRE kg ? | SPIKE THAT

o
IO S O

D1 7-9v  OCC URS WHEN.

RZ ,,
1N914 Ol RELAY IS

4K f,

~ SWITCHED
R L RADIOSHACK  OFF. '
 ToR MPS2222,ETC. T MINV.RELAY.

17



| MAGNET S\N !TCHES

A MAGME‘.T $w|TCR \S A REED $wﬂ‘cH THAT :
HAS A FLEX(BLE MEMBER THAT BEMDS TOWARD OR.
AWAY FROM A RIGID MEMBER . er;n A MAéuE.T
ts NEAR.

, ‘ SUWIWTCOR ComTAc.Ts

,,Ws’a& LEA’D‘ c ' /

[, G:LASS - <——-———MAGME.T
» E,N\/&LOPE : -

MAGmE:r‘ sw\TCHES ARE_ UEP-Y REUA&LE. AND ,
REQUIRE NO POWER SUPRY. THEY ARE OFTEN USED
. TO DETECT OPEN DOORS AND wWANDOWS: IN |
CSECULURITY: ALARM, $YSTEMS. FOR THESE USES .
THE SWITCH 1S LsuALLY lNSTALLED AN A PLASTIC:
- ROWSING WITH EXTERNAL WIRE LEADS OR ScREw
TERMINALS . THE ACTUATING MAGNET IS .
msrALLED IN A SIMILAR Hoosws,f

n
]
.
3
il

e /f R : - o MAGue‘r—-—>'-
| MABGNET —> [T~ SW\T cH SWITCR ——

‘ "W:\N,D,Dw
OPER

SWITCH
OFF

-
-

c N\ -—— o




MAGNET SWITCH INTERFACE

THIS SIMPLE TRAPNSISTOR CIRCUIT wilL
SWITCR ON LED 2. WHEN A MAGNET 1S
NEAR Swi, LED 1 1S SWITCHED oN wn&n
THE: MAGMET 18 REMD’VED. :

- TIP: LET o Ha:To +q\1
LEDL= RED o T |

LED 2= GREEN, —

THEM MALNET . R1

PRES ENT = GREEN 4k

AND MAGNET %

R3

R .
: 1K
e : Qtl

, IN2222,
3 MPS 2222,
S

ETC.

MAGNET L

MAGNET [LED L | LED2 SWITCH WiLL - :

o , ‘ - RESPOMD: TO EITHER
YES OFF oN NORTH OR SoumH
NO _ON OFF - PoLe oF MAGNET

MAGN ET ACTUATED TONE |
!\;&AGZ)E\T - =SS ‘;\ezd';
- | \ 49y 5/22,&& '

;"*"* 9

MAGMET . '
, PLACE M&ME.T MEAR Sw\rcH
™ ACTIVATE TONE. OK TD USE
LAMP INSTEAD OF BUZZER..

O




THE BALL EFFECT

IN OCTOBER 1879, THE PHYSICIST EDWARD HALL
D\S COVERED THE EFFECT THAT BEARS HIS NAME.
HALL FOUND THAT A STRONG MAGNETIC FIELD
CAUSED A VOLTAGE TO APPEAR ACRosS A
THIN FILM OF GOLD THROUGH WHICH AN
ELECTRICAL CURRENT WAS FLOWING. THIS
VOLTAGE IS CALLED THE RALL VOLTAGE.
T 1S PROPORTIONAL TO THE MAGMNETIC FIELD
TMES THE CURRENT. : ;

MAGRETIC FIELD

HALL GENERATOR L/ : -
\l/ 7 HALL

- VOLTAGE |

\

Rl 61

RESISTOR R1 LI{MITS (RESTRICTS) THE CURRENT
EROM BATTERY BA TO A SAFE VAWE. Too
MUCH CURRENT Ot OVERHEAT AND DAMAGE
THE BRALL GENERATOR. ;

THE HALL EFFELCT OCQURS IN CONDUCTORS
AR D SEMICONDUCTORS. THE HALL VOLTAGE
PRODUCED BY CONDUCTORS IS MUCHR TOO
CMALL FOR PRACTICAL APPLICATIONS., THE
BALL UBLTAGE 1S MUcCR HIGHER (N ‘
SEMMICONDU CTORS,  GALLIUM ARSENIDE ArsD
OTHER. SEMICONDUCTORS PRDDUWCE THE MOST
VOLTAGE . BuT SILICON IS PREFERRED SINCE
IT 1S STURDIER AND EASIER TO MAMUFACTURE..

2.0



APPLICATIONS FOR HALL SENSORS

HALL SENGORS HAVE MAMY APPLIC ATIONS IN
ELECTROMICS AND SENSING. THEY CAN RE

- LSED IMSTEAD OF LIGHT SENSORS IN APPLICATIONS

WHERE TTHE SENSOR MIGHT BECOME DIRTY OR
EXPOSED TO BRIGHT LIGHNT. HERE ARE SoME
 OF THE MOST COMMON APPLICATIONS :

MAGNETIC FIELD SENSOR

+
 HALL SE_NSORS CAw ‘ ' ~
. DETECT PRESENCE B “‘@"*
OR ABSENCE OF el AL ;
SMALL MAGNETS. MAGNET SENSOR ~

ﬁEL‘ECTROMAGNEﬂc FIELD SENSOR

HALL SENSDRS C4AN
DETECT MAGNETIC +
FIECD CcAUSED BY

ELECTRICAL CURRENT. co semoa =

- ROUNCELESS SWITCH OFF
SWITCH MADE WITH HALL MAGIUET M ‘ON
‘SENSOR. DOES NOT HAUVE
MECHAN\CAL "BouxE " oOF /M
COMNVENTIONAL SWwWiTCH, SENSOR

- FERROUS METAL DETECTOR .
HALL SENSOR RBACKED
BY SMALL MAGNET [-e
will. DETECT FERROUS /
METAL. N AL SENSDK = MAGMET

GEAR TOOTH SENSOR

HALL SENSOR BACKED
BY SMALL MAGNET [-9
WILL DETECT TEETH 7 \

ON A GEAR, GEAR sensm{ - MF\GME‘F



HALL SENSOR BASICS

MODST HALL SENSORS ARE MANUFACTURED.
WITH A RBuUlLT-IN AMPLIFIER OR LO6GIC
CIRCUIT TO MAKE THEM EASIER TO USE. {T's
HELPFUL TO UNDERSTAND HOw THE SENSOR
IS CONNECTED TO THESE (NTERFACE CIRCUITS.

RASIC HALL SENSOR

MAGNETIC FIELD + SUPPLY VOLTAGE
1S PERPEMDICULAR
TO THIS PAGE..

- HALL VOLTAGE e 4 o + HALL VOLTAGE

MAGNETIC //—J- \ HALL

FIELD SENSOR

BASIC HALL SENSOR CIRCUIT
RL LiMITS MULTITESTERQ

CUARRENT R1 \
FAVAVAN o

|+
lﬁ

;

\HALL

SENSOR

e T\

THUS CIRCUIT GENERATES AN OUTPUT VOLTAGE
WHEN A MAGNET (S PLACED NEAR TRE HALL
EGFECT SEMNSOR. ,

(AR



MALL SENSOR OUTPUT VOLTAGE =

THE HALL VOLTAGE IS PROPORTIONAL TO
THE APPL[ED MAGNE.T(C FIELD AccoRblNG TQ.,

\/ QH x (l x B)
WHERE. R j ‘
\/n 13 THE }-\ALL. voz.:rAc&E. |
RH \s THE HAu. EFFECT c:oE.Fr-zccﬁNT
1 \s THE CURRENT maoue.u e sewsoa ,
) 15 THE THCKNESS OF ™™E SENSOR , AND
Bois T™HE PERPE.MDIQULAR MAéNETlc anw, B

N PRAchc:AL. Tsms, THE WALL VOL,TAGE D
AN A TYPICAL SILICON  HALL SENSOR 1S ABOLT
1& MicRoOvoLTS (0.000018 voeT) PER GAUSS
WHEN THE SUPPLY IS 3 uooTs.. THIS l5 -
- SWCH A SMALL. VOLTAGE THAT HALL
. SENSORS ARE USUALLY MANUFACTURED . |
W™ A Euu_r (N AMFZ.IFIE.R og L.oc>nc
: ;CiRCUlT- s L ;

28 |

o TYPICAL RESPONSE OF A
20 SiLlcoN HALL SENSOR
| (wm-\ou-r AMPL[F:cA'noN)

15 ;

10

n

200 400  LoO 80O . 1000
L MAGNETIL FIELD (GASS) NESS

 RALL VOITAGE (M tm,\)b&s')'f”“
b 0 -

+
1



HALL SENSOR +LOGIC CIRCUIT |

R1

HALL
SENSOR

CSCHMATT
TRIGGER
(SwITcRES ON
AS VoLTAGE
INCREASES)

/ -

ﬂ_ L _i.

% oer | M
, F.,  [oN
1 0 _________"‘ el

MAGNENC FIELD

.-

o

\NTEG RATED DlGlTAL HALL SENSOR

24

[ ittt "
o -
l 1 vouUT AGE_ ‘ B
| |REGULATOR : :
z [} .
o ' . g
B t .
o ‘ >—- ﬂ o3
v »
o , i
S '
o [
o 1 |
(T l__-__--__ -4
IN TEGRATED INTEGRATED DIGlTAl._; ?
DIGITAL HALL HALL SENSORS USUAWY
SENSOR PIN INCLUDE AN OUTPUT
DESIG NATIONS! TRANSISTOR BETWEEN
1.+ SUPPLY THE SCHMITT TRIGGER.
2. 6RounD SOME STAY"oN" (LATCHED)
3- 00T PUT

WHEN MAGNET REMOVED, |



"HALL SENSOQ + AMPUF(ER

o , THE OUTPUT
RL S HALL VOLTAGE IS
f SENSOR PROPORTID NAL

- v FIELD AT THE
N o : HALL SENSOR.

)

. MAGNETIG FED

1oL votTAGE
LV IREGULATOR

1

X
N
o %-—"'"

INTEGRATED
LINEAR RALL
SENSOR  Pin
ACTUAL DESIGNATIONS:
SIZE 1.+ suprLy

, HALL - 2. GRouND
.. . SENSDR 3. OUTPUT :
- : ~ 2.5

CTO THE. MAGNETIC



HALL SENSOR SPEC F\CATlONS

HERE_ ARE KE.Y SPE.C(FICAT!ONS FoR. SOME OF THE.

MosT POPULAR HALL SENSORS.

Al SENSORS CAN AccEPT )57"\7?' g i F:-’ gﬂ
| UMILIMITED MAGNETIC FUWX | Z& b 1zh |3
DENSITY. Do NOT ExcEED [258 [X5S [2%.I]
MAX) MUM SUPRLY VOLTAGE, 30T g0 |00
ABS’JS RATIOMETRIC SENSOR | 4.5 8 | 10
| A314 1 unPoLAR SWITCH 45 | 24| 25
|DEX 3132 BIPOLAR SWITCH 485 | 14| 28
| A3Z187 LATc\-\tNGSw\TcH 3.8 | 30 |25 ip .
UGR S14D POWER SWiTcH | 4.5 4 1300 |
A3HZ 2 DIRECTION SENSOR 4.5 | 18 | 30 4
ATS(A.D GEAR TOOTH SENSOR 4.5

e |1

///1 A
A351S,
A3I4L,

Uex3132,
A3187

111

L 2 3

1 ~ PoSITWE C+) swppw
2 -~ GROUND

32 - ouTPLT

PN OUTLINE SHOWN FROM
BERANDED (FRONT) SIDE. NOTE | .
THAT ONLY PART OF SENSOR . .. ..

NUMBER MAY BE MARKED ONi |

THE IC. SUFFIX MAY BE -

PRESENT (€.9: AZ141LL IS,
A3141 WITH “"LONG LEADS )

]BAS C GAUSS METER

MAG QAH +6

. TO DIGITAL MULT\TESTER.

} 1? "L (SET TD MEASURE MILLWOLTS)

C_,_ ‘, :< 3

;NVS@

.

-

CUATﬁLJT CHRANGES 125

2-(0

USE THE A3515 RATIOMETRIC .
HALL SENSOR. WITH NO
MWAGRNET TRE OUTPUT IS 1/2.
THE SVPPLY VOLTAGE. THE

N PCLE. OF A MAGNET INCRE_ASES
THE CQUTPUT. THE S POLEL L

MILLIWOLTS PER GAUSS. PECREASES. THE OUTPuT



POWER HALL SENSOR

MOsT nALL SENSORS cAnmAT DIRECTLY DRIVE AN
INCAN DESCENT LAMP, RELAY, SMALL MoTDR OR

- OTHER DEVICE THAT DRAWS MORE THAN 10 To
25 wA. FOR THESE LOADS AN EXTERNAL DRIVE
TRANSISTDR \S REQUIRED. THE UGQRS140. HALL

- SENSOR INCLUDES A BUILT-IN DRWE TRANSISTOR
THAT CAN CoNTINUOUSLY SINK UP TO 200 mA.
THIS POWER HALL SENSOR WILL BRIEFLY SINK,
LP TO GO0 mMA TO ALLOW TME FOR A LAMP TD
WARM LP T ITS RATED OPERATING CURRENT.

PIN 1 - suppLY (+4.5 1o 28Vv)
L L PING 2 - 0uTPuT (300 wA MAXMUM)
5140 | PIN 3 - Diobe * 1

R PIN 4 -6RoOuUND

: * THE DIODE PIN CAN RE
; USED FOR AN OPTIONAL
‘ LAMP TEST FUNCTION.
123234 ; ,

CHALL LAMP DRIVER
E )

t4.510 28 V
A L1
by
NS L , \ -,
:@ 5140 | <
2 7N
T ; !; SL
: 4 ; = PRESS S1 10 TEST
MAGNET LAamP L1, (R1 AND
R1 S1 ARE OPTIONAL.)
RBDIOSRACK 1K L1 MUST NoT
CATALOG f : CONSOME MORE THAN
LISTS VOLTAGE | 200 MA WHEN WARMED
AND CORRERMT = uP.

. FOR MARYY LAMPS,

27



HALL SENSOR OPERATING TIPS

HALL SENSORS ARE VERY EASY TO USE. THEY.
ARE UNAFFECTED BY DIRT AND GREASE THAT
Carn  DISABLE OPTOELECTRONIC SENSORS.THRY.
WOR K OVER A VERY WIDE TEMPERATURE RANGE.

(TYPACALLY —40°Q TO +85°C). EXTREMELY HIGH
MAGIETIC FIELD INTENSITIES WILL NOT HARM
HALL. SENSORS. , .

HALL. SENSORS ARE VERY SENSITIWWVE TO
MECHANICAL STRESS AND EXCESS SUPPLY .
VOLTA GE. THEREFORE TS VERY IMPORTANT TO
OBSERVE THE FOLLOWING GUIDELINES WHEN .
INST ALLING AND USING HALL SENSORS! ;

POWER SUPPLY — IT'S BEST TO POWER HALL
SENSORS AT THE LOWEST ALLOWABLE VOLTAGE .
NEVER EXCEED THE MAXIMUM ALLOWABLE! ‘

MOUNTING HALL SENSORS— HALL SENSORS ARE .

OFTE N ATTACHED TO A SURFACE WITH ADHESIVE.
FOR REST RESULTS , USE A FILLED EPOXY. ..
NEVER USE CYANODACRYLATE GLUE ! THIS GLUE | @
SHRINKS AND CAN EASILY CAUSE ENOUSGH ‘
MEC K ANICAL STRAIN TO CHANGE THE HALL
SEMSOR'S OUTPUT. o

T

——
W HALL SENSOR <
I 1 CYANO ACRYLATE —

ORIG INAL PLACEMENT CEMENT SHRINKS PrMD
OF HALL SempSOR BENDS HALL SENSOR .

ENC APSULATING RNALL SENSORS—AS WHEN
CEMENTING HALL SENSORS TD A SURFACE,
ENCAPSULATING A HALL SENSOR IN POTTING
COMPDUND OR EPOXY CAN CAUSE MECHAN (CAL
STRESS THAT ALTERS THE SENSOR'S OUTPUT.
CHANGING THE TEMPERATURE OF ENCAPSULATED
HALL SENSDRS CAN ALSO CAUSE MECHAMNICAL
STRESS. THEREFORE IT's BEST NOT TO ;
ENCAPSULATE HALL SENSORS.

8



) o
HALL SENSOR-MAGNET SEPARATION

I\DEALLY , THE STRENGTH OF A MAGNETIC FIELD
IS INVERSELY PROPORTIONAL TO THE SQUARE OF
THE DISTANCE FROM TRE MAGNET, AT 3 am THE
STRENGTH OF THE FIELD SHOULD BE ABoUT I /3%
OR 1/9 THE VALUE AT 1 Cm. AS THIS GRAPH S Hows,
IN THE "REAL WORLD" THIS RELATIONSRKIP IS NoOT
SO IDEAL —OR AT LEAST NOT EASILY MEASURED.

~Pr — — T '

§ 55|00 HERE'S WHAT T MEASURED  _
N o WHEN MDUWNG A PowERFLL
‘S0l ~ RARE-EARTH MAGNETHAWAY |
a2 0 FROM A RATIOMETRIC
5asi HALL SENMSOR (A3515)" |
9 ,

o ol o ¥ AVAILABLE AT RADIOSHACK. |
@ | HERETHE o

235 HALL SENSOR N -
u {S *SATURATED" N
3 3.0k (MAXIMUM ouTPUT) °\°‘°‘°*0*O-o-o~o—o:
I 28 \ o ! 1

o -y 10 15 w

HALL SENSOR = MAG NET DISTANCE ‘(i m)

FLUX CONCENTRATORS

FLUX CONCENTRATOR S, MADE FROM LOW-CAREON
STEEL GUIDE, OR CONCENTRATE A MAGNETIC FIELD.
- STEEL NAILS CAN BE USED AS EXPERIMENTAL
FLUX CONCENTRATORS. FOR BEST RESJULTS, THE
DIAMETER OF THE CONSTRICTED EnD OF A FLux

CONCERNYTRATOR SHoULD APPROXIMATE THAT OF THE
RHALL SENSOR  CHIP,

; o AT MAGNET HERE - AL
EXPER M ENTAL Ea » T 7 | SENSOR
STEEL NJAIL R & | arTp
[ FLux L . oF
CON CENTRATDR OR MAGNET HERE _7  NAILL

29



BEST MAGNET ARRANGEMENTS

IT'S IMPORTANT TO PLAN AHEAD WHEN DESIGN~
NG HALL EFFECT CIRCOITS. IT'S USUVALLY
BEST TO MAKE A TEST ciReUIT BEFORE BLILDING
YOUR. EINAL DESIGN, THIS witl ALLow You TO.
TEST THE CIRCUIT'S RESPONSE TO VARIOUS
MAGAETS AND MAGNETIC FIELDS.

HEAD-ON OPERATION

MARKED SIDE

OF RALL SENSOR '

SLIDE-BY OPERATION

MARKED SIDE
OF HALL SENSOR

MAGNET  FIXED GAP

ST

HALL
SENSDR



PUSH-PUSH OPERATION

MAGRNET

Haul
SENSOR

MAGnET L THIS MODE GIVES
32 VERY RELIABLE.

SWITCHING.

| Ml e—MAGUET INSTALL
MAGNETS ON

O ~——pnALL SENSOR MOVA BLE
e FRAME. OK To
T~ MAGNET GLUE MAGRETS

S - TO THE FRAME.
- PUSH-PULL OPERATION

SE NSOR

AS Wi PUSH -PUSH
MODE, THIS MODE
GIWVES VERY
RELIARLE SWITCHING,

31



INT ERFACING DIGITAL HALL SENSORS [

¢

APPLL CATIONS SHowN HERE DESCRIBE OPERATION.
WITHR U6X3132. THESE INTERFACE CIRCULTS
ALSO WORK WITH A3141, A3187, ETC.

LED INTERFACE

+V7_

+Viaw

L6X 3132

BURW

3

MTS

MAG NET

LED

= Rg IS LED SERIES

THE LED GLowsS
WHERN SOUTH POLE.
OF MAGNET IS NEAR
THE HKALL SENSOR.
LED SWITCRES OFF,
WHEN NORTH POLE -

OF MAGNET IS NEAR

THE HALL SENSOR.
Rg= Vo-Viep

L ocep

\Leo FOR MOST VISIELE LEDs IS 27O 3 VOLTS. .
FoR T.ep (LED CURRENT) OF 10 mA AND Vo oF
b VOLTS
™ LsE€ 270 1o

TRANSISTOR INTERFACE

+V

+ Viuare

Déex 3132

- N1

Rs= (Gv-3v)/0.01 = 300 oHMS, OK

A

Q1

320 OHMS IN MoST APPLlCAT’ONs';

Q1L 1S NPN SwiTCH-
ING TRANSISTDR
(an1e M 2272
EYC.). LOAD IS
LAMP, RELAY,
ETC. SELELT

Rs TO KEEP
CURRENT THROUGH
Q1 geLow MAXI-
MuM  ALLOWAERLE.
LDAD SWITLHES
DFF WHEN SOUTH

X R1i
N T S 100
MAG- NET LoAD 15 LOAD
ON WHEN
Lo Poe _|
— AT BALL SENSOR =

32

POLE OF MAGNET .
(S NEAR RALLSENSOR.



TTL LOGIC INTERFACE

| +5 5 v MAGNET'S SouTH
POLE SWITCHES
PIN B OF HALL
SENSOR LOW .

UEXZNBL NORTH POLE SWITLRES
: LOK PIN 2 HIGH.

>0 — OUT‘_rL
N e

TTL LoGgIC

L

= OK TC USE WiTH o0THER HALL SENSORS
THLS CHIRCUIT WORKS WITH OWLDER TTL AND

NEWER LOw-~PowWER TTL LOGIC, THE RALL

SWPPLY VDLTAGE SHOULD MATCH THE TTL
SUPPLY VOLTAGE.

CMOS LOGIC INTERFACE

ViaL Vemos  MAGNET'S  S00TH

A POLE SWITCHES
PIN 3 OF HALL
o SENSOR Low.
UGX 3132 RA NORTH POLE SWITCRES
A \ yrK PIN 3 HIGH.
it i ‘ ,
0 X | oo T 4L
"N T s 2 \ ANY
. CMDS LbGIC

MAGN ET
= oK D USE WITH OTHER HALL SENSORS

BEST TO POWER HALL SENSOR AND CMDS
LOGIC FROM SAME SPPPLY WHEN POSSIRLE. IF
NOT, KEEP RALL SuPRY yolLTAGE AT BOR
RE LOW CMOS SUPPLY VOLTAGE, RE SURE TO
FoLLOw CMOS HANDUING PRECAULTIONS.

33



FERROUS METAL INDICATOR

THIS SIMPLE CIRCUIT INDICATES WHEN A
FERROUS METAL OBIECT 1§ wWITHIN L1 Cm
OR SO FRoM A HALL SENSOR.

A251S
INSTALL RATIOMETRIC
CIRCUIT 1N 0 / HALL SENSDOR
A PlLasTiC -
ENCLOSURE., SN FRONT SIDE
ATTACH CLAREL)
HALL SENSOR
TD INSIDE
SuURFACE.

<]
BIAS HAaLL FERROUS
MAGNET SEJ))SDR OB JECT

S VN Jr TiP:
. q LED 1= GREEN
:e > LED 2= RED
- 21113 +Lv
AD TUST ‘ A
SEnSITIVITY
WITHR MMENET € K2
SEVERAL nhuy 470 5L
(ABouT 1/4 - LED
ech) FROM 2 17 {
HALL“sEnsoR, | RL 741 N
AbTUST R 100K §<__3.+
UNTIC LED L ra>d R3
IS JUST oFF 0K TO USE H700
AND LED 2 CTHER OP
IS ON. LED L AMPS OR LED
witLl GLow CoMPARATIRS 2
WHER) FERROUS W
METAL 1S T

N EAR. HALL SENSOR. -
34



J
HALL SENSOR RELAY

THE MOVING CONTACT OF AN ELECTROMAGMNETIC
RELAY PRODUCES A SOMETI/MES UNWANTED CLICKING
SOUND AND CAN EUVENTUALLY WEAR OUT OR RE
CONTAMINATED WITH GREASE OR DPUST. A HALL
SENSOR CAN REPLACE A RELAY'S CONTACTS IN
SOME  APPLICATIONS.

BonD , RATIOMETRIC HALL
SENSDR TO SENSOR
CORE

WITH
EPOXY ——— TO RELAY
: ] DRIVER
RELAY L 5 CIRCUIT
CColL
, : A251S
2 | NS 3 HALL SENSOR t bV
: A
1 .
OK TO USE
VARLOUS OF

AMPS  AND
27 i/com?mmons

o 741
© 400K g(. 31
O ‘ +/L,

REUVERSE RELAY b

CONNIECTIONS |F | RELAY

OUTPUT GOES , cojL

HIGH. | actuAaTeED ¥
L B

ADTUST R1L UNTIL PIN & JUST GOES HIGH.
WHEN RELAY coiL 1S ENERGIZED, PIN & WILL
GO LDW. CHANGES IN RES:DUAL MAGNETISM

. OF THE RELAY'S STEEL CORE MAY NECESSITATE
EDC.CASDONN.. ADITUSTMENTS OF R1. 35



LEVEL INDICATOR

Tms Cx‘Rcun' 1S AN ELEC.TROM\C' LEVEL
INDYCATOR THAT SENSES  WHEN A ROL..LING
STEEL BALL \$ AT REST..

STEEL BALL ,;

oR
 USE = , ' U
THIS, PENDULUM i PLAsTlc. S
-, e SENSOR TUBE.

/| STEELWEGHT @y S.
& u ~— BIAS MAGME_T :
S A=< SENSOR N :

PROTOTYPE CIRCLIT USES A BE INSIDE A GENTLY

BENT SODA STRAW. A SMALL BAL BEARING wiel

CWORK BETTER AS T IS MORE SPHERICAL .

+LV  TCi-T4L OR OTHER 0P AMP o

STEEL
BALL
6,
RALL :15_ — S
SENSeR _e 4 o
(r3515) |2 T4 Tie: USE SENSOR |
CIRCUIT ON EACH
SIDE OF THIS ONE!
=

TO INDICATE WHEN |
NEARLY LEVEL.

PLACE SowTH POLE. oF'MAGNET ;

BIAS AROUT L cm (O.4 INCH) BEHIND
MAGNET MALL SENSOR. ADIwsT R4 :
UNTIL LED IVUST STOPS GLOWING.
(ADTUST THE LED SHOULD NowW GLOW |
- POSITYION WHEN STEEL BALL APPROACHES
AS . THE. HALL SENSOR. . EXPE,RIMENT“

REGUARED)  WITH POSITION .OF MAGNET FOR

36
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) -
MAG NET POSITION DETECTOR
THIS  ClRcuT INDICATES WHEN A MACNET IS

AT A PRESET, ADIUSTABLE DISTANCE FROM
A RATIOMETRIC HALL SENSOR.

*hv Rz
j 470 0L
. . Ri LED
. A3s1S§ 1look 3 1
RATIOMETRIC \ W
BALL SE NSOR 2 .
: ~ , “It 1e4,2-use
; € 741 OR OTHER
.‘__,x L oramP or
: 1 = COMPARATOR.
(D D s
DI * bV Ry
- MAGNET LED
‘ , Z
Q)
RZ ‘
1ook I¢1,2— PIN
NUMBERS ARE

L For 74g.
HALL SENSOR - ‘

MAG NET

Ll N B \ .

N \}' ' (@ PLACE souTH PoLE oF
LA MAGNET UP TO 1-2 Cin
3 2 1 FROM SENSOR. ADIUST
PosiTiON R1 AND RZ UNTIL LEDL

' AND LED 2 JUST GLow.
POSITANON JLED 1 |LED 2 | wWHEN MAGNET I8

, MOVED TOWARD SENSOR,
JSoLTH 1 oN OFF LED2 SWITCHES OFF.
SOLVTA 2 ON . ON. WHEN MAGNET IS
SOUVTH 3 | OFF ON_ | MOVED AWAY, LEDI
NORTA 1 OFF ON SWITCHES OFF. USE
NORTH 2 oN | onN NORTH POLE OF MAGNET
- JNORT™H 3 | oN | OFF | TO REVERSE OPERATION.

37




DUAL-OUTPUT HALL SENSORS

A PAIR OF BACK-TO-BACLK HALL SENSDORS .
PROVLDES A DUAL- OUTPUT MAGNET SENSOR. .
THIS METHOD WORKS WITH BoTH Dlerml .
RALL SWITCHES AND RATIOMETRIC HALL
SENSORS. RATIOMETRIC HALL SENSORS f
PROWVIDE KIGHER SENSITIVITY.

MOUNOT TWO /
SENS ORS
CLosSE TO ﬁ
ONE ANOTHER
(TOUCHING)
ON CIRQUIT
'BoARD  AnD/oR

32

R

BoND TDGETHER
wiTH FILLED
EPOXY.

TtV .

e

\ 4

2
<o N | -
N s ! R SELECT.
il X3 To PROQVIDE
b WAL 2 2. AALL  APPROPRIATE
1 ~— 2 CURRENT |
l  THROUGH LED
MAGNET ~(TypreaLLY.
= 150-6803)
POLE AT | _DIGITAL RATIOMETRIC] -
pALL L | (ep{[Lebd2 | LEDLLEDZ HALLL 2::
| X P T
N offF | oN ON | OFF - A3515
S ON | OFF _OFF |. ON

38



FIELD STRENGTH BARGRAPH

- A LINEAR OR RATIOMETRIC HALL SENSOR CAN
MEASURE THE STRENGTR OF A MAGNETIC
FIELD. THIS CIRCUIT SHowWS How TO USE A
. STACK OF DIGITAL HALL SENSORS (THREE O©OR
MOREY TO DISPLAY MAGNETIC FIELD STRENGTH

L OMN

A BARGRAPH LED .DISPLAY.

MOw&G

R2Z R4 MAGNET oR
4705 24790 SL VARIABLE
- i MAGNETIC
ED LED LED FLELD
2 1
1 }(/ 1 V% 1 S _ N____\__‘-‘___\
X)X A )
Z ORALL |Z wmaw [T 1 2 T34
2 1 —-—
ne PoSITION
POS(T1oM [LEp 1 | LED 2 JLED 3 | oK 1o USE
ANY COLOR
1 ON ON ON LEDs. T USED
2: ON L CN OFF RED , GREEN
3. ON OFF OFF AND BLUE.,
4. OFF | OFf | OfFf

39



¢

HALL SENSOR D\RECT\ON IND CATOR |

Two OR MORE HALL SENSORS ARRANGED SIDE—
BY-S IDE CAN INDICATE THE DIP.E.QTIDNAL MouE.—

MENT OF A NEARBY MAGNET.

HALL

77 7 //‘/,/2 /SEMSORS‘J
Il 4 7 7
MAGNET 7 \é\
/ ‘ LABEL.
SIDE
[Hace | [HALL ] U B “u |
v v
z77 MOTION 123 123
- ———S
S MAGN ET + bV
AAA T AAA__
Ri1 R2.
LED 470 4700 LED
L Si L XZ\ 2
,1/( = N
HALL L HALL 2
A3141 1 . 1 Az141
1
KA X
2 (CUXITIEITYy LI
MAC—:-uET——:»l S l| I{ ) r ’: .r E
Ll o Ao b
PcsimoN: 1 2 3 Y g
PosiTioN | LED L JLEDZ
THIS CIRCOIT
! OFF OFF DRIVES LEDs, BuT .
(4 ON OFF IT Wil ALSO - .
3 ON ON DRWE EXTERNAL
Y OFF ON LOGIC CIRCUITS. .
5 OFF OFF o

40



)
ULTRA-SENSITIVE MAGNET SWITCH
A VERY SENSITWE MAGNET SWITCH CAN BE

MADE BY CONNECTING A PAIR OF BACK~TO- BACK
HALL SERNSORS T0 AN OP AMP oR COMPARATOR.

+ oV Ry
HALL 1,2- A3515 470
HALL | RaLL
2

3>< :1><3

NA S 2 2

MAGROET | J

TP HANG 1 ;
 MAGNET FROM R2
STRING AND SWING PAST .I_ 470

Hatl 1L To FLASH LEDs. =

THIS CIRCUIT wiLl RESPOND TO A MAGNET
1S em (ABOUT 6 INCRES) AWAY. WITH DO MAGNET
- OR WHEN SOQUTH PoLE OF MAGUET 15 NEAR
RALL  SENSOR ‘1, LED 2 GLOoWS. WHEN NORTH
POLE OF MAGNET 1S NEAR HALL SEMSOR 1,
LED 1 GLows. USE DIFFERENT CooR LEDs
FoR LEDs L AND 2, EVTHER INDIVIDUAC LEDs OR
A RiCoLoR LED.

HOUNT  RALL SENSORS BACK-TD-RBACK witd
FRONT™ SIDE  OF HALL SENSOR 1 (SIDE WITH
NUMBERS) CLOSEST TD WHERE MAGNET wiLl
BE PLACED.

THOUGH THIS CIRCUIT DRIVES LEDs y 1T CaN ALSO
POWER = MANY OTHER DEVICES, USE APPROPRY ATE
CARTERFACE CIRCUITRY. ] 41



MAGNET MUSIC

THE OUTPUT VOLTAGE FRoM A RAT!DHETR!C_
(Lirs EAR) HALL SENSOR CAN CONTROL A
NOLT AGE - TO - FRE QUENCY CONVERTER. THIS
PROWIDES A MUSICAL TONE WwHOSE" FRE&uEuc‘l
1S COMNTROLLED BY A MAGNET’IQ FIELD :

REDUCE R . Hav R?.—oz. TO U%E.

To RAISE FREQUENCY A~ FIXED RESi'sTQR
RL . IR
20 < ; 2 R2.
K .LOOK
£85 |
MAG NET SPKR ' R3
AR 3 $3
e il L
{ 3 5 .
'\_ X ARELS
- | WAL - €oet
N S SENSOR L ~ “,o;l.,.F,,__
OR : N zTQ Lo
looo T T T T 1 - 1 1
—~ { 800 T B oo P I
N 100 | °\; © RESPONSE TD -
X, tyoo| SATURATED Srmall MAGWET
L1o0L AN\ CL=0.047:F ]
7, locol SOUTH POLE RL= 100K -
5 sool. MNORTH POLE ~— o
W woop : °\o%o__~° o
& 400 SATURATED TS
&J 200 ’_’_./,/‘O——“""—'”_‘-——:'
L i i t i i i i .
© L 2 3 4 §F e & 9 .10 .

HALL SENSOR— MAGNET DlSTA.ucE.(iMm)

I
J



MU’SI;C‘AL; PENDULUM

R
i

Ve
-
FREAQUENEY

]

;PlANO NIRE —_— N
QR STRIMG N
P B . N N \ ' > P

L 0N TIME

éu 7 NT NORT S=S6UTH
j ,EMA.GMET' —_—

—v- To MAGMET’ MusI¢

i-LALL S&MSOR CIRCUIT (FACING PAGE)

&ASE MAGME.T‘ *i"

DAMDED (OSCILLATING TONE

;ﬂ\ DROPPED TOP
ToP MAéUET-'—*r\ ! MAGRET  WILL

-

< BOUNCE SEVERAL
~ ) TIMES BEFORE
t t ¢ FLOATING OVER

RASE MAGNET.

\MGOD ,

L PLAST m ROD;—H-—-»
gﬁiéPP“&'dToP __f,. k ';,HALL SENSOR
w\éNr:T oSN , ‘

s, . TO MAGNET

MusSic CIRCUIT

"PREgSURE SENSITIVE TONE

 PRESS AND RELEASE FLOATING MAGNET (SHowN
 IABOVE) OR MOULNT A MAGNET ON A FLEX IBLE
BEAM AS SHOWN HERE:

i ’scip.ewf; . ELEXIBLE. o |
$,NUT;\ . STR4P N HALL SENSOR
'—-ﬁ S %10 MAGNET
‘ Co »mus:c CIROUIT
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(

SUPER-SENSITIVE FIELD SENSOR |

AN ANEXPENSIVE COMPASS 1S A MUCH MORE
SENSITWE DETECQTOR OF MAGNETIC FIELDS THAN
A RALL SENSOR. COMBINING A RATIOMETRIC
HALL SENSOR WITH A COMPASS PROVIDES A
SUPER~SENSITIVE MAGNETIC FIELD DETECTOR.

POSITION SENSOR
SO TiP OF THE
N EEDLE PASSES

ATTACH KALL
SERNSOR TO
S\DE OF

COMPASLS (TP JustT ovER
OR BOTTOM) oR UNDER
CLOSEST TO ™e BALL
NEEDLE. USE SENSOR WHEN
TAPE TO HoLD THE COMPASS

SENSOR \N PACE. \ 13 ROTATED.
COMPASS MAGNET

) / \‘\
< S i
f
A351S -
MALL SENSOR
4" (ATTACH To COMPASS)

e

12f 3 TO MULTITESTER
(SET TO UOLTS)

THIS ARRANGEMERT wWiLL DETECT MOVEMEMNTS
0f A STRONG MAGNET MORE THAN 1 METER
(ABOLT 2 FEET) AWAY FROM COMPASS. THE
VOLTAGE CRANGE maY BE oMLY ABouT 10
MiLLavoLTS (0.010 voLt) OR SO. So IT's BEST
T™ WSE A DIGITAL RULTITESTER.

USE THIS ARRANGEMENT WITH A VOLTAGE-
TO-FREQUENCY CIRCUIT 10 PROUVIDE A TONE
THAT CRARNGES FREQUENCY WHEN THE
COMPASS MNEEDLE MOVE S PAST THE HALL SENSOR.
SEE THE "MAGNET Musia” PROTECT 1IN THIS
MINH-NOTEBoOK FOR DETAILs (PAGE 42).
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)
SUPER-SENSITIVE FIELD SWITCH

THIS CIRCUIT WiLL ACTIVATE AN LED WHEN A
MAGNET 1S PLACED UP TO 1 METER (ABouT 3
FEET) AWAY.

: : COMPASS  MAGNET
ey~ "
=" - -~ .

HALL SENSOR
A3S1S LI 7 (ATTACH To comPAsS)

RA

+ 6V ROTATE COMPASS
A UNTIL NEEDLE

{ IS OVER THE HALL
SENSOR, THEN
ADIULST R1
LNTIL. THE LED
JUST SWITCHES
ON. Now PuT
A MAGNET NEAR
THE ComMmPASS.,
WHEN NEEDLE
S MOVED BY THE
MAGNET, THE LED
WHLL FLASK ON
AND OFF.

ABOUT THIS CIRCUIT: THE 741 IS A Low-COST
OPERATIONAL AMPUFIER (0P AMP) CONNECTED
AS A C(OMPARATOR. THE OuTPuT OF A
COMPARATOR (3 EITHER Low OR HIGH . [N
THIS CIRCUIT, THE OUTPUT SWITCHES FROM
LOW TO HIGH WHEN THE HALL SENSOR
OLTPLT VOLTAGE (15 ABouT (.01 VoLT HIGHER
THAN THE VOLTACE AT PIN 2 OF THE 741.

MANY DIFFERENT 0P AMPS WILL WORK N

THIS CIRQUIT. JUST BE SURE TO CONNECT THE
PROPER PI\NS., R2L CAN BE REDUCED TO 470 L.
THE L ED CAN BE REPLACED BY A Low-UOLTAGE
PIEZO TONE GENERATOR. Le



GIAMNT CON\PASS I\AAGNETON\ETER

GEOBMA GNETC STORMS CAUSE.D BY SOLAR
ACTIVITY CAN CAUSE MATOR POWER BLACKOUTS i
AND AURORAS. THEY ALTER EARTH'S m:su&*rnc
EIELD SO THAT COMPASS NEEDLES DEVIATE: FROM
MAGMIETIC NORTH. THE GIAMOT COMPASS Sl—%ow&
HER & SHOULD INDICATE COMPASS DEFLEQ‘UQMS
CAUSED BY GEOMAGNETIC STORMS. A SMA.u.E.a :
VERSION THAT INDOICATES DEFLECTIONS MWITH
REFLECTED LIGHT WAS DESCRIBED BY RoM T. L\vﬁSEY
IN "SKY$ TELescoPe"(oa. 1384, pp-‘tl&-HSZ)ﬁ

GEOMAGNETIC.
STORMS WL CAUSE. ..
SLIGHT DEFLECTIONS | i
AWAY FRoM M\&NE.na,
NORTH. DEFLECTIONS. . |
CAN BE HEASURE.D Lo
USING A SCAL.E
MOUNTED AT ‘m::.
NORTH PoerR.

THiIS  COMPASS 1S
VERY SENSITIVE TO
MOVENMG AR, FOR
BEST RESULTS, SUSPEND -
THE = COMPASS INSIDE
A LARGE CONTAINER
OR INSTALL THE
EMT IRE ComMPASS
; \MS\DE. A coMTRIMER.

(sEE Es‘:uow)
WODD DowEL A S , _j i
OR PENCIL = ' —“—* L
e | (‘(“(w» MOR'TH L
AVOID VIBRATIONS . Tie: USE A SN
NEAR ComPAss! RAD\OSHACK | SEARCH ENGIME.
: . RING MAGNETS 10 FIND SOLAR:
CONTRINER (5 oR MQRE) L Acrmw NEWS.
. ON THE WEB.

MAGMETOME‘TEFL SCALr—_ ol
(1 1nDEX MARKR PER oaagaﬁ),
DVIDE Cl@Cqu-EP.&NCE. aF .
CONTAINER BY 3L0 T HNQ
~— DISTANCE BETWEEN mnﬁx i
MARKS. USE. LARGER
CONTRINER AND. LOMGEB.
POINTER FOR Ht&d RESQL&HQM.,

i




)

HALL SENSOR NORTH COMPASS

A RATIOMETRIC RALL SENSOR CAN DETECT MAG-
NETIC NORTH. AT MY LOCATION |N CENTRAL TEXAS
THE OUTPUT FROM A RATIOMETRIC HALL SENSOR
\S A FE W MILLIVOLTS HIGHER WHEN THE SENSOR
POINTS NORTH THAN WHEN T POINTS E(SEWHERE.
THIS VOLTAGE 1S ENOUAH TO TRIGGER THIS CIRCUIT.

ADTUST R1
VNTIL VOLTAGE
AT PIN & OF Icd
1S SOME WHERE
BETWEE N LOWEST
~ AND HIGHEST

. VALLE, Go 0UT-
DOORS A\wWAY FROM
POWER L1nES AND
LARGE METAL
OBJECTS.. ROTATE.
CIRCUIT  LNTIL
PRINTED FACE
'OF HRALL. SENSDR.
POINTS  NORTH.
ADIVUST RH UNTIL
LED 1 JUST TWRNS
ON AND LEDZ
VST TURNS. oFF,
ROTATE CIRCUIT
BOARD TOWARD
BAST 0oR WESsT
AND LED 1 wilL
TURN O FF AND
LED Z wiLl
TURN ©N.

TIP: INCREASE
SENSITIVITY BY
VSING A NAIL
;AS A FlLax
‘CONCEN TRATOR
(SEE RBovE).

NALL SENSOR
A351S

LAREL
(FrRo MT)\ '\tl
2

MQIL

NS

:-—;;.—..——\
] : J

OPTIONAL

FLUX
CONCENTRATDR

1
FOR ADVANCED X
EXPERIMENTERS 3

RL RZ
look 1K

R

—
—

3 12 +kv

,.\;:ci% T d

ADTUST R4
WiTH CARE R3

e 10k
R4 — A
ook J

Ict T2~
741 oR
OTRER QP .
2 12 AmP orR

+ T/ ComPARATIR
y\Ic 2 9

LED Ré

2 %

WATCH FOR VERY SUBTLE CHANGES
IN BRIGHTNESS OF LEDs. L



SPECIALIZED HALL SENSORS
A3422 DIRECTION SENSOR

S SPEED THIS DEVICE HAS TWO o

SIDE~BY-SIDE WALL sam;ocgs .
‘ 4 E1ouT  (ELAND EZ). IT IS DESIGNED
LABEL : TD DETEQCT ROTATIONAL |
SADE |3 GROUND DIRECTION AND SPEED OF .
' A ROTATING RING MAGNET.

2 DIRECTION o S A

; THE A3422 CAN BE USED. . .
1 supeLy AS A MAGMNET Po(.E. IO

(* leVaa)  \NDICATOR.

+9v

£E1 18 OUTPUT i P
- FROM ONE OF . ——
THE TwWO HALL , S RL

 SEN SORS.. L LEDL 1K

. LED 1 3 M0 MAGMET l ;»;(' :} Rz

LED 2 =S0UTH A3H22 LEDZ LK

ATsuo GEAR SENSOE RN

THIS SENSDR INCL.UDE.S A sz:r-f
IN BIAS MAGNET BEHIND TWO .
HALL SENSORS, THIS  SENSOR ‘s
DES\GNED TO DETECT SMALL .

TEETH ON A GEAR. IT ALSO ‘
WORKS WELL AS A FERROUS :
METAL DETE,CTOR.,~ ‘ VRS

| IR SuPPL‘/ (<f1x.u)
- +9v P\n 2 = OUTPUT.
— Pin 37 CﬁPACWOQ
ATs L Pw 4~ GROUND

B | eto [T vl
* % LED 1 s-roes GLow\Mé f

- j__.l_Lf:D R1  WHEN FERROUS METAL o
 METAL . T 1 1k s cmse;m s&msm?w




RESISTOR COLOR CODE

i H \

vovoN
Lo (K o o x
BROWN i1 xip
RED T2 %100
ORANGE 2 3 ¥ [ 000
YELLOW 4 4 4 10000
GRE.EN 5 5 4 100,000
BLUE e e X 1000,000
VIOL ET 707 10,000,000
GrAY & B £ 100,000,000
Wik TE 8 9 -

FOURTH  EAND INOWCATES TOLERANCE (ACCURACY):
GOLD=2E % SUVERTELDY  NovEz 20y

CHM'S LAW: ve=zr  geys
VI

T=V/R -

i M

TR

ABBREVIATIONS

A= AMPERE R = RELISTANCE
F = Fagap V(oR EY = yoLT
I = CubrenT W= wATT

P o= Power = ouM

M UMEG-) = % 1 0o oeo
KoOKwe~) ® o« 1 000

wo OoMILLIY ¢ et

Mo MICRD=Y 2 peo oot
hONANDTY % 800 soo 0oy

e {_,‘)w;r‘? T U000 008 o000 ony
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