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THR\S Book IMCLUDES STARDARD APPLICATION
CIRCUITS | AND. ClReu!ITS DESIGMED| EBY. THE

. AUTHOR. EACH CIRCUIT WAS ASSEMBLED @ AND
__TESTED | BY THE | AuTHOR AS THE Bodk wWAs
DEVELDPED. | AFTER  THE Book WAS EGHPLEI'EB
THE | AUTHOR REASSEMBLED EACH CIREuUIT T0 . .
 eWECK FOR ERRORS. WHILE REASONABLE  CARE
_WAS EXERCISED n THE PREPARATION OF THIS |
BOOK, ! VARIATIONS | 1N [ COMPONENT TDLERANCES
AND ComSTRUCT)OAN  METHODS MAY  CAUSE THE
RESULTS  YoU OBTAIN TO | DIFFER. FRoM THOSE

| GIVEN HERE. THEREFORE THE AUTH&R. AND

RADIn SHACK ASSUME NO RESPOMSIBILITY FOR
THE. SUITABILITY OF THIS EBook’S CONTEMTS
FOR! ANY APPLICATION. . SINCE @ WE HAUE ND |

g"_=naumu OVER THE UsSE To WHICH THE

INFORMATION | 1IN THIS BbOK IS PUT, WE
ASSUME Mo LIABILITY FoR! AMY BAHAEES
RESULTING FROM. ITS USE. OF COURSE  IT
IS YOUR RESPONSIBILITY To DETERMINE |F
CoOMRnERCIAL UVSE, SALE oOR MARUFACTURE |
OF ANY DEVICE THAT INCORPORATES |NFOR-
MATION . In | THIS Book |NFRINGCES  ANY
PATENTS,  COPYRIGHTS OR OTHER RIGHTS.

DUE TO. THE MANY | [WQUIRIES RECEWED By
RADIO  SHACK  AND  THE AUTHOR, (T IS NoT
PossIBLE TO  PRovIDE PERSONAL RESPONSES
TO REQUESTS FOR.  ADDITIONAL  INFORMATION
(Custom.  CiRCwIT DESIGN, TECHNICAL ADVICE,
TROUBLE SHOOTING F-l:lurEE_ ETC). |F You
WisH  TD  LEARN HEF.E ﬂﬂuur ELE & TROMICS
SEE! _OTHER | Bpooks 1M | THIS | SERIES AnD
. RADID 'SHHCH,'S "CETTING STARTED | IN
__ELECTROMICS. " ALSO, READ .HHEAIIMES. .-:.:kE.
MODERN ELEGTRoML g; AND 10-E

THE . AUTHOR. LWRITES A, MONTHLY EQLUMM i
"E:.E.::Tnamu mansmx;*’ FOR y_g,n_gg:_u ELEﬂTRﬂylgg

]

)

CONT-NTS

THE FiRST MAGNETS
MAGNETIC FIELDS

MAGNETIC POLES . |
Mhﬁmﬁm‘_ FIELD |H1:E.u5n'14

EP—\RTH S MAGNETIC FIE Lb

| _EARTH'S | GEQGRAPHIC POLES |
Fn.n.ru‘s MAGNETIC POLES

LIVING MAGNETS! |

MAGHN ELT'II.'Z EAC,TERL A

F\PPLICATlGNS FOR. MAGNETS

MAGNET C@MFIGUR&T’(ON‘S

. TEMPORARY MAG N, E.TE

PERMANENT MAGNETS i

MSING AND camme #ﬂa ME-HETE |

L THE CDMPASS """

MAPPING A hMGMETiC. Flﬁm_

ELEC TROMAGNET |

1._.|

SOLENOID! ||
ELE&TR&MGHE.TIC. E.El-ﬁﬁ
.. RELAY. nn.wﬁ_&

e el s
| i 1

_MAGNET 'SWITC HES

MAGNETIC SWiTCH mrEEF,A.cF. -
~MAGNET\C-ACTUATED TONE | 1

TY—IE HALL TEFRECT

F\.FPL.LLATIEMS- FOR, WALL EEMEDR.E

_HALL SENSOR BAS\CS | | . . L.

_BAsIc HALL SEMSOR .

f | BASIC HALL SENSOR  CIRcuIT |

_HALL SENSOR. OUTPUT \.fm,rhGE.

_HALL SEHmR *Lm&l{‘. ¢|E.¢urr i

o g e

=} ._111 _;

ks —f
|

& B
-

1 =

o2
= o =

ﬁb.ﬁmuqurfm

a— —— e
b | |
e o s s s (o R SHO i NSNS BN B |
'
| | ! |
A b i TR [

T 1‘%; E__i
* %31 |




THE FIRST MAGNETS |1

I INTEGRATED DIGITAL HALL SEMNSOR 24 |
1| HALLl SENSPR + AMPLIFIER 251 . _ | d=d
| _INTEGRATED. LINEAR HALL SENSOR 25 AS FEAR Back AS 800 B.C., THE GREEKS K | |
|| HALL SERNSOR SPECIEICATIONS . . | 16 WROTE ABOUT THE STRANGE PROPERTIES OF
| _BASIC GAUSS METER. h ) R ) A DARK GRAY OR BLACK MINERAL THAT CAN
| PolwER HALL SENSOR THEE C45IE8 27! ATTRACT AND HOLD BITS OF (RON. THIS |
HALL LAMP DRIVER | 27 MINERAL |S THE (RON a_m-ns (Fez O4) how
[ ) Knowmn AS MAGNETITE. PIECES OF THIS |
HI\LL SENSQOR OPERATING TiPS 28 MINERAL ARE NATURAL MAGRETS. HERE IS
HALL SENSOR MAGRET SEPARATION &9 A SKETCA OF A PIECE OF MAGRETITE op. .
4. | FLUX CONCENTRATORS | L 219 MY DESK AS I WRI\TE ! :
Ll BEST MAGNET ARRANGEMENTS . . | 30 . . - .
b | HEAD=-ON 'OPERATION | | S sl A 1 S . L PR MAGNETITE
L | SUIDE=RY OPERATION e Lol 1 RICH RN e T P (_LﬁbE_ETc:HE.)
L PuSH~ PUSH OPERATION o O 140 8 % =7 S UL FILINGS T RN, ad
_lL PUSH - PULL OPERATION | - 31 O, / |
il INTERFACING blGiTAL %ENSORS 37 2
.f._,.;.., . LED IMTERFACE 22 ACTUAL
b TRANSISTOR mTEnFAf:E-_ ol | .l SIZE
41 a1 8 rtildosic | UNTEREAGE: 1 T LoV ] (R 15 1 o AT I bl -ogleek 4 4.1 1 |
LUl emMos LOGIC! INTERFACE ) Kl U A B 41 NATURAL MAGRNETS ARE CALLED LODESTONES.

J_ THIS MAME CDMES FROM. '"LEADING STONE v
' APPLECATION CIRUC TS 1T 1] A= WHICH REFERS TO THE |FACT THE SAME SIDE
L | FERROUS METAL [NDICATOR. . . K i
Pl Ll MK SEMSBE RELAY. ¢ 1 L] | 13 S)
... LEVEL INDICATOR . : L 13!
. MAGNET POSITION DETEf:mJ:L |
_ PUAL- ouUTPUT HALL SENSORS |
__FIELD STRENGETH BARGRAPH & |
_HALL SEANSOR DIRECTIDN INDICATOR
DLTRA=SENSITIVE. MAGNET [SWITCH.
MAGNET MuUSIC | .
 MUSIcAL PENDULUM _
 DAMPED OQScILLATING TONE
| PRESSURE=-SENSITIVE TONE
L SUPER =SEANSITIVE FIELD SENSOR
| SUPER=SENSITIVE FIELD SwITCH
| GIANT COMPASS MAGNETOMETER
L | HALL SENSOR NORTH COMPASS
_ _.________.__-SPE.c:mLmEﬂ HALL SEMNSORS
B 0 ) s - T )L mkE.c.TlpM SENSOR .
| | ATSG1DO GEAR TOOTH SENSOR. | |

ARLWAYS POINTS MNORTH. THRIS DISCOVERY .
LED TO THE INVENTION OF THE c.c:-MPAS&
THE FIRST WIDE SPREAD APPLICATION FOR . . | .
NATURAL MAGRNETS. THE mMPASS GAVE | |
SAILORS  AND EXPLORERS A VITALLY |
IMPORTANT NAVIGATIONAL TOOL-

THERE  ARE AT LEAST T™WO <TORIES AE&UT
THE DORIGIN OF THE WORD "MAGNET."
ACCORDING O THE ROMAN WRITER Lucaﬁr:us* .
THE WORD COMES FROM MAGNESIA , THE | -
GREEK PRoVINCE  WHERE Lnnes.‘rauf:s
WERE FounD. PLINY THE ELDER® WROTE. | .
THAT THE NAME CAME FRoM. MAGNES | A EREEK
SHEPRERD. THE NAILS N 1S SHOES mn I THE |
1Ron TP aF HiIS STAFF WERE ATTRACTED TD A
FIELD OF MAGMNETITE AS HE WALKED.,. 1|
! 9,10 55 B.¢. 2% A.D..23 1079 |

T T —t

e o e it S L F PR VY
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_ OF A LODESTORE SUSPENDED FROM A STRING | |
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| MAGNETIC FIELDS

THL& E.ﬁGJaM nnnuub Amaus-r 11#:? IHFLUEHCES
EXTERLVAL OBIECTS IS ITHE MAGNETIC FIEBLD
0F THE MAGMNET. THE MACGNETIC FIELD AROWND |
Bl MAGRET FORMS An ORGA WIZED PATTERN.
THIS PATTERN CAn BE MADE VISIBLE BY | .
SPRINKLING IRON FILINGS ON A SHEET OF
WHITE PMEE. LYING 0N A BAR MAGMNET. .

' 4
o
o+

MAGNET IS
LUMDER| SHEET
OF PAPER

(111 (mow-]
|| FIUNGS

m.s.-r-_:.&.f.tc. FIELD LInES ARE MAPPED WITH A COMPASS.

- MAGNETIC POLES

A m&me-ra F{:REE IS COMCENTRATED AT POINTS
CALLED  POLES. IF A BAR MNAGNET 1S HUNG |
FROM A STRING, ONE END witL EVENTUALLY
POIMT NORTH. ﬁus END IS THE MAGNET'S
MNORTH PoLE., THE END 0OF THE MAGNET THAT
POJNTS  SDUTH IS THE SOUTH POLE.

__THE OPPOSITE  POLES OF TWo MAGNETS ATTRACT |
OME ANCTHER., LIKE PoLES REPEL.
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MAGNETIC IT’IELD INTENSITY

THE ;MTE_HE.AW ﬂF m MAGRETIC FmEt.Im IS |
MEASURED 1IN | GALSS, THE MAGNETIC |
FIELD 1 -‘.‘:E_MTIHE.TER EROM A STRAIGHT
LENGTH | OF WIRE . THP.aur.m WHICH A |
CURRENT OF 8§ ﬁmPEREE 1S FLoMING.. | 1 L |
IS, 1 GAUSS. THE| MAGMETIQ |FIELD loF | | | |
VARIOUS | MAGNETS. CAN BE HUNDREDS aR =8
EVEN mwsnuma oF GAULSS. =
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iR T ) el CURRENT OF | | |
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THE TERM GADSS HONORS (CARL ERIEDRICA | | | ||
GAUSS. 12111'? TO 1355),314'& GREAT .erE.uAﬂcmu

s THE EARTI-I A MAGNET’F’ I
=

| | EARTA HAS A MAGNETIC FIELD, BUT E.qam

IS moeT A MU.GMET THE EARTH' 5 CoRE 1S | | | | |
BELIEVED To BE MOLTEN METAL TRAT!8 ! | [ | |
MUCH Too . HOT TO BE. MAGMNETIC, T‘HE. prdd gl
MDST  PoPULAR THEORY IS THAT EARTH’S |

MAGNETIC FIELD (IS CAUSED BY ELECTRICAL |
CULRRENTS GENERATED Ry ROTATION OF THE
LiQuip | CORE . Eat g1 - _ | | o A I

4 - Ll

EARTH S MJ’-\GNETIC FIELE}

'THE. FORCE OF EARTH'S m&u&rnc F—rELn |

1S ABoLT 0.3 (CAVSS NEAR THE EQUATAR

AND AROULUT 0.7 GAUSS! NEAR THE Paltgg.! | [ .| |
TROLUG H VERY WEAK, THE FIELD (S EASILY. | | |

| DETECTED | BY A COMPASS. | | TR e

o, M U



EARTH'S GEOGRAPHIC POLES @

EARTH ROTATES ABouT AN IMAGINARY AXIS. THE
POIMTS WHERE THE AXIS MEETS EARTH'S SURFACE
ARE | THE | NORTH AND SouTH POLES. |

EARTH'S MAGNETIC POLESR

EARTA ALSO HWAS MAGMETIC Poles, THE MAGMETIC.
POLES Do NOT MATCH THE GEOGRAPHIC POLES,
THE | unﬂmennmaw MAGRETIC PolE (5 !MNORTH
OF CANADA'S Hubsol BAM. THE Sbmﬂﬁﬁmﬂﬂ‘ﬁ.
MAGRETIC POLE IS IN ANTARCTICA SOUTH OF
TASMANIA .,

MORTH N S Neerid. | L
GEUﬁ.EAPHw‘_q‘\* A T MAGNETIC L

PoLE POLE
- =
T, ms.uﬁﬂ d
=4
Lty
SOUTH i ..f SOUTH | |
MAGMETIC i = 4 N GEOGRAPHIC
PoLE S"““-———_ﬂ POLE

EARTH'S CHANGING FIELD

THE FORCE ©F EARTH'S MASNETIC FIELD. =
FLWCTUATES ON A DAILY. BAsIS. THE CHANGE
MEAR THE EQUATOR 1S AEoUuT 0.00072 GAusS
EACK DAN. AT THE PolLES THE CHAMGE IS
0.0005 GAVSS EACH DAY. THE CMHAMNGE IS,
SAMETIHES GREATER THAAN THIS. WHEN THE
SUN 15 VERY ALCTIVE. | 2k

8

LIVING MAGNETS

__THE BODIES OF MANY  ANIMALS INCLUDE BITS

0F MAGNETITE . RECENT DISCOVERIES HAVE
SHOMWMN  THAT MAGNETITE MAY ACT AS A
KIND _  OF doMPASS THAT ASSISTS THE  NAVIT
GATION OF VARIOUS BIRDS 5 |NSECTS , FISH AND.
EVEN  BACTERIA. ]

MAGNETIC BACTERIA .

'.M: Li':'l.‘J_'S RICHARD BLACKMORE HaTlﬁEb THAT EaHE |

. BACTERIA FROM' THE MuDDY BOTTOMS OF MARSHES
_ ALWAYS MIGRATE TO OME SIDE OF A DRoOP COF

WATER. WHEN RE PAACED A MGMNET HEARE?

_ THE BACTERIA. SWAM TOWARD THE SOuTH-SEEK~

ING PoOLE AMD AuwAN FROM THRE NORTH-=SEERING

_POLE. LATER (T WAS DISCOVERED THAT MAGNETIC

BACTERIA  ALIGN THEMSELVES WITH A MAGNETIA | .
FIELD EVEN WHEN THEY ARE DEAD, MORE THAM | |
A DOZEM KINDS OF MAGNETIC BACTERLA. HAVE Lot
EEEN DISCOVERED. MOST LIVE IN, MuD (OR ST | |
UNDER BODIES OF WATER,AND SoME LIWVE IN. =
Soll. TWEY ARE !:DI.LE.LTWELH" Knows LAsS | | | ]

MAGMETOTAXIC BACTER\A. THEY INCLUWDE A | |
STR\NG OF MICROSCOPIC MAGNETS | CALLED | |

MAGNETOSOMES.

MAGOETOTAXIA.
BACTERIA .

| -]

FLhGEU.UM .
(_PRDPULEIGM DEV.L QE) L

/

IR I i S |

MAGMETDSOMES
( MAGMETITE)

-5

MAGNETOTAXIC BACTERIA (N THE NORTHERN HEMI= |
SPRERE swimM MNORTH ., THOSE IN THE SOUTHERN
HEMISPHERE SwiM  SOUTH. THOSE NEAR THE
EQUATOR  SwimM (N EITHER DIRECTION. | .q_
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~APPLICATIONS FOR MAGNETS

1. DIRECT CURRENT (D) MOTORS

MAGNET CONFIGURATIONS
_AMONG | THE [MANY.| MAGNET CONFIGLRATIONS | | | |
ARE. THESE .| | | on] e ol O I S a0 e

FCRARTT

.....

2. ELECTRICAL GENERATORS
|3, AUDIO $PEAKERS L]

4, AuDIo EAR AND MEAD PHONES | | | | .

‘5. SEPARATING IRON. AND. STEEL ScRAP - |
_FROM  NOM=-MAGNETIC MATERIALS . | | | | |
1A : |

osT

b, RETRIEVE. | IRON AND STEEL OBTECTS |
IpMA:BoDIES L OF |\WATER . [/ | 3 7 | |

7. RETRIEVE BROKEN DRILL MEADS | FROM oIl
AND | GAS NE.LLE; T N O | ]

8 CokcT| Pulno| onips_pom | DRILLED HOCES,

i’ [ R B TR el TR el e el e

haleckatic =t ]

|
-l

9. TRAP BITS OF METAL. In | STOMACHS| OF! |
! cows ("cow MaGnETS') =

-

10. ERASE DATA STORED ON MAGNETIC TAPE |

_.. .,_.-
¥

4

11. CARINET iLﬁTﬂHE-E-
12, TEMPORARILY MOUNT ANTENNA ON (AR RODF

12 TEMPORARILY MOUNT SIGNS On CARS |

14. MOUMTING, SUPPORTIN G . AnD | HOLDING  SIGNS.
GADGETS AND OBTECTS IN|HOMES AND OFFICES

15'; COLLECTING HAIL_-E-. LOST l}a Sim..
16. PAPER CLIP HOLDER
17, SCIENTIFIC. RESEARCH ANnD DEVELOPMENT

18, T'VE USED A MAGNET TO FIND BITS OF (RON |
| ,METEORITE INSIE A LARGE METEOR CRATER
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US’ING AND CAR\NG FOE MAGNETS

4. THE  ARILITY. aF A MAGNET TD LIFT A Lnan
REDUCED BY Solt.4 DUST, PAINT AND Ru;T’ ?ﬁ&
THE MAGNET OR LOAD. Laa AL

_TEMPORARY MAGNETS 7

'SOFT. IRON. AND STEEL CAN BE MAGNETIZED,
Bur Do MNoT MNECESSARILY STAY MAGMETIZED,

L e
{ff“-_,‘_: <L 2. LIFTING  ABILITY. IS | REDUGED :MHEN. mE Mﬂi’ -
=Ly \S VERY THIN (CANS, ETC.) OR HAS A RoWH | |
‘-_-H_ , | oR {peeicbLiar | qukAAce, 1| 4 | L1 T
ﬁMPﬁRﬂRIL\' 1 / =N e PRETUD U B 2 RIS g I ) —1
MAGNETIZED _ 3. AJO\D. DROPPING OR STRIKING A MAGNET. IT. |
! TACKS I@L MtGHT BERBdk OR EECOME DEMEMETIE&D.;
| | "‘“"/ @ LM, Fﬂhcma THE  SAME FDLE,S OF! Two | MEHETE
| / TOGETHER | CAn  PARTIALLY DEMEMETI'ZE, BoTH
| DEMASNETIZED @% MAGMNESSL L o) b d k)
TACKS A

5. ALWAYS EEEE&RAIE. TWO MAGNETS. By PULLING |
_THEM  AWAY FROM ONE ANMOTHER, DO NOT | |
SLIDE ONE | MAGNET AGAINST ANOTHER 10O
SEPARATE THEM AS THIS MIGHT SHARPLY
DEMAGNETIZE OMNE OR BOTH MAGNETS, |
TRY TO KEEP SEPARATED, MAGNETS FROM. | |
SLAMMING EACB: WEGETHER | | L b

PERMANENT MAGNETS

RARDENED |RON AND STEEL AND CERTAIN METAL
ALLONS (STAY MAGNETIZED INDEFINITELY. CERAHIC
. MAGMETS AND MAGLETIC RUBBER AND PLASTIC
I8 CONTAIN PARTICLES OF MAGNETIC MATERIAL. HERE
- ARE SDME COMMON PERMAMENT MASMET

MATERIALS AND THE STRENGTH oFf THEIR
MAGNETIC FIELD S |

b. AwoID PLRCIMG A MAGNET NEAR A ETE.ﬂMG
MAGMNETIC FIELD | FROM A MOTDR , | -

7. A "KEEPER"' OF SDFT. IRON |WiLL :Eﬁﬁrﬁﬁ
ALNICD (VARIOUS ALLOYS oOF Ar..umuuH THE LIFE OF A MAGHNET, eepbovoid) 4

NICKEL AND COBALT) — - 5,500 TO 13,100 GAUSS

CHROMILM  STEEL — 9,700 GAUSS YN S| ] > xeepeR ~L

RARE EARTH CORALT— B.100 GAUSS g s & . T |

CERAMIC — 2,200 TO 32,500 GAUSS | H ! I e o 90
PAIR. OF BAR MAGNETS HORSESHOE MAGNET

PLASTIC— 1400 GAUSS |

RUBRER =~ 1,200 T 2,300 GAUSS MEDIA (EaHPuTER. DISKS, CREDIT CARDS , RECORD=
ING TAPE ., ETC.)! ALSO KEEP MACNETS  AwAY

DﬂTA HMHMH oF cHEMISTRY AnD PH"ﬁ ¢s (cRe F!Eﬂ) FRomM HELHAHIC.AL WATCHES.| | 1 L
3

| 12

i e

e 2ol =

| ll

A |} ¥

f— e ———g— -
¥ |}

8. (AUTION | KEEP MAGNETS AwWAY FROM MAGNETIC =



| MAPPING A MAGNETIC FIELD
A COMPASS CAN. BE LSED TO MAPLA MAGRET'S
FIELD. T‘ms 'S OFTEN MORE FRA-:.Tu:Af_ 'I‘Hfu«.:

LsinE | TROM Ftumf&a.

THE COMPASS MU 15

THE. ‘E:IMF'LE.'E-T COMPASS (S A MAGNETIZED
IRON NEEDLE ©OR POINTER FREE TO RoTATE |
ABOUT A  PIvOT. THE HEEDLE. Wit ALIGN . | LB
ITSELE ALONG THE EARTH'S MAGNETIC FIELD. | |
SOME HISTORIANS BELIEVE THE FIRST COMPASS
‘WAS A LODESTOME ATOP A SMALL PIECE OF
wpob | FLOAT NG IN A BDWL OF WATER. &
I TRIED THIS BY PLACINMG A LODESTONE ON A |
. SHMALL SAQUARE oF Woobh FLOATING oN
| WATER IN A PLASTIC BoX. BuT THIS cnmms*
| | WORKS ONLY WHEN THE WATER (S STILL. J
MIGAT WoRk oN LAND, BUT (T WoukD MnT.
= WoRkK WELL I[N A RBoAT.- THE FIRST PRACTICAL
L4 COMPASSES ARE BELIEVED TO HAVE BEEN | |
| | MAGNETI2ED NEEDLES |INSERTED CROSSWAYS
- THROUGH A FLOATING REED OR SPLINTER.
| THE NEEDLE WAS MAGMNETIZED BY STROKING
T AGAINST A LODESTONE, e

NORTH (M)-

_SOuTH (5)

CoOMPASS. |

MAGNETIZED

_FLOATING  NEEDLE.
NEEDLE | R PR
fl COMPA SS Aooad! i
e TooTHPICK
e, Bowol. | OF
, WATER
IN-
= | T TRIED THIS AND IT WORKS. NOTICE How THE = NORTH END oF THE

COMPASS NEEDLE Pmr-:-Ts TO L THE [ SDUTH

FIRST I STROKED A STEEL SEWING
POLE GOF THE MAGRET .

. NEEDLE AGAINST A LODESTONE., SINCE
THE MNEEDLE ATTRACTED IRGA FIUM.ESJ
IT WAS MAGNETIZED. I USED PLIERS TO .
CORCE THE MEEDLE THRoucH A woeb TDOTHPICK.
CAUTION ! USE CARE TD AloliD EBREAKING THE.
NEEDLE OR PRESSING IT INTO A EInGER |
__WHEN FLOATED ON WATER | THE NEEDLE AND
 TOOTHPICK ARRANGEMENT  WILL SLOWLY ROTATE .
UMTIL THE NEEDLE POINTS NORTH A~ND SOUTH
AND THE TOOTHPICK EAST AmND WEST. .

14

% . i
TIP! OPPoS I TES ATTRACT , UNLIKES REPEL.

P COMPASS WiLL REZPOND TO A MAGNET UP
30 CENTIMETERS (ABOUT 1 FooT) AwAY, | .

-
——




CELECTROMAGNET | {11 1]
AN ELECTRICAL CURRENT |FLOWING. mmus.q HTA-
LooP OF WIRE CREATES A MAGNETIC FIELD, THE_]l -+
WEAR, FIELD. OF A SINGLE L00P [CAN BE GREATLY. 1
m;:EEASEn EY [WINDING | A r:mLaFMM‘:' LmFS+

1-.-.- [

ﬁPmelmrﬁr_‘f ‘i‘ METERS (}oﬁ:—. -5 __'1
30 AWG COATED MAGNET WIRE | | | | T !
(ABoUT 3 LAYERS wﬂﬁunsﬂmﬂmuﬂ

L YLASTIC |
L LSOA
. STRAW
INSERT |STEECT MSIDE TAIS coil Amb. mnuﬁcr PRR
b-VOLT LAMTERN BATTERY TD WIRE LEADS. Vs | |
FLARME OR FINE GRIT SAMD PAPER TD. KEH&UE. L

INSULATION  FROM EnDS. OF WIRE, SwAL ETe. 'l

s 4 H ] —

SOLEMCJ\D 6 A

E ELECTRGM&GLJET sunmm
AE.:WE. CAN ALSC FuNCTION AS
A SOLENOID oR "SucKING |
MAGNET. " PLACE colb InN A
VERTICAL PosiTion. . ALLOW [NAIL
TD  ThuCH  SuRFACE .EELouu
Coll., WHEN CURRENT . |
APPLIED TD . THE ColL THE MAIL
Wil BE Eg_.E’lDLj Pug.LE.u uF'
INTD  THE  coit 8Y THE . cmt.i
MAGRETIC  F(ELD. | SDLENOIDS & |
RELEASE LATCHES, CLC}'E-E UﬁLuEE‘.
Lock (DooRS, ETC. Lk

—y

— ____.____.__.-.__!____.__a

..-_1.

F-E"EETAHEE _OF PROTDTY PE |
Coi 15 3.4 L, AT L NOLTS THE |
CURREMT |IS (/3.1 0R 1.9 J!MPS4
USE  SDLENAID. SPARINGLY TD

PRESERUE BATTERY UIFE. | | 0 8

.

_1 _'
— e L D p—

P B

] j
ELE CT RG MM; NETIC E ELAY T
| : . \ : *—“ﬁM?_.,.ELGSEn* ﬂ.DMTHnr
=g : MOVING. | CONTACT ™ -
"'T hﬂRMALLY ﬁPE.H cuu‘nhqzr

i e e —F- —} T B P BRI ERRE 1 T | | | | | 1 | 1

! Lo SN I; i I ! | ST ] O ) SO I (5L ] L | I -!

é I i 1 1 | | 1 | ! 1 ] | -I .r i 1i

—t el S . T .} —_— e , 1 fore et T
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THE WAL IEERECT T

IN_ OCTORER 1319 THE PHYSICIST EDWARD HALL

DISCOVERED THE. EFFE_{:.T THAT BEARS HIS NAME.
HALL FoukD THAT A STROMG MAGMETIC FIELD
CAUSED A VOLTAEGE TO ABRPEAR ﬁCRﬂSS A
THIN FILM OF GOLD THRAUGH WHICH AN | |
ELECTRICAL CURRENT WAS FLOWING. THIS,
VOLTAGE IS CALLED THE HALL VOLTAGE.
T IS PROPORTIONAL TO THE MAGNETIC FIELD |
TIMES THE CURRENT.. | -

MAGRNETIC FIELD

_MALL GENERATOR. | ] e

CURREMNT \

1 Il.fl-'-.[ /)’
7

_HALLL
Vo L..‘I'Tﬂ,_E.E. .

| 5

RL

RESISTOR RL L(MITS (RESTRICTS) THE CURRENT
FRomM ! BATTERY Bi 10 A SAFE VALWE. Too
MUCH  CURRENT lulll: OVERHEAT AND DAMAGE
THE HALL GENERATOR. | .

THE KHALL EEFELT OCCURS (N CONDUCTORS
AnD SEMicopnDUCToORS. | THE HALL  VoLTAGE

. PRODUCED BY CONDUCTORS IS MUcH Teo
SMALL. FoR PRACTICAL apmcm—mus“ THE
HALL VUBLTAGE S MucH  HIGHER |
SEMICOMNDU CTORS.  GALLIUM F!RSEM[DE. AND
OTHER SEMICONDUCTORS PRDDUCE THE MOST
VOLTAGE . BuT SILICON IS PREEERRED SINCE
{r IS STURDIER AMD EAS\ER TO M&muFAc:runE_.
O

A

APPLlCATIDNS FOR H)—\LL SEMSGRS".

HALL SENSORS HAVE MANY APPLICATIONS [N |
ELECTROMICS AND SENSING. THEY CANRE

 LSED. INSTEAD OF LIGHT SENSORS In APPLICATIONS .

WHERE |THE SENSOR MIGHT EECOME DIRTY OR |
ExXPOSED TO BRIGHT LIGHT. HERE ARE ‘SDME
OF THE MOST COMMON APPLICATIONS . |

MAGNETIC FIELD SENSOR

HALL 'EE,MSQR.S C,ﬂnu a
DETECT PRESENCE i-:

M&GHET *E'E.Mﬁnl-t 3

] 1]
OR MBSENCE OF | | | | . 7 ,;& La}

SMALL MAGMNETS,

ELECTROMAGNETlC FlELD SENSDR |

SENSOR DEES NOT HAVE

MECHANICAL "BounxE " OF ;M
CONVENTIOMNAL ST CH . SENSOR

FERROUS METAL BETECTOR

HALL SENSOR.  BACKED L
BY SMALL MAGNET | . =
WiLL DETECT FERROUS s . N

METAL. N AL SENSOR. - MAGNET
GEAR TOQOTH SENSOR

HALL SENSOR BACKED

BY SMALL MAGNET

WILL DETECT TEETH ﬂ*

ON A GEAR, GEAR aE.r-:-s-::R. 'Mp.r;m&w*

.

BALL SENSDRS Can | t=<— :Iﬂ__ | L
_DETECT MAGNETIC | | v O 5
EIECD! cAusED BY | | | | et | A
ELECTRICAL CURRENT. o SENSOR =
BROUNCELESS SWITCH || j OFF
SWITCH MADE WiITH HALL | msuer ! ¢
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- HALL SENSOR OPERATING TIPS

HALL SENSORS ARE VERY EASY TO USE. THEY. |

ARE UNAFFECTED EBY DIRT AND GREASE THAT
CAN DISABLE OPTOELECTRONIC | SENSORS,THEY.
WORK OVER A VERY WIDE TEMPERATURE RAMGE.
(TYPICALLY ~4o%¢ To +85°C). EXTREMELY HIGH
MAENETIC FIELD INTENSITIES WILL NOT HARM
HALL SEMNSORS, | 2 LSMed] |

HRALL SENSORS ARE VERY SENSITIVE TO
MECHANICAL STRESS AND | EXCESS SUPPLY |
VOLTAGE. T™EREFORE TS VERY IMPORTANT TO
CBSERVE THE FOLLOWING . GUIDELINES WHEN |
INSTALLING . AND USING HALL SENSORS!

POWER. SUPPLY — IT's BEST TO POWER HALL |
SENSORS. AT THE LOWEST ALLOWABLE VOLTAGE.
NEUER EXCEED THE MAXIMUM ALLOWABLE!

MOUNTING HALL SENSORS — HALL SENSORS ARE |
QFTEMN ATTACHED TO A SURFACE WITH ADHESIVE . |
FOR BEST RESULTS , VSE A FILLED EPOXY. | |
MEVER USE cvnmncnw.ﬂ'rﬁ e.a.u&t THIS GLUE |
SHRINKS AmD CAN EASILY CAUSE ENOUGH
MECHANICAL STRAIN TD CHANGE THE HALL
‘SEMEGRS DL:-TPUT-

W HALL SENMSOR

CYAND ACRYLATE

_—f“"ﬂ\

CEMENT SHRINKS AND |
BENDS HALL SEMSOR

CRIGINAL PLACEMENT
OF HALL SeEpnSOR

ENCAPSULATING HALL SENSORS=AS WHEN
CEMENTING HALL SENSORS T0 A SURFACE,
ENCAPSULATING A HALL SEMSOR IN FﬂTTih.JG
ComMpbumD OR EPOXY CAN CAUSE MECHAN ICAL
STRESS THAT ALTERS THE SENSOR'S ouTPUT. |
CHANGING THE TEMPERATURE OF ENCAPSULATED
BALL SENSORS CAN ALSD CAUSE MECHANICAL
STRESS. THEREFORE IT'S BEST MNOT . TD =i
EMCAPSULATE HALL SEANSCORS. | | | | el

8.

b
_ THE DISTANCE FROM THE MAGNET. AT 3 dm THE

| \DE.ALLY

Q' ALL SENSOR=MAGNET SEPARATION
THE STRENGTH OF A MAGNETIC FIELD
1S ImUERSEDf PROPORTIONAL TO THE SQUARE OF

STRENGTH OF THE FIELD SHOULD BE ABouT 1 /3%

L LOR {/9 THE VALUE AT L CM. AS THIS GRAPA SHOWS, |

’.7,' b0 , : — ,

Sssl000o  HERES WHAT T MEASVRED .

E e TR WHEN MDUING A POWERFLL
A2 R -, s RARE-EARTH MAGNETRAWAY  _
L2 . o EROM. A  RATIO METRIQ

IN TRE'REAL WORLD" THIS RELATIONSKIP. IS NOT
SO IDEAL —OR AT LEAST NOT EASILY MEASURED,

HALL SENSOR (Aisais)l* =

K asl \
&

* AVAILABLE AT RADIOSHACK. |

R
=
b

9 | | uERE THE \é | il il O T s e
2 35| HALL SENSOR. o W il i o O s
a | Is*sATURATED' ,,-;.w Y9 1 T O O (O ) |
g 30| ( MAX MUM ouT PUT). *~0~g- a..ﬂ_ﬂ__ﬂ__#_ﬂ*_ﬂ =5 |
7 0 0 T o

o 8. I L ) ! ) D | L

HALL SENSOR ~ MAGNET DISTANCE (a-. mj

FLU X CONCEMTRATO RS

FLU X CQMEEMT‘FLATGRE MADE. FROM LOW-CARBON = |
STEEL GUIDE, OR CDNCEHTMTE. A MAGNETIC FIELD. | |
STEEL NAILS CAN BE USED AS EXPERIMENTAL . | |
FLUX CONCENTRATORS. FOR BEST RESJULTS, THE | |
DIRMETER ofF THE CONSTRICTED END OF A FLLX |
CONCENTRATOR SHOULD APPROXIMATE THAT OF THE.

HALL SENSOR CHIP. | | |

L L L MWAGNET HERE. | | | darel |
ExPERi_HE.anL.._. i Led I SENSOR | | |
'a-nser. NAIL | A larinip| | |

FLuX L | EjT O S -
cuu CENTRATDR. OR MAGNET HERE _7 = NALL



REST MAGNET ARRANGEMENTS

IT'S  IMPORTANT To PLAN AHEAD WHEN DESIEN-
ING HALL EFFECT CIRCUITS. IT'S USULALLY
BEST TO MAKE A TEST cIRRUIT REFORE BUILDING
YOUR FINAL DESIGN. THIS wilL ALLow You TO

__TEST THE CIRCUIT'S RESPONSE TO VARIOUS
MAGMETS AND MAGNETIC. FIELDS.

HEAD-ON ' OPERATION

5 | S o hace L
MARKED SIpe it eV o Sl T SENSOR! & |
OF HALL SENSOR AR 1 f , U TR s O
T L L MAGNET \ __TH|5 MODE GIVES
MAGNET | VARIABLE GAP T N2¥| | | o | % 3 | VERY RELIABLE
Ll . SWITCHING. |
- ¥ d Tl =—MAGUET IS EALL | |
\ | L Lol MAGNETIS | ONE |
. HALL I = re——HALL SENSOR . MDVABLE |
SENSOR 1 S AR . FRAME. QK TO
£ | | B““?'-:MA:EHET_, . BLUE MAGRETS
| H MRS LA TO THE FRAME.
B PUSH-PULL QPERATIONIT [ 11771
: L. T 11 | i ; } | i 4 }
SLIDE-BY OPERATION g \.4,. unE 4 |
i - k| L .ﬂh | .
MARKED  SIDE | o |

OF HALL SENSOR

/ b
MAGNET FIXED GAP | |
MALL
SENSDR

M.. | . N
..... -~ 4 g 3 T
-..!_.- I—-i- ']--- b

= SN N S (" S o T
(SR 1 it
| | ]

S WiTH PUSH-PUSH |
MODE | THIS MODE
GIVES VERY .

. "RELIABLE SwITCHING, | |

31



INTERFACING DIGITAL HALLSENSORS ™

" APPLICATIONS SHOWN HERE DESCRIBE OPERATION .

WITH UEx 3122, THESE INTERFACE CIRCULTS
ALSD  WORK WiTH A3M4L, A3187, ETC.

LED INTERFACE

FVuaw Ve THE LED. GLOWS. |
| . WHEN SOUTH POLE.
LG 3132 _ OF MAEGNET (S NEAR
R \ _Re THE. HALL SENSOR.,
P A I LED SWITCHES OFF

@ < |2 IQ _ WHEN NORTH POLE

MT s 2z . | LED. |  THE RALL SENSOR..
MAGNET = Rgls LED SERIES R5= Vo~ Viep
RESISTOR. : - |LED

\/gs. EOR |MOST VISIELE LEDs (S 2 TO 3 VOLTS. |
FaR Tiep (LED CURRENT) 0F 10 mA AND V. oF
b WOLTS (6v-2v) /0.0l = 200 QHMS. OK .
T _USE | ?_'}r:l TD. 3220 OHMS. 1IN MOST P:F"FLH‘.‘.J.,TIEME

TRANSISTOR INTERFACE |

* VAl L Y Q1 1S NPN SwiTCH=
' ING TRANSISTDR |
(2n2222  MPs 2222,
EYCL), LOAD 5
LAMP, P.ELAY

Q4 \ETC. ‘:‘-E.LF.':T

_Rs TD KEEP

CURRENT  THROVGH

Léex3132 | R
\ { 23K

@ ._ ”

=

OF MAGNET IS NEAR

10 . L Q1 BELOW MAXI|~

e | . Jf | Muf  ALLOWARLE
MAG NET LDAD_ \S & |LOAD LOAD SWITEHE S

ol ON WHEN OFE WHEN SOUTH
| HﬂRTH Polk | . POLE OF MAGNET
a2t = pT HALL S :—% S NEAR BALLSENSOR.
22 - 4 |

e

T

1

sy,
1

———
I

T

s |
|

MTE 2]

N ANY

TTL LoG1C |

MGMET

SVUPPLY VDLTACGE SHOULD! MATCH THE TT
SuPPL‘f VOLTAGE.. | .

CMOS LOG 1C INTERFACE

ViaLe

Vemos

¥ L’,DG\CTINTERFhCE
| { 5 V _MAGNET'S. Snu'ni
__pPoLE ELAJ!TE‘.HE'S
.~ PIN % OF HALL |
. | . . SENSOR| LOwW.,. | | |
L UGX3Z3Z | 2 R4 M::-n.-m POLE | SWITLHES |
| ,.\ L . 10K PIN 2 HIGH.
() S B Y |
D 2 [:}0—4- ouT -—I—L.

ITHLS 'CIRCUIT. WORKS WITH OLDER TTL AND
NEWER Low~PowWER  TTL LOGIC. THE RALL
k]

LMGM;ET S| Sﬂu‘m

POLE LSWLT;:H Es

Pin 3 OF

138

/'

REST To Pow i
LOGIC FROM = E:
NDOT, KEEP §

EEL{::W OMOS. SuP
FOLLOW CMOS HA

f..'iuP

T

L 1

SENSOR Lﬂhﬂ. :

TN 3 HIGH.

Ny

CMDS LDGIC

 NORTH PoLE 5mtT¢HE$| !

>@—-).. ﬂun‘.‘._{_L:i N

PniSlELE. 1E.

_ GE AT OR aLf
-V ﬁé& BE SURE TO
PR E.Cﬁu*ﬂc«ms

HALL "_+Em” R AND CMOS |-
SuPPLY.
TA

= OK TO USE wL:TH OTHER HALL fﬁﬂiﬂnﬁ L]

| 33"..___5



|

:A'I_'L SENSOR RELAY
ITHE | MOVING | CONTACT OF AN ELr_:TanmsuF.nt

RELAY PRODUCES A SOMETIMES UNWANTED CLICKING.
SOUND AND CAN ﬁuEMTUALL-‘f wEA.E. OUT OR BE

FERROUS METAL INDICATOR.

THIS SIMPLE CIRCUIT INDIGATES WHEN A Tl
FERROUS METAL OBIECT IS wWwiTHIAN L 0ma |
OR SO FROM A HALL SENSOR..

| 4 _AZSAS Bl lnn TED WITH GREASE oR PLsiT. A HALL |
INSTALL RATIOMETRIC g _gﬂﬂzﬁ&:mcﬁ,mnﬂgn#ce A RELAY'S| CONTACTS. IN
ClRCLIT N / HALL SENSOR : SOME AFFLl.'c_ﬂTI'Clhlﬁ ! gl o :
A PLASTIC P Pl 1 e |
ENCLOSURE, B, RONT SIDE I'__IEQHD__ b | gg-rthme HALL |
ATTACH L~ CLaged) SENSOR TO SENSOR
RALL SENSCR 4 . CORE. e £ o S e e B B
TD INSIDE Y R WITH | o
SURFACE. - EPOXY | + TO RELAY
4 RELAY L 4 CIRCuIT | |
,-7{ 3 colL f < |
VAR - | R - I N U S ! A I U B
BIAS HALL FERROUS 2 X’P EY-TRUE: TNET.T G 7 RV 00 O O S 0
mquT SENISCR QB JECT et BN | t L g 7] =
< Y M Ll b BN | il Xz | had S8 o
_ ‘ i J' LED 1= GREEN R asE EEARErEE
p @1—'“:' LED 2= RED J @ L . _DPK TO LSE |
== .- | | . W LA ARIOUS OF
P End Y Bl s *oV J i | /hm?& AND |
ADJUST VTR SN mMP&RA'raRE
SENSITIVITY o R1 [ THE-E .
WITH MAGMET - ' & il [ AE = 1 g
SEVERAL nuw REUERSE RELAY & 5 | |
CABouT 1/4 = o CONNELTIONS IF L '
INCH) FROM — OUTPUT GOES | |5y |
HALL '55*‘&51‘:""'1: 44 AeH. | | | |4 sl
AbIUST 4 o l |34 s
TG LED L - b y Y (. T N
IS JUST OFF | CKToWsE 1Y =4 i LA
AND LED 2 OTHER QP . | ! e &
IS ON. LED L AMes OB v ADTUST  R1 UNTIL PIN & JUST :5::55 HIGA. —_
WILL GLEOW Eamﬁﬂmnf.s - ‘?- L. WHEN | RELAY [CoiL Is ENEﬂﬁmﬁﬂ L PIN | wWiLL. -
WHERN FERROULS | A L GO LOW. CHANGES In RESIDUAL MAGNEMSM |
METAL. 150 * i | oF TME RELAY'S STEEL CORE  MAY m&a&sitmﬁ.
MEAR BALL SENSOR. % = ’.._J__...-E:IU:P.EIQH&L. AD TUSTMENTS OF Ty R S 0 W
34 3 m S 0 60 1 .
i 1 | i }




e
;i'ij_'LEfv'Et NG TR g i

]
g —

"E_rm;:s CIRCUIT Is| AN ECECTRONIC LEVEC | | 1]
_INDICATOR [ THAT | SENSES WHEN A ROLLING. |

9 .STE.EL EALL \3 .F'rT RE.:-:.T. i ;_
RS ] Svleed] P 0 O 6 0

,ﬂg. f. : S T . " . el M I | V—-—
| THl‘Ex L PEMEIuLun.'H | : | PLAsﬂx:, 1]
) 1‘, / @*EEMSQR TUBE. | 1 |
;,,ETEEL WEIGHT TS

e # | -1——%1&5 mm&r 1%L TNl
=L\ <SENSOR. | rq_ W . .

,:Pmmrwa CIREUIT, USES A BB/ u_asme. .d. @Eww

1
|
l_

__BENT SDDA STRAW. A SMALL BALL BEARING! wiie _;_

T

|| | \WORK BETTER AS 1T IS MORE SPHERICAL. | | | -
L 1P O +L.v :c_t—'?q[L OR OTHER. Jprn Adp! | |

L WEEL.| L |
LL.

H. TIP: USE| SENSOR |
- CIRCuIT oN EACH |
. SIDE OF THIS ONE
- Ll | T INDICATE WHEN
el I R R MEARLYLEUEL |

PLME SDUT,H POLE . ::«F MAGNET |
ABouT U1 Qm (D.,H NCH) |BEHIND |
. MALL SENSCR. ADzusT R4 | | | |
L LNTIC LED TJUST STOPS :Gmwwa..
THE LED  SHoulD NOW GLow. . |
- WHEN STEEL RALL APPROACHES
__THE. HALL SENSoR. EXPEEtHEMT |
AILTH ! POSITION . oF M.&,GHE.T FoR

EE.’:'.J‘_ Eﬂuura,,_._._._,_--_ g e I R

'i

LT L ET T 1] [dogk

I NoRmM 3 | lonl |

=y

GNET POSITION DETECTOR ||
I .H|$ CIRCUIT, mhu‘.A‘rﬁs WHEN Fh. MGHE.T

AT A PRE:SET ADTUSTABLE DISTANCE. | FRQM.
.--P‘ Rﬁ:rmma'rmc. HA.'..L

'SE_MEE:-R

BALL SENSOR

M.S:LE Look %_4_& o
RATIOMETRIC | | | | | _.

41 OR OTHER

s

| Q2

M

. OP AMP OR
CﬂﬂPHMTﬂEL .

| L*:‘.i E- PIN |

HALL SEusnR

MGHE.T L Lt

{7

CU B T

.F’EDSITIGH.E.

 NUMBERS ARE
ok sl |||

—
-

r

PLAEE :inuTH PQLE. ﬂF'
MAGNET UP TO 1-2 Cm |

R:L AND RZ UNTIL LEIJ;.L

souTh .1 | on
SOUTA |2 | ON|
SOUTH 3 | OFF

OFF
L ON),

-

ON |

MOVED TDWARD ‘SENS-‘DE
LEDR2 ! swlrcugs QFF.
MIMEN MAGNET IS | |
[ Mnu:eq:- LAWAY LE.DJ.

NORT 1 | |OFF
NORTH & | ON

Vo i
LOM |
OFF_

_ SWITCHES E:EFF US£
NORTH POLE. of mau&r

..3'}'

FR.::-M. SENSOR. ﬁb:us'r .

R 1 AR AND LED 2 TUST GLOW. |
POSITICN JLED LED 2 WHEN MAGNET IS |

TO. REVERSE nrgammui L




 DUAL-OUTPUT HALL SENSORS . .,"LD %TRENGTH BARGRAPH

| || A Pmﬂ. oF EAEI»‘. TO- EM:K. HALL sENEuRE o Y

“ PROVIDES A DUAL= OUTPUT MAGNET SEMSOR.
_THIS METHOD WoRKS WITH BoTH DIGITAL

HALL SWITCHES, AND RATIOMETRIC HALL

| SENSORS. RATIDMETRIC HALL SENSORS

. . PROVIDE HIGHER SEMNSITIVITY,.

L MEASURE THE |STRENGTH [OF A MAGNETIC
CFIELD. THIS [CIRCWIT SHOWS. How TP WSE A .
Bl | STACK. OF msnmu HALL | SENSORS. (THREE oR |

. Maue‘) TO. DISIPLAY MAGNETIC (FIELD| STRENGTH.
' A EARGRAPH LED DISF’LAH’.. .

bl

MBUpT TWO
SENSORS
CLoSE, T | |
~ONE ANOTHER
_ (TOUCHING)
oN CIRCLIT .
BOARD AnD/OR
BonD TDGETHER
wiTH . FILLED |

EBREESENE

_.r_r___ll._ -

MAGNET

| LINEAR OR RATIOMETRIC HALL SEMNSOR CAM : _

E XY, !_ t=_,i__.5'. STACRED | HALL SEMED RS (AEHL}
| 18 A +{¢'u' | |
O 1 ol bl it 23 | RZ  MAGNET m;il |
LED | LED A Hﬁﬂ.ﬂ. 4709 VAR\ABLE
il | PN IN/T 12 ~ L. MAGNETIC
Z x  ARRRRAS AR N i
— | | 0 7 sm
1 1 | 1 1] % Z L
| | | L] i
M 5 : Re: SELECT. = 4| = .. Lide Al
. -% 3‘ _,.x,‘_-. x ?ﬁ | 16 PRGU'I.D‘E. . X ; 4 B —-—-rL - il
HaLL 2 |2 HKaLl  APPROPRIATE = | Hﬁé—t ¢ HAlLL O TR (RS N S . S
i | | 2 | CURRENT | - - e ot
PUEIEG l THROUGH LED B - POSITION | |
GNE 2 L (TyPreALLY. 3 : | LA N R L
m o) P 5 _ &55 %ﬂﬂ‘)_ L4 POSITIon | LED L | LED 2 | LED 3 OK Tﬂ';u‘,':E;. |
POLE AT| ' DIGITAL P.n.T‘tLDME.TE..lQ._- ALLL v b F R 3 m | f:;'{imﬁsén
{HA LEDZ | LEDA[LEDZ | H o : o) ). 1
M‘LM T T A 1 IE‘L_ _ Agj_ql = (2 ON . CN OFF | RED , GREEN
N eeellban! | 17onl |laed [ Il aREs18" = Wik ON. o | | ofe | anp'BWE.
S! onlllokel | 1aes |l ol 1)1 11 °] | = )i OFF | OFF OFF | i
38 S e ) i = - A9



| ﬁh
HALL SENSOR D\RECTlON IND'.CATOR i ULTRA-SEN’S\TIVE N\AGMET SWITCI-]

 Two OR MORE WALL SENSORS | ARRANGED A SIDE- i' L1 T:f];
BY-SIDE CAN INDICATE THE DIRECTIONAL MoOUE=- ' VERY SENSITIVE MAGNET SwiTCH CM“. e
= EARRY.. MAGRET, 'MADE BY CONNECTING A PAIR OF BRACK~TD-EBACK
MEN N ¥ ...f . -HML MALL smsaki TOLAN OP AMP |0R ! COMPARATOR.
TP ) SENSORS || i | W EygaNy-nnan
MOVAN G | 45 | L3 . ! i HFHLL, 1.9- A3515- 470
- o P e il |l ¢ | ik S hil ] '
MAGNET | LR | | L L] (LT [e L 2] 1 | AN
LAEEL - T e
| “ ﬂ SIDE | |
Y AL | s ...l. et .H?LL ll.-'l.zli‘n.l'.L |
=5 MoToN {33 123000 T gt 1 [ - i e e & EE& EL%.DSZ
T MAGK ET tv L [ | HT s | | 1247 d& 3 Fﬂ? 1T
. o - b T ager | | J T | _ _2.._32&
b A PERER, | | SRS - - [ | 3% Al . | b,
o Lgad R2. -l Tip! HANE | LAl
: ot & Lot AN |
LIF.:D SZ 47000 ‘:'"m.n,.xz. L:D et i MAGNET FROM | U _J'.. B2l |
- HEEEC I AEEERL | STRING | AnD SWING PAST | e v T B AN
Ky T j S| MALLY To FLASH LEDs.| | | | F | L Lo
HALL 1 HALL 2 u : THIS CIRCUIT  wilLL E.E_E.Fbmn TI:} Pu MQJE-T | |
Astat ?_|.,_ r EX i 1S e (ABOUT 6 INCHES) AWAY. LuiTH (NG MAGNET
=X b8 S b BR O WHEN | SOUTH PolE oF MAGUET |5 NEAR
— t e RALL semsoR .1, LED 2 GLOWS. \WHEX NORTH
.72 S E e re < B SRR - POLE OF MAGMNET IS5 NEAR HALL SENSOR 1
MEHET—?- | i P A - LED 1 GLows. USE  DIFFERENT COLOR LEDs! | |
s e kil s s sl r— . FoR LEDs L AND 2, E\THER INDIVIDVAL LEDs OR

A RiCoLOR | LED.

i

PcSimonN: 1 SRl 4 Y | | L} | .
| MOUNT | NALL SENSORS BACK -TD~RBACK m‘rH

PosiTioN | LEDL JLED 2 ittt | | FRONT SIDE  OF MALL SENSOR i (SIDE WITH .
1 OFF OFF DRIVES LEDs:, BUT . | L EEHFELTEED. HERE$T D WHERLE' i wI#L
2 ON OFF iy Atso |1 L L [ O O T i 0 o 7
.:3; ﬂr::; :g.:. ﬁﬂé‘-’ﬁ- EXTERNAL | . 0 | THOUGH. THLE GIRCUIT _DRAVES LED:-'. i 1T |cAN. ALsO |
- TR - HOGIC  CIRCUITS. 1 POWER MANY OTHER DEVICES, USE APPROPRIATE
ATE - . - - L IMTEAFACE CQIRCUITRY. = P

W E



CMAGRIE T RS T T -SlCM- PENDLLLLJML

THE OUTPUT VOLTAGE FRoM A RATIOMETRIC | d § ::r-jL |
(LA EAR). HALL SEMNSOR CAN CONTROL A ‘-f | | 2
_NOLTAGE -T0 - FREQUENCY CONVERTER, [THIS | | T | 8 ol i “a‘
PROWDES A MusicAL TONE  WHOSE. FREQUENCY | | | PlAND WIRE Lobeli] Belede sl i
IS, CONTROLLED EY A MAGNETIC FIELD LA LB or STRING! | | B T E [ ekt 0
REDUCE [R2. | TV | R2-pk TR LSE . | B 0l B T 7 2
. To RAISE FREQUENCY A . FIXED RESISTOR | | wl [ Sel 2% sl “m.m S = SauTH
' i huﬂue.'r—r-@ | Tl
- I I R e %—1—1‘:} MEMET MUSIC .
: L Hnu, Smsaﬁ. I - 11Ty (ﬁﬁ:cm&- FAG-E)
; | DAMPED E)SCILLATIJ\IG TONE
3 -'-"£""*-...'" ! DE.GFF'ED TDP
TDF MEMET—!'**.___ PEL 2 MAGMET  LaILl | |
- -.::”-Zf 2 | | BOUNCE SEVERAL.
| wnub orl | | | | _TIMES BEFORE!
. Pt.ﬁa"rm RQD., ———> itt .~ FlLoATING OVER
L Y ¥ | BASE MAGMET. |
| | | opopeen ToP N \ L HAL SENSOR .
 MAGNET | | g 18

. Tq. MAGNET
MusSIe CIRCOIT .

PEREESESDE RN E S CANE PRESSURE SEMSITIVE TONE

L use MAGRET W7

: 1 800l - . _ - - . 8N .

I TS 1 ’.'"\\. RESPomSE TO, L 4 L R PRESS AND RELEASE FLOATING . MAGHET(EHE&WH
T, 1400l SATURATED SMALL MAGNET .| |ABoVE) OR MOUNT A . MAGRET nm A FLEXIELE

_Loof / CL=040420F . & | 1 | | S EBEAH AS gn-gmh\ HERE:

l; lobol.  SOUTH PE'LE N\ R2= 100K ! ! S 1Lt _ | | | .
3800 MoRTILBDLE L LI L f LI IR TV 5 O 8 D 1 98 0 O F‘RE}S MAGNET

W lwbol | b TR Qe L o SL‘.REMJ | FLEMIBLE | | | H /

& 4ool SATURATED . St PV IS 3 i : ﬁ:HLJT\ _.ETRJ.P'..\.K._ 1B HALL EEMS-::-E.
21 L2804 ______,...-::-..!.-f'.' o det B S O 5 N1 | Lo Ll L |
il -‘  f 21 2 L I ! ! Tn MAGNET

LD | i.z..s...-.w-.r: e [ L3 19446

L ‘*—quﬁlﬂ CiReLIT |
 HALLISEMSOR— MAGRET m?rnuraE.(mm)

"13

_-t.. ] +
N_. | Bl



- SUPER-SENSITIVE FIELD SENSOR " gUPER-SENSITIVE FIELD SWITCH

IS CIRCUIT wiLL ﬂ.CﬂUATE AN LE.D JWHER A
SMAGMNET IS PLACGED WP To 1 METER (ABouT 3
IFEET) AwWAY. |

AN '.MExPEMSwE. Cc:-MPMj IS A MUCH MORE .
SENSITIVE DETECTOR 0F MAGNETIC FIELDS THAM .
A HALL SENSOR. COMEBINING A RATIOMETRIC

MALL SENSOR WITH A coMPAsS PRoVIDES A _
SUPER~SENSITIVE MAGNETIC FIELD DETECTOR. FE

COMPASS  MAGNET

/’:; : '_‘}:

ATTACH | KALL
SENSOR TO

PosITION S'E.ihjiaﬁ'. | }
SO TIP OF THE.

W
| o

SIDE OF N EEDLE PASSES - % HALL SENSOR

COMPAS'S (TDP JUST oVER 8 A251S I\ 7 (ATTACH TO CoMPASS)

OR BoTrD M) oR UNDER 4 b

CLOSEST TO THE RALL 4. Ri 46V ROTATE COMPASS

NEEDLE, USE SENSOR WHEN . 100K UNTIL NEEDLE

TAPE To HoOLD THE CoMPASS 1 IS OVER THE HALL

SENSOR IN PAACE. 13 ROTATED. o SENSOR . THEN

. RADILST R1

COMPASS  MAGNET TL LNTIL THE LED

TUST  SWITCHES
ON. Now PuT
A MAGNET NEAR
THE CoMPASS.,
WHEN NEEDLE
IS MOVED BY THE
MAEGNET, THE LED
WiLL FLASH 0N
AND OFF.

+

| AZ51S =),

HALL SENSOR
*""Enfmau o COMPASS)

ettt

= =

_ TO MULTITESTER
(SET TO uOLTS)

=

i
-

ABOUT THIS CIRCUIT : THE 7HL IS A Low=-cosT
OPERATIONAL AMPLIFIER (0P AMP) cCONNECTED

?.

THIS ARRANGEMENT WILL DETECT  MOVEMENTS

0F A STRONG MAGMNET MORE THAAN 1 METER LN AS A C(oOMPARATOR. THE OuTPuT OF A
(ABOUT 2 FEET) AwWAY FROM COMPASS. THE | ol COMPARATOR S EITHER Low OR HIGH . IN
VOLTAGE CHANGE MAY BE ownNly ABouT 10 3| THIS CIRCUIT , THE ouvTPUT SWITCHES FROM™M
MiLtivouT S | (©0.010 vbLT) OR 5O. So! IT's BEST - LOW TO H\GH  WHEN THE HALL SENSOR

DUTPUT VOLTAGE 1S ABouT 0O.01L yolT HIGHER |

D USE A Diciml MULTITESTER.
THAN THE VOLTACE AT PINZ2Z oF THE T741.

USE THIS ARRANGEMENT WITH A UOLTAGE~

2 e i

TO-FREQUENLY CIRCUIT 71O PROVIDE A TOMNE | MAMY DIFFERENT 0P AMPS wWiILL WORK |IN

THAT CHAMNGES  FREQUENCY K (WHEN THE f ™IS CIRCLIT. JUusT BE SURE TOD CONMNELT THE

COMPASS MNEEDLE MOVES PAST THE HALL SENSOR. = PROPER PWNS. RZ CAN BE REDucep 70 4704L.

_SEE THE "MAGMNET MosIc " PROTECT 1N THIS e THE LED CcAN BE REPLACED EBY A Low-VOLTAGE
-~ PEZ0 TONE CGENERATOR. _

~f

MINI-NOTERoOK FOR DETAaILs (PAGE 42).

i = 13



e e e T | . . ..

GIANT cow,h,ss MAGNET@M::

Gﬁnuﬁ.euﬁmc ETUE.MS cnusE.ﬂ B‘r SOLAR

ACTIVITY CAN CAUSE MATOR! POWER ELAcHGers

AND. AURORAS. | THEY ALTER EARTH'S MAGAETI T [
FIELD, SO _THAT mmPﬂaa NEEDLES DEVIATE FRoM| |

\ IRATIOMETRIC HALL SENSOR CAN DETECT MAG-
MNETIC NORTH. AT MY LOCATION |n CENTRAL TEXAS
THE OUTPUT FROM A RATIOMETRIC HM.L SENSOR

MAGMETIC, MORTH. THE GIAMT COMPASS SHOWA | L -quTs MEH.TH THP&M; WHEM \T men ELEE.WHERE.
HERE SHoULD INDICATE COMPASS DEFLEQTIONS | | THIS VOLTAGE 1S EMNOUAH TD TRIGGER THIS CIRCUIT.
CAUSED, BY GEDMAGNETIC ! STORMS. Px'SMq.L.:..ER I i .,1-. Al . |
VERSION THAT INDICATES DEFLECTIONS MuTH | . | | ot ] LABEL Hm HALL SENSOR
REFLECTED LIGHT WAS DESCRIBED BY RON T. Uw.:if.)' | L ADTUST Bl CFRONT). A2S1S
\N_"SKY § TELEScOPE"(0cT. 1984, pp. ‘11{.-:"11&). L Ll LNTIL| VDLTAGE 2 N
O . 1 S O T R gl .- = AT PN L OFICL (FOR ADVANCED .“?'L
et sl P L] 11 | SIS SOMEWHERE | | EXPERIMENTERS. S
SV T M W (' K bt p [BETWEEN LOWEST | m A @
THIS . COMPASS s | | GEOMAGNETC. | | | | | i [AND RIGHEST RL | RZ <. | OPTIONAL
VERY SENSITIVE TO |1 STORMS | WILL. . CAUSE, ’l_TI NVALLE , GO QUT- look 1K L Flux
MOVING AR. FOR | |  SLIGKT DEFLECTIONS | | r DOORS AuAY FROM G—-SONEENTRATRY
BEST RESULTS,SUSPEND | | | AWAY FRoM MAGNETC, | tj POWER L|pES AND [ | I "T/ |
_THE QOMPASS INSIDE | NORTA. DEFLECTIONS, | . - LARGE METAL ‘
A LARGE CONTAINER . |  CAN BE MEASURED | | | &+ OBIECTS.ROTATE .
OR INSTALL [ THE | | | 135 USING. A |SCALE | ;'_____ o CIRCLIT LpaTIL . Z bV
EMTIRE  CoMPASS 7 MounTED AT mHE | | | | L PRINTED FACE . \Ic ; / t
INSIDE A CONTRIMER. . L NORTH POINTER, | | | & OF HALL SENSDR: o €
<3 1 T (SEE BELOW.) L1 & PoinTs NORTR.. | ADITUST RY \/
woob DowEel b L ADTUST RYIUNTIL | wnTHL CARE R3
OR PENCIL g B o, o -_'[ LED. 1 JUST TURNS 16K
| P .HGR‘M- _ .. ON AND LEDZ Ry oo SRIEMTY, U VNI £F
| | &l UsT TURNS OFF, LooK o)
AVOID VIBRATIONS | . TIP: LSE A .i bl ReTATE CIRCUIT . - | |
NEAR | ComPASs! RHDIDSHMH - SEARCH EMGINE. EoARD TOWARD { 1ol reze | |
| L IRING . MAG NETS _.m_.ﬂun_smn}. || &L EAST pROWEST | | 41 oR
CONTMNER. (5 OR MORE) peTiiTy NEwS  ~ AnD LED 1 Wil OTRER | OP
| R A e e YV -ma.w.e.sn; 1Bl MURN OFF AND | | | 3. 12 AmP OR.
L] Bl e 2 Wikl | + / 0o M PARA TR
MAGRETOMETER SCALE | | | | 11 TURN. ON. . A 4
(1 1nDEX  MARK PEE.QEGEEE.)L_ - EISER IS FT RN Y b
DIVIDE CIRCUMEERENCE 4F. | | E, TIPAINGREASE | |LED | RS LED , .RL
| COMTAINER RY 3L0. TR |FIND | i SENSITIWITY BY Ll 1K < K
" DISTANCE BETWEEN maﬁx; 4 USING A NAIL _K]_AN\ <p— v —
MARKS. | USE LARGER | | . | | | #8L IAS. A RLUX. . | B L Lo | |
| COMTRINER. AND Lnn.JrE-ER | | L COMNCENTRATOR.  WATCH FORVERY SUBTLE CHANGES
. POINTER FOR HIGH . Sf:sm.umm; | (SEE ABovE). | N BRIGHTMNESS 0OF LEDs.

1
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:----]:- !- e fr-——n i :..-
L --._.— -.;-.-. !I e F ] -ifl- - -I

SIS TS SRR IR W SA—

_i*cm ZED

=r=a =

| 5 CE L0 A5

fs ENSGRS

| | |
1 T ] 1 Y T : - i
! ! ] {
- .r - — -.__]_1_ - T S —— .'_

1—-— = ._.| +

et

| Wi B .
CTEAEY 22 DiREC‘ElON SEN SOR LTI *.
N ., R i‘?‘ 4
N 991 600 1 (08, 1 VLY ,iﬁPEEﬂ T *rmsa ra,EumE H,Ai ?wu o |
o SR A ; _SIDE-BY+SIDE . ENSORS|. |
_ | J +.j._.l.__4_'._._¢E.tLﬂuTl. (E1 AnD E2), IT Is. SISNED |
5 (7T TO DETECT ROTATIONAL! |

| 1| Sipe | .,E_;_Gp.m_ 1 IDIRECTION AND SPEED OF |

0 (A 50 10 R 1 S 1 ) ,a R,aran.ur.s RING | &Mﬂdﬂq—L

| oo |2 DIRECTION |

THE AZ422 CAN BE LS n "

! 1{__..!_ ! ;...HsuPEf JAS A MAGNET.. P;m.a il
o o £ | (ue.um;} lmm{:ﬁ.‘rpﬂ.. 1T 0 Gl S i |
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RESISTOR COLOR CODE

BLACK o o0 »*1

BROWN 1 1 * 10

RED i 2 ¥ 100

ORANGE 3 3T 000

YELLOW 4 4 ¥ 10,000
GREEN S 5 ¥ 100,000
BLVE b & * 1,000,000
VIOLET 7 7 %X 10,000,000
GRAY & 8 X 100,000,000
WHITE 9 9 =

FOURTH BAND INDICATES TOLERANCE (ACCURACY):
GOLD=25% SILVER=E10% NonE=%220%

V=IR
T=V/R

ABRRBRRE VIATIONS

R = RES|STANCE
V (CR E) = VOLT
W= WATT

L= DHM

OHM'S LAW:

R=V/1
P= VI =I"R
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