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Abstract 

!be construction, cal.ibration1 aD4 ue ot u elect.rtcal "alida 

rule" tor c0111putina tbeoret1cal clravdovu ot aroun4•vatu le~ an 

described. The 1natraent tacWtatee tbe cc.putatiOD ot clravdavu 

UDder s1 ven coacU.tiona ot cU.ecbarp or recharp b7 ..... ot tile 1tleia 

noaequ1l.ibr1ua equation. It ia eillpl.e to cCDStruct u4 11M u4 cu 

be a valuable &14 1n p-OUD4-vater atuai••· 

It 11 desirable to precU.ct 4ravdatmtl uader at wa cCIDIU UG118 

ot cliecharp or recharp c1ur1Dg ~BDY srOUDA-vater 1Dftatlpt1GII8. 

'Bd.a te uaualll' cJane b7 aPJ'1.71Ds tbe !'beta DODeCtU111br1ua equatloa 

(Tbeia, 1935, P• 519-52~), vhich ~be written: 
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ucl: 

1 11 tbe precl1cte4 dravdovn 1D teet at 8DJ' JM)iDt 1D tile 

'f1c1Ll. 't7 ot a 41acbars1DI vell. 

Q 11 the cUacbarp rate ot the pm,pe4 vall 1D pl ]Gal JR 

ld.Dute. 

~ 11 tile coettic:l.ent ot t.ru.ald.ntb111t7 UJ1NIIe4 u the n.te 

ot tlov ot water 1n pll.ODI per 4q throush a wrttcal atrlp ot aq\11ter, 

1 toot v1c1a u4 uteD41Da the tu11. aturate4 Miabt1 1lllder a ~o 

sradiut ot 100 paroent at the pnya1ltna -..ra'WN ot tile water. 

It 11 U1al.l¥ c1atem1De4 b7 appl.J1Da tile DCD1Hl11111brt• tcawala to 

PUIW1Da•telt data (Bl'ovn, 1953, P• 811~ 866) • 

8 11 the coetticieDt ot 1torap ot the &q\U.fer or tbl ~ 

ot Rter it rel.eue1 trca or take• 1Dto •tonae per Uld.t lurtaoe ana 

ot the aquifer per llllit cb&Dp 1D tbe coapoaeDt ot Ma4 DOnal to tllat 

aurtace. It 11 &lao deterained by a~ the DCD1Hl11111brt• t~ 

to c1ata trca JNifPiDI teste. 

r 11 t.be 418taaae 1n teet tro. tbe cUIICIIarslDI wll to tbl 

po!Dt 1fbu'e 1 11 to be cOIIpllted. 

t 11 tile u.. 1D clap liDce ... 1. bepn. 

• 11 tbl D&twal.-lopri.tba bue. 

!be 4n.vdDim, a, 1AID aqutter 11 re~ o~4 tor a li.ftD 

Ht ot ftl.uea ot ca, T, a, r I u4 "· • appi'OJrl&te Wl•• .... 

a. 



aubatituted into expreasion (3), and u is determined. Tl:len, tile 

corresponding value or W(u) is dotermi.ued f'rom tablea relatiq V(u) 

aa:ul u (Wenzel, 19'f2, opp. p. 88), and expression 1 is tben aalVed 

tor the drawdow, a. 

It ia otten desirable to determine hov 4ravdowna 111 a &1 wn 

aquifer V1ll vary vi th pumplug rate, vi th tille, or vi tb cUatuae trc. 

the cll.acha.rSiDs well. SUccessl ve values of a Jmat tbeD be Oelllplte4 

tor 4itterent values ot Q1 t, or r, aD4 the repeate4 80lutica ot tbe 

equatlona becomes time cona\11d.Dg ao that tbe uae ot cQIIN't&t10D&l. 

&148 beca.a cJeairable. 

lcalgl"apba aDd. C<W!PltlDs cJevicea baw been daftae4 to tacU1tate 

the uae ot the DGD8Clu1libriua tOIWila. DravUima 1IIIAv liWD acal1t1cma 

ot cll.acharp or recharge ~ be cOIIplted b;y ..au ot tbe chart ot 

Tbeia (1939), the ll()!lll()graph ot CO"PPM (19't2) or .ot ChcRr (19511 I• lt8·~9), 

b7 the .ali&. rule ot !bela aD4 Brovn (1951), or 'b7 tbll el8otriaal. 

c~ cJeacr1be4 1D this paper. COIIIPUtiDs devicea an &lao a.U• 

able tor 80lv1D& aquifer teats tor val.uea otT u4 8. b7 an 

llOJM)8rapb ot Jettorcta (Jeffords, R. M., U. s. OeolOiia&l lurta71 

»erloaal cannm1cation) and tbe DOIIOgl'apba ot Remson u4 ftll _,1ok•• 

(iD pft»&l"&t101l). 

!be cJeai&D and couatruct1on of electrODic c~ ot hiP 

aocwaq ad Viele tl.exlbWt;y lo cU.ftlcult aDCl upeu1w. Jlolewr, 

& lpeC1&11se4 CCJIIPUter ot acceptable tbougb D0t sre&t UOUNq 1 nob 

aa tbat claacrlbe4 1n this paper, caD be cODBtructe4 b7 tbl &p»l1e&"CD 

ot aiJI.pl.e pr1nc1plea anc1 troll inexpensl w electrical COIIIpQDIIlta. !be 



Junior author baa coutructe4 a nWiber ot nch electrical cClllpl't;ezta 

to aalw equations ueclin Jlicrameteorolo§ and cU..tolocr (Jralatua, 

1954). 

Conatructioo ~ the CC~~~pUter 

FS.sure l 11 tbe v1r1Da 41-.r- ~ the el.eatrical. cc.pat.er 

c1eai&Decl to IOl:ve ~ DODequ1l1br1ua tomula tor 4l'a1nlovD. ftpn a 

ahon tbe calf.bratecl taae ~ tba 1Datru.nt. It caulna ot tw 

electr1cal.l7 iDd.ependant circuita. C1rcu1t 1 11 cleaipecl to tit 

expNIIiOD 3, 

(3) U 
1.87 8 

• T 
2 

• r 
1 

. i . 

Circuit 2 11 a.aipe4 to tit expreii1CIIl 1, 

(1 ) u4.6 ( ) I• T .Q.Wu. 

In exprelaiOD 3, t, r, aDc1 S/'l cu ft.l"7 owr au ns~ larp 

rup1. ror thla reuoo, aircu1t 1 11 buecl upoo tile IIMS.ti.GD ot 

loprit.blll ratber tbaD upm tbe direct .ultipl.icatlGD ot wJ.•I• 

It conai1t1 ot a .t.crou.ter u4 three 11m lar llld.Wi -.oh oae 

cou1atf.D8 of a batter,y 1 a b&tteey aODtrol to a4Jut tor a•••• ta 

JJ.. 

batter, •treDath, a nitoh, &D4 a ftl"iab1e ftltap 41Yiclar or )IO'Ma~a.ter. 

Vol tap di '!i4era ot tbe .. -sDttwta lhoul4 be ue4 1D c1rault 1.. 

Voltaae cUvidera ot tbe particular Y&l.uee ebcMl 1D t1pN 1 wn uel 
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Fteure lc Wiring diagram or the coaputer. 



Figure 2.--calibrated face or the computer. 
is to the right and circuit 2 is to thP. 
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otibu' Uld.ta vltll rea1atucel ot tbe ._ wp1t\lda cou1.4 haw beeD 

uec1 1D.nea4. 

Die ater reedins 1D circuit 1 11 proportlcaal to 1/u. 'a. 

v1r1118 uaecl1D tbe 1Da~t deacribecl bere 11 aucb tbat oloclm.• 

__..Dt ot tbe t pointer 1Dcreuea tbe value ott, the wlue ot 

1/u, UMl tbe •ter rndtna. A c:lockv1ee IIOftallt ot the r pdDter 

1Doreue1 tbe ftlue ot r but daoreuea tbe value ot 1/u u4 tile •ter 

NaAiaa. A clockv1M anaant ot tbe 1.&18/'l »Ginter taoreuea 

tile w.lue ot l.&rS/'1 but iDcreuea tbe ftl.• ot 1/v. aD4 tbe •ter 

NIAfDI• !be• rel&UODihi,a are 1D accorcl vltll eQNU1GD 3• 

Cirouit I, vbicb U bued 1q)OD ex)NIIlOD 11 11 & tinct 

.al.UpUcaUGD circnd.t. A 1apr1tbld.~ aci41Uw ct.zouU; cou14 

haft beeD ue4 iutea4. Bach ot the YQltep c11Udara iD WI of.Nalt 

...t llaft a total reaiatuoe t1w to ten tt.a u larp u tile OM 

preoe41Dc it 1D arcl8r to .Sn1ef&e 1Dteract1ou bema tbiiL e. 
ftl ... tiuAin repre88Dt V(u), n-,..6/'l, u4 Cl, reQHU'ftl71 .&114 

tbe .S.~ter reac''DI 11 proportioaal to •• A olockv1• .....n 

ot .,. JOinter 1D c1rou1t 2 1Doreue1 the ftl.ue ot the nQHUw 

tua, · tbe ftl.ue ot a, AD4 tbe ld.~ter ree'tna. •• rel&UGD• 

ab1J8 azre ill acOOI"Cl w1 til expreaaiOD 1. 

!lie I'M41na Gil the .S.~ter 1ft c1rcu1t 111 a tUDotiGD of 

1/u. A ftl.• ot V(u) .at be put Gil tbe approJri&te 41&1. ill o1roult 

2. '!be OODWrliGD trc. U to V(u) 11 ~ 4Gae Vitll tbe &14 ot 

expre111cm 2 or the tUJ.ea ~ aterrecl to. !be ca11bat1cm ot 

Wa 1Ditru.Dt JUWI.tl tM oGDwra1GD to be aooCIIIW1111Mt4 •'*-t1~. 

Jeoauae u u4 W(u) are 1Dwrae tuDctiGill, tbe .S.~ter ot o1Nu1t 



1 ia arranged. to read. aa a tunction ot 1/u. This .Ua the V(u) 

acale and the mcrOUIDBter in circuit 1 increase in tbe ._ 41Noticm 

and :racili tate a the callbration. 

caJJ.bration ot the Computer 

Account .uat be taken ot the variation ot battel"J 1tnapb Vitia 

ttae before cal1brat1Da or ua1Ds the o~uter. 1!MI batterr outpata 

.uat be tbe -- everr tiE tba iut.ru.nt 11 uecl. 1!111 11 ace_. 

pl11becl b;y •&lUI ot tbe arrova aD4 A -.rka on tbe Nl}1eoti ve cl1al.a 

u4 tbe batter;y oOD'trol.l1 vbicb are oparatecl b;y Juaob1 CD tile 11cJ. ot 

tbe ~nt IUI4 are DOt lbolm 1D t1sure 2. Por a•RPle, -u. t 

1Ubo1rcu1 t il proper)~' aciJutecl vbeD the pointer 11 ·Mt CD tbe 

arbitrar~ oholen re""'na, A1 u4 tbe Jlic~ter Na4a 50 vltb 

all other »Art• ot c:l.rcna1t 1 n1 tolled ott • 

.All cal1brat1cm 1• cloae b;y cca;pariiCD vltb tbe Jll~ter 

reeA'DP• C!.rouit 1, Vblcb il arrupcl losaritbm.oal.lT, 11 oal.1brate4 

flrlt. 

Step 1: !be 1.878/T aubcircuit 11 IV1tobe4 CD, 8114 the poiater 

11 a4ftDC84 UDtU tbe ld.cr~ter rea4l 5• !hat poe1t1GD ot tbe 

pointer 1• -.48 10•1, tor exempl e. 1'be po1D~r il tbeD a4ftDcect 

UDtll tbe aic~ter rea4l 10, and. that pol1t1CD ot tbe poillter 

11 ..&. 10•2• '1118 procedure 11 OGDt1Due4 11DtU tbe .. 111'84 1'UP of 

val.uea :baa been placed. OD tbe 41al.. 

Step 2: Vlth tbe 1.878/'! and. r aubciro\d.tl ott, tbe t ~ 

11 callbratecl 1D a 11Jiilar tubion. 

8. • 



Step 3: With tbe 1. 878/'1 lubc1rcu1t ott ud tile r JM)lDter 

tume4 ccapl.etely counterclockv1H1 tbe t po1Dter ia ac!Juate4 to 

sive a ld.croa~~~~Deter reading ot 50. Die r pointer i8 then a4vance4 

UDtil tbe llicl'081111Deter reacl1og hU 4ecreaH4 to Ito. That poa1 t1Cil 

ot the r poillter is labelled 10. '!be r pointer il tbeA IIOW4 untU 

tbe Jd.crouaeter reRJU D8 baa beeD 4ecre&H4 to 301 u4 thil De¥ 

poai tiOD ot tbe r pointer i8 then labelled 100. '1'be proaeclure 1 

continued until a aat11tactor;y rap ot Y&l.ue1 11 obta1De4. 

'Die procedure outlined s1 ve1 ftl.ue1 to pa~Mr• ot 10 becaaae ot 

1 u lopri tblld.c natun. Die 1DteNidiate ftluel au be 1Dterpol&te4 

loprithld.c~. For ct.amon1trat1ca p\U"JJO811 tbe -"•r 41n110DI 

OD the 1.878/'! IC&le wre apuecl UDU~, u uan OD t1pre 2, u4 

tbe aorreapcmcU ng ftluel wre pl.ace4 ill tile comer ot tt. IC&l.e. • 

r u4 t IC&lea wre apace4lopr1tba~ in tt. ~ ..amer. 

Circuit 2 18 a aillple 11Ul.t1pl1cat10D c1rcu1 t 1 u4 1 t 11 

C&l.1brate4 ill tbe toU.oviDS VQ': 

step 1: 1'he Q 1cale ia 1Diertecll1Mar}7. b Q pointer 

11 twDe4 ca.pletely clockviae, aD4 tbe V(u) u4 11~.6r po1Dtera 

are then auljuated untU tbe •ter rea4a 100. 1'bia poeit10D ot tbe 

Q pointer 11 cboaen aa 1,000. b Q po1Dter 1• tben turDe4 

oOUDterclockviH untU tbe aic:roa.eter Na4a 90· 1'bil podt1GD 

ot tbe po1Dter 11 900· 1!18 proce4un 11 ue4 to obta1D tbe cCJipl.ete 

oal1brat10D ot W.• acal.e. 

Step 2: It 11 clec14e4 vbere to pat a t1IQN 1D tbe da11nd 

NIIP I .001 tor U:Uiple I Q1l tbe ult-.6/'1 aoale. Vi tb tbe pointer 

iD tbat poa1t10D1 tbe V(u) u4 Q po1Dter1 are a4Juate4 to 11•· 

9· 



a random reading on the microa.mmeter. The ll4.6T pointer ia then 

advanced until the microammeter reading is doubled. 'rhia poai tiOD 

of the pointer will then be • 002. The u4. 6/T pointer CaD then be 

advanced until the original microammeter reading is multiplied b7 

10, and the value of ll4.6/T equal to .01 vUl have been 4etend.lle4. 

Tba entire scale is calibrated in thi• manner. 

Step 3: To calibrate the W(u) scal.e 1 a trial problea 1a aet 

up and solved for s by means or the equations. '!be ._ Tal.uea ot 

r, t, and 1.878/T used in tbe problem are aet CD tM reapectift 

dials in circuit 1 and give a reacHq on the 111cr081118ter. Mau. 

tha1. thia reacl:!.ng is 50. !be &a. value a ot Q ua4 114. 6/'f liM4 ill 

~ problem are then aet on the reapective cliala ot circuit 2. b 

W(u) pointer ia finally aclJuated untU tbe ftl.ue ot a obta1De4 rz.oa 
tbe equations appears on the aicrouaater ot circuit 2. Tile caa­

puter 1a nov adjusted so that it compl.etely "aiall&tea" the tr1&l 

problem. Therefore, circui ta 1 and 2 are linked b7 S1 Y1Ds the 

poaiticm ot tbe W(u) pointer the value shown b7 the 111=--ter 

in circuit 1. In thia cue, tbe value is 50. In a1wt]ar tubica, 

other values can be determined for the W{u) scale b7 afwal•tiDS 

other trial problema. In essence, this scale is cal1brated 'b7 

-"DI the computer aolutiona coincide vi th the •tbe•tical. aaluticaa. 

Uae ot the C011p1ter 

Tbe operatioo ot tbe computer la siJDple and rapid. Val.uel 

ot u4.6/T and 1.878/T are first c0111puted tor an aquifer &D4 placed 

10. 
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OD tbe appropriate clial8. The w.luea ot r, t, Ul4 Q are iiMD placed 

OD the respective clial.8. rtnauy, tbe V(u) po111ter 18 a4,Juate4 to 

the read1ng shown on the m.tcrou.ter 111 circuit 1. Tbe clrav\loWD 18 

then read from the microammeter 111 cirCuit 2. tD tbe ~1 aliDvD 111 

figure 2, a satiatactoey raap ot ftluea vu obta1Decl b7 a4Juat1Da 

tbe ld.cr081111eter to read tVice tbe ftl.ue ot tbe ckavdoVD. ODoe the 

ll4.6/T uull.87S/T clial8 are aet, tbe7 Deed not be obM&H tor uy 

ca.put&t1<DB that 1nvol.ft the .._ aquiter. 8uccea81ft ftluea ot a 

tor 41tterent ftluea ot Q, r, or t cu tbeD be 48tuldu4 1D a •tter 

ot aecOD4a. 

The cOiqNter baa sreat ftlue u a ~t1011 aence. !be 

ettect upon c!ravcknm ot papiq rate, U., ar aJr1 ot tbe otber tactora 

1nvo1 ft4 caD be dftOD8trate4 Y18Ual.l7 'b7 a4ftlle1Dc tbe approp-iate 

41al8. 

CcmclWiiODB 

'lbe cc:aputer cteacr1.1Mt4 1n tbia J)aper 1a ·~ 111 1tl. ccm• 

atructiOD 8114 calibratioo and •UJ to operate. 81"' l•r cQ~~Ntera 

cube coutructed to 8o1ft otber P'QUDd.•vater prob~. ror auple, 

it ia poa81'ble to 'bu114 oae that v111 8o1ft plllpina•te8t clata tor val:uee 

ot ~ u4 s. It 1a bell~wd that thia tne ot 1Datru.nt VUl p-ow 

a ftl.wmle aiel 1n sround-•ter atwUe8. 

11. 
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