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1 Introduction
W hen a university education wasm ostly a study ofG reek andL atin, school-
boyscarried aboutsm allbookscontaining crib notes, gram m aticalm em o-
randa, andotherhelpfulbitsofinform ation.It isnotsurprising thatthey
referredto them by a L atin tag, vade m ecum , which translatesas\go with
m e." I, andI think m ostlargeform atphotographers, do som ething sim ilar.
In m y bag isa notebook ¯lled with variousthings, such as¯lterfactors,
reciprocity tim es, shiftlim itsforvariouslenses, etc.
In addition, I carryoneotherthing, which I considermyrealvadem ecum.

Itisa pocketcalculator, andin itI haveprogram m edthosecalculationsthat
are usefulformy sortofphotography.Yesterday, forexam ple, I took two
pictureswhile on a walk.O nerequireda tiltedlens, andtheotherinvolved
a nice calculation ofD O F to include an object in the foreground.N either
took m orethan ¯vem inutes, anda thirdphotograph wasabandonedbefore
the cam era wasunpacked, because prelim inary calculationsindicated that
itcouldnotbe taken in the way I envisioned| I'llprobably go back and
rethink thecom position som etim e.
W hen I startedinlargeform atphotography, I wasunableto¯ndadequate

instructionsform any ¯ddling problem sin the booksI consulted. I found
exhaustivediscussion oflightandphotographicm aterials, butlittlehelpon
thepracticalproblem s.L enstilt, forexam ple, seem edasmuch a m ystery to
m any authorsofphotography booksasitdidto m e| atleastifthey knew
itsincantation, they chosenotto revealit.
A snearasI couldm ake out, tilting the lenswassom ething to be done

bycut-and-try| focuson som ething, tiltthelensa bit, focuson som ething,
adjustthetilt, etc.untilallpartsofthesubjectareinfocus1.I triedthisa few
tim eswith m iddling success, butfoundithardly a satisfactory procedure:if
fornootherreason, than thatittakesa longtim e.I am suretheinform ation
existsin the technicalliteraturesom ewhere, butin exasperation I satdown
andderivedtheequationsfrom ¯rstprinciples.B ythatI m ean I wentbackto
a theorem ofprojectivegeom etry dueto D esargueswhich underliestherules
artistsuse to produce perspective drawings, andderived the lensequation
relating the focusdistance, the lens-̄ lm distance, andthelensfocallength.
From thiseverything elsefollows.

1A discussion ofthisprocedure in exquisitedetailm ay befoundin B ond(1998).
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T heprogramsdescribedhere, calculatethelenstiltanglein severalways.
T he easiest isby focusing on two pointsin thesubjectplane, which isthe
idea that underliesthe Sinar, and L inho® built-in calculations.A lm ost as
easy, isto usethedistanceandangleofa pairofpointsin thesubjectplane.
T herearetwoadditionalm ethodswhich m ay appealtosom ewhofancy that
they can judgeanglesby eye.
O fcourse, a photographerhasotherproblems:depth of¯eld, D O F , for

one. T he standard formulasthat appearin bookswork wellenough for
interm ediate and distant objects, but are considerably in errorform acro
photography. T hisisstrange, since the correct formulasare not di± cult.
Perhapsthe authorshave stuck to form ulasthat they thought would be
easy to calculate. In any case, ifone isgoing to use a calculator, which I
hopeyou will, then there isno needto usethewrong formula.In addition,
thepracticing photographerneedsto m akejudgm entsaboutD O F fortilted
lenses, andassessthedegreeofblurfora backgroundorforegroundobject.
Sixprogram sareprovidedfortheseproblem s, di®ering in the typeofinput
required.
V ariousquestionsarisein practiceaboutfocallength:(1)given nearand

farobjects, which focallength willcausetheseto bethenearandfarD O F
lim its? (2)G iven the m agni¯cation and the distance to the subject, what
isthe properfocallength to choose.Sim ilarquestionsoccurin relation to
the properf-stop. A nd what about the bellowsfactor? T here are other
questionsstill{ whatshutterspeedwillstopm otion, orwhatistheangleof
view? Program sareprovidedforall.
Perhapsthem ostim portantthing, istheviewfram e:a sim plefram em ade

from whatyou willwith a m easuring cordattached.I am notawareofany
seriousdiscussion ofthism ostusefuldevice.Itnotonlyconcentratesthepho-
tographersattention by fram ing the view, butenablesthe appropriate lens
to bechosen, andwith thetwo programsincluded, allowsthephotographer
to ¯ndtheD O F { allwithoutunpacking thecam era.
T heprogram sm ay bedownloadedfrom a PC via a serialcable.Instruc-

tionsfordownloading aregiven in an associateddocum ent.T hem athem at-
icaldetailsofm any ofthesecalculationsdo notseem to be available in the
literature, andso a collection ofnotesm ay alsobedownloaded.
I assum e that the readerisa large form at photographer, and that the

problemsdiscussedwillbethosethathavebeen thoughtabout.I wouldn't
discouragesom eonewho isnew tothisform atfrom readingthism aterialand
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using theprograms, butI think itunlikely thatthey willfully appreciatethe
program suntilthey have experienced som e ofthem ¯rsthand. T here are
a numberofgood2 bookson large form atphotography, and I would hope
thattheneophytewouldconsultthem ¯rst.T wothatI can recom m endare:
Stroebelet.al.(1986), Stroebel(1993)Forthem oretechnically inclined, R ay
(1994)andJacobson et.al.(1988)arealso good.

1.1 N otation
I have chosen to use a few standardsymbolsboth in the program sand in
thistext, ratherthan repeatdescriptive phrasesat every point. T hey are
illustratedin F igure1, andlistedin Table1.T he¯gureshowsthreeprincipal
planes:thesubjectplane, the lensplane, andthe focalplane.In addition,
the N earand FarD O F planesare shown about the subjectplane, asare
theircognatesaboutthefocalplane.N otethattheN earandFarplanesare
m easuredfrom thelensplane.T hedistancesoftheseplanesfrom thesubject
plane are denoted FrontD O F and B ackD O F .T he N earand Farplanesare
notsym m etricalaboutthesubjectplane, buttheircognatesaboutthefocal
plane aresym m etrical, forallpracticalpurposes.T husonem ay use ±=2to
representthedistance from eitherto thefocalplane.T he lenstiltangle, µ,
willbediscussedlater.
In addition, unitsofm easurem ent are indicated by appending a unit

designatorstarting with an underline \ " to values. T hus5m m eans5
m eters, 3m m m eans3m illim eters, 10± m eans10degrees, etc.

1.2 Fractionalf-stops
T heN valuesarespaceduniform lyon theshutter, andonecan setinterm edi-
atevalues, such asa valuehalfwaybetween 16 and22.ThecorrespondingN
asa decim alis19.6, which requiressom ecalculation to discover, andwould
be a nuisance were the programsto dem and itsinput.T herefore, thepro-
gramsallow theinputofinterm ediatevaluesusing theform 16 .5, wherethe
\ " isrequiredasisa periodbefore the fractionalpart:16 .5m ay be read
astheshuttersetting halfway between 16 and22.In actuality, theprogram

2A lthough on topic, I cannotrecom m endM erklinger(1992)or(1993)becausesim ple
ideasarem adeoverly complicated.
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translatesthisinto a decim alnumber3 (19.6)which itstoresin the variable
N ;andwhen itdisplaysN , itdisplaysa string using \ " ifneeded.

1.3 N um ericalaccuracy
A llcalculationsarem adewith atleast12signi¯cantdigitsandareroundedto
reasonableprecision foroutputdisplay.T hisrounding m ay causetheresults
oftwo complim entary program sto di®erwhen theroundedoutputofone is
inputto theother.Forexam ple in Section(3.2)one inputsu = 10m to the
program V iewu(), andtheprogram outputsv= 215m m .W hen one inputs
v= 215m m tothecomplem entaryprogram V iewv(), asin Section(3.1), then
u = 9m isreturned.T he corresponding FrontD O F and B ackD O F values
betweenthetwodi®erasa consequence.A llowingm oredecim alvalueswould
m ake the two resultsagree, but it wouldcomplicate thingsandhave little
practicale®ect.T heproblem onlyoccursintheoutputsinceonem ay inputas
m anydecim alsasonelikes:supposeoneknew v= 214:5m m then onecould
input it, and the output calculationsm aking use ofthisgreateraccuracy,
wouldgiveu= 10m , andtheD O F valueswouldagreem oreclosely.

3A ctually inputnumbersare roundedto the nearestf-stopbefore assignm entto the
variableN ,so inputtingeither20or20.5resultsin N beingsetto12or22.5,respectively.
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u D istancefrom subjectfocuspointto lens
v D istancefrom lensto ¯lm
F Focallength
N T hef-stop
± D efocus´ D epth offocus
µ L enstiltangle
N ear N earD O F lim it
Far FarD O F lim it
FrontD O F = (u¡ N ear):i.e.D O F in frontoffocus
B ackD O F = (F ar¡ u):i.e.D O F in back offocus

Table1:Frequently usedsymbols

2 Setting param eters
Program N am e:Param s()

T hreeparam etersareneededform ostcalculations.T heyarefocallength,
thef-stop, N , andtheform at.Itisincumbenton theuserto m akesurethat
they arealwayscurrent.Som eprogram susethem , othersdo not, butitisa
wasteoftim e to try to rem emberwhich iswhich, so alwaysm akesurethey
arecurrent.
T hey m ay be setby running the Param s()program , which isavailable

from them enu.T hisfunction throwsupa displayshowingthecurrentvalues,
and allowing them to be edited. T he following screen capture showsthe
display.

T he ¯lm size ischangedvia a dropdown list.W hen it ischanged, the
diam eterofthe circle ofconfusion, c, also changes.T he changedvalue will
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appearthenexttim e theParam s()funciton iscalled.U sually, cshouldnot
be changedby the user, since it issetatvaluesappropriate forthevarious
form ats.
To changethe¯lm size, m ovethecursorto the F ilm Sizerow, pressthe

rightarrow, andchoose one ofthe options:they are 35m m , 645, 6x7, 6x9,
4x5, and8x10.W hen theparam etersarecorrect, presstheEN TER key.
T hecvaluesbuiltin forthevariousform atsare:

Form at c
35m m 0.03m m
645 0.05m m
6x7 0.06 m m
6x9 0.07m m
4x5 0.10m m
8x10 0.20m m

Table2:csettings

Illustrationsin therestofthisdocum entassum etheparam etersaresetas
in theabovescreen capture{ Focallength at210m m , N at32, andF ilm Size
at45.

3 The viewfram e
Even beforethecam era issetup, a decision abouttheview to becaptured
shouldbem ade.T hisisaidedconsiderablyby theuseofa sim pleviewfram e
held so asto fram e the scene. A lm ost anything with the rightsized hole
willdo | I use a bentcoat hanger.T he inside dim ensionsshouldbe the
sam e asthe size ofthe im age on the ¯lm.In addition som e m eansshould
be provided form easuring the distance from the viewfram e to the eye. I
attach a °exible tape m arked in m illim etersto m y viewfram e. F igure (2)
showssom e item sfrom my gadgetbag, am ong them m ay beseen m y bent
coathangerviewfram e.
U se the viewfram e to fram e the view, andnote eitheroftwo distances:

(1)the distance, v, from the viewfram e to one eye | the othershouldbe
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F igure2:G adgets

closed, since a cam era hasonly oneeye;or(2)thedistance, u, to thepoint
offocus.T he following two program swillprovidedepth of¯eldandother
inform ation.

3.1 Program N am e:V iewv(), From v
T he program asksfortwo param eters.The input ison the left, the output
on theright.

H erev isthedistance in m illim etersfrom thelensto the¯lm plane.T he
f-stop, N , m ay be inputsince one som etim esneedsto com pare the e®ects
ofdi®erentN .IfN isinputasa blank, the currentvalue ofN , setby the
Params()program , willbeused.T hiscurrentvalueisunchangedby V iewv().
O n the output, the u value isthedistance from the lensto the in-focus

subject.T he FrontD O F and B ackD O F valuesare the distancesfrom u to
thenearandfarD O F lim its.In thisillustration, theD O F is19.57m (3:52+
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16:05).

3.2 Program N am e:V iewu(), From u
T he program asksfortwo param eters.The input ison the left, the output
on theright.

T heonlydi®erencefrom thepreviousprogram , isthatu, thefocusdistance,
isinput.T hef-stop, N , m ay beinputsinceonesom etim esneedstocom pare
thee®ectsofdi®erentN 's.IfN isinputasa blank, thecurrentvalueofN ,
setby theParams()program , willbeused.T hiscurrentvalue isunchanged
by V iewu().
T heu value isrepeatedfrom the input, andthevvalue calculated.T he

FrontD O F andB ackD O F valuesarethedistancesfrom uofthenearandfar
D O F lim its.

3.3 D iscussion
A viewfram eim provesthevisualization ofa com position.Itaidsin deciding
the composition'sorientation (landscapeorportrait), andaidsin the elim i-
nation ofextraneousdetailwhich theeyem ightotherwisenotnotice.T here
areotheruses.
Itm ay beusedto ¯ndtheappropriatefocallength.Supposea com posi-

tion fram esnicely in theviewfram ewhen thesubjectisabout4m away, and
thatthe viewfram e to eyedistance, v, isabout220m m.A ny lenswith less
than 220m m focallength m ay bechosen andthen extendedto 220m m for
focusing.A 210m m m ightbe appropriate.O fcourseonecouldalso choose
a 150m m , buttheextension to220m (150m m + 70m m )wouldresultin a
bellowsfactorofabout2.In thiscase, V IE W V usingv= 220m indicatesthe
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FrontD O F and B ackD O F valuesare1.12m and2.17m , assum ing F = 210
andN = 32.
In m aking a decision about focallength, there isno needto be overly

preciseaboutv.A few m illim eterseitherwaywillnotchangethecomposition
m uch.T heim portantthing istodecideon a focallength with approxim ately
thecoveragedesiredandleavethe¯nedetailsto thattim ewhen thecam era
isfocused.
U sing a viewfram e in thisway isquite easy.W hathappensifone needs

m oredepth of¯eld, such asa foregroundobject? I raise thepoint, because
som ewillattem pttoadjusttheD O F bychangingtheirlens.T hereisnothing
wrong with thisifitm eetstheartisticneeds, butoften theresulting change
distortsthe com position. Extraneousdetailwhich wasoutside the fram e
isnow included, orthe com position loosensupandbecom esuninteresting.
To keepthesam ecom position when changing thelens, the cam era m ustbe
m oved.T hiswillkeepthem agni¯cation constant.U nfortunately, the D O F
doesnotchange very much when m agni¯cation is¯xed.You m ightlike to
usetheD O F M ag()program which givesD O F asa function ofm agni¯cation
to establish thetruth ofthisstatem ent4.
To increase D O F in a substantialway, the f-stop, N , m ustbe changed.

In thiscase doubling N from 32to 64, producesF rontD O F = 1:8m and
BackD O F = 8:21m.T hecomposition rem ainsunchanged.

4 D eterm ining lenstilt
W hen thesubject, lens, and¯lm planesareparallel, focusingon anyonepart
ofthesubjectfocuseson allparts.T hisisillustratedin F igure(1).
T hisisnot true when the subject plane liesat an angle to the other

planes. Focusing on one part ofthe tiltedsubjectplane m ay cause other
partstobeoutoffocus.Tobring allpartsofthesubjectinto focus, thelens
mustbetiltedso thatallthreeplanesm eetata line.T hisisScheim p°ug's
rule. F igure (3) illustratesthisrule.T he parallelplanesin F igure(1)also
obey Scheim p°ug'srule ifone agrees, asisusual, thatparallelplanesm eet
atin¯nity.

4T hem agni¯cation fortheabove illustration isabout0.021, which can befoundfrom
the M agv()program.
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F igure3:T iltedplanes

Ifthesubjectplaneistilted, then itwillm eetthefocalplanesom ewhere.
T he problem isto ¯ndthe tiltangle ofthe lenssuch that a plane through
itwillalso m eetwhere the othertwo planesm eet.M any experiencedpho-
tographersdecide on the tilt angle by cut-and-try m ixedwith considerable
experience.Ifthe groundglasswere brightly illum inated, I wouldnot¯nd
much faultwith such a procedure:butit isnot, it isalm ostalwaysdim re-
quiring a dark cloth toblock light, andforsom elens'swith sm allm axim um
apertures, thegroundglasscan begrainy m aking nicejudgm entsdi± cult.I
preferto calculate the angle from observations, andthefollowing program s
do this.T he B A C K T IL T param eterwhich appearsin the inputm enusof
thefollowing program swillbediscussedin Section (4.4).
It isim portantto note, thatalthough \tilt" isused in thissection, the

inform ation appliesequally to \swing."

4.1 T iltFrB k(), B y back focusing
T he easiestway to determ ine lenstilt isby focusing on two subjectswhich
im age nearthe topandbottom ofthe groundglass.F igure (4)showsthis
fortwo back positions, onewhen pointA isin focus, andonewhen pointC
isin focus.T he distance along the rail(in m illim eters)between the focus
points, togetherwith the distance between the im ages(in m illim eters)on
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the groundglasscan be usedto determ ine lenstilt.In ¯gure (4)the R ail
¢ isthe distance from a to b, and the G lass¢ isthe distance from bto
c.Thecalculation ofthelenstiltangle in degreesisgiven approxim ately by
W heeler'sruleof60.Towitµ¼ 60(b¡a)=(c¡b).T heruleisnotappropriate
forcloseupwork, buttheT iltFrB k()program alwaysgivesthecorrectvalue.

c

a b

A

C

u'

Focal PlaneUntilted
Lens Plane

Tilted
Lens Plane

Subjet Plane

Back 
with A in

focus
Back
with C in
focus

Lens

F igure4:T iltD iagram

T he program input ison the leftandthe program outputon the right.
T he inputusesthe distance u0shown in F igure(4)which isthe horizontal
distance to thesubjectplane.T he tiltcalculation doesnotm ake useofu0,
butitisusedin calculatingtheslope°ofthesubjectplane, which param eter
issavedforlateruseby D O F T ilt().

T heprogram outputsthelenstiltangle in degrees.T heangle ispositive
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forforward tilts, and negative forbackward. O nce the lensistilted, and
refocused, allpointsin thelensplanewillbe in focus.
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In thecasewhen thesubjectplane isvertical, theprogram should
be inform ed ofthisby inputting the R ail¢ as0| a positive
G lass¢ m ustalwaysbe input.

In refocusing afterthe lenstilt, those with centertiltcam eraswill¯nd
the focuspoint som ewhere between the two previouspoints, while those
with base tilt cam eraswill¯nd it necessary to m ove the rearstandard a
considerabledistance forward.B ase tiltcam erasm ove the lensin addition
to rotating it, andtherearstandardm ustbebroughtforwardto adjustfor
thism ovem ent.

4.2 T iltFrD A (), T iltfrom distance and angle

A

C

Tilted
Lens Plane

Subjet Plane
Focal Plane

u'

Untilted
Lens
Plane

High u'
High 
angle

Low u'

Low angle

J

γ

θ

F igure5:D istanceandangle

A notherway to determ ine lenstilt isby specifying the anglesanddis-
tancesto two objectsin the desired subjectplane. F igure (5)showstwo
pointsA and C on the subject plane. T he distancesand anglesofthese
pointsareinputto T iltFrD A ().T heprogram assum esthatanglesabovethe
horizon arepositive, andnegativebelow thehorizon.O necan buypalm size
devicesto m easure anglesaboveandbelow thehorizon from shopsthatsell
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surveyors'sequipm ent.D istance can be guessed.T he calculationsare not
verysensitivetothefardistance, buttheneardistanceshouldbeasaccurate
aspossible.Ifa com passisavailable, then the program Tringlte()m ay be
usedto triangulate from two bearings| thecom passm ustread in degrees
or¯ner.T heprogram inputison theleft, theoutputon theright.

4.3 T iltfrom geom etricparam eters
T he next two program sask forinputsderived from the geom etry ofthe
problem.T hese inputscan often be guessedwith reasonable accuracy, and
m ayproveeasiertousein certain circumstances.F igure(5)showstheplanes
andraysinvolved forlenstilt calculations. T he distance J isthe vertical
distance from the lenscenterto the subjectplane, and° isthe angle that
thesubjectplanem akeswith thelensplane.

4.3.1 T iltFrJ(), T iltfrom J

T hevaluesofJ andu0areguessed.T heoutputisshown attheright.

M erklinger(1992)and (1993)recom m endsthism ethod using J alone,
which isallthat isrequiredto calculate the tiltangle µ.T iltFrJ()asksfor
u0in orderto calculate° which isneededforD O F T ilt().
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4.3.2 T iltFrG (), T iltfrom °

T hetiltangleiscalculatedfrom thesubjectplaneangle°andu0.Theoutput
isshown attheright.

4.4 T ilting theback

Tilted
Lens Plane

Subjet Plane
Untilted
Focal Plane

u'

Untilted
Lens
Plane

J

γ

θ
Tilted 
Focal Plane

φ Negative 
angle

F igure6:T iltedback

T ilting the back changesperspective by altering the way linesconverge
to vanishing points. Som etim esthischange isdesired. Scheim p°ug'srule
stillapplieswhen the back istilted, asF igure (6)shows.T he appropriate
lenstilt angle willbe calculatedby each ofthe above programswhen the
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B ackT iltparam eterisinput.T heinputparam etersshouldbeobtainedwith
an untiltedback precisely ashasbeen done above.T he only change in the
program input, isthesetting ofB ack T iltto a non-zero value.C onsiderthe
T iltFrB k()exam pleabove:

W ith the back tilted forward10±, and the lenstilted11:2± the subject
plane willbe in focus, although linesthatwerepreviously verticalwillnow
diverge. It isassum edthatpositive back tilt anglesim ply a forwardback
tilt, andnegative anglesa backwardtilt, justasthey do forthelenstilt.
B ack tiltscan be usedeven when the subjectplane isvertical, butthe

lenstilt isthesam e astheback tilt in thiscase { in otherwordstheback
andthelensaxisrem ain parallel.

5 D eterm ining D O F
D O F isan im portanttopic, andthephotographerneedstoassessitin several
ways.T heusualway istocalculateD O F asa function ofu.B utonecan also
usev, subjectheight, m agni¯cation, orthedefocus±.Program sareprovided
foreach ofthese inputvalues, aswellasonethatcalculatestheD O F along
an arbitrary ray when thelensistilted.Pleasereferto F igures(1)and(3).
In addition, thereisa program to calculatethehyperfocaldistance, onethat
assessestheblurofobjectsatvariousdistances, andtwothattranslateD O F
to andfrom ±.
A llD O F programsreportthe sam e inform ation, so thisoutputwillbe

described m ore fulsom ely in the next subsection, (5.1) than in the other
subsections.
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5.1 D O Fu(), A sa function ofu
T he inputisu.T heoutputscreen isshown on theright.

A llD O F program soutputu.ForD O Fu(), it isinput.ForotherD O F
program sitiscalculated.T heFrontD O F andB ackD O F aredistancesabout
u.Thusthenearpointofthedepth of¯eld isu¡ F rontD O F , andthefar
pointisu+BackD O F , asisillustratedin F igure(1).
T hedefocusdistance± isthedistanceon therailcorresponding to D O F ,

see F igure(1).Forpracticalpurposes, thisdistance issym m etricalaboutv,
thedistanceon therailcognateto thesubjectdistanceu.Thus, thepoints
v¡ ±=2andv+ ±=2aredefocuslim its, corresponding to nearandfarD O F
lim its.O necan usethedefocuslim itstolocatethenearandfarD O F planes.
Sim ply m ovethestandardback orforwardby ±=2andobservethoseobjects
in sharpestfocus| thesecorrespondto objectson oneoftheD O F planes.
T he adjustedf-stop, A djustedN , shown isthebellowscorrectedf-stop.

In thiscase, theoriginalf-stop, N , was32.A llowingforthebellowsextension
producesa value of22.92, which isnotpractically di®erentfrom 32.T he
bellowsfactorby which theshutterspeedm ay be adjusted isshown atthe
topofthescreen.

B eforereleasing theshutter, itisalwaysa goodidea to perform a
D O F calculation in orderto checkthebellowse®ecton thef-stop
{ surprisesdo occur.

T heD O F lim itsshownbytheD O F programsarecalculatedassum ingthe
inputN .IftheadjustedN di®erspractically from thisN , andiftheadjusted
N isactually usedto settheshutter, itwillbenecessary to recalculate the
D O F lim itsby inputting the adjusted N to D O Fu(). O fcourse a doubly
adjustedN willbeoutput, butthisshouldbe ignored.
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5.2 D O F tilt(), From ray angle, fortilted lenses

Focal 
Plane

Lens

Lens 
Plane

Subject Plane

FrontDOF
BackDOF

BackDOF
FrontDOF

u'

F igure7:D O F fortiltedlens

In ordertosetparam etersthatwillbeusedby D O F tilt(), itisnecessary
to run one ofthe tiltprogram s.O therprogram sm ay intervene.D O F tilt()
usestheparam etersfrom thelastrun tiltprogram , andno otherprogram s
tinkerwith thesavedtiltparam eters.
TheD O F tilt()program acceptsa singleinput, an angle, andoutputsthe

FrontD O F andB ackD O F valuesalong a ray atthisangleto the horizontal.
F igure(7)illustratesthesituation.A ssum ing thatT iltFrB k()hasbeen run
with thefollowing param eters
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then inputting the angle zero into D O F tilt(), ason the left, producesthe
outputon theright.

T hiscalculation representsD O F forhorizontaldistancesthrough a tilted
lens.Itcan becom paredwith theoutputofD O Fu()foran untiltedlens:

.
Thereseemsto be littledi®erence, butthisisnotthe case when one looks
along raysatan angle.
T heoutputresulting from an angleof10± isshown below on theleft, and

¡10± on theright.

T hee®ectoflenstilton D O F issubstantial.
Itisim portantto notethatthedefocus, ±m ay beusedto ¯ndthenear

andfarD O F planesfortiltedlenses, justasitcan beforuntiltedlenses.T he
defocuslim itsarev¡ ±=2andv+ ±=2, andthedistancev istheposition of
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the rearstandardwhen the subjectplane isin focus. B y m oving the rear
standardforwardorback ±=2m illim etersthe D O F planesare those which
are in sharpestfocus.

5.3 D O F v(), From v
T he distance between the lensandthe ¯lm plane isv. It m ay be usedto
¯ndD O F .InputandoutputfortheD O F v()program areshown below.A sa
sidelight, note thatthe adjustedN value islittledi®erentfrom thenom inal
N of32. T hisisbecause the extension 215¡ 210= 5 m m isvery sm all
relativeto F = 210m m .Forcloseupwork, however, theadjustedN willbe
considerably di®erent.Supposeonewere interestedin a 1to 1im age, then
the210m m lenswouldhave to be focusedat440m m , andthe adjustedN
wouldbecom e11.83, andtheD O F wouldshrink to about10m m.

5.4 D O F ht(), From subjectheight
B y subjectheight ism eantthe verticalextentofthesubjectwhich will¯ll
the long side5 ofthe im age on the ¯lm .In thepresentcasewith u = 10m ,
theheightis5.78m.T he inputandoutputareshown forthisvalue.

5T heprogram choosesa ¯lm heightof124m m for4x5.
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5.5 D O F M ag(), From m agni¯cation
M agni¯cation istheratio v=u.In thepresentcase it is210=10000= 0:021
with both v andu in m illim eters.M agni¯cation issm allfordistantobjects,
but becom eslarge forclose up photography. A m agni¯cation of1occurs
when the im age andsubjectheightsareequal.

T he output would have been slightly di®erent had 0.02been used for
m agni¯cation.W henevertheoutputoftwoprogramsisunexpectedly di®er-
ent, look to the inputvaluesforan explanation.T he calculationsaredone
to m any m oreplacesthan areshown, andusing too few placesin the input
can causediscrepancies.

5.6 D O F d2(), From defocus
T hedefocus,±, isthedistancealongtherailbetween thecognatesofthenear
andfarD O F:i.e.thedi®erencebetween thelocationsofthetwo standards
when thelensisfocusedon each ofthetwoD O F lim its.T hisisillustratedin
F igure(1).Forpracticalpurposes, itissym m etricalaboutv, theposition of
therearstandardwhen thesubjectisin focus.U sing ±=2= 3:27m m to be
consistentwith thepreviousexamples, the inputandoutputscreensappear
as:
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5.7 d2D O F (), From depth of¯eld
T hisprogram acceptstheD O F .Tobeconsistentwith thepreviousexam ples,
theD O F issetto 28.7m .

5.8 H yperfcl(), H yperfocaldistance
T hissim ply returnsthehyperfocaldistancefortheglobalparam eters.

The±=2andadjustedN aredi®erentfrom thepreviousprogramsbecause
u haschangedfrom 10m to thehyperfocaldistanceof13.8m.

5.9 Fuzz(), B lurred im ages
B okah isthe Japanese term forout offocusorblurred objects. T here is
goodbokah andbadbokah, butthisisnottheplacetodiscussitsnature, and
isonly broughtuphere to introduce thefactthatblurred im agescan form
usefulpartsofa picture.Som etim esone hasintrusive objectsin the fram e
thatneedtobeblurred, andsom etim esitisjustbetterto havea fuzzy area
in a picturetosupportin a sensethem ain subject.
In any case, the Fuzz()outputshowsthe degree ofblurring forobjects

atspeci¯c distances.Fuzz()alwayscalculatesblurring valuesforthe D O F
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F igure8:Fuzzatthreedistances

lim its, andin addition itwillcalculatethem fora userinputdistance.C on-
sistentwith the above examples, suppose u = 10m andletussuppose we
needto know aboutan objectat50m .F igure(8)showsthesizeofobjects
atthreedistanceswhich im age on the ¯lm atexactly twice thediam eterof
thecircleofconfusion.T he inputandoutputare:

Thefuzzvaluesreportedin theoutput, arethesizesofobjectsatthegiven
distanceswhichwillim ageastwicethediam eterofthecircleofconfusion6T hus

6To ¯ndthesize ofan objectwhich im agesk tim esthediam eterofthecircleofcon-
fusion, oneshouldm ultiply thesize, s, outputby theprogram , by k¡ 1.Fork = 2the
multiplierk¡1is1, andthisissasoutputbytheprogram.T hesizeoftheobjectim aging
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objectsattheN earD O F ofsize2.7m m willbarelybedistinguishable.Sim i-
larly, objectsofsize16.1m m attheFarD O F lim itwillnotbedistinguishable.
A t50m , a 26.3m m objectwillnotbedistinguishable.T hism eansthatinch
high lettering on an intrusivebillboardsom e50m distant, willnotberead-
able in a print.T he lettering wouldhave to be at fourorm ore tim esthis
sizeto bereadable, andeven then wouldbevery fuzzy.
T hisisespecially usefulform acro photography.Suppose you are pho-

tographing a °oweratone-to-onem agni¯cation andthere isan unavoidable
objectin thebackground.H ow visiblewillthisobjectbe? Fora 210m m lens,
one-to-one m agni¯cation putsthesubjectplane420m m in frontofthelens.
Supposetheobjectionableobjectistwicethisfar, say 800m m away from the
lens.T he Fuzz()inputandoutputare:

Ifthe object issm allerthan 5.9m m , then itwillnotbe visible.Ifit is
larger, say 25m m , then itwillbevery fuzzy because itstopedgewillnotbe
distinguishablefrom a line1=4ofthisdistancedown.T hesizeoftheobject
willthuscorrespondto aboutfourtim esthecircle ofconfusion on the ¯lm ,
clearly a negligibleam ount.

6 F inding thesubject'sheight
B y subjectheight ism eantthe heightofthesubjectthatjust¯llsthelong
side ofthe ¯lm im age.T he ratio ofthe long side ofthe ¯lm to the height
isthe m agni¯cation7. The height m ay be calculated from any ofseveral
param eters. F ive programsare provided. T hey and theirparam etersare
shown in Table(3).

at fourtim esthe diam eterofthe circle ofconfusion wouldbe (k¡ 1)s= 3s.U sing 4s
instead, however, doeslittleharm .

7Subjectand¯lm diagonalsareoften usedinsteadoftheheight.
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Program Param eter
H u() u
H v() v
H m () m agni¯cation
H D O F () FrontD O F
H d2() ±=2

Table3:H eightprogram param eters

A llinputscreensaresim ilar, requiring a singleparam eter.O nly theH u()
program willbe illustrated.T he outputscreen showsthesubjectheight in
m eters.T he inputandoutputscreensare:

7 F inding thef-stop, N
T herearethreeprogram s, N N earFar(), N D O Fu()andN d2u(), which calcu-
latethef-stop, N .
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7.1 N d2u(), N from ±=2and u
T he inputsare ±=2and u, asshown on the inputscreen at the left. T he
outputisshown on theright.

T hebellowscorrection shown atthebottom oftheoutputdependsonly
on thebellowsextension andisthusthesam eforany N .Itisgiven in stops,
and m ay be subtractedfrom whateverN one selects.T hus8.11becom es
8.03and32.23becom es32.15.
F igure (9)illustratesthesituation forthecase when the lensisfocused

atin¯nity.In this¯gure, theoptim um N linem ay bevisualizedasthecrest
ofa m ountain with thelandsloping downwardaway from it.T he\10l/m m
N " curverelatesN to±such thattheon-̄ lm resolution is10l/m m .T he\40
l/m m N " and\20l/m m N " curvesdo thesam e for40l/m m and20l/m m
respectively.T heextentofthe±scale isappropriateforthe4x5form at.A s
a contrast, thedottedboxatthelowerleftrepresentsthe±scaleappropriate
forthe 35m m form at. T he reason that m anufacturerschoose N = 16 or
N = 22asthem axim um f-stopfor35m m shouldbeclearfrom this¯gure.
ShouldoneuseN oroptim um N ? Italldependson whatiswanted.T he

N outputby theprogram s, correspondsto10l/m m , which isappropriatefor
an 8x10print.T heoptim um N willofcoursesupportlargerprints, butthere
seemslittlereason forchoosing theoptim um unlesssuch largeprintsarethe
goal, andeven then asm ay beseen in F igure(9)theoptim um N willbeless
than 20l/m m for±'sgreaterthan aboutfour.T heprogram R esoltn()m ay
beusedto calculatetheresolutionsforparticularcombinations.

7.2 N N earFar(), N from nearand farvalues
N N earFar()acceptsN earand Farvaluesforwhich it¯ndsthe N thatwill
m akethem N earandFarD O F lim its.
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F igure9:O ptim um andresolution curves

T he input and output screensforN N earFar() are asfollows. D o not
confuse the \N ear" and \Far" valueswith \FrontD O F " and \B ackD O F "
values.

T hecalculatedN isabout32.In additiontheN whichproducesm axim um
resolution isshown astheoptim alN .
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7.3 N D O Fu(), N from D O F and u
N D O Fu()acceptsD O F andu, and¯ndsN .T he inputscreen ison the left,
theoutputon theright.

8 F inding thefocallength
Focallength can be chosen in a variety ofways. T he best way isto use
a view¯nderto obtain a properfram ing ofthe scene;however, otherways
are possible.O ne m ay choose two distances, andm apthem into the D O F
lim itsby a properchoice offocallength.Sim ilarly, one m ay ¯xsom eother
param eter, such asD O F oru, andcalculatethefocallength.F iveprogram s
areprovided.T hey andtheirinputparam etersareshow in Table(4).

Program Param eters
F N earFar() N ear Far
F d2u() ±=2 u
F D O F () D O F m agni¯cation
F m u() u m agni¯cation
F m v() v m agni¯cation

Table4:Focallength programs

T he program F N earFar() will be illustrated. T he input and output
screensare shown below. T he F returned isthe focallength required to
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m ake6 m and35m theD O F lim its.

9 F inding them agni¯cation
M agni¯cation istheratio ofthe¯lm sizeto thesubjectsize8, thusfora 2m
tallsubjectim agedon a 4x5¯lm with long side124m m , the m agni¯cation
is124=2000= 0:062.M agni¯cation controlsthe appearance ofa picture, in
thatthesubjectsize will¯llthe sam e area ofthe ¯lm ifthe m agni¯cation
isconstant.A picture taken with a 210m m lenswillfram e thesam e com -
position asonetaken with a 600m m lensifthem agni¯cation forthetwo is
the sam e.Forexam ple, in the case ofa 2m tallsubjecttaken with a 210
m m lenson a 4x5cam era, thesubjectmustbe3.6 m away.Fora 600m m
lens, thesubjectmustbe10.2m away.T heuvm ()program m ay beusedto
con¯rm this.
T wo pictureswith the sam e m agni¯cation taken with di®erent lenses

m ay orm ay notappearidentical{ there can be a di®erence in resolution.
T hedi®erencewillbequitesm all, asm ay beseen by checking theD O F m ()
program which producesthevaluesin Table(5).T hef-stop in thistable is
N = 32forboth lenses.
O fcoursechanging N willproduceconsiderabledi®erencesin resolution,

since D O F changesdram atically asN changes, butthepointthathasbeen
m ade isthatlenschangeshavelittlee®ectwhen m agni¯cation isconstant.
T herearefourprogram sform agni¯cation, asshown in Table(6).
8A ny ¯lm dim ension m ay bechosen.Each dim ension willproduce a slightly di®erent

value.T helong sideofthe im age ischosen here.M agni¯cation isalso equaltov=u.
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L ens D istance FrontD O F B ackD O F
210m m 3.6 m 0.71m 1.17m
600m m 10.6 m 0.81m 0.97m

Table5:C onstantm agni¯cation for2m subjecton a 4x5

Program Param eter
M agu() u
M agv() v
M agh() height
M A G d2() ±=2

Table6:M agni¯cation program param eters

T he inputandoutputforM agu()isshown below:

10 u < = > v
T he param etersu and v satisfy an equation called the lensequation, and
one m ay be com putedfrom theother.In addition, eitherm ay be obtained
from otherparam eters9. Fourprogram sare given here. T he utofromv()

9D onotconfuseu with u'which isusedin connection with tiltedlenses.B othrepresent
distancesfrom the lensto thesubject, butonly u fornon-tiltedlensessatis̄ esthe lens
equation.T he lensequation m ay be usedwith tilted lenses, butu'isnotthe quantity
needed.
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program translatesu into v orv into u.T he othersproduce u andv from
m agni¯cation, subjectheight, and±=2.Theprogramsandtheirparam eters
aregiven in Table(7).

Program Param eter
utofromv() u orv
uvh() height
uvm () m agni¯cation
uvd2() ±=2

Table7:u andv program param eters

T he inputandoutputforutofromv()with v asinputare shown below.
N otethatthe inputmustalwaysbe in m eters.

11 B ellowsFactor
T he f-stopthat isread from a light m eterstrictly appliesto the situation
when the lensisfocused at in¯nity.W hen the focuspoint iscloserto the
the lens, the lensm ustbe extendedandthisdecreasesthe am ountoflight
reachingthe¯lm bytheinversesquarelaw.T hatisifthelensism ovedtwice
asfarout, the exposure willbeonequarteroftheoriginal.To compensate
forthis, one should m ultiply the shutterspeedby a factor. T he factoris
calledthe \bellowsfactor." T he programsin thissection give the bellows
factorasa function eitherofthem agni¯cation orofthelensextension.T hey
also translatethebellowsfactorintostopsso thatonem ay adjustthef-stop
insteadoftheshutterspeedifdesired.
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T heprogramsandtheirparam etersaregiven in Table(8).

Program Param eter
B F M ag() m agni¯cation
B Fext() extension

Table8:bellowsfactorprogram param eters

T he inputandoutputforthe B F M ag()program areshown below.

12 M iscellaneousprogram s
T hissectiondocum entsa numberofm iscellaneousprogram ssuchasA O V iew()
for̄ ndingtheangleofview, andStopM otn()forcalculatingtheshutterspeed
requiredto stopm otion.

12.1 A O V iew(), from m agni¯cation and focallength
T he inputandoutputareasshown.
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T he lastline ofthe outputgivesthe focallength ofa 35m m lenswith
theangleofview shown.

12.2 StopM otn(), shutterspeed to stop m otion
T hescreen on theleftshowsinputfora 30m ph hourobject100m etersaway.
T hedirection ofm otion isassum edtobeatrightanglestothelensaxis.T he
outputon therightindicatesthata shutterspeedof1/282secondswillstop
thism otion.O ne m ay notalwaysbe able to shootatthe indicatedspeed,
andsom eidea ofthedegreeofblurring isuseful.Ifthedesiredshutterspeed,
in secondsisinput, then thedegreeofblurrisshown on theoutputscreen.
T heoutputgivesthedistance the im age ofthesubjectm ovesin unitsofc,
thediam eterofthecircleofconfusion.A tim eof1/2secondwasinputon the
screen on the leftandthe outputscreen showsthatthe im age ofa subject
willcovera distance of141tim escduring the1/2secondexposure.Itwill
bevery blury.A sa rulea subjectthatm ovesonly two orthreetim escm ay
beacceptable.

12.3 Stopdi®(), stop di®erenceforlightm ovem ent
Ifthelightsin a studio arem oved, thef-stopwillchange.T hisprogram gives
thestopdi®erencerequiredto m ake the adjustm ent.O n the left, thelights
areat4m andthey aretobem ovedto8m.T heoutputon therightshows
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thatthef-stopmustbe increasedby 2stops.

12.4 Tringlte(), triangulation
T hedistanceto an objectm ay befoundby triangulation.T he inputscreen
on theleftrequiresthebasedistanceandtwo compassreadings.I generally
choosea two m eterbase, since I carry a retractablepocketm easureanditis
easy form eto hook theendon thecam era andm oveoutonem eteron each
side.M y compassisshown am ong thegadgetsin F igure(2).

12.5 R esolutn(), resolution
T hisisa theoreticalcalculation ofno practicaluse in the¯eld, butincluded
forcom pleteness.W ith itonem ay calculatetheresolutionsshown in F igure
(9).O n theleftoneseestheinputscreen with ±enteredas8.N otetheentry
isnot±=2aswith otherprogram s.T heoutputscreen on therightshowsthe
resolution attheoptim um for±= 8.B elow thisaretheresolutionsfrom two
di®erentsourceswhich combineto producethe¯nalresolution.T he ¯rstof
theseisthedi®raction resolution, andthesecondisthedefocusresolution at
a ±=2distance from theplane ofexactfocus.T he two resolutionsarecom -
binedusing rootm ean squareon theirinverses{ thisisstrictly an em pirical
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combination since there isno sim ple theoreticalway to combine them . It
isinteresting to note that the resolution due to di®raction isactually the
largestresolution shown, which shouldgivepauseto thosewho ascribepoor
quality to di®raction { in thiscase, theprinciplecause isextrem edefocus.

13 Technicalities
Param etersusedby theprogramsareshown in Table(9):they arestoredin
directory z.T hey m ay be changed ifdesired, butrem emberthatthey will
beresetwhen oneofthe indicatedprogram sisrun.

Param eter Setby Explanation
F Param s Focallength
N Param s f-stop
c Param s diam eterofthecircleofconfusion
D m Param s F ilm long side in m m
F S Param s F ilm size35,645,67,69,45,810
° A ny tiltprogram Slopeofsubjectplane
J A ny tiltprogram V ertdistancefrom lensto subjectplane
µ A ny tiltprogram L enstiltangle
® A ny tiltprogram B ack tiltangle

Table9:Param eters
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D irectory Program N am e Page D escription
Param s() 8 Setanddisplay param eters

V iew V iewfram e inform ation
V iewv() 10 u,FrontD O F ,B ackD O F from v
V iewu() 11 u,FrontD O F ,B ackD O F from u

T ilt C alculatestiltangle
T iltFrB k() 13 B y back focusing
T iltFrD A () 16 From distancesandangles
T iltFrJ() 17 From u andJ
T iltFrG () 18 From subjectplaneslope

D O F D epth of¯eld
D O Fu() 20 From u
D O F T ilt() 21 From ray angle, fortiltedlens
D O F v() 23 From v
D O F ht() 23 From heightofthesubject
D O F m ag() 24 From m agni¯cation
D O F d2 24 From ±=2
d2D O F 25 ±=2from D O F
H yperfcl() 25 Thehyperfocaldistance
Fuzz() 25 B lurredsubjectsize

H eight Subjectheight
H u() 27 From u
H v() 27 From v
H m () 27 From m agni¯cation
H D O F () 27 From D O F
H d2() 27 From ±=2

N C alculatesF -Stops
N N earFar() 29 From nearandfarvalues
N d2u() 29 From ±=2andu
N D O Fu() 31 From D O F andu

Focal Focallength
F N earFar() 31 From nearandfarD O F lim its
F d2u() 31 From ±=2andu
F D O F 31 From D O F andu
F m u() 31 From D O F andm agni¯cation
F m v() 31 From v andm agni¯cation

M ag M agni¯cation
M agu() 32 From u
M agv() 32 From v
M agh() 32 From subjectheight
M agd2() 32 From ±=2

u < = > v u and v
utofrom v() 33 u to v orv to u
uvh() 33 u and v from subjectheight
uvm () 33 u and v from m agni¯cation
uvd2() 33 u and v from ±=2

B ellows B ellowsfactors
B F m () 34 From m agni¯cation and N
B Fext() 34 From extension andN

M isc V ariousutilities
A O V iew() 35 A ngle ofview from m agni¯cation and focallength
StopM otn() 36 Shutterspreadto stopm otion
StopD i®() 36 Stopdi®erencefortwo lightdistances
T tinglte() 37 Triangulatesto ¯ndsubjectdistance
R esolutn() 37 Theoreticalresolution
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