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1 Introduction
W he n a unive rsity education wasm ostly a study ofGre e k andLatin,schoolboys
ca rriedaboutsm allbookscontaining crib notes,gram m aticalm e m oranda,and
othe r help fulbitsofinfor m ation.Itisnotsurp rising thatthe y r e fe r r edto the m
by a Latin tag,vade m ecum ,which translatesas\go with m e." I,andIthink
m ostlarge form atp hotogra p he rs,do som ething sim ilar.In m y bag isa note book
l̄ledwith va riousthings,such as l̄te r factors,re cip r ocity tim es,shiftlim itsfor
va riousle nses,etc.

In addition,I ca rry one othe r thing,w hich I conside r m y re alvade m ecum .
Itisa p ocketcalculator,andin itIhave p r ogra m m edthose calculationsthata re
usefulfor m y sortofp hotogr ap hy.Yeste rday,for e xa m p le,Itook two p ictur es
w hile on a w alk. O ne r e q uir eda tiltedlens,andthe othe r involveda nice
calculation ofDO Fto include an obje ctin the fore ground.N eithe r took m or e
than v̄e m inutes,anda thirdp hotogra p h w asabandonedbefore the cam e r a was
unp acked,be cause p r e lim ina ry calculationsindicatedthatitcouldnotbe take n
in the w ay I e nvisioned| I'llp robably go back andrethink the com p osition
som e tim e.

W he n Istartedin large form atp hotogra p hy,Iw asunable to n̄dade q uate
instructionsfor m any d̄dling p roble m sin the booksI consulted.I founde x-
haustive discussion oflightandp hotogra p hic m ate rials,butlittle help on the
p r acticalp r oble m s.Le nstilt,for e xa m p le,se e m edasm uch a m yste ry to m any
authorsofp hotogra p hy booksasitdidto m e | atle astifthe y kne w itsincan-
tation,the y chose notto re ve alit.

A sne a r asI couldm ake out,tilting the le nswassom ething to be done by
cut-and-try | focuson som e thing,tiltthe le nsa bit,focuson som ething,adjust
the tilt,etc.untilallp artsofthe subje cta re in focus1.Itriedthisa fe w tim es
with m iddling success,butfounditha rdly a satisfactory p r ocedur e : iffor no
othe r r e ason,than thatittakesa long tim e.Ia m sure the inform ation e xistsin
the technicallite ratur e som e w he r e,butin e xasp e ration Isatdow n andde rived
the e q uationsfrom r̄stp rincip les.B y thatI m e an I we ntback to a the or e m
ofp r o je ctive ge om e try due to Desarguesw hich unde rliesthe rulesa rtistsuse to
p r oduce p e rsp e ctive drawings,andde rivedthe le nse q uation r elating the focus
distance,the le ns-̄lm distance,andthe le nsfocallength.From thise ve rything
else follows.

The p rogr am sdescribedhe r e,calculate the le nstiltangle in seve r alw ays.
The e asiestisby focusing on two p ointsin the subje ctp lane,w hich isthe ide a
thatunde rliesthe Sina r,andLinho® built-in calculations.A lm ostase asy,is
to use the distance andangle of a p air of p ointsin the subje ctp lane.T he r e
a r e tw o additionalm ethodswhich m ay a p p e alto som e w ho fancy thatthe y can
judge anglesby e ye.

O fcourse,a p hotogr ap he r hasothe r p roble m s: de p th of ē ld,DO F,for one.
T he standardform ulasthatap p e a r in bookswork w elle nough for inte r m ediate
anddistantobje cts,butare conside rably in e r ror for m acro p hotogra p hy.T his

1A discussion ofthisp rocedur e in e xq uisite detailm ay be foundin B ond(1998).
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isstrange,since the cor r e ctfor m ulasar e notdi±cult.Pe rhap sthe authorshave
stuck to for m ulasthatthe y thoughtwouldbe e asy to calculate.In any case,if
one isgoing to use a calculator,w hich I hop e you will,then the r e isno ne ed
to use the w rong for m ula. In addition,the p racticing p hotogra p he r ne edsto
m ake judgm e ntsaboutDO Ffor tiltedlenses,andassessthe degre e ofblur for a
backgroundor fore groundobje ct.Six p r ogra m sar e p rovidedfor these p roble m s,
di®e ring in the typ e ofinp utr e q uired.

V a riousq uestionsa rise in p r actice aboutfocallength: (1)give n ne a r and
fa r obje cts,which focalle ngth willcause these to be the ne a r andfa r DO F
lim its? (2 )Given the m agnīcation andthe distance to the subje ct,whatisthe
p r op e r focalle ngth to choose.Sim ilar q uestionsoccur in re lation to the p rop e r
F-num be r.A ndwhataboutthe bellowsfactor? T he r e a r e othe r q uestionsstill
{whatshutte r sp e edwillstop m otion,or w hatisthe angle ofview ? Progra m s
a re p rovidedfor all.

Pe rhap sthe m ostim p ortantthing,isthe vie w fr am e : a sim p le fr am e m ade
from w hatyou willwith a m e asuring cordattached. I am notaw a re of any
se riousdiscussion ofthism ostuse fulde vice.Itnotonly conce ntratesthe p ho-
togra p he rsattention by fra m ing the view,bute nablesthe a p p rop riate le nsto
be chose n,andwith the two p rogra m sincluded,allowsthe p hotogr ap he r to n̄d
the DO F{allwithoutunp acking the ca m e ra.

T he p rogr am sm ay be dow nloadedfrom a PC via a se rialcable.Instructions
for dow nloading ar e give n in an associateddocum e nt.T he m athe m aticaldetails
ofm any ofthese calculationsdo notse e m to be available in the lite r ature,and
so a colle ction ofnotesm ay also be dow nloaded.

Iassum e thatthe re ade r isa la rge form atp hotogr ap he r,andthatthe p rob-
le m sdiscussedwillbe those thathave be e n thoughtabout.Iwouldn'tdiscour age
som e one w ho isne w to thisform atfrom r e ading thism ate rialandusing the p ro-
gra m s,butIthink itunlikely thatthe y willfully ap p r e ciate the p r ogra m suntil
the y have e xp e rie ncedsom e ofthe m r̄sthand.The r e a r e a num be r ofgood2
bookson la rge form atp hotogra p hy,andIwouldhop e thatthe ne op hyte w ould
consultthe m r̄st. Two thatI can re com m e ndare : Stro e belet.al. (1986 ),
Stro e bel(1993)For the m or e te chnically inclined,R ay (1994)andJacobson
et.al.(1988)a re also good.

1.1 N otation
I have chose n to use a fe w standardsym bolsboth in the p rogra m sandin this
text,rathe r than re p e atdescrip tive p hrasesateve ry p oint.The y a r e illustrated
in Figure 1,andlistedin Table 1.The ḡur e showsthr e e p lanes: the subje ct
p lane,the le nsp lane,andthe focalp lane.In addition,the N e ar andFar DO F
p lanesar e show n aboutthe subje ctp lane,asa re their cognatesaboutthe focal
p lane. N ote thatthe N e ar andFar p lanesa re m e asuredfrom the le nsp lane.
T he distancesofthese p lanesfrom the subje ctp lane a r e denotedFrontDO F

2 A lthough on top ic,Icannotr e co m m e ndMe rklinge r (199 2 )o r (1993)be cause sim p le ide as
ar e m ade ove rly com p licated.
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andB ackDO F.The N e ar andFar p lanesa re notsym m etricalaboutthe subje ct
p lane,buttheir cognatesaboutthe focalp lane a r e sym m etrical,for allp ractical
p ur p oses.T husone m ay use d=2 to r e p r e se ntthe distance from eithe r to the
focalp lane.T he le nstiltangle,µ,willbe discussedlate r.

Subject 
Plane

Lens 
Plane

Focal 
Plane

u

F

v

 δ

Lens

BackDOF

FrontDOF

Near

Far

Figure 1: Pa rallelp lanes

u Distance fr om subje ctfocusp ointto le ns
v Distance fr om le nsto l̄m
f Focalle ngth
N T he F-num be r
d De focus´De p th offocus
Á Le nstiltangle
N e a r N e a r DO Flim it
Far Fa r DO Flim it
FrontDO F = (u ¡N ear): i.e.DO Fin frontoffocus
B ackDO F = (F ar¡u): i.e.DO Fin back offocus

Table 1: Fr e q ue ntly usedsym bols

In addition,unitsofm e asure m e ntar e indicatedby ap p e nding a unitdesig-
nator to values.T hus5(m )m e ans5 m ete rs,3 (m m )m e ans3 m illim ete rs,10(±)
m e ans10degre es,etc.

1.2 Fractionalstop s
T he am ountoflightadm ittedthrough the a p e rture (illum inance)isof gre at
im p ortance,ase a rly p hotogra p he rsq uickly le a rned. Itm ay be controlledby
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the duration ofthe e xp osure andby the le nsap e rture .A bout1880 (K ingslake
1989)itbeca m e custom a ry to designate a le nsby itsF-num be r.Irisshutte rs
w e r e also introducedabout1880 (ibid),andm a rkingson the le nsesw e re likely
to have be e n in te rm sofF-num be rs.Se q ue ncesofstop sandF-num be rswe r e
p r op osedatthe turn ofthe ce ntury,butthe p r e se ntstandardse q ue nce ofF-
num be rs(1,1.4,2,2 .8,4,:::)isfairly re ce nt.

T he r e isnota lotthatcan be saidin justīcation ofthisstandardse q ue nce
for a p racticalp hotogra p he r. Itr e q uiresan actof m e m ory to use,anditin-
cre asesasthe illum ination decre ases,which iscontra ry to w hatone w ants.O ne
w ay to think ofitisasa m e asure ofthe lum inance ofthe obje ct,in w hich case
a sm allop e ning andlarge F-num be r r e p r e se ntsa brightobje ct,butthe odd
se q ue nce isstillsom ething to r e m e m be r.

T wice the base 2 loga rithm ofthe F-num be r se q ue nce is(0,1,2 ,3,:::),
which w ouldm ake thingse asie r if only ca m e raswe r e m a rkedthisway3. In
thisse q ue nce,the ste p sre p r e se nta halving of the lightintensity,so that3
r e p r e se ntshalfthe lightintensity of 2 . For inte r m ediate values,lightm ete rs
r e p ortthe de cim alfraction from thisscale : thusone m ay r e ad1.45 on a light
m ete r,re p r ese nting a tic halfw ay betw e e n the f/1.4andf/2 ticson a cam e r a4.
Shutte rson autom atic ca m e rascan be ca p able ofcontrolling ap e rture to a te nth
ofa ste p ,butothe rsm ay notbe so accurate.A likely p racticallim itisa setting
to the ne a r e st1/3 stop .

T he notation adop tedhe r ein is1.45.The \ " isre q uired.The p rogra m s
r e adandw rite num be rsin thisfor m ,butinte rnally the y ar e translatedinto
F-num be rs,so that1.45istranslatedinto N = 1:6 8.

1.3 N um e ricalaccur acy
A llcalculationsa re m ade with atle ast12 signīcantdigitsandar e roundedto
r e asonable p r e cision for outp utdisp lay.T hisrounding m ay cause the r esultsof
two com p lim e nta ry p rogra m sto di®e r w he n the roundedoutp utofone isinp ut
to the othe r.For e xa m p le in Se ction(3.2 )one inp utsu = 10 m to the p rogra m
V ie wu,andthe p r ogra m outp utsv = 215 m m . W he n one inp utsv = 2 15
m m to the com p le m e nta ry p r ogra m V ie wv,asin Se ction(3.1),the n u = 9 m
isreturned.The corr esp onding FrontDO F andB ackDO F valuesbetw e e n the
two di®e r asa conse q ue nce.A llowing m or e decim alvalueswouldm ake the two
r esultsagre e,butitwouldcom p licate thingsandhave little p racticale®ect.The
p r oble m only occursin the outp utsince one m ay inp utasm any decim alsasone
likes: sup p ose one kne w v = 2 14:5 m m the n one couldinp utit,andthe outp ut
calculationsm aking use ofthisgr e ate r accur acy,wouldgive u = 10 m ,andthe
DO F valueswouldagr e e m or e closely.

3T he E V syste m w asoriginally de velop edfor thisp ur p ose,butne ve r be cam e p o p ular.
4Such an inte rm ediate ticdo esnotr e p r e se ntthe halfw ay inte nsity of7 5% ,butrathe r about

7 1% .
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2 Setting p ar am e te rs
Par am s,basic p ar am e te rs

T hre e p a ra m ete rsa re ne ededfor m ostcalculations.The y a r e focalle ngth,
the F-num be r,N ,andthe form at.Itisincum be nton the use r to m ake sure
thatthe y a re alw ayscur r e nt.Som e p rogra m suse the m ,othe rsdo not,butitis
a w aste oftim e to try to r e m e m be r w hich iswhich,so alwaysm ake sure the y
a r e curr e nt.

T he y m ay be setby running the Par am sp r ogra m .T hisfunction throws
up a disp lay showing the curr e ntvalues,andallowing the m to be edited.The
following scr e e n ca p ture showsthe disp lay.

T he l̄m size andp rintsize a re changedvia drop dow n lists.W he n the y a r e
changed,the diam ete r ofthe circle ofconfusion,c,ischanged.Usually,c should
notbe changedby the use r,since itissetatvaluesap p rop riate for the va rious
form ats; how e ve r,itm ay be changedasthe lastthing be for e clicking the O K
button.

T he diam ete r of the circle of confusion de rivesfrom conside rationsabout
hum an visualdiscrim ination.Ifone takesthe re solving p ow e r ofthe hum an e ye
atthe closestdistance ofne a r vision asa standard(about2 5 cm for a nor m al
e ye),the n the diam ete r ofthe circle of confusion m ay be calculated. A tthis
distance an 8x10 p rintoccup iesap p roxim ately the hum an e ye'sangle ofview.
Moving the p rintfarthe r aw ay incre asesthe diam ete r ofthe circle ofconfusion,
w hich norm ally ha p p e nsw he n one viewsa la rge r p rintatan a p p r op riate dis-
tance {say ata distance of50 cm for a 16 x2 0.Choosing a p rintsize in this
dialog adjuststhe diam ete r ofthe circle ofconfusion ap p r op riately.

N o doubtsom e willp r e fe r to alw ayssetthe p rintsize to 8x10,which will
p roduce p rintsthata re alw ayssha rp to the e ye no m atte r how closely the y a r e
view ed.

Illustrationsin the re stofthisdocum e ntassum e the p a ra m ete rsar e setas
in the above scre e n ca p tur e {Focallength at2 10 m m ,N at32 ,Film Size at4x5
andPrintSize at8x10.
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3 The vie w fr am e
E ve n be for e the ca m e ra issetup ,a de cision aboutthe view to be cap tured
shouldbe m ade.T hisisaidedconside rably by the use ofa sim p le vie w fr am e
he ldso asto fr am e the sce ne.A lm ostanything with the rightsizedhole willdo
| I use a be ntcoathange r.T he inside dim e nsionsshouldbe the sa m e asthe
size ofthe im age on the l̄m .In addition som e m e ansshouldbe p rovidedfor
m e asuring the distance from the vie w fra m e to the e ye.I attach a °e xible tap e
m a rkedin m illim ete rsto m y vie w fra m e.Figure (2 )showssom e ite m sfrom m y
gadgetbag,am ong the m m ay be se e n m y be ntcoathange r view fra m e.

Figure 2 : Gadgets

Use the view fra m e to fra m e the view,andnote eithe r oftwo distances: (1)
the distance,v,from the view fra m e to one e ye | the othe r shouldbe closed,
since a ca m e ra hasonly one e ye ; or (2 )the distance,u,to the p ointoffocus.
The following two p r ogra m swillp rovide de p th of ē ldandothe r inform ation.
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3.1 V ie w v,From v
T he p rogra m asksfor two p a ra m ete rsandoutp utsthr e e r esults.

He re v isthe distance in m illim ete rsfrom the le nsto the l̄m p lane.T he
F-num be r,N ,m ay be inp utsince one som e tim esne edsto com p a r e the e ®e cts
ofdi®e re ntN .IfN ischanged,the changedvalue willbe usedonly for this
calculation {the changedN willnote®e ctthe N inp utin Par am s.

O n the outp ut,the u value isthe distance from the le nsto the in-focus
subje ct.The FrontDO F andB ackDO F valuesa re the distancesfrom u to the
ne a r andfar DO Flim its.In thisillustration,the DO Fis19.57 m (3:52 +16 :05).

3.2 V ie w u,From u
T he p rogra m asksfor two p a ra m ete rsandoutp utsthr e e r esults.

The only di®e re nce from the p r e viousp r ogra m ,isthatu,the focusdistance,is
inp ut.The F-num be r,N ,m ay be inp utsince one som etim esne edsto com p a r e
the e®e ctsofdi®e re ntN .IfN ischanged,the changedvalue willbe usedonly
for thiscalculation {the changedN willnote®ectthe N inp utin Par am s.
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O n the outp ut,the v value isthe distance from the le nsto the l̄m .T he
FrontDO F andB ackDO F valuesar e the distancesfrom u to the ne a r andfa r
DO Flim its.In thisillustration,the DO Fis19.57 m (3:52 + 16 :05).

3.3 Discussion
A vie w fr am e im p rovesthe visualization ofa com p osition.Itaidsin deciding the
com p osition'sorie ntation (landscap e or p ortrait),andaidsin the elim ination
ofe xtrane ousdetailwhich the e ye m ightothe rwise notnotice.T he r e a r e othe r
uses.

Itm ay be usedto n̄dthe a p p rop riate focalle ngth.Sup p ose a com p osition
fra m esnicely in the view fra m e w he n the subje ctisabout4m aw ay,andthat
the view fra m e to e ye distance,v,isabout2 2 0 m m .A ny le nswith lessthan 2 2 0
m m focalle ngth m ay be chose n andthe n e xte ndedto 2 2 0 m m for focusing.A
2 10 m m m ightbe a p p rop riate.O fcourse one couldalso choose a 150 m m ,but
the e xte nsion to 2 2 0 m (150 m m + 7 0 m m )w ouldresultin a bellowsfactor of
about2 . In thiscase,V ie wv using v = 2 2 0 m indicatesthe FrontDO F and
B ackDO F valuesar e 1.12 m and2 .17 m ,assum ing F = 210 andN = 32 .

In m aking a decision aboutfocallength,the r e isno ne edto be ove rly p re cise
aboutv.A fe w m illim ete rseithe r w ay willnotchange the com p osition m uch.
T he im p ortantthing isto decide on a focallength with ap p roxim ately the
cove rage desiredandle ave the n̄e detailsto thattim e w he n the ca m e ra is
focused.

Using a view fra m e in thisway isq uite e asy. W hathap p e nsif one ne eds
m ore de p th of ē ld,such asa for e groundobje ct? I raise the p oint,because
som e willatte m p tto adjustthe DO F by changing their le ns.The r e isnothing
w rong with thisifitm e e tsthe a rtistic ne eds,butoften the r esulting change
distortsthe com p osition.E xtrane ousdetailwhich w asoutside the fr am e isnow
included,or the com p osition loose nsup andbe com esuninte re sting. To ke e p
the sa m e com p osition w he n changing the le ns,the cam e ra m ustbe m oved.This
willke e p the m agnīcation constant.Unfortunately,the DO Fdoesnotchange
ve ry m uch w he n m agnīcation is x̄ed.You m ightlike to use the DO FMag
p r ogra m w hich givesDO F asa function ofm agnīcation to establish the truth
ofthisstate m e nt5.

To incre ase DO Fin a substantialway,the F-num be r,N ,m ustbe changed.
In thiscase with v = 2 2 0m m ,doubling N from 32 to 6 4,p roducesF rontD O F =
1:8 m andBackD O F = 8:2 1m .T he com p osition r e m ainsunchanged.

4 Dete r m ining le nstilt
W he n the subje ct,lens,and l̄m p lanesa re p a rallel,focusing on any one p a rt
ofthe subje ctfocuseson allp a rts.Thisisillustratedin Figure (1).

5T he m agnīcation fo r the above illustration isabout0.02 1,w hich can be foundfrom the
Magv p r ogr am .
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Figure 3: Tiltedp lanes

T hisisnottrue w he n the subje ctp lane liesatan angle to the othe r p lanes.
Focusing on one p a rtofthe tiltedsubje ctp lane m ay cause othe r p artsto be
outoffocus.To bring allp a rtsofthe subje ctinto focus,the le nsm ustbe tilted
so thatallthre e p lanesm e e tata line.T hisisScheim p °ug'srule.Figure (3)
illustratesthisrule. T he p ar allelp lanesin Figure(1)also obe y Scheim p °ug's
rule ifone agre es,asisusual,thatp a rallelp lanesm e etatin n̄ity.

Ifthe subje ctp lane istilted,the n itwillm e etthe focalp lane som e w he r e.
T he p roble m isto n̄dthe tiltangle ofthe le nssuch thata p lane through itwill
also m e etw he r e the othe r tw o p lanesm e et.Many e xp e rie ncedp hotogr ap he rs
de cide on the tiltangle by cut-and-try m ixedwith conside rable e xp e rie nce.If
the groundglassw e re brightly illum inated,I wouldnot n̄dm uch faultwith
such a p rocedur e : butitisnot,itisalm ostalwaysdim re q uiring a dark cloth
to block light,andfor som e le ns'swith sm allm axim um a p e rture s,the gr ound
glasscan be grainy m aking nice judgm e ntsdi±cult.I p re fe r to calculate the
angle from obse rvations,andthe following p rogra m sdo this.The B A CK TILT
p a ra m ete r w hich a p p e a rsin the inp utm e nusofthe following p rogra m swillbe
discussedin Se ction (4.4).

Itisim p ortantto note,thatalthough \tilt" isusedin thisse ction,the
infor m ation a p p liese q ually to \swing."

4.1 Tiltb,B y back focusing
T he e asiestway to dete r m ine le nstiltisby focusing on two subje ctswhich
im age ne a r the top andbottom ofthe groundglass.Figure (4)showsthisfor
two back p ositions,one w he n p ointA isin focus,andone w he n p ointC isin
focus. The distance along the rail(in m illim ete rs)betw e e n the focusp oints,
togethe r with the distance betw e e n the im ages(in m illim ete rs)on the gr ound
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glasscan be usedto dete rm ine le nstilt.In ḡure (4)the R aildisthe distance
from ato b,andthe Glassdisthe distance from bto c.The calculation ofthe
le nstiltangle in de gr e esisgive n a p p r oxim ately by W he e le r'srule of6 0.To wit
Á ¼ 6 0(b¡a)=(c ¡b).The rule isnotap p rop riate for close up w ork,butthe
Tiltb p rogra m alwaysgivesthe corr e ctvalue.

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

φ

Figur e 4: TiltDiagram

T he inp utasksfor the distance u0show n in Figure(4)which isthe horizontal
distance to the subje ctp lane.T he tiltcalculation doesnotm ake use of u0in
calculating the tiltangle Á,butu0isusedin calculating the slop e,gam m a,which
slop e issavedfor late r use by DO FTilt.O ne m ay indicate thatu0isin n̄ite
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by inp utting inffor "in n̄ity."

T he p rogr am outp utsthe le nstiltangle,Á,in de gre e s.T he angle isp osi-
tive for forw a rdtilts,andne gative for backw a rd.O nce the le nsistilted,and
re focused,allp ointsin the le nsp lane willbe in focus.

In re focusing afte r the le nstilt,those with ce nte r tiltcam e raswill̄ ndthe
focusp ointsom e w he r e betw e e n the two p r e viousp oints,while those with base
tiltcam e raswill n̄ditnecessary to m ove the r e a r standarda conside rable
distance forw a rd. B ase tiltcam e rasm ove the le nsin addition to rotating it,
andthe re a r standardm ustbe broughtforw a rdto adjustfor thism ove m e nt.

4.2 Tiltd,Tiltfrom distance andangle
A nothe r w ay to dete rm ine le nstiltisby sp e cifying the anglesanddistancesto
two obje ctsin the desir edsubje ctp lane.Figur e (5)showstwo p ointsA andC on
the subje ctp lane.T he distancesandanglesofthese p ointsar e inp utto Tiltd.
The p rogra m assum esthatanglesabove the horizon a re p ositive,andnegative
below the horizon.O ne can buy p alm size devicesto m e asure anglesabove and
below the horizon from shop sthatsellsurve yors'se q uip m e nt.Distance can be
guessed. The calculationsar e notve ry se nsitive to the fa r distance,butthe
ne a r distance shouldbe asaccurate asp ossible.Ifa com p assisavailable,the n
the p r ogra m Triangulate m ay be usedto triangulate fr om tw o be a rings| the
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Untilted
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φ

Figure 5: Distance andangle

com p assm ustr e adin de gr e e sor n̄e r.

4.3 Tiltfrom ge o m e tric p ar am ete rs
T he ne xttwo p rogra m saskfor inp utsde rivedfrom the ge om e try ofthe p r oble m .
T hese inp utscan often be guessedwith r e asonable accuracy,andm ay p r ove
e asie r to use in ce rtain circum stances. Figure (5)showsthe p lanesandrays
involvedfor le nstiltcalculations.The distance Jisthe ve rticaldistance from
the le nsce nte r to the subje ctp lane,andgam m a isthe angle thatthe subje ct
p lane m akeswith the le nsp lane.
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4.3.1 TiltJ ,Tiltfr om J

T he valuesofJandu0a r e guessed.

Me rklinge r (199 2 )and(1993)re com m e ndsthism ethodusingJalone,w hich
isallthatisr e q uiredto calculate the tiltangle Á.Tiltdasksfor u0in orde r to
calculate ga m m a w hich isne ededfor DO FTilt.

4.3.2 Tiltg,Tiltfr om the slop e ofthe subje ctp lane ,gam m a

T he tiltangle iscalculatedfrom the subje ctp lane angle gam m a andu0.

4.4 Tilting the back
Tilting the back changesp e rsp e ctive by alte ring the w ay linesconve rge to van-
ishing p oints.Som e tim esthischange isdesired.Scheim p °ug'srule stillap p lies
w he n the backistilted,asFigur e (6 )shows.The ap p r op riate le nstiltangle will
be calculatedby e ach ofthe above p rogr am sw he n the B ack Tiltp ar am ete r is
inp ut.The inp utp ar am ete rsshouldbe obtainedwith an untiltedback p re cisely
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Figure 6 : Tiltedback

ashasbe e n done above.T he only change in the p rogr am inp ut,isthe setting
ofB ack Tiltto a non-ze ro value.Conside r the Tiltb e xa m p le above :

W ith the backtiltedforw a rd10±,andthe le nstilted11:2±the subje ctp lane
willbe in focus,although linesthatwe re p r e viously ve rticalwillnow dive rge.It
isassum edthatp ositive backtiltanglesim p ly a forw a rdbacktilt,andnegative
anglesa backw ardtilt,justasthe y do for the le nstilt.

B ack tiltscan be usedeve n w he n the subje ctp lane isve rtical,butthe le ns
tiltisthe sam e asthe back tiltin thiscase {in othe r wordsthe back andthe
le nsaxisre m ain p ar allel.
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5 Dete r m ining DO F
DO Fisan im p ortanttop ic,andthe p hotogra p he r ne edsto assessitin se ve ral
w ays.The usualway isto calculate DO F asa function ofu.B utone can also
use v,subje ctheight,m agnīcation,or the defocusd.Progra m sa re p rovided
for e ach ofthese inp utvalues,asw ellasone thatcalculatesthe DO F along
an a rbitra ry r ay w he n the le nsistilted. Ple ase r e fe r to Figure s(1)and(3).
In addition,the re isa p r ogra m to calculate the hyp e rfocaldistance,one that
assessesthe blur ofobje ctsatvariousdistances,andtwo thattranslate DO Fto
andfrom d.

A llDO F p rogr am sre p ortthe sa m e inform ation,so thisoutp utwillbe de-
scribedm ore fulsom ely in the ne xtsubsection,(5.1)than in the othe r subsec-
tions.

5.1 DO Fu,A sa function ofu
T he inp utisu.

A llDO F p rogra m soutp utu.For DO Fu,itisinp ut.For othe r DO F p ro-
gra m sitiscalculated.The Fr ontDO F andB ackDO F ar e distancesaboutu.
Thusthe ne ar p ointofthe de p th of ēldisu ¡F rontD O F ,andthe fa r p oint
isu + BackD O F ,asisillustratedin Figur e (1).

The defocusdistance disthe distance on the r ailcor r esp onding to DO F6 ,
se e Figure (1).For p racticalp urp oses,thisdistance issym m e tricalaboutv,the
distance on the r ailcognate to the subje ctdistance u.Thus,the p ointsv¡d=2
andv + d=2 a r e defocuslim its,corr e sp onding to ne a r andfa r DO Flim its.O ne
can use the de focuslim itsto locate the ne a r andfa r DO F p lanes.Sim p ly m ove
the standardbackwa rdor forw a rdby d=2 andobse rve those obje ctsin sha rp est
focus| these corr e sp ondto obje ctson one ofthe DO F p lanes.

T he adjustedF-num be r,A djustedN ,isthe bellowscorr e ctedF-num be r.In
6 Translating fro m dto DO F or vice ve rsa involvesboth focalle ngth andm agnīcation so

thatDO F willtranslate into va riousvaluesofdasthese p a r am ete rschange .
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thiscase,the originalF-num be r,N ,was32 .A llowing for the bellowsexte nsion
p r oducesa value of2 2 9,w hich isnotp ractically di®e re ntfrom 32 .T he bellows
factor by w hich the shutte r sp e edm ay be adjustedisshow n atthe top ofthe
scre e n.

B e fore releasing the shutte r,itisalwaysa goodidea to pe rform a
DO Fcalculation in orde r to checkthe bellowse®ecton the F-num be r
{surp risesdo occur.

T he DO F lim itsshow n by the DO F p rogra m sa re calculatedassum ing the
inp utN .Ifthe A djustedN di®e rsp ractically from thisN ,andifthe A djusted
N isactually usedto setthe shutte r,itwillbe ne cessary to re calculate the DO F
lim itsby inp utting the A djustedN to DO Fu.O fcourse a doubly A djustedN
willbe outp ut,butthisshouldbe ignored.

5.2 DO Ftilt,From r ay angle,for tiltedle nses

Focal 
Plane

Lens

Lens 
Plane

Subject Plane

FrontDOF
BackDOF

BackDOF
FrontDOF

u'

Figure 7 : DO F for tiltedlens

In orde r to setp a ra m ete rsthatwillbe usedby DO Ftilt,itisne cessary to
run one ofthe tiltp rogra m s.O the r p r ogr am sm ay inte rve ne.DO Ftiltusesthe
p a ra m ete rsfrom the lastrun tiltp rogr am ,andno othe r p rogr am stinke r with
the savedtiltp a ra m ete rs.

T he DO Ftiltp rogra m acce p tsa single inp ut,an angle,andoutp utsthe
FrontDO F andB ackDO F valuesalong a ray atthisangle to the horizontal.
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Figure (7 )illustratesthe situation.A ssum ing thatTiltb hasbe e n run with the
following p ar am e te rs

the n inp utting the angle ze ro into DO Ftiltp roducesthe following.

T hiscalculation re p r e se ntsDO F for horizontaldistancesthrough a tilted
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lens.Itcan be com p a r edwith the outp utofDO Fu for an untiltedle ns:

T he r e se e m sto be little di®e r e nce,butthisisnotthe case w he n one looksalong
r aysatan angle.

T he outp utresulting from an angle of10±isshow n below on the left,and
¡10±on the right.

The e®e ctoflenstilton DO Fissubstantial.
Itisim p ortantto note thatthe defocus,d m ay be usedto n̄dthe ne a r

andfa r DO F p lanesfor tiltedle nses,justasitcan be for untiltedlenses.The
de focuslim itsare v¡d=2 andv+ d=2 ,andthe distance v isthe distance ofthe
r e a r standardfrom the le nsw he n the subje ctp lane isin focus.B y m oving the
r e a r standardforw a rdor back d=2 m illim ete rsthe DO F p lanesa re those w hich
a re in shar p estfocus.

5.3 DO Fv,From v
T he distance betw e e n the le nsandthe l̄m p lane isv.Itm ay be usedto n̄d
DO F.Inp utandoutp utfor the DO Fv p r ogra m a r e show n below.A sa sidelight,
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note thatthe A djustedN value islittle di®e re ntfrom the nom inalN of32 .T his
isbecause the e xte nsion 2 15¡2 10 = 5 m m isve ry sm allrelative to F = 2 10
m m .For close up w ork,how e ve r,the A djustedN willbe conside rably di®e re nt.
Sup p ose one w e r e inte r estedin a 1to 1im age,the n the 2 10 m m le nswould
have to be focusedat440 m m ,andthe A djustedN w ouldbe com e 119,andthe
DO F wouldshrink to about11m m .

5.4 DO Fn,From ne ar
T he ne ar DO F lim itm ay be usedto n̄dboth u andthe fa r DO F lim it.This
isesp e cially usefulw he n one desiresto adjustthe DO Fso a ne arby obje ctwill
be sha rp .Inp utandoutp utfor the DO Fn p r ogra m a r e show n below.
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5.5 DO Fht,From subje ctheight
B y subje ctheightism e antthe ve rticale xte ntofthe subje ctw hich will̄ llthe
long side 7 ofthe im age on the l̄m . In the p r e se ntcase with u = 10 m ,the
heightis5.7 8 m .T he inp utandoutp uta re show n for thisvalue.

5.6 DO FMag,From m agnīcation
Magnīcation isthe ratio v=u.In the p r ese ntcase itis2 10=10000= 0:02 1with
both v andu in m illim ete rs. Magnīcation issm allfor distantobje cts,but
be com eslarge for close up p hotogr ap hy.A m agnīcation of1occursw he n the
im age andsubje ctheightsare e q ual.

T he outp utwouldhave be e n slightly di®e re nthad0.02 be e n usedfor m agni-
c̄ation.W he ne ve r the outp utoftwo p rogra m sisune xp e ctedly di®e re nt,look
to the inp utvaluesfor an e xp lanation. T he calculationsa re done to m any

7 T he p r ogram cho osesa l̄m he ightof12 4m m fo r 4x5.
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m or e p lacesthan a re show n,andusing too fe w p lacesin the inp utcan cause
discre p ancies.

5.7 DO Fd2 ,From de focus
T he de focus,d,isthe distance along the railbetw e e n the cognatesofthe ne a r
andfa r DO F: i.e. the di®e re nce betw e e n the locationsofthe two standards
whe n the le nsisfocusedon e ach ofthe two DO Flim its.Thisisillustratedin
Figure (1).For p racticalp ur p oses,itissym m e tricalaboutv,the p osition of
the r e a r standardwhe n the subje ctisin focus.Using d=2 = 3:2 7 m m to be
consiste ntwith the p r e viousexa m p les,the inp utandoutp utap p e a rsas:

5.8 d2 DO F,From de p th of ēld
T hisp rogra m acce p tsa D O F value.To be consistentwith the p r e viousexa m -
p les,the DO Fissetto 2 8.7 m .T he N earDO F andFarDO F in the outp uta re
calculatedfrom d=2 w hich iscalculatedfrom D O F ,andasm ay be se e n these
do dotaddup to the inp utD O F value.T he calculation ofd=2 from D O F is
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nottoo stable num e rically,so these re sultsshouldbe usedcautiously.

5.9 Hyp e rfocal,Hyp e rfocaldistance
T hisreturnsthe hyp e rfocaldistance for the inp utp r am ete rs.

T he d=2 andA djustedN a r e di®e r e ntfrom the p r e viousp rogra m sbe cause u
haschangedfrom 10 m to the hyp e rfocaldistance of13.99 m .

5.10 Fuzz,Blur r edim age s
B okah isthe Ja p anese te r m for outoffocusor blurr edobje cts.The re isgood
bokah andbadbokah,butthisisnotthe p lace to discussitsnature,andisonly
broughtup he r e to introduce the factthatblurr edim agescan for m usefulp a rts
ofa p ictur e.Som etim esone hasintrusive obje ctsin the fra m e thatne edto be
blurr ed,andsom etim esitisjustbette r to have a fuzzy a re a in a p icture to
sup p ortin a se nse the m ain subje ct.

In any case,the Fuzzoutp utshowsthe degre e of blurring for obje ctsat
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Figure 8: Fuzzatthr e e distances

sp e cīc distances.Fuzzalw ayscalculatesblurring valuesfor the DO F lim its,
andin addition itwillcalculate the m for a use r inp utdistance.Consistentwith
the above e xa m p les,sup p ose u = 10 m andletussup p ose w e ne edto know
aboutan obje ctat50 m .Figure (8)showsthe size ofobje ctsatthre e distances
w hich im age on the l̄m ate xactly twice the diam ete r ofthe circle ofconfusion.
T he inp utandoutp uta re :

T he \fuzz" valuesre p ortedin the outp ut,are the sizesofobje ctsatthe give n
distancesw hich willim age astwice the diam ete r ofthe circle ofconfusion8T hus

8To n̄dthe size ofan obje ctw hich im age sk tim esthe diam e te r ofthe circle ofconfusion,
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obje ctsofsize 2 .7 m m atthe ne ar DO Flim itwillba re ly be distinguishable.Sim -
ilarly,obje ctsofsize 16 .1m m atthe fa r DO Flim itwillnotbe distinguishable.
A t50m ,a 2 6 .3 m m obje ctwillnotbe distinguishable.T hism e ansthatinch
high lette ring on an intrusive billboa rdsom e 50 m distant,willnotbe re adable
in a p rint.The lette ring w ouldhave to be atfour or m or e tim esthissize to be
r e adable,andeve n the n w ouldbe ve ry fuzzy.

T hisisesp e cially usefulfor m acr o p hotogr ap hy. Sup p ose you ar e p ho-
togra p hing a °ow e r atone-to-one m agnīcation andthe re isan unavoidable
obje ctin the background.How visible willthisobje ctbe ? For a 2 10m m le ns,
one-to-one m agnīcation p utsthe subje ctp lane 42 0m m in frontof the le ns.
Sup p ose the obje ctionable obje ctistwice thisfa r,say 800m m aw ay from the
le ns.The Fuzzinp utandoutp uta re :

If the obje ctissm alle r than 5.9 m m ,the n itwillnotbe visible. Ifitis
large r,say 2 5m m ,the n itwillbe ve ry fuzzy be cause itstop edge willnotbe
distinguishable from a line 1=4ofthisdistance dow n.T he size ofthe obje ctwill
thuscorr e sp ondto aboutfour tim esthe circle ofconfusion on the l̄m ,cle a rly
a ne gligible a m ount.

6 Finding the subje ct'sheight
B y subje ctheightism e antthe heightofthe subje ctthatjust l̄lsthe long side
ofthe l̄m im age. T he ratio of the long side ofthe l̄m to the heightisthe
m agnīcation9.The heightm ay be calculatedfrom any ofseve r alp a ra m e te rs.
Five p rogra m sar e p rovided.The y andtheir p a ra m ete rsa re show n in Table (2 ).

A llinp utscre e nsar e sim ilar,re q uiring a single p a ra m e te r. O nly the Hu
p r ogra m willbe illustrated. The outp utscr e e n showsthe subje ctheightin
one shouldm ultip ly the size,s,outp utby the p r ogra m ,by k ¡1.For k = 2 the m ultip lie r
k¡1is1,andthisissasoutp utby the p rogra m .T he size ofthe obje ctim aging atfour tim e s
the diam ete r ofthe circle of confusion w ouldbe (k ¡1)s = 3s.Using 4s inste ad,how e ve r,
do eslittle har m .

9Subje ctand l̄m diagonalsar e ofte n usedinste adofthe height.
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Progra m Pa ra m e te r
Hu u
Hv v
Hm m agnīcation
HDO F FrontDO F
Hd2 d=2

Table 2 : Heightp rogra m p a ra m ete rs

m ete rs.

7 Finding the F-num be r,N
T he r e a r e thre e p r ogr am s,N N e arFar,N DO Fu andN d2 u,which calculate
the F-num be r,N .
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7 .1 N d2 u,N fr o m d=2 andu
T he inp utsare d=2 andu,asshow n on the inp utscr e e n.

T he bellowscorr e ction show n atthe bottom ofthe outp utde p e ndsonly on
the bellowse xte nsion andisthusthe sam e for any N .Itisgive n in stop s,and
m ay be subtractedfrom w hate ve r N one selects.Thus8 1becom e s8 0 and32 3
be com es32 2 .

Figure (9)illustratesthe situation for the case w he n the le nsisfocusedat
in n̄ity. In this ḡure,the op tim um N line m ay be visualizedasthe crestof
a m ountain with the landslop ing dow nw a rdaw ay from it.The \10 l/m m N "
curve r elatesN to d such thatthe on-̄lm re solution is10l/m m .T he \40l/m m
N " and\2 0l/m m N " curvesdo the sa m e for 40l/m m and2 0l/m m r e sp e ctively.
T he e xte ntofthe d scale isap p r op riate for the 4x5 form at.A sa contrast,the
dottedbox atthe lowe r leftre p r ese ntsthe dscale a p p rop riate for the 35 m m
form at. T he r e ason thatm anufacture rschoose N = 16 or N = 2 2 asthe
m axim um F-num be r for 35 m m shouldbe cle ar fr om this ḡure.

Shouldone use N or op tim um N ? Itallde p e ndson w hatiswanted.The
N outp utby the p rogra m s,corr e sp ondsto 10 l/m m ,w hich isap p rop riate for
an 8x10 p rint.The op tim um N willofcourse sup p ortlarge r p rints,butthe re
se e m slittle re ason for choosing the op tim um unlesssuch la rge p rintsare the
goal,andeve n the n asm ay be se e n in Figure (9)the op tim um N willbe less
than 2 0 l/m m for d'sgre ate r than aboutfour.T he p r ogra m R esoltn m ay be
usedto calculate the r esolutionsfor p a rticular com binations.

7 .2 N N e arFar,N fr o m ne ar andfar value s
N N e arFar acce p tsN ear andFar valuesfor w hich it n̄dsthe N thatwillm ake
the m ne a r andfa r DO Flim its.

The scre e n for N N e arFar a r e asfollows.Do notconfuse the N ear andFar
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Figure 9: O p tim um andresolution curves

valueswith FrontDO F andB ackDO F values.

T he calculatedN isabout32 .In addition the N w hich p roducesm axim um
r esolution isshow n asthe op tim alN .
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7 .3 N DO Fu,N fr om DO F andu
N DO Fu acce p tsDO F andu,and n̄dsN .

8 Finding the focalle ngth
Focallength can be chose n in a va riety of w ays. The bestway isto use a
view n̄de r to obtain a p rop e r fra m ing of the sce ne ; how e ve r,othe r w aysa re
p ossible.O ne m ay choose two distances,andm a p the m into the DO Flim itsby
a p r op e r choice offocallength.Sim ilarly,one m ay x̄ som e othe r p a ra m ete r,
such asD O F or u,andcalculate the focallength.Five p rogra m sa re p rovided.
The y andtheir inp utp a ra m ete rsa re show in Table (3).

Progra m Pa ra m e te rs
FN e a rFa r N e a r Fa r
Fd2 u d=2 u
FDO F DO F m agnīcation
Fm u u m agnīcation
Fm v v m agnīcation

Table 3: Focallength p rogra m s

T he p rogra m FN e arFar willbe illustrated.The scre e n isshow n below.T he
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F returnedisthe focallength re q uir edto m ake 6 m and35 m the DO Flim its.

9 Finding the m agnīcation
Magnīcation isthe r atio ofthe l̄m size to the subje ctsize10,thusfor a 2 m
tallsubje ctim agedon a 4x5 l̄m with long side 12 4m m ,the m agnīcation is
12 4=2 000= 0:06 2 .Magnīcation controlsthe a p p e a rance ofa p icture,in that
the subje ctsize will̄ llthe sam e a r e a ofthe l̄m ifthe m agnīcation isconstant.
A p icture take n with a 2 10 m m le nswillfram e the sa m e com p osition asone
take n with a 6 00 m m le nsifthe m agnīcation for the two isthe sam e. For
e xam p le,in the case ofa 2 m tallsubje cttake n with a 2 10 m m le nson a 4x5
ca m e ra,the subje ctm ustbe 3.6 m aw ay.For a 6 00 m m le ns,the subje ctm ust
be 10.2 m away.T he uvm p rogra m m ay be usedto con r̄ m this.

Two p ictureswith the sa m e m agnīcation take n with di®e re ntle nsesm ay
or m ay notap p e a r ide ntical{the r e can be a di®e re nce in re solution. T he
di®e re nce willbe q uite sm all,asm ay be se e n by che cking the DO Fm p rogra m
w hich p roducesthe valuesin Table (4).The F-num be r in thistable isN = 32
for both le nses.

Lens Distance FrontDO F B ackDO F
2 10 m m 3.6 m 0.7 1m 1.17 m
6 00 m m 10.6 m 0.81m 0.97 m

Table 4: C onstantm agnīcation for 2 m subje cton a 4x5

O f course changing N willp roduce conside rable di®e re ncesin resolution,
since DO F changesdra m atically asN changes,butthe p ointthathasbe e n
m ade isthatle nschangeshave little e ®e ctw he n m agnīcation isconstant.
10A ny l̄m dim e nsion m ay be chose n.E ach dim e nsion w illp roduce a slightly di®e r e ntvalue.

T he long side ofthe im age ischose n he re .Magnīcation isalso e q ualto v=u.
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T he r e a r e four p rogr am sfor m agnīcation,asshow n in Table (5).

Progr am Pa ra m e te r
Magu u
Magv v
Magh height
MA Gd2 d=2

Table 5: Magnīcation p rogra m p a ra m ete rs

T he inp utandoutp utfor Magu isshown below :

10 u <=> v
T he p ar am ete rsu andv satisfy an e q uation calledthe le nse q uation,andone
m ay be com p utedfrom the othe r. In addition,eithe r m ay be obtainedfrom
othe r p a ra m e te rs11. Four p r ogra m sa re give n he r e . T he utofr om v p rogra m
translatesu into v or v into u.T he othe rsp roduce u andv from m agnīcation,
subje ctheight,andd=2 .T he p r ogra m sandtheir p ar am e te rsa re give n in Table
(6 ).

T he inp utandoutp utfor utofr om v w he n v isinp uta re show n below.N ote
11Do notconfuse u with u'w hich isusedin conne ction with tiltedle nses.B oth r e p r e se nt

distances fro m the le nsto the subje ct,butonly u fo r non-tiltedlensessatis̄ esthe le ns
e q uation.T he le nse q uation m ay be usedwith tiltedle nses,butu'isnotthe q uantity ne eded.
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Progra m Par am e te r
utofrom v u or v
uvh height
uvm m agnīcation
uvd2 d=2

Table 6 : u andv p rogra m p a ra m ete rs

thatthe inp utm ustalwaysbe in m ete rs.

11 B ellowsFactor
T he F-num be r thatisr e adfrom a lightm ete r strictly ap p liesto the situation
w he n the le nsisfocusedatin n̄ity.W he n the focusp ointisclose r to the le ns,
the le nsm ustbe e xte ndedandthisdecre asesthe a m ountoflightre aching the
l̄m by the inve rse sq ua re law.T hatisifthe le nsism ovedtwice asfa r out,the
e xp osure willbe one q ua rte r ofthe original.To com p e nsate for this,one should
m ultip ly the shutte r sp e edby a factor.T he factor iscalledthe \bellowsfactor."
T he p rogra m sin thisse ction give the bellowsfactor asa function eithe r ofthe
m agnīcation or ofthe le nse xte nsion.T he y also translate the bellowsfactor
into stop sso thatone m ay adjustthe F-num be r inste adofthe shutte r sp e edif
desired.

The p rogra m sandtheir p ar am ete rsar e give n in Table (7 ).

Progra m Pa ra m e te r
B FMag m agnīcation
BFext e xte nsion

Table 7 : be llowsfactor p r ogra m p ar am e te rs
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T he inp utandoutp utfor the BFMag p rogra m a r e show n below.

12 Miscellane ousp r ogr am s
T hisse ction docum e ntsa num be r ofm iscellane ousp rogra m ssuch asA O V ie w
for n̄ding the angle ofview,andStop Motion for calculating the shutte r sp e ed
r e q uiredto stop m otion.

12 .1 A O V ie w,from m agnīcation andfocalle ngth
T he inp utandoutp uta re asshow n.

For r e fe r e nce,the lastline ofthe outp utgivesthe focalle ngth ofa 35 m m
le nswith the sa m e angle ofview.
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12 .2 Stop Motion,shutte r sp e edto stop m otion
T he scre e n showsinp utfor a 30m p h hour obje ct100m ete rsaw ay.T he dire ction
ofm otion isassum edto be atrightanglesto the le nsaxis.The outp utindicates
thata shutte r sp e edof1/2 82 se condswillstop thism otion.

O ne m ay notalwaysbe able to shootatthe indicatedsp e ed,andsom e ide a of
the degre e ofblur ring isuse ful.Ifthe desiredshutte r sp e ed,in secondsisinp ut
in Tim e,then the degre e of blur r isshow n on the outp utscre e n.T he outp ut
givesthe distance the im age ofthe subje ctm ovesin unitsofc,the diam ete r of
the circle ofconfusion.A tim e of1/2 secondwasinp uton the scre e n on the le ft
andthe outp utscre e n showsthatthe im age ofa subje ctwillcove r a distance
of141tim esc during the 1/2 secondexp osure.Itwillbe ve ry blury.A sa rule
a subje ctthatm ovesonly two or thr e e tim esc m ay be acce p table.

12 .3 Stop di®,stop di®e r e nce for lightm ove m e nt
If the lightsin a studio ar e m ovedor the °ash distance ischanged,the F-
num be r willchange.T hisp rogra m givesthe stop di®e re nce r e q uiredto m ake
the adjustm e nt.T he lightsare at4m andthe y ar e to be m ovedto 8 m ,and
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the outp utshowsthatthe F-num be r m ustbe incre asedby 2 stop s.

12 .4 Triangulate,triangulation
T he distance to an obje ctm ay be foundby triangulation.T he inp utre q uir es
the base distance andtwo com p assr e adings. I ge ne rally choose a two m e te r
base,since I ca rry a r etractable p ocketm e asure anditise asy for m e to hook
the e ndon the ca m e ra andm ove outone m e te r on e ach side.My com p assis
show n a m ong the gadgetsin Figure (2 ).

12 .5 R esolution
T hisisa the or eticalcalculation oflittle p racticaluse in the ēld,butincluded
for com p lete ness. W ith itone m ay calculate the r esolutionsshow n in Figure
(9).T he inp utscr e e n showsd=2 e nte redas3.2 7 .T he outp utscre e n showsthe
r esolution atthe op tim um for d=2 = 3:2 7 .B elow thisare the r e solutionsfrom
two di®e re ntsourcesw hich com bine to p roduce the n̄alre solution.T he r̄st
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ofthese isthe di®raction resolution,andthe se condisthe de focusresolution at
a d=2 distance from the p lane ofe xactfocus.The two r esolutionsa r e com bined
using rootm e an sq ua re on their inve rses{thisisstrictly an e m p iricalcom bina-
tion since the r e isno sim p le the or e ticalway to com bine the m .Itisinte re sting
to note thatthe resolution due to di®raction isactually the la rgestresolution
show n,w hich shouldgive p ause to those w ho ascribe p o or q uality to di®raction
{in thiscase,the p rincip alcause isextr e m e de focus.

12 .6 R esolutionu,atthe DO Flim its
A lthough di®raction isofte n thoughtofasan im p ortantsource ofim age de gra-
dation,itisnotin fact. Thiscalculation showsthe di®raction anddefocus
r esolutionsaswasdone in the p r e vioussubsection,butthistim e the r e solutions
a re in te rm sofp r acticalcam e r a settings.The calculationsa re m ade atthe DO F
lim its,which re p r ese nta w orstcase {resolutionsfor any distancesclose r to u
than these DO F lim itswillbe highe r12.Itm ay be se e n thatfor such p ractical
settings,di®raction isalwaysso m uch la rge r than de focusresolution,thatithas
little e®e cton the com binedr esolution.T he m axim um N e ngr avedon a le nsis
chose n so thatdi®raction hasan e ®e ctonly in e xtre m e cases.A n e xtre m e case
w ouldbe one with N atthe m axim um andu justslightly large r than the focal
12 T hism ay be che ckedusing the p r e viousp rogra m by decr e asing d=2 .T he value ofd=2 at

the DO Flim itsm ay be obtainedfrom any ofthe DO F p rogram s.
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Dir e cto ry Pr ogr am N a m e Page De scrip tion
Par a m s 8 Se tanddisp lay p a r am ete rs

V ie w V ie w fr a m e infor m ation
V ie w v 10 u,FrontDO F,B ackDO F from v
V ie w u 10 u,FrontDO F,B ackDO F from u

Tilt Calculate stiltangle
Tiltb 12 B y back focusing
Tiltd 14 Fro m distancesandangle s
TilJ 16 Fro m u andJ
Tiltg 16 Fro m subje ctp lane slop e

DO F De p th of ē ld
DO Fu 18 Fro m u
DO FTilt 19 Fro m r ay angle ,for tiltedle ns
DO Fv 2 1 Fro m v
DO Fn 2 2 Fr o m ne a r
DO Fht 2 3 Fro m heightofthe subje ct
DO Fm ag 2 3 Fro m m agnīcation
DO Fd2 2 4 Fro m d=2
d2 DO F 2 4 d=2 fr om DO F
Hyp e rfo cal 2 5 T he hyp e rfocaldistance
Fuzz 2 5 B lur r edsubje ctsize

He ight Subje ctheight
Hu 2 7 Fr o m u
Hv 2 7 Fr o m v
Hm 2 7 Fr o m m agnīcation
HDO F 2 7 Fro m DO F
Hd2 2 7 Fr o m d=2

N Calculate sF-num be rs
N N e arFa r 2 9 Fr o m ne a r andfar value s
N d2 u 2 9 Fro m d=2 andu
N DO Fu 31 Fro m DO F andu

Focal Focalle ngth
FN e arFa r 31 Fro m ne a r andfar DO F lim its
Fd2 u 31 Fro m d=2 andu
FDO F 31 Fro m DO F andu
Fm u 31 Fro m DO F andm agnīcation
Fm v 31 Fro m v andm agnīcation

Mag Magnīcation
Magu 32 Fro m u
Magv 32 Fro m v
Magh 32 Fro m subje cthe ight
Magd2 32 Fro m d=2

u <=> v u andv
utofr o m v 33 u to v o r v to u
uvh 33 u andv fro m subje cthe ight
uvm 33 u andv fro m m agnīcation
uvd2 33 u andv fro m d=2

B e llows B ellowsfactors
BFm 34 Fro m m agnīcation andN
BFe xt 34 Fro m e xte nsion andN

Misc V a riousutilities
A O V ie w 35 A ngle ofvie w fr o m m agnīcation andfocalle ngth
Stop Motion 36 Shutte r sp r e adto stop m otion
Stop Di®e r e nce 36 Stop di®e r e nce fo r tw o lightdistance s
Ttianuglate 37 T riangulatesto n̄dsubje ctdistance
R e solution 37 T he o r e ticalr e solution
R e solutionu 38 R esolution atthe DO F lim its
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