Vigyan Pratibha Learning Unit Pinhole camera

Pinhole camera

o6TH\ & lemem G LOTIT

Overview

FH&HHLD

Schools textbooks usually have a nice introduction about the pinhole effect and pinhole
camera. In this Learning Unit, students will first make a pinhole camera using some
easily available stationery material. They will explore how the pinhole camera can be
used as a measurement device, and also understand why one can observe an image in it
without using any additional devices like lenses.

QuUmgleums  UeTerfl UMLLILSSEMIGE L, oarFlggiemer  allemereld
sarfGglemeT  GHLIMMaWLD  GM&EES em B  Mlpsd
QEMTH&HHLILIL I [HEHGLD. @b 5 HMHMEY LNifladlev, eTerfl B ME 8
PN FHEHFHEHFIQ UL 6TWRSIQUTBLSHM6TL LUWeTUOSSH @ 26155 S5i6m6rT
G50 Ten6Y LOMeoTeU 86T SWITHILILITTSS6T. 62(H 6emall(hD &HHelTE 26M5
eTeURUT M LIW6GTLI(NSHEVITD 6T6e0TLIENS QLT MUIEUMTEHET. GO, GleV6esTeN
BUTETM Fn(NFH6VL CILIMIBL_G6T gFSILA6VEVITLNE 6TeUeUT M LNLDLIMBIGHEM6T 2{FHl6V
LTI S MG 6T6dTLIeNS UL L HSIQ & MeTeUTT&H6MT.

Start the class with some discussions on students’ prior experience with pinhole camera.
You could ask them questions like the following to start the discussion.

O6TF 5 S5160)61T G5 L0TeYL6dT LOITE00TEU [T &5 6T QUMM (LPIHE G UL
960G MHIFH M6 FHVHHIENTUIT(H 6UFH 60T eLOGULD GLImUS
QBTLAGB(HMBIGET. @bHH  HeVHIINTUTLeN6TCUTS, L edTeu(pLD
B 6TeNZ6m6rT HhIg6T GL_G56VITLD.

. Have you ever made or seen a pinhole camera or read about it in textbooks?

. 2arFG g IemeT CHEITee @&ME& (WeTeoTy 6TLICUMGSTEUG!  [HhIG6T
LUTISHBSEROTHETT  Vevd  SWUTHSHMERNTEETT, 360608l
UTLLIL&&58H5560 emsL LM LY &S [HEE M) TH6ITT?

. Have you seen an image of a tree or a building in a pinhole camera? Can you
describe the image?

. 2TF\GGlemerT 3N eLN6VLD R(BLOJSH S 3|6VEVS
SLQLSHmL W LNbusems BhigGeT LUTISSHERNTEHETT? AbSLI
LNbugsems o misermey elledfléss (LoLg ujLor?

. Other than pinhole camera, what instruments you have used to capture image of

objects in your science laboratory and outside? What are the components of those
instruments?

. 2 MIGET Smlellwiey UGS SFH I Qeuerfllil_misserflevld,
QuMpeTsetler LNbusemsll L9568 2arGgiemer Galnrmenels Sl
GeumedreoT FH(mellFHemearLl LIWeTURQ &SR U (&S M) TE6IT? OHSH5
&H([HeNS6IT160T o.M B6T 6T60TG)6OTEITEOT?

. Do you think that this camera can be used as an instrument to measure size of
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these observed objects (trees or buildings)?

- 2. mmICHTHSULIMGILD QUITIHL 06T (IOJHIGHET 6V6VS &HL_LQ L hISHET)
GG emall(HD smlWne: @Qbss GCHLIT LWeTUdGID  6Tedr m
1606015\ M) T FH6ITIT?

. Can you use pinhole camera to measure size of any large objects?

. abseeurm  Quiflw Qumetlesr Sjememer Sjemall(heugsMESLD
6T 5 5516006 CHLOT M6 LILLIGTLI(N&&HEVTLOM?

Motivation for the Learning Unit
&mmev Lflefimasmer 2_H& 60

The pinhole camera is an optical instrument that is simple to make and demonstrates
some very important properties of light and concepts about image formation. In this
Learning Unit, students will construct a pinhole camera that measures distances or size
of objects in addition to capturing an image, without using any additional devices like
lenses.

oerF GG liemeT  CHJM  66flgame:  SWUMHlEssEsmIgw @  eerflullwsy
SHANWUT@GLWD. Gevld, DL 2 (Beumssd GMssH SHHSSIGET WmmID
eerflufledr Flev LIS (LNEGIUILDITEOT LIGTOTL|S606T @)&&[HeNl eLGVLD QT TUIGVITLD.
@bB&HEH &mHmev Lflalley, QeveirernugeT GUIMeTM Fan(h&6v &HHel&H6T 6TemdULD
LWeTUMS SN @F 2emF S 5iemen CoHLImenel Lomesorelidser Sumiflegl,
sl LweTU®MSSH 6@ Llbusemnsll LIQliugler QummL_gerfler
|66 56T 3{6VEVE! 31G60T Q& TEMEVEGHEMET 3{6mall(H6UMTTE6T.

This unit consists of three tasks: 1) Making a cylindrical-shaped pinhole camera and
carefully observing a clear image of a bright, large object. Here, the students are
expected to discover that the image is vertically and laterally inverted; 2) Constructing
a theoretical explanation for the inverted image based on evidences gathered in task 1,
and 3) Using the pinhole camera to measure the size of a building or any large object.
@ULIHleN6v QLOMSHSLD eLNGIT M GIFWIEVEHET D_6T6eoT: 1) ©_(HenerT 6ulg.eileuTeoT
R 26e1FGHgem6T Gomngmemel SWMHlEg, eefliles, emauflu Qummerler
Qzefleumeor LIDUSSHSH  Hauerlons: 2 HMICHTHGSHM.  QhIG,
QFRIGHESTHAD LSSHUTLIgsD  bhUub  HmeuSElons @ @LILIeNS
LOITEoOTEUTE6T 85600T(HLNLQLILITI&H6T 6T60T Ml eTHTUMTSSLILGEMS; 2) QFUI6L
1-v CosleEss Sreysafleor 9qliLemLuiley HemevGLpmer LIDLISSIGHS
GarLuUml(h eNlemsae65mME &L LenLILIG, LoMMID 3) 62(H SHLLGL LD V6V
gomaug em oouflu ummefler oememey el 2eTF\ 5 SiemerT
oLl Tmemey LiuleoTLI(h & &1 856V.

Minimum time: Four sessions of 40 minutes each

GMBSLLF GBILD: 40 BILAL_HIHem6Td Q& MeooTL [HITETE D6 6T

Type of Learning Unit: Classroom and field

L Ufledler euemss: au@LiLenm WML SeTLILmLLD
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Unit-specific objectives

urLUffley enibhs @ evsE& 6T

1) To design and understand the working and use of a pinhole camera

1) @ 2eMF ST CHLIOITEN6 QUQAIMINSSH 6T LIWeTUT(H WMHmID
QEFWIWemMenWL L &GS TETEHS56V.

2) To learn about scientific processes like model building, construction of explanation,
and checking their validity

2) LTHH 2_(HeUTHSEHLD, AleTE:85MIGEMN6TE &L L 6MLNGSSH), LDMHMILD eumnleor
Fflgeremenwt FlUMTULUg GuUmeTm SmMlelluley auLdl(LPemmE:606T8:
HMHMIHC&HTATEHSH6V.

3) To understand the optics of image formation in a pinhole camera, and (possibly
arrive at) its implications on our theoretical understanding of nature of light

3) @ 2aFGgimar Cohpmalled LIbL 2 (BeunsssHer eerfluilemeul]
L &IQ&MeTER&H6) MMID (FTSHWLQLDETMTE) 66rfl  HedTemLDemLIL]
LMW BLOS @ 6TerT L5656V @) &H60T HMTE:886M8 2_600T[J&H6V.

4) To learn a technique of measuring the size of a distant object

4 SISH6L 26mem @@ ummeflear  oememel  jemell(heugsmasmeor
QUL (LPEMEMULIS S5MMIGQ ETETEHE6V.

Links to curriculum

LUMLSHL L SHHIL 60T 2_6T6m QST [JL|S6T

Class 6 Science Class 7 Mathematics Class 8 Science

Chapter 11: Light, Shadows and Chapter 7: Congruence of Chapter 16: Light
Reflections triangles

Introduction

8 1) [(hF: 30

The pinhole camera is a simple device which allows light to pass only through a very small
hole of the size of a pin tip. By putting a screen (flat surface) at a distance from this hole,
you can see the image of an object (present in front of the pinhole on other side) on the
screen. If the screen is a thin translucent sheet, then the image can be observed on both
sides of screen. See figure 1 below.

oerF\ G SlemeT GHOIM e ereflemnwlmer SH@mell. @&Hev 2ar&)  (LpemeoTWiledr
Slatemeld Qsmeoorl  WesFAMw el emluler eudlwms GG  eerfl
QFeLaID. @B L emLUWiledphg GMILLLL Qs5mamevalley @ Henremil
(&L emLWmeor GMmUTLIEnLE Q&MetorL&l) 606Ul ILIGE6T e, 3i&Hemguilev
&(H QMBI LIS S (2616 & F1606Td: @ 6THTHemFUIlev 2 6Termg)) HrhigH6rT
LUMI&&eVTD. eflsaHILD @@  Welsmar  SHEHELOLES  Hengulns
TIN5 HHEGHTTLTY, Hemgulledt @ reoor(n USHSMIG6TlauD LNbuUSemnssLl
LITI&&6VMLD. BCLD Q&BTHESLILIL (M6TET LILLD 183 LIMIHHBISET.
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Figure 1: Schematic of pinhole camera that can acts as a measuring device
UL LD 1: 6mell(HILD HBelimes 2 LiIGUITSLILIBILD 261F)&HI606T G LOTTES60T
FGHI 6T LD

In this unit, you will make a pinhole camera and use it as a measurement device. You will
also understand how image is formed by a pinhole.

@bsll urLllflalley, e carFggiemer CHLpTamels SWMHlEHE s
emall(hd smelwnms LwWeTURSSICUITHINTHET. QenGS5SI606T  6T6U6UT M
LNbuGems 2 [HeUTsGHRMmE! eTeTLenS WD BrasseT Ll Q& memteneiyaser.

Materials

QUITIHL_& 6T

Black chart paper, tracing paper/translucent polythene sheet, printed ruler on paper or
graph paper, measuring tape, scissors, adhesive, cutter, sticky tape, aluminium foil used in
kitchen.

SOILIL]| QUeMTLILE (chart) SIT6T, LILQGIeOT SMeT/eeflaF U0 LUMedgSHer Simer,
QFFILLULL  S6emeGSTaT  S6emel&HeT AFFILLILULL  @@hSITeT  eVevgl
QUMIEHEL L HTeT, Iememel  BILT, &&55H6CHMw, el (hliueng,
HHFHF&HCHMET,  6VQsHEH G em&dF  [BILM,  Fenlwlevemnmuiley
LweTU(M &S LILMGLD avdleoflul QInests & ®).

Task 1: Making a pinhole camera

QEFWIL 1: R 2T G Fleme6T CHLOT M6l &WIMHlEHEH 60

This stage is one of making and the task is to come up with a working pinhole camera.
Instructions for making are given below.

QFWEILILGFIUL @F 26rHlGHgemneT CHLImemel SWMHlEHEG0n SULID @)
@5mssmer auldlpenm ECLo Q&T(H & 8L ILL (b eTerTeor.

i. Cut a rectangular piece from the black chart paper and roll into a hollow tube. Secure
with sticky tape or with rubber bands so that the tube is firm. The diameter should be
approximately 3 cm and height 25 cm.

i. SO elerLULSS &Sefled(phas CF6U6lsH  aIIQaIeVTET  (HLIGH e
QeILLeD. 96m& @ 2 6TafLMHme GLMWIMS FHLLe|D. & lflwmney
@mIGSHEOTE QULLSME, GLMenWw evlgsEsH Gl Q&meor( sl Leyld
3l6Vevgl TLILIT Guetoreml LTRSS, 2560 LD 6TMHSTLD 3 Q& .10
LOMHMILD 2 WITLD 25 Q&F.103L8 @) (H5:8 Geuetor(hLD.
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Figure 2(a): Rolling chart paper
LIL_LD 2(a): QU6DTLIL & HITen6TF F(BL (H&H6)

Figure 2(b): Chart paper as pipe
LIL_LD 2(b): LTI GLIT6V SFIBLL_LILIL L 616DTLIL & HITT

You can also vary the diameter and length of the tube. Smaller diameter will increase the
clarity of the image. (One can also use the cardboard tubes on which aluminium foil or
kitchen paper tissue are rolled.)
GomWler L wHon Bersensd BhiigGeT  WTHN&E S8 METeTeVITLD.
Gemmeurmer Al LEHev LIDUD HHS QSefleuns @me@G0D. (sidlenflwl
QLETEHMH  3vevsl Fenlowevemnm lgadluy, CuUULT s&mHmUUL®  euHLD
IIL_60L_&HM6TULD GLPMUISHETTES LIL6oTLI(H&HSH6VITLD.)
ii. Cover the other end of the tube with a translucent sheet of tracing paper or a similar
material. This sheet will work as the screen. Let us call this tube as the image tube (IT). Put
the markings on the screen as shown in figure 3 at every 5 mm. The markings will help in
measuring the size of the image formed on the screen in task 3.
i. @aflesdwyld UeITsS ST VLG SICUMETM 60H QLIMIHEM6TE
Q&meooT(h GLMWIET LMAMITIH LSS5E5ME SMLGH&Ha|D. @G HenrCuImey
QFWELLI(LD. @B 8 GLomem LILDLIS GLOmUI (T) 6TedTMemLO&856VITLD. LIL LD 3-6V
@ LILMSLICLTL Hlemgulledr eeUGeumh 5 WY STISHEVD I 6T6)5HeM6TE
GSOIWMSET. @6GDIWIHI&GET, QFWe 3-60 LIhUSHeT eTemel emalll
o 5alWMs @ (HSHESLD.
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Figure 3: Markings on screen for measuring image size

UL LD 3: LIDLigbens gjarall Glenguiledlpdb e Gluib ser

ifi. Fold another rectangular chart paper into a cylindrical tube such that it is smaller in
length and slightly larger in diameter than the IT, so that the IT can slide inside smoothly.
Cover one end of this tube with a circular black chart paper or aluminium foil and make a
hole in the centre using a pin (aluminium foil is slightly easier to work with). We will call
this tube the pinhole tube (PT).

i. 1Ty Q. BemsFHev FMsmsman el LsHev QUlsmaD @UhsELD
s, @ETQETMH QF6laUs 6llgel  eUMTLILSEHTEET 2 (HeD6Td:
GLOMWIMS DL U|MHBIG6T. @)&He0TTeV, @)SEGLOMUISE6T IT 6reflgns 2 6THiemnLowl
LYW, GST ROUSSHSSSH SOILL BN eIOTLULSSTET  je06ud!
gaidlelll QLaTssHLmLE Q&mar(H (Wl (), 3FHev emF el
Q&smeor(h @ @lemlemw  Cumhmser (@sleflll  QLeTsss®H)
LweTU(h S SIS 6T6flsns: @ IhoELD). @HHE GHLOMemUl D6TES 5606 GLOMU
(PT) 6T6OTMEMLOLIGLIITLD.

Figure 4: IT and PT
LIL_LD 4: IT LDMHOYLD PT

iv. Insert IT inside PT (as shown in figure 5) till the screen just touches the pinhole (refer
figure 1). Mark a point ‘O’ on the IT where PT ends. Now take the IT out and stick a strip of
white paper on it along its length (which is already done in figures 4 and 5). Taking point
‘O’ as zero, mark 5 mm intervals on the paper so that it can be used as a scale [You may
also use a printed scale, if available]. This scale will be used to measure |/, i.e., the
distance between the screen and pinhole.

iv. 21T & Z1606T HenTems QSTHID eN&GEHH 6V (LILLD 183 LIMIHHIGET), PT &&6iT
TR HMWSH(HMSET (UL 560 QaEMHSSIULHETETSIGLIT). PT HIMELD
QLSH, ITWlev ‘0 etedrmy GO mG6T. @LUCUTE T8 QeuellCw (&Sl
215607 [BEMEUMLIQ6V) (H GlEUETENETE S5MTem6T &L (NMBIGET (LILMIGET 4 LoMHOILD
560 @& gMoerCal QEFWWLILILIQMSESRME). AHHS Smerfley, LieTefl ‘oeme
Laslnng:  dR&SI0&mr(h, 5 Wl @enLelafluley &MUl migser.
@Q&eoTeLNVD, @G M CHTETTEH  LIUETLMSSHVMD (6T6)SH6T
QFFLLULL  @MSTET @ (BHSHESHTMITEY  emSWD  LIL6TLI(H&G6VITLD).
SMFGSImeT MWD HeOTHEG Qe GUIWITET QG TEMN6VeN6l | 6T60TE
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Q&EBITETETEVITLD. /83 eTall(heUSMHE& @B 2(6TeGSTeT L6t LI(HLD.
Now the pinhole camera is ready to use!

oeTH & 66T CHLOTT @LUIGLIMS! SWIT!

Figure 5: Assembling the camera
LIL_LD 5: C&HLOTTe06UD GIBTS LIS
v. To view an image, point the pinhole towards the object (the object should be brightly lit)
and adjust the distance between the screen and the pinhole to view a clear image of the
object on the screen. A picture of Homi Bhabha Centre for Science Education building,
Figure 6(a), when viewed through the pinhole is shown in Figure 6(b).

v. Ubugensl] UmglUsmE&S, QUTmeneT GBMeSIuleUTm 26TE) 5 560)6mem U]
el miser. Letteory, Senpwlley qummerfledr @ummerfler Gnev QeueaflsaLd
Blemmul UL Geuesor(hld) GQgerfleumer LIbu QsFlujbh euempuiley Hengs @l
OMF\ G SIMETHGD @)L B 2 6TeT Q& Temnevemal FlQFWLMmIG6T. GammLdl
urum  pjlellwey sevell emLWIGSS 60T SLLLSMS (ULLD  6()),
oarFlHGemeTWledT  epeuld UMISSU T(R&H&SIULL. UL 6(b)-6V
Q&ETHSHEHLILIL (H6TTS!.

Figure 6(a): Object
LIL_LD 6(a): GILITBET

Figure 6(b): Image in pinhole camera
LIL_LD 6(b): 267&15 Si6marT G LT Te)I6 LIHLILD

CC-BY-SA 4.0 license, HBCSE 7



Vigyan Pratibha Learning Unit Pinhole camera

Q1. What has changed from the object to the image? Can you describe the changes and
think of reasons?

G&.1. QUMBEHSHGD LNbhUSSIGHESID @6l G Gl WMMMD 2 6TeTSIT?
6T6OT60T  LOMMMMBIGHET 2 _6T6mer? @ LMMmBISGSaeT  allalflesgs  HGHMEsmeor
S TIT600T I & 6M6T GUITESH S5 FoM(LOLYU|LOIT?

Q2. What happens to the image:
G85.2. Letreu(pLd QEFW6LLIMH&H6TTev LIDLIG S8 @ 6TeoTe0TeU MELD:

(i) without changing the pinhole camera setting, if you move the pinhole further away from
the object? Compare your image in terms of what view is covered now and before, size
of image etc.

() QUMM () GSHMTEMEVEITE ETFHHIMETENUL BHISHHF GF6TMITEV
CTEOTEOTEUMEGLD?  @eUalTN)  BEHEISSIDCUTS, emFSSemeT  GoLnrmeiledr
Slemllemll WTMHMTN6Y @ (HEHS5CaImT(HIWD. Q&M@ (WeTenild LleTssid
LITIemeUs &6 eTeleummIphe s, LIbUSHer jeme] GCumesrmeummleor
G L6 WIl6V eI (DM E86VITLD.

This would be an exploratory activity for students. As they move away from the object,
keeping the screen to pinhole distance same, the image size should decrease, and the
field of view increases. You may prompt students to notice the image in terms of field
of view, and image size if they don’t discuss these changes.

LOITE00TEU 86T Y, T ITUIEUSMETET QFUIVLITL LTS @& @ (HEHEGWD. HenrsELD
O6TE) & 551 60)61TE G LD @ 600Gl o 676 Q& TEELEMEY LOMMMITLOGY
MEUSBIH6GTeT(), QUTm6TlelmbE LNOTHEIHEHTL LIDLSH 6T 6Te
GOMWCalTT(HILD, WMHMILD  LTTemeUs&ss6rn  ellfleum@Ld.  Lomeoorel a6
@)LDLOTMMBIGHEN6TE SMHSHI5 HEVHSIMTUITL 6] 6V60)6VGILIET MITEY,
LITIeMeU&SETD  MmmID LIbU oj6me] GUmeTmeummledr  ilqLlLiemL_UI6v
LNDUSENSLI LIMTE8 6UTE6M6T 2618 @6 88560ITLD.

(ii) if you increase the distance between the pinhole and the screen?

(i) 2ETFGHSHIMETEHGLD HeMTHEGLD @ 6mLGUIWLITET G\&MemeVemne6l T &5 ML
LNDLIG S8 6Te0TeoTeUMELD?

This distance can be increased by moving IT. As this distance increases, the image size
increases. This observation by students would be helpful to them later in understanding
task 3.

ITS) BEHTSHHEUHET eLGVLD Q& Tenevemal TS FlEHEHEMD. @)HHE GGV
IS efHEneUTs, LbL 6eTme SH&HE@EW0. DMeeUTsHeT  @)560)60T
o MMIGSHaINESTL, Neteory Q&FWe 383 UFlhaesmerer o sl
Q&GS LD.
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(iii) if the illumination (brightness) of the object changes, or you look towards another
object with lower illumination?

(i) QUMBerfledr Gev LI(HILD sper] (@ euerfl&aLD) MIIETTEL, 2{6V6VS! (6060
eaflemwss Q&Moo CauQmMm QUITIBemeT BhiFGeT LTI @GLEUTS
LNDLIS S8 6TeoT60TeUMEHLD?

This observation is very important for students to understand that illumination of object
is one of the crucial factors to be able to see an image. For a poorly illuminated object,
they may not be able to see the image.

Nbugemsll  umfluusme,  emeurmmetleor  Gwev UMW eerfl
L& (LPESGHUILDTET SMTT6oofIWLIME@GLD. L0metorelidem @engll Lflh&H6 s memel s
& eUFIWILD. BETMMEH 6flOUMTES M UTmerfler LbLSmSL LUMTEE
@ WI6LITLOEY GUIM&HEVITLD.

Q3. Now explore what happens if pinhole size is smaller and larger respectively. First, make
some guess of how variation in the pinhole size will affect the image. [You may compare
the same object with pinhole cameras of different group/s (which may vary in pinhole
size).]

Gm:.3. QUGUNTE, oarGaiemeTuiler oeme QUlsMEaL FMusTHaD
@ BHSMeV, (PEMMBU 6T60T60T BLEGD 6TeTLIENS ST BISET. (LP&6dleV,
261§ 5 glemeTilev 2 6o GeumiLIm() eTeuaummi LNDLIGMS LITH&H@GLD 6TedTLIen s
STHMRIGHET  [QeUaUGam  GWESHEHD  IEUTEUTSHETI0T  26TF & SIeme6rT
GBSO TEHSEHEMETL (26TF 5 SI606TW60T 6Ty LOMMILIL VML) UWeTU(MSS GT
QUMBEem6T 2 MMICHTHSR LILIL (HLILMTEE6VTLD].

Task 2: Constructing a model to explain the image formation in task 1

QFW 2: QFWE 160 FLEGWL LIbU 2 (HheumH&HSems allend:s @@
LIS flueninlienL 2 (HeUTs &6l

Here our aim is to construct a geometrical model that would explain the image formation
observed in task 1.

QFWE 16V BMD 2 MMIGHaIEISS LIDL 2 (HallshsHsimns lersds (b
algellwey  LTHFlwellenl 2 (FEUMTHGASISTOT QMG BN U
@ LEHEHMTGSLD.

A possible starting discussion: If time permits, teacher can start the discussion about
image formation with the following two questions. These questions can help bring out
some deeper alternate conceptions among students regarding nature of light and help
them better understand the optics of pinhole camera.

BlEHDSHHFI) U @([H QHTL&HEH HeVHSIMNTUIMLV: GBILD 2 6TaTQ&6TMIT6Y,
Neoteumld @ ueoor(n  Cometellsepledr  LIDL 2 (heUMSHBSHLD GMlSHSHE
FHVHSIMTWTLMD SUFFLT QSTLMSGMD. @ 8&CaH6aTaldserfledr eLpeuLd,
LOITEOOTEU TS EHEE 6fluledr S560TemLng: GMISS! @) (HEHELD SLLOLDIMTE0T LOMMH )
6TEOOTEOOT RIGEMET  GeuefllILLE QFWeUSHEGLD, 2erFSSemeT Gologmalledr
eeflulwemney Ul meTaTeyld 2 &alulns @ (HsesELD.
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QT1. What do you think happens when we see an object with our eye? Can you explain?

G5.1. 2([H QUITIHEMET [BITLD SH600T600TTeV LI EGHIEUIME 6T6dTe0T BL &SI MSI

6T60T M) HIBIG6IT [Hl6m60TE: S MTH6T? @)608 2_MIGHETTEV eJl6mE& (LOLY.U|LOMT?

i) Light goes from our eyes and hits the object?

) BRI  SeoorsmetlellpBgs et LmUUL®H  Qummerfler  GLoev
aNlWHMST?

OR (3]6V6EVG)

ii) Light from the object reaches our eyes?

iy QUITBeTleS BB S e6rfl LmLUILIL (B BLOLNEML_U 56001860061 2{6ML_FMGT?

QT2. Which of the above possibilities is consistent with what you observe in the pinhole
camera?

G5:.2. GG QEMHSGSLILL(BETET SFMSHUIMISGETI 6Tene6, D6TH 5 SIemerT
GssLngmailev BiIgeT 2 MHMICHTHESULSMHEGL CIUMIBHEIEUSTE 2_6TenI?
Historically, over the centuries, many philosophers and scientists tried to interpret light
by looking for the answer to the above question. Option A was known as extramission
theory of light and was considered by many scientists. Recent education research in
many countries shows that a large number of students still have this conception in their
mind. Such an explanation coincides with the colloquial perception that we see because
we have light in our eyes and this idea is intuitively appealing.

ageummMIey, &S HBTHMTeT(h&efley, Lisv QulueumerygeT LmaiD
gnlellwevrmeriseT GG Q&MHSSLILL(hateT CoHetalls@ll  LIGlemey
QLIMUIeUS6ET epeuld eeflemwill LflbgiQasmerer WUWlh&Ss5TIEeT. 66l
Q_Llﬂ!;DG)_I @BSITI'_IJIT(B (Extramission Theory of Light) GFGfJTLT)ﬂﬁ]U_II.JIJI'_I_ @Q')Gi) allemsaLD
(Option A) L6 Smlellleumer&ermey  SHBSLILLL .  QUBLIeTelleumeoT
LOITEOOTEUTEET @ 6TeoTTef VD @QBHSH  HIHSHMS  SHIGET D660
Q& meooT(hETETMTI&ET  6Teorml, Liew BT(H&efley BLSSULLL  FLSLSH U
U1 &H6T STLOHEME. B SHeoorseailey sefl Q&fleusmey HITD
HITOoTHEMITLD 6T60TM UTUIGLOTLA FHIWIMTET 2 6ooTISVIL 6T @h& ellemd:asLn
R5SILICUTRIMG!. CGLOSYILD, @)F 2 _6TEH600TJ6M6U &HeUTEUSTE @)[HEHH M.
Option B is known as intromission theory of light and became acceptable because of the
evidence that without a primary light source, our eyes cannot see.

@ TevorLITLD 6l6m&:&sLD (Option B) ep6rfl 2am(hHeuev G&HITL_LIM(H) (Intromission theory of
light)  eTearmMIWILILQSE S (LNSeTenn  sparflelpeuld  g&ILdlevemev@uleofley,
BLOWNEML LI F600THETTeV  LITTSHSPLQWITS  6T60TN  STISH 6T @Sl
JTMMISGC S TETETLILIL LS.

Note that the same ray optics diagrams can be drawn for both theories, with the
difference that the direction of rays would be opposite in two cases. Hence, the fact that
ray diagrams can explain image formation cannot be a basis for rejecting one of the
theories completely.

@uevor(h CHEMLUMH&HERHSGD CT &SI eeflulluley euemILILBIgGen6T
QU T HHL_6VITLD 6TEOTLIEN S, Q&HH&I QS TETEBMHIGHET. GHWMFLDd
eTEOTEOTQeU6OTMMEY,  @Tetor(n  BsGLbesaflewld  eeflaadisaflsar  SHene
CBIeTHIMS  @QUHSHGLD. ST, @ UG m  GsmLLmL el
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(WWenWmsgs BIFmsFULSMHE&TET LGNS LIDL 2 (HeUTsHeHSHemnS
SHT aUemTLLBIG6T elend: &R M 6TedTLIG DL KGO @) (HEE (ALY ULITS.

The pinhole camera provides significant evidence against extramission theory. When we
look inside the pinhole camera tube, the screen is brightly lit but the sides are very dark.
If the light were to emanate from our eyes as per extramission theory, then we should
see the inside of the tube equally bright as the outside of the tube. Secondly, if we block
the pinhole, then no image is observed on the screen. This observation also goes against
the extramission theory.

o 10hey CHIMLUMLLYME THTMe0T (LNESILILDTET Sh&TIHMS D6TH) G S160)6T
GsmpT  efl&EHmE. 2aFGgHemer CompT Gmuiledr 2 6TG6T BT
LTS @&GLCUME, HlenT e6flloulnmg: @MeHHME L,eTTeV RImIGET LIGHS
@LLMe 2 6Temer. 2 106 CHTLUMLIY6TLI BN  &5600TdH6rTleV
@QMbBs e6fl UMLULGSRTmS 6Tedtmmey, Gmulledr GeusflGul 2 6o
QeuellFesgIsE  @emeoTlTs:  SHT 2 6TCemWD  Geuefl&FFLons
@) (H55CatT(HLD. @) J600TLMTOUSTE, LETFEHIM6ETeN 60L& TLOME0TTeV
Senguiley LU s fleuCsuilevemen. @bs 2 MMICHTHSNID 2 L6
GaHMLUTL(N&& 6TH IS @ (HSHHMI.

One of the understandings that evolved over the years is that when light travels in a
medium of constant refractive index, it travels in a straight line. Therefore, the path of
light is represented using a ray. You must have seen ray diagrams in your science book.
eerflafleuasev erevor LOMMIENWITS @ (HEEGLD QR 26a1L_&H5FH6V 66l QEFeuewDELIME!,
315 CHICHTLIIL QFLAID 6T6OTLIG LIV  3h,600T(h&MEVLDME BT FHFHSHS!
eoLbs Lflseon@d. eerCeu,  eeflWlledr LUMMGOW "R  SHHImeV”
SMIGHCOITLD. o MBS EHENL LI Sjmlellwiey L5555 5560 =35)
QU T LILMISem6TL LUMTSS BLILIT ST

Although discussed in higher classes, it is important to remember in background (in case
a discussion arises) that light travels in a straight line only when the medium is uniform
throughout. The bending of light path can be observed in two conditions. The first case is
when the medium has variations in refractive index (shift in medium density when light
moves from cool to hotter air, e.g., observation of mirages on hot days). The second is
when light encounters an obstacle or a thin slit (causing diffraction, e.g. seen as
diffracted sunlight appearing behind trees).

oeTL_ S0 (PWeUSID @CIErITe: @ @hsmey L MG e6fl CBHICSHTL g6V
QFLSID 6TEOTLIENS GMISS 2 WIUGLILG6TIL SGeubgiengwm LD
GTEOTMTAVILD, 6MG HleneTallev G1&MeoTl(BLILIGN S{eUFIUILDMEGLD (62(HE6UEET
@8 GMISS HeVbHEIMTWTL CBIHGETE). eI ILIMeNS aUem6TEHem6v @) Tevor(h
Blemevenlngerfley  SMeooTeLITD.  (LNSHEVMTUSTEH, 261 _HE5FHer  eerflallevdsey
eTeooteooilel CeumILIMH&HET  QIHSHSGLCUME @& BlsWWL  (&6fibhs
STHMINEHE QeulILILDTT STMHMIGE 66T QFLaDCLMS 26Tl &85 60T
ILTSH WL gmUGID LDTMMLD, 61.8. QeUlILILDMeT [BITL_gerlev dmevorLIL(HLD
SHITeTeLIB). @ JE00TLMOUSTE, HLMAIH 36060F GILDEVESIW Llememeueml (thin
slity eperfl eTHTQSHMETEBLLELTEID @& BlEHwWLD @leflibL] ellémere| (Diffraction)
Grl(\D, er.&:. WImsEpsEL Llarearme  @iflweefl alleflibL]  ellemerey
Bl&Deug)).

Q1. Let us try to draw a ray diagram to represent the image formation obtained in task 1.
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One ray TP starting from an object which goes in a straight line towards the pinhole P will
meet the screen at point T’, as already drawn in figure 7 below. Can you draw three rays
similar to TPT’ originating from different points from the object in the figure?

G5.1. QFWEL 16V LSS LIDL 2 (HeUTHEHEMS GMISIIGEHTLL @0 ST
QUEMILIL &H6MG eUemIW (LWMHELIGUITLD. TP 6T60TM 6flS&ES T GLIMHerfledmba!
LoLULL (), 2erfgsiener Py ChmeH: ChIGsHML I QFermy, LieTefl Tullsu
FeoOgowsF  FHHHGD. @&, UL 760 gmHerCel  euedThHSl
STLLUUL(ReTengl. TPT CUMeTCm @ HEE@GID  eLN6TM 6Tl GH&ES TgHemaT,
LULESH6 o 6Tmem  Qummerflesr QeueuCeum LeTeflsefledmba, 2 misermeu
GUEMTUI(LOLQ U LOIT?

QemiGSF e

1
6?

Figure 7: Draw rays originating from the object and falling on screen
UL LD 7: GlTgpeTlell b G meornfl Glenmuileh aflepLd eperfls &S isemear
6)6D)(TLL]IBIFH6IT

QsmIG5S S

HenL oL L geid

N AN

Figure 7T: See if by drawing the rays, students able to predict that the image will be
vertically and laterally inverted

LIL_LD 7T: 6261115 )T 5:6006T 6)60T6USH 60T CLOGULD, LINDLILD GIFIBIEHEGSTHE)LD
LIGFBEUITL 1 8VILD H60ICVGLOMS @) (B EHLD 6T60TLIEMIG LDITEO0TEU [F&HEITITE)
2aTE) % & (LPLQ GBS IT 6T60T.LY LIT(BIBISFHET
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Q2a. Refer to figure 8. Consider the ray ZPZ'. The ray starts from a green coloured point Z
in the Object. There is a brown coloured point at Q. What do you think will be seen at Z’ in
the image plane? A green dot or a brown dot? Similarly, suppose there is another ray QPQ’.
What will you see at Q' in the image plane?

G8.2a. LD 88 LIT(PBIGET. ST eV6TeT,  @efl&GsHT  zPzey
T(H S S HOHTATEBMRIFGET. QUTIBeflev o 6Tem  LFeng HBIML  LeTerflulmeor
zeOmhs T UnLLG®ReTms. Qallev LU BlimL LeTerfl @ meSerms.
LNbu sersHeveTer @6V 6reoteor Q&IflUID 6TedT Ml [BleneoTE:HINITE6T? LIGFens
BioL Lemerflwum oyeveugl Loty ol Lemerflwm? CsGUmey, QPQ' 6T6dr Ml
@)OTQETIT(H HHT 2_6T6ME 6T60T M 6T(N & SIFHGGHTTGeUTLD. LILDLI 5618 5 el6Ter
Q'@)6L BBIGET 6T60T60T B5MevoTLITTEH6T?

QFMmIG S5 6D ;

NO®

i
femLLOL L Semid :
I

------------------------------------------------------------------ N .

Figure 8: By drawing rays originating from the object, predict where green and brown points would be
observed on the screen (image plane).
LIL_LD 8: QIITIBETIelIBIESI GG ITL BIEHLD 6TI5%HG)THEMET 6160T6USH60T CLOGVLD, LIFEIEF LDOMMILD
LIepLIL] BImLT Ljererlsener Glenmulile) (DL &6TLD) 6T/BIG LITTSSBAOLY LD 6T6OTLIENS
26TER) U IBIFHEIT
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QEmi® 55 e

Figure 8T: Ray diagram that can help predict location of various colour points on the screen.
LIL_LD 8T: Slenuileviemer 6166l Ge, L1 L6666 28TG)5% 2_&6) LD H&NT 6UenTLIL LD

Q2b. Do you think there is a relation between the points on the object and the image
plane? Discuss.

Gs2b. LNDLI Semid wmmitd QuUmefley @@l Letaflserse @emnGul
QBITLIL| 2_6T6Mg! 6T60TMI BHlemeoTE R THETT? S6VHSI6M T WIT(HBIGET.

There is a one to one correspondence between the points in object plane and image
plane. For example, Z in object plane corresponds to Z' in image plane. Similarly, Q in
object plane corresponds to Q' in image plane. Note that this idea may not be easy for
students to understand, they may need some time to reflect on their observations and
discuss with each other.

b SeTh  mmitd  QUITIHET  SHeTSHSHeveTer  LaTeflsense @)L Gl
6R60TMIFHEG 660TMMEOT QUMHSHLD 2 6TaTgl. (S SIGHTLLTEH, QLITIH6T
HEMEHH6L 2 616 Z LIDL SHeTsHHeV 2 6TeT 7/ @ L 60T QUMBHSILD. HCHCUIM6Y,
QUIMBET SHeMEHL 2 6T6m Q LI HTEH60 2 6Tem Q 2 L 60T QIUMBHSILD.
@QBHS HMHEMSL LFHSICSHTETaUS! LDMT6oTeUJ&HEHEHE 616 &HMTH @) (HE5MS
6TeOTLIENS  [Blementalley Q&MeTEBMmISGET. 2 MHMICHTHERLMMME GHMISS
FBS LGOS, AUTHEBSHGEHT HUBSIOTWUTHUSOSD Firfla CHID
CxHemauLiLI(hILD.

Q2c. Referring to figure 8, can you explain the orientation of the image observed?

G&.2c. LLID 883 UMIGS, AT sfluyn busHear SHengulemnlienL
(orientation) 2_MBIG6ITIT6V 6)16ITE>85 LI uLor?
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Q2d. What should be be the light path if the image was to be of same orientation as the
object? Check if this is observed in any of the pinhole cameras made by you or your
friends.

G5s.2d. QuUITHertleor 285 F6e & LIMLOLI60)L LNbuepld
Q& MevoT L. (H &8 Ceu6ToT(H LD 6T6OT TGV eperflufleor LITen& 6T6UGUIT )]
@ HHHCEUTT(HID? D _TRIFHETTE VLG 2 MhiG6TleT HeoorLIT&eT SWMfles
OMTFGSIemeT  CHINTTHEHT  THeVMUSE  @6UUTMITET  Q6Tenm  LIMI&HS
(PLLPDST 6TTLIENS CF TS U MISET.

Probe students about the orientation of image. The light must bend/travel in curved path
for the image to be of same orientation as the object. This is never observed. Thus,
pinhole camera is one optical device which can provide simple “evidence” for “light
travelling in straight path”.

Lomesorel&GeflLld LbugsHer SHemswennllenlds SMlsgs  Coerall
GHEBMHIGET. QUMBETET UCH Hemswenollenl LIDULD Q&Moo (HE5
Geuetor(hILD 6TedT M6V, 626 EUEMETULIGAIETOT(HILD 2{6VEVEI EUEMETHSS LIMenSUIley
Q&F6vev Ceuetor(hilD. @6UeUTM RIHCUMSID HISHLLAUIFHILEMEV. L6V, “66r]
GBICHTLIID QFEISMETET  6TeflenDUMET "WSTIHMSE 6ULDHIGLD
eerfluulev sHeNlUIME 21T\ & S16m6T GG LOTIT 2 6T

Q3. Now, with the knowledge of light path discussed in the previous question, draw two
rays in figure 8 which originate from the same point on the object, fall on the surface
surrounding the pinhole (which acts as a blocking surface), and don’t enter the hole.
Where will these rays go?

G53. (Hes W Comemalluiley sperfluiledT Limem&Gemulss GHMlSHE S60HSIeMTWITLY,
Qg QasmeorLLeor, @UGCLIME LLLD 883 UMBRISET. Qummerfler eGr
Lemerflulledmpma  @uetor(h SHIHET LmULUGWLTY  eUenTUBISG6ET. 3606l
OTFIGHHMTHGAT  HempWallevemen.  WMMTS, Aend  SFHMIW6TerT
Gumurlitiey @@ELUYL Ugliums @& QFweLBD) WS mer. S\hso
S TGH6T 6TMHIE CIFLEILD?

Q4. If this blocking surface is removed, then where would these rays go? What would be
the effects of these light rays on the image on the screen?

Gm;4. @QBsHS SHLUILL LUFLiemL ei(h& Sl CLTQLETMTY, @bHSHE SHHTSH6T
TmICsH Qaeuavld? Hepwlerr LIDUSH @QbSHeH SHHITSHET6T 6llenere 6T
6T6OTEOTEUTS @) (HEGHLD?

Some rays from the brown part will coincide with rays coming from green points. Hence
multiple images will overlap, making the image blurred (and more white).

Uwly miol ugSHWIO®mhaE LUoliu®h Fev &HIHET LFems BimL
LUGSHUIN6v @ BHS! eUIBLD SHTHMET FHFHEHEGWD. G606, Liev LIDLIGIGET
@QeneuThE,  @MIFLIDUSS LDBIGVTHGD (oot Gsyild
Q6UETTTEN LD UM G LD).
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Q5. What do you think will happen to the image if the size of the pinhole is too big? Is your
answer consistent with your observations in task 17

Gos. eanFlggiemerwlerr gjeme WsLUQUsTE: @ mbsmen, LIDUSSHEHE
GTGOTEOTEUMEGLD  6T60T Ml [HleDeTSHIMIHET? 2 MIGHEHMLI LS QFUI6L 16V
2 MHMICHTEHRLIIMHMIL 6T @&SSILICUTHRIMST?

If the pinhole size is big, a larger number of rays originating from the same point on the
object will enter the hole at different angles, forming images at different places on the
screen reducing the clarity of image. In other words, we won’t get a clear image.

oerF\ G slIemeaTWiledr j6Te] QUAGTEH @MHEGLL LLF&EFH, ummetlear eGr
Lemerfluledmma yUmliu®Bl HA5Hs  jemalleumsr &EHTSH6T  GeueuGeln)
G5 MTevoTMhIG6ITl6L FIeMETEE6T HlIeMLOULD. @)&H60TTey, GlauauGaim @)L higserfley
LIbumisemeT 2 Heums:sH @mSLNDUSS 6T Qgerflemed GenmEH (HLD.

Further questions to discuss: Based on the above model/representation of image
formation, answer the following questions:

SHVHEHOTWTHUSNG Fo. (D & 6V Te0T CoeTail &6 LbL
O (HEUMHE5SHIE5T6oT GLoM&s600TL LTS FlwenliL/F & s LI eor

319 L1emL_Wilev LieoreuhLd Ca6mellsehas@EL1 LIS 60U HIHET:

Q6. To get a clear image, why do you think object should be well-illuminated?

BG&6. Qerfleumetll LIDUSeNSE QUm, Qummertler GLev eperfl ger BeT@ el
BGeuetor(h\LD 6T6dT M1 [Hl6m)60TE &\ M) [T TH6iT?

Because with less intensity of light coming from the object, a very faint image would
form on the screen which may be difficult to see.

Qummpetledpna Umiu@h eeflWllear SallJld  Geomeuns @ (BHSIT6Y,
FHenrgulev W& DMIGEMET LIDLDSGTET 2 (heUT@GW. @& UMiUsSm&S
HLQ60TLOME @) (H&H&HH I (HLD.

Q7. What do you think will happen to the image, if the size of the pinhole is too small? Is
your answer consistent with your observations in task 17

G5:7. 2a1FIGFHIemaTUIT aTe] LIG&HGMUTSH @) (hHESTeV, LIDUSHISE
CTEOTEUTEUMEGLD  6TeT M) [BlemeTSHRNITEHET? 2 MSEHLU LIH6 Q&FUI6L 16V
2 MHMIGHTHERLGUMMIL 6T @&SSILICLITHIMST?

If the size of the pinhole is too small, very little light will enter, forming a very faint
image which may be difficult to see. For a brightly illuminated object (or in bright
sunlight), this may not be a limitation, and will result in sharper image. At this point,
instructor can also mention about diffraction of light (bending of light) at the edges of
pinhole. If the hole is extremely small, the image will be less clear due to significant
diffraction effects. Although students need not have to be familiar with diffraction at this
stage, it is a good place to spark students’ curiosity about other optical phenomena.

oearFlGgiemeTWleor artey  WsSFANWLSTS  @QUHEHEGLD LULFSEH6,
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WNessGemmelmer  e6fl  FHI6T HeOPbhSE  OmIGeVTer  LIDUSS
2 (HEUMEGLD. @655 SMTEUoTLIS! HLQ60TLOME @) (HS@GLD. HeTMTS e6rflQumild
QUITBHEBES (216V6v3 Bevey G QalaflFFSEH 215 Q) BEHGDELINS) G
&R(H GHMMUITLITE @6VeVTLo6 Qgerfleumet LNDLIS S allememall&@GLD. @\bHo 5
& ([HE00TSHSH6v, 26TG 5 SlemaTUileor allerflbLgerflev sperflulleor allerflibLellemememeu
eefl  euemerser)  wHAWT eMULeumd. giemerwledr  Sj6mey
WNesW&EF5NNWSTE @) @hHEELMaTTe, GUILLLEG56585 6eTalley  alleflLy
QUEMEITE6V @ (HLILISSMEL LWL Q& erflallveumine @ meELD. @)bHs Hlemneuuiley
allerflibLy ellemere] GMIGE LDMeooTalI86T GSHHH [HEHEH CeUsroriq LIS eV6me6v
eteormmeuld,  Lm  eeflufliuey Comliumbssetler  Gey  jeuisserleor
S TUSNSS SNTT(HUSHES GG FHIWITET S([HETITLONS G)BEHGLD.

Here, it might also be useful to reflect that the operational principle of the pinhole
camera is different (and simpler) from lens-based cameras. In this case, unlike lenses,
the hole is not focusing any light on the screen. Here, it is the opaque material
surrounding the hole (paper/foil) that blocks the light falling at numerous points on the
material from transmitting and hence prevents formation of numerous other images
(that would have been spatially displaced from the image) on the screen. Hence, you are
able to see only one image with clarity. Increasing the size of the pinhole blurs the visible
image because actually more images start overlapping around the central image (also
the brightness on screen increases with hole size indicating more light is coming). Before
19 century, it was also known as Camera Obscura, as it worked by blocking most of the
light (producing a dark chamber), while most other optical devices (such as Camera
Lucida, microscope, or telescope) had lenses to collect maximum light and focus
numerous images to overlap each other with minimal lateral displacement.
oerFGSlIemer GaHLFmalledT QFWeLTL(NE Q&BTeTens, GCleVeTeruE:606Td:
Q&metoT. CaLoTmsetleddng CoaumiLi(hb (MmID 66l mers) ereTLemns
GM&SE FHHLILS @QBIEG LIWLSIETNSTS @) HHEGWD. QeveiTeny o8 6merTLl
GUm6L @6VEVITLDEY, @B CoHTTHSafledr e eeflenl  Hemguiev
GSAWILBSSILB6USE @)606m6v. @FeV, FlemeTemlE FmHmILeTeT eerfllgsm
QUIMBET (BMTHRS/QTEHM) St G Liev LjeTerflemefley allpd eperfl
SLESSLLGMSES SHSRPME. 6leorGeal, Lev  LNDUMBISHET ({66l
HbusSOBhE  Hefllga  AMLBHRGSESD) 2 (BTG G\
SHERME. UHVT, RCT @@ LIbusSems WL (MKW Qgefleuns Bhigser
UTISSRNTSHET. 2arFSaemeTwlerr  ememel  SH&FSESHMn,  FHenguiley
Qb LbUD WASaM@GWD. e LIbUSmM&SEF smHml Lev LIDUMBISET
R6TMIOTGLOEY  6R60TMI  JEMDAUGST)  @eUeumTm  BLEHMSE  (CLoaLD,
oarF G siemaTWiledr  26eme]  SPEFHEE  GHengwliu®mild  GeusfléFpd
2APsfeEG0D. s  wdfl  adwams @3  GUSHDS). 18D
BTOMTeoT(h&HE&G  (P6oTL], @& GCHIT  LIVGTM  (Camera  Obscura)
6TEOTMENLNESLILILL Gl BempW|ld QumLbUmeumeT eeflenuls SHIILIGTEV
@LLemmenl  allememallg@n)  @bsl  QuUWenIll  QuUOME. 385
GauemeTwilev, QuUBLeTN6L eflenws CasFllLSNHGSGLD GHeOmbSLIL FL
USSUTL (AL @LIOTHMSSHIL 6T L6 LIDLMBIGEMET edTmleor GV 66T Ml
GAWFQFUISHSGD, Qevettey  QUTMmSSLILLL  m  eeflulluiey
FHmallsaflev @HIT THFILIT, HleooTCeoTTHSE), VLS QS TeneVCHITHS
GUIMEOT MEm6U) @) (HIHSHE0T.
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Task 3: Measuring the height of a very tall object
QFWe6L 3: L& 2 wFLnmer Qumerfler 2 wWpsens eral(h&He6v

Pilot (Ideal scenario)
(PETGEOTTLL LD (H[HSHHUIED GL06V)
Figure 9 below shows the diagram for image formation in a pinhole camera.

oG gIemeT Gomngmalley Blawd LNDU 2 (FeUME8E5SIGEMeT alemILILLD
G (LETET LILLD 96V QST &ELILIL (H6Ters.

2mflgglemen LIgeUemTS e

Quimm e

l & 60T 6TUT (T (S Clev stTeV

Figure 9: Schematic diagram of pinhole camera
LIL_LD 9 : 261F) & HI606T CHLOTTENN6IT F)G &L 60ITLIL LD

You have to measure three quantities, distance (D) between pinhole and the object,
screen-pinhole distance (/), and size (h) of the image on the screen.

Fenrgulev LNDLUSTHT 6Ty (h), MRS HIMETHEGD QUTIHEBHESLD 2 66T
Q&MeM6VEY] (D), LDMHMILD LEMFGHENETEHGD HeOTHEGID 2 6T Q&Tem6ve ()
6T60T D ELNEOT M) 2616 GH6M6TT [HBIGH6T 3jemadlL Geuetor(hLD.

Once you know D, [, and h you can find the height of the object H based on the following
considerations.

D, | oo r QsHlEsismeor LUm@, LeTel@Bld  &H(hs S8 o6rfleor
19 1L WIl6L QUIMTBerleor 2 WD Heg HraldseT 85600T(H LI &&H6VTLD.

Consider the two triangles in figure 9 with shared vertex at the pinhole. Since they are
similar triangles, Dh/2 = | H/2. Rearranging we get H = hD//

LLID 960 oG ameruiey  6CT  (PeMeTemUls  Q&Meoorl  @)Ieoor(h)
(LP& BB T600T MBI F60)61T 6T(H S SIQ&HMTATEHMRIFHEIT. 260)6) QOIS S
(LNECSHMEOOTRIGET 6TEOTLIGTEY, hD/2 = MH/2. @6m& WMMHMIWLENLNSSHTE [BLOE G
GemL_LILIGI H = hD//

You may use the formula directly at this point without deriving it but you might want to
check the properties of similar triangles to learn how the formula is derived.

QbSS SHETETL GHHHTSHMG BlOIEITON, S CHIGWITS BhiGET
LIL6dTL(H & 86VITLD. 3L,60TMeY, @GBSI TN eTeualmml Blmiell ILIhSBIME 6T60TLIENS
HOHMISGQEHTETET  QUGQEITHS (LN&HCHTEoTHRISEN60T  LIGToTL|&emeT  [HhlgserT
Q&SI C&TETETEVITLO.

The above scenario is an ideal one which may not be exactly the same in a practical

situation. In the above derivation, the pinhole is assumed to be located at half the height
of object. Also, the screen is assumed to be parallel to the object plane. In many
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situations, for example when you are looking at a building standing at the ground, the
pinhole is located almost close to the base of the object. In such a case, the derivation
would be slightly different. Even then, by using properties of similar triangles and
approximating the screen to be parallel to the object plane, the above relation can be
derived. Since students of Class 8 have not studied properties of similar triangles, this
derivation may be skipped, but may be taken up with students of higher grades who are
familiar with this concept.

GUMHERMULIL L. @GOV SHMHSHIUI FHe0oTGeooNTL L STV eMDHSHS. @S
BEOL (PN  GoasE Fflumes  QUTBBSTO GUTSHMD. GG
QEHMHHEHLILL L Q& mesorFaileV (derivation), QLIMTIHEl6T @ WFHSHIEE LUMTHUilev
OMFGHSIMET BB BLLSTEH TSSO SmeTaTLILIL (heTengl. GLosILD,
QUITHEIT SIS SIHS (9)60)600T UITE Fen @ GBLLUSTHELD
TN S HIQGTETETLILIL (N ETTE. LIV @LoeuSs6rT16v, 6T(N & SIS LT Henruiley
Bleorm Q&meoor(h @ SLLLGMS HhIGeT UMIs@GLEUNS, SIL LSl L
QUMBETIET QHHNEHHGEG SIMHHV TFHIIEMET MBS (HEHGSLD.
@QB&HF FLWSH, Q&EMeoorie] FhHm TMILIGILD. 6TedTMTID, QUGQ6ITES
(LNEC et RIS 66T ListorL|gemerTll LiueTUBISHUID QUMHET FH6eMsSI6h G
@EETWLITE HenT @SRS! eeorm CHTITWTILMSEHE G 85T6TeUss 60T
eeVPLD,  CUMOEGMTHSGSLLLL. QSTLIeNL  Q&ITe00T JeLITLD/G & Me0or (h)
QIJEVMD. 8D QUGLIL] LOMeooTEUTSET  QUIGUTES (LS CTTeuoT I 6rl 60T
LI6OoTL|&6merTL] LI &SH([HEHSHOMLLITIEET 6T60TLSTY, @)HS G860 enel
SISFL6VITLD. B4L,60TT6V, @\HSE H(HSSISH6TI6V LflFFuIDd QLIMHMIETET 2 I
@G LIL| LomeoorelJ&6rflLLD @ 6m& eT(h & HIEF ClF6L6V6VITLD.

Working (real) example

Now, we will make use of this equation in a real-life example. Take your pinhole camera,
and capture an image of a distant (well-illuminated) object such as a building or a tree.
Measure D using a tape, measure L using the scale on the inner tube, and h using the
scale marked on the screen.

QFWeLLI(HILD (QLOWIWITEoT @Lo6v) T(h&SI&HS&TL(h

@uUGLINg,  @bSF  GSHIHMS @B  CQWwmor  GLedle
LweTU(hSSLICUTERICMTLD. STTSHHe0(HEHELID &L L L LD 6V6V&! LFLD GLIMedTm
Qummerfleor (BeoT@ epefl QuUMID) LNDUSE 2 miserfleor oerd\ & SiemerT
Gopmalley eNPFQFUILMISET. D& Sjememel BTLT LUWeTUGSSH UL, /83
o 6TGLmMUlleueTemr  6emeCHMemeT  eUSSID, WLHMID  ~3  Hegulley
GSMIGHELILL I [HEGLD 3|6T68606T M6US SN 3(6mel(H HIGH6IT.

Obtain clear inverted image for multiple values of D. Tabulate your reading of D, | and h
below:

D6 LIV 6MelSEH&HEG Q&erflalmer SHenevGld LNDUSensL GIUBMRIGET. D, /
LOMMILD A MG BBIGET QLIMM (66 856M6T 3iL_LaUemeooriley LIGel(hmbig6r:

D (cm) I (cm) h (cm) H = hD/I (cm)
D (Q&.105) 1 (@Q&.15) h (Q&.10) H = hD/I (@& .10
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Average height of the object, (Mean) H =
Qum@perflest Fymaifl 2 Wiy, (Hlgev) H =

Q1. Can you estimate the height of the object by any other methods? Compare it with the
answer you obtained using pinhole camera?

Gs:.1. GauGmaIld aublpemmEemeTl]l LIWeTLU(R&SSH QUMTmetledr 2 WrsHens
LHUILIH QFWIW (WPIQULDm? 2erFGgiemer GoHImaley QUMM  3{ermeyLeor
21560607 LI (HMRISs6IT.

Teachers should also try to get estimate of the height of the object with other methods
(such as by knowing the height of each floor and multiplying by the number of floors) or
from official records, to match the answer obtained from pinhole camera.

STyl jeunmer  Sreseflelmbas eveva Lm  auldlnenmsesenerL
LWeTURSHWD  (SISTadE, SLLLEROT  @6UQeUTIH  SHemsSeor
o WSS Q&S Q8Metor(h SeITmhIg 66T 6T600T6001 18560085 L{L_60T 2605
QUBEBGSH6) GUMeflerr o wWrsHems LHUILTH eFww SR flunser
WWMHTEHES  Geustor(hd. 2emAGgemeT  Gompmallsd QUMM 3{6meyLeor
RUILBUsSHE @65 Q&I BIGET.

Discuss

&HVIH G160 T UWM(b\ & 6T

Q2. If you want to see a bigger image on the screen (without changing the pinhole screen
distance), should you move the pinhole closer to the object or farther away?

Gx:2. Heopwley bub uflsmss QsfluGeest(hld  6TedTmITey,
oTFIHHIEMETMULLT  QUTHEBHESG AP Q&Moo QF6v6vCaU6TIT(HLOMT
9I6VEVGI STTLOMEH GG M600T(h Q&F6LEVEEUEDOT(HLOIT?

Q3. What will happen to the image if you make the screen using a transparent plastic
sheet instead of translucent sheet?

G5.3. RefGHIWD HHHIGES LIFVTs, 6flL&H&HomIqW LN6Tmeg.ds S 6L LI
LWeTURED Hempgenl emLngsmev LILDLIG S8 6T60T60T6U MEL0?

Suggested Readings

QMR &S LIflhSienTdHssLiLb Lemel

* A brief history and principle of pinhole camera:

. 261§ G G1606T CHLOTTEI6OT S+(HE>85L0MEdT eUI6VITMI LOMMILD G& ML LIT():

http://www.alternativephotography.com/pinhole-history/

* A website dedicated to pinhole camera’s (History, principles, technical detail, etc):
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. TS SHIMET CHLOTMTESHEBHGCIHET S TLILIE0ISSLLL L @)60600TUISETLD
(eugeLT o, GEHIML_LIMH&ET, QSMN6LHIL LI elleUTmIS6T, GUIMTETMemeL):
http://www.pinhole.cz/

A detailed history of pinhole cameras and its construction is available at:

oer& G gleneT Calnrmalledt alifleumenr aureLT M LDMMILD {5607 SL_LemLOLIL|
QmIG Q&HMTHESHLILIL(H6T6T6or:

https://jongrepstad.com/pinhole-photography/pinhole-photography-history-images-
cameras-formulas/

Pinhole cameras have been used for taking actual photographic pictures. In 2017,

pinhole lens (an attachment with a hole, and no glass) has been launched for DSLR
cameras.

Feumer  eefllLLm&GeeT fQUUSHEG 2TFGHSIem6T  GoLOTTEH 6T
LWeTURSSLILMS6TME0T. 2017 6V,  19.6T6N0.6T6V.3T  CHLDTTHEEHE S
OMF\ G SI6MET Q6VEITENUTEHET (R(H SIEMETENUIS G&TEooTL. @)60)600TLIL],
GaYD  HEOUTEOOTITL).  @6VEVITINEY) IMIIPSHLD  QEFWIWLILL L gL
(https://www.digitaltrends.com/photography/pinhole-pro-kickstarter/ and
https://thingyfy.com/story-lens/)
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