Vigyan Pratibha Learning Unit Pinhole camera

Pinhole camera

26T G Fleme6rm GSHLOTIT

Overview
G (H&H LD
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.

Qumgleums  uwemefl  UML_ULSSHmIG, oarFggiemeT allememeald
ocarPlGglemeT  GHLITmaIWD  GSMHSHS  em B s
QEMR&HEHILULIQMEGLD. @bss  smmev  Lflalley,  eaflsnss
PN FHEHEHEHF QU 6TRSQUTIHL &ML LIWLeTLUMSS e 261G & S5i606T
GsLpmenal LomeooTalJ&em SWMTHlLUMTSeT . f jemall(hh sHmellwns
360G 6TeUUTM LIWLIGTLI(NSEHEVITLD 6T60TLINS QLT MUIGUTTS&HET . GLOSILD,
QeveTeny  GUIMETM  Fa(hHev QUTIHLEHT  gHILOILEVTIOE  6TEUUT M)
LbumkisenseT 3FH6ev UTISSWSMS 66T ULD
L& Q8 MeTelTI&s6lT.

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.

O6TE) & G5 60)6TT G806 L_60T LOITEOOTEU [T & 61T QUMM (LNIHENS LI
960G MHIF6N6ITH FH6VHSI6NTWIT(H6UH60T eLAGULD AGLmUS
QEHTLAG(HMEIGET. @bss  SeubdlemgurLedearCuns,  LlereumLd
GoeTallEHemer BhIgH6T G85L_856VITLD.

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

. 2amFGSIemeT GHLITemel @&ME& (6T 6TLIGLIMS Mo Bralgser
LTSS MERDTEHETT evevdl SWTHSHmHESHNTHETT , 360603l
LTS S5855560 Aens L LI LI S5 [HES ) TEHeTT?

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

. 2eTH G GlemerT G0 eLN6ULD R(HLOTSH S0 3|6L6VS
&L SH el LNDLUSS HhigGeT LUTTSHmHERNITEHETT? HSL
LNbugems 2 missermey efledfléss (Lol uLor?

. 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 [BIGET Mlalulev U I6SHSH eVILN QeueflWiLmiserflavin,
QuUMpeTsetler LbLGemsL L1968 2arFgsiemer Canpmamels SHalli
Geumetteor  HHNEGemerl LWeTLUOSHWNmBSEHNTSH6T?  @QbhSHss
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FH([HENS6IT160T For MIGET 6TEOT Q) GOTEOTEOT?

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

2 MMICHMHSLILMBID QUITIHL&HE06T (LOJMEIFHET 26060 &HL_1Q L RISH6T)
aHGD el HmEIWTs: @bsHs GsHWIM LWleTU{GID  6T6or M
Bl60)60TE R T FH6ITIT?

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

IHEHQaUMm Ul Qummetledr  eTemeal  emal(HeusmHESLD
o6TF G Sl6meT GHLOTMem6 LILLIGTL(H&S&EVTLOM?

Motivation for the Learning Unit
&Hmev Lflalimhssmeor 2 360

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.

oerFGglemer  Cologm  eefleanes  SWMHleE&HEsmIQU @F  eerflulliicy
SmEaAlWUMGSL. Cuald, Lbu 2 (Beunssn GMSEH HHESIHET DHMILD
eaflufledsr Hlev W&  WEHEHUWILDTET  LIGTLS&6M6T  @)&H&H(Ha]  eLGILD
QLUTWITD. @bss Hmmev Liflalley, QevereugeT GUMeTm Jwn(hdHev
HMAGET TemSUD LIWeTUMOSSTINN @F 26emFS5S56mem CHLITenel
LomeooTeUi&6T  SWTHHE, emsll UweatUbhss e Llbusensll
L9 LI gL 6ot QumL_sserfleor |66 56T 316VEVS) leummleor
QB TE6VEFHEM6T TN EUMTIE6T.

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.

@UILIHleN6v QLOMESLD eLNGOT M GIFLIGVEET 2_6ITET6T: 1) ©_(HE6T 6uLq.6l6VTeoT
R 26TF G GI6m6T GoLoFmemel SWMflE S, eerfllilésss, spGUflu Qummerfledr
Qzefleumeor  LIDLGNSHSH — HeUeTONEG: 2 MMICHTHGSHH. @ mIG,
QFRIGSHSTHAID LSHEHIMLIgD DU  SmeuSBLons: @ LLmS
LOMTEOOTEU &6 SevoT(HLIGLILIMTS6ET  6TedTml  eTHTUMISESLILOGSE S,  2)
QFwer 1-60 GCrofleEss sraysefler qlLmLUI  HemevGLOmeoT
busssE Camiuml( allareassms SLLenLlILg, mmilD 3) 6@
SLIGLID 3evg g&Maugsl @ Ul Qummertler oeTemel ojemalll
o6TF & g51606T CaLATmen6l LILLGTLI(N & SIH6V.

Minimum time: Four sessions of 40 minutes each

GMBSLILE GBILD: 40 BILAL_MHI860)6T8 Q& M600TL [BITEOTE S{LDT6 56T
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Type of Learning Unit: Classroom and field
L 9 fledledr euemas: eu@LiLiemm ML SemLILImLLD

Unit-specific objectives
ULl fley smibhs @)evss& 86T

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

1) @ 2T\ S ZIemer CHLITEN6 6l eIMINGSE 3i&H60T LiuledtUm(h WmmID
QEFUWILNeMeNULI LB SIC & TETEHSH6V.

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

2) LTHF o (BaunsHsD, leTesmsam6eTs: &L LWNGSSH0, LLMmMID
eummledr  FHlGSeTemwenw  FHlUMTLUg Gumerm  Anleiluisy
ULOl(LNEM M B560)61TE &M MIEQ & ITETEHH6V.

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) @O 2arFGgemeT Cagmaillsy LU o (heumshssHer sefluiliemnsull
LB SIQ&TETEHS60 LDMMILD (FMHHUIGINETMITE) 66Tl S560T6mLN6MUILI
LImHmIu BLOS@E6TeT Lifl&e0160 @)560T HTESHE608 2_600T[J&6V.

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

4) FIIHFHOL 2 6T6T @@ GUMBeTlear  oemenel  erall(heugdsmasmeor
QULOl(LPE MEIULES &M MIEQ G TETEHS6V.

Links to curriculum

LITLSHIL L &SIL 60T 2_6TeT QSTL[TL|5G6T

Class 6 Science Class 7 Mathematics Class 8 Science

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

Reflections triangles

Introduction

SIWILPS&LD

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.

oeTFIH 66T GSHINIMT @ eeflennwlmer S&Hmedl. @&Hev 2end (Lpeveoruileor
Seemnald  Qsmeoorl  WeEFAMIW el emlufeor eudlwims WLBHIGW sperfl
QFeuald. @B L emLWledmbs GMILILLL Qsmamevallsy e SHemgemul
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(GSLemLWmeoT GLMUTLIENLE G&TeoTLgl) 6M6ULILIGET eLGILD, iS5HemTuilev
& QUITHerNledr LIDLIGEM S (261F\ 5160065 6THTHemF W6 2_aTeng)) [Hrals6T
LMTI&H&EVMD. eflsa&HIWd @@ OWwelsmar SHLLES SHeagwns
TN & SIHC&MeoTLTev, Hemgwler @uevor(n LsSsmISG6 lann LIbugens L
LITI&:&6VMLD. BCLD QaTHS&LILL(H6TeT LILLD 183 LIMIHBISET.

FHEAOT6E0T (T (& 60606 UG 6UENTEH BITET (SlenT)
(Nbu&en &L l/
UTTLILSM &
l ____t _______ P%
1 25 A : i
; |¢| 2T Hl S Fl6M6 | ]UH(_[BFT“G\S]([BH}@] 6U (LD
: = ,{,’, @aflsniL eI o6 s)
-

Figure 1: Schematic of pinhole camera that can act as a measuring device
LIL_LD 1: Qje1eil(HILD HIBINITS 2 LIGUITSHLILI(HILD L6T&)&HI6enaT G LT TeS60T
FSS UL 66T 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 uTLllflalley, @ carFgGgiemer ComLpmamels SWMHlHg s
Sjemll(Hld smellwimsgs LweTUMSSLICUITHRMIH6T. 61T 5 S516m6T 6TeU6UT M
LNIbuSemns 2 ([HeUMEG&GH M 6TeTLIenS LD BaigseT LflbEQssmeralser.

Materials

QUITIHL_&GH6IT

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, LILQEIEDT SHTeT/eeflaHWn LImed&SHer Hmer,
|66 FFILLILL L 2([HSTET BI6V6VF QUMTEHSHL L SHIT6IT, J6memeal [BITLIT,
&H55M185CHM, @ (HLILemng, eVQ&HESH GLLI (LUend BITLIT), Fenlwlsuemnmuilev
LWeTURQSS LU 3ievidleoflul QLoetsss(.

Task 1: Making a pinhole camera

QIFWIGV 1: R 2ETF\G Sleme6m SO TeneY SWMHlEHHe0

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

QFWLLSEFIQW @ 26THG g Iemer CHLTmemel SWMHlHEG0D SULID @G
@5msmer aUldlpenm SCLo QET(H&SLILL (h6TerTeoT.

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 eleTU L Srefledphs QFe6lalsds 6UlQealeumeT IhLIGH emul
QaUL(HBIGET. end @@ 2 6TaiLMme GLMUTE  SFHL(HHBIGET. S
AflWmoey @MIG&HITS @ELULSHE, GLOmenl eV&HES CLL G&meor(h
RL (HBIGET 6Vevgl TLLT GLetomeml. LIWeTURSSIBISET . Her il LLD
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Figure 2(a): Rolling chart paper
LIL_LD 2(a): QU60TLIL_ & &HITen6TF F(BL (HSH6V

TMSSITLO 3 QF.L LDMHMILD 2 WIFLD 25 Q& L0358 @)(HE8 Geuetor(hLD.

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 aluminum foil or kitchen paper tissue
are rolled.)

Gwomuilesr L Mo  BerHensd BriGeT  mMMIGE & TETETeVTLD.
Gemmeurerr L LEHe LIbud S5 aseflalns @ume@LD. (awLdleflul
QETEEHM Vevg Fenlowevenm gadlu, GuUUT sHmHmUUL (R 6L

9L 60L_FH606TULD GLOMUIGSETTE LIL6eoTL(H&SHEVTLD.)

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

Figure 2(b): Chart paper as pipe

LIL_LD 2(b): GLOTU I GLIIT6V Fr(BL L LILIL L &I6TLIL & HITAT
image formed on the screen in task 3.
i. aflEFUD UIQeIeT STET  eVeVEl USIGUIMETM @0H GILITIHEN6TS
Q& mesor(h GLLMWIET LMEMTIH LISHSHMS ML HSHIN . @) HenrliGLIMe
QEFwWeLLI(HID. @HSHE GLomeml LIDLIG GLOMUL (IT) 6T60TMEMLNEESHEVITLD. LIL LD 3-6V
@MULMSLICLTEL HlemgulledT euQelm@p 5 LA, STTSHEVID | 6T6) 860675
GSMIWMESET. @6GMIWIHI&HET, QFU6 3-60 LIDUSHT 6eTemel 6melll
o 5WITEH @ HSGSLD.
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Figure 3: Markings on screen for measuring image size
UILLD 3: LD ens 2jarell Glenmiilellipd @& &b &ser

iii. 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. Ty L HBarsHev FMsmsain ol LiHev QUlETaL  E)HEHESLD
MWL, @ETQETMH QF6UaIs allgel  EUETLILSSTENET 2 (He0eTs
GLOMWIMSE O UBISET. ©@)&H60TTeV, @)SEGLOMUISEGHT IT 6refleme: 2 6THmiemLpul
PUWD. GFET ROUSSSMSE SQUL BID 6UmILLSSTET 668!
gaifleollll QLaTsHLmLE Q&mor(h (Wl (), FH emF el
Q&Meoor(h @ @LevLenwl GUTHImIGSET el QLTSS
LweTU(h S SieUd 6TerflE s @ HeHEGLID). @hHE GHLLMemU 26TF 5 SI6m6rT GLOmU
(PT) 6T6OTMEMLOLIGLIITLD.

Figure 4: IT and PT
LIL_LD 4: IT LDOMMILD 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. 26T & 06T FlenTenld QGTHID eNl&E5FHV (LILLD 183 LIMIHRISET), PT &E6iT
T BIeNWLSHHIBIFGET (UL 560 Q&MHESSLILL(H6TemsGUMev). PT HIMHELD
QLSH6, ITUleL ‘0 eledrm GMILMmIGET. QUGCLTE 1T GeusflGw eT(h&S!
215607 [BEmaUMLIQ60 6(H GlEUETEMETE SMTem6T L (NMIGET (LILMBIGET 4 LoMHOLD
560 @& gM&HETCA QEFWIWLILL I BSRME ). B Smerflev, LeTefl ‘0'emeu
LLesdlnms  6T(h&SIQs&meor(m), 5 W @enLeeleflulley GMILIbImiseT.
@&eoTeLNVD, @G  eMeG&HTeTTd: LIW6ETLI(H&SEH6VITLD (D61T6Y S6IT
SFFILLLLL  @@STeT @ IBHSQSHTMITH eMSWLD  LIWLTLI(H&SHVTLD).
SMFGHSIMET MHMID HemIsE @eOLCUIWITET  QEHTemn6Ven6l [ 6T60TE
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Q&METETEVITLD. /83 SjeTall(heUSHMES @\HS 2166 G ITeT LileoTLI(hLD.
Now the pinhole camera is ready to use!

o6TF\ & Sl6m6T CaLOTT @ LICLIMSE SUITJ!

Figure 5: Assembling the camera
LIL_LD 5: B&HLOTT606US CIBTELILIS]
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. Wbugemsll UMFLUsSmE, QUITIHeneT GBMTEHEIUICUTM 26165 5i60)6m6em U]
el misser. Leteory, Sempwlley qumperfler @ummerfler Guev QeuefleaLn
Blemmul UL Geuesor(hld) GQgerfleumeor LIbUD QsFlujbd euemguwiley Hengs @l
DTG SIMETHGD @)L B 2 6T6m Q&Memevenal FlGFUILmIG6T . GammLdl

urum  njlellwey  seval  emLWIG S 60T SHLLLEMS (ULLD  6(a),
oarFlGEemaTWlledT  epeuld  UMISSUL  6T(M&SLILLL. LD 6(b)-6V

Q&ETHSHEHLILIL(H6TTS!.

-

Figure 6(a): Object  LIL_LD 6(a): GILIT(BET

Figure 6(b): Image in pinhole camera
LIL_LD 6(b): 2675 S16m6lT G LOTTeSI6 LILDLILD
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Q1. What has changed from the object to the image? Can you describe the changes and think of
reasons?

G5.1. QUITHEHSGLL LIDLSSIGGD @G gCHed LOMMMLID 2 6T6eTSIT?
6T60T60T  LOMMMMIGET D 6T6meor? @ LOMMMBIGeN6T lleuflEs 218 maesmeor
SITI600TRISH6M6T CUIIMTH& S8 FaM(LPLYU|LDT?

Q2. What happens to the image:
35.2. LNedreupLd QaFuwevUmbh&emmev LIDLIG S8 6T60T60TeU 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.

() QUMBeETAIL () QFHTENAITE DETFHHIMETENU FHISHE QF6TMIT6V
CTEOTEOTEUMEGLD?  @6UalTM) BHISSHICUMSE , MR SSHIm6T CHLnTmelleor
SennllemLl LDMMMITNED @) HEHEHGeUT(HILD . @F5ME& (LpeTenild LledTeniln
LITJemeUs &6 eTeleummIphe s, LIDUSH 6T eme GLimestmelmnleor
1 L6 Wil6V LIl (DLILIMTEE6VITL.

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.

LOMEOOTEUT&H6T QL TTUISMSHTEr  QFWEVLMTLLTS @& QUHHSLD .
FlenNJHGD 26T 5 FHIMEMEHGLD @emML_GUL 2_6T6T GG TEmEVemEY LOMMMITLOGY
MU SIG6&MeooT(h), QUITHefledlmbs! LNeThsIHSTeL LIDUSHET 26T6)
GOMWCaUTT(HLD, MMID  LMFeneudsaerd  ellfleum@Ld.  Lomesoreuiss6r
@)LDLOITMHMMBIGHEMETE G &S5 FH6VH SN TUITLN6L6mMEVGEILLIGITMITEY,
LITJeneUsh&Herd mmitd LU »jeme] Gumesrmeumnlesr g LiLemL_uflev
LNDUSMSLT LIMTTES 3{6UTE606IT 2618@6) 88 6VITLD.

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

(i) 2ETFGSIMETEHGLD HeMTEHEGLD @)6mLGUIWLITET Q& TemeVemed G815 55m6L
LNDLIG 518 6T6dTe0TaU MG LD?

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.

CC-BY-SA 4.0 license, HBCSE 8
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T BEHEISHSHEUSHET VD QFTemnevemnel SH&HEHMMD . QbsHs
QB TemaVE] 2FH G Fle@EWnEUTs, Lbu 6Te ST sHle@GI0. LomeoTelisser
@QBeT 2 MMIGEaSHMe, Llareary 6&FwWe 38 UilbaGssmerer
o 5alWMG @ (HSELD.

(iii) if the illumination (brightness) of the object changes, or you look towards another object with
lower illumination?

(i) QuITarerfledr GLev LI(HLD eperfl (QeuerflgaLn) LmmIeoTTey, D6LEVS! G606 TE0T
eeflowds Q&ML CalQmTIh QUMIHeneT BrhseT UMI&HGLELTSI
LNDLIG 518 6T6dTedTeU MG LD?

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 umjlusm@&, emeunmeflear Guwev LG eerfl
L85 (NS G UILDITEOT SITI60ofILIMELD. LomeooTeUJ &6 @emnsLl Lflb&QssmeTeus:
L& UL, BeTMTS 6R6flQUMTE eHGLIMBETI6T LIDUSSLI LTSS
Q@ UI6VITLDEL GLIMEEVITLO.

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).]

Gs;:.3. QUGUME, oardgaiameTuwlerr gjeme] QUflsmEsald SIS TEH|D
@ BBHSHTL, (LPNMBUI 6T60T60T BLEGD 6TeTLeNS TMTWBISET . (LPS6dley,
o261 5 g16m6TWI6L 2 6T GeumILIm() eTeualmmi LNDLIGME LITH&EGLD 6T6oTLIENS
ST MBIGET  [QeUaCalM GUHHEBLD  IeTeIsefler  26T&) g Fiemer
GHLOTMHFHEMETL (26TE 5 HIemeTUWI6T 266y LDMMILIL 6VMLD) LweTUBHISS 6Cr
QUMBEMET 2 MMICHTEHSR LUILIL (HLILMTE86VITLD].

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

QFWEY 22 QFWe 16V BLEGWD LlbU 2 (BeumsEssams allers:d e
LTS flemLoLiemL 2_(HeUTH G S

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

QFWEL 160 BIMD 2 MMIGHaIEISS DL 2 (Heallh&Hs5EmE alleTsHs 6
algailwey  LrHFlwelienl 2 (FeUMEHGSISTET  @MmIE LML L
@ 6VH&HMTGSLD.
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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.

BlEHLDSHE5FI] U (H QBT &S HeVHEHENTWITLD: CHILD 2_6TeTQ&60TMIT6V,
Neoteumld @ oevor(h GomemallsEbleor  LIDL o (heUMsH&HD  GMlSHSHE
FHVHSIMTUWTLmV AT QHTLMRSGMD. @&H8sHaTallEmerfledr eLpeuLd,
LOITE0OTEU T B ETHE & 6TTIWIl6dT SH6oTemnds GMISH S @)(HEELD SL,LOLOTEoT LDTMH M
6T6O0TE0T RIS EMET GleuefllILLEF QFUlasSHE&LD, 2erHGgiemer Gslngmaller
eeflulwemney Ul meTarad 2 &alulns @ (HesEL0D.

QT1. What do you think happens when we see an object with our eye? Can you explain?

G5.1. @(H QUITIHEMET [BITLD &H600T600TTeV LIMTEELLGUIMG! 6T60T60T BHL&HHMS!
6T60T M) HIBIGH6T HlemeoTE: S MTH6T? ©)605 2_MIGETTEL el6TEE (LOL U|LOMT?

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

) BLWeLW  Hevorgafledmnal eefl LmULL(H Qum@pertler Gy
aNlWHMST?

OR (S|6VEVE))
ii) Light from the object reaches our eyes?
iy QUITHeTeS BB S! sp6r] LMLUILIL () HLO(LNEML U &H600T&H606T 360 FBM&HT?

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

BG5.2. GG QEBEMHESLILL(h6TeT FISHSHWMSET60 6Temel 26TH & FHiemerT
GssLogmallev BiIgeT 2 MMICHTEHESIUISMHEGL] GILUMIBHEIEUSTE 2_6TeTI?

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.

QUIeVTMHMIEL, &LHSE BTHMITEooT(M&H6Tley, Loy QLOUIWIWIEVTETI&H6T maILD
nlellwevrmerigseT GGe Q&THIGHLILIL (HeTem GomeTalle:@GHll  LISHlemey
QL UTUeUG6T epeuld eperflemuitl Lflh&IQ&meTem (WUWIMFSSTISET. s6r
o 10Ipey GsMLUM®  (Extramission Theory of Light) eTedrmMIWLILILILL.  (LD&H6V
aflemssld  Liev  nlefleumeTissenmey  SHSLILLLS.  QumLeTallevmeot
LOITEooTEUE6T  @\6oTeormallewld  @Qb&HE SHHEHMS SHIGET DTS

Q& TeoT(HETETTIG6T  6TedTml, Liew BTh&sefled BLSSLLULL  FLLSTHIW
U1 H6T STLHHME. BN FHeoordkerfley el Qsfleugmey BT
ST HIGMITLD 6T6dTM UMM [FHIWITEOT 2 60T TS eVIL 60T @S eVleT&asLD
R&5SILCUTRMS. CLOSYILD, @)F 2_6TEH6TTeme6) S6UTaISTEH @) (HEH M.

Option B is known as intromission theory of light and became acceptable because of the
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evidence that without a primary light source, our eyes cannot see.

@uevorLmd ellemdasln eperfl 2em(hpeuey GaML_LIM() (Intromission theory of light)
eTrMWLILOSME.  (WNSeTenln  sperflepeuld gaildleuemevGiwentley |
BLOPEML LI SHE00TEETITEY  LIMTT&HS (ALY UM 6T60TN STISH T @S
T MMISGCEHTETETLILIL 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) CHMLLUTH&HEBHHGD CT &SI eeflWilicy 6lemILILHBI&HEm6T
QUETHHILEVMLD  6TTLIENS FHEUTEHHV  GSHTATEBMRIGET . eISHUITEFLD
CTEOTEOTQ6UEOTMMEY, @ T6oor(h MlGLpelGeflan  eeflaasEiseflear SHeng
GBIeTHITSE @HHEGSGLD.  UHEVTV,  @UeorlqQeum®  GamL UMl emnl
(WWENLOWITE BIFTSHLILSMSEMer QLML WTS LIDU 2 (HeUTeH&HSemS
ST e TLLBIG6T a6 @&R M) 6TedTLIg DL (MG @) (HE8 (LPLULITSI.

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 10lhe] GCaHEMLUMLIYMEG 6THImr  (PSHWLTEOT WS TTENS
2e1F\ G S16meT CHLOTIT eflGHME. 261§ & Glemer CHLTT GLomuller 2 6TGerr
BT UMTIS@&GLEUME, HemT eefllownmgs @MESMS! L60TT6V QI RIGS6T
N&bHs @ULLTES 2 6Temer. 2 pe| CHIMLLMLIQ6dTLI [FLOLOETL U
Fevorgserflev @@pbhE eerfl LUmUiLbG&eTma etedrmmev , GLomulledr QeuerflGu
2 676 QeU6TFFESIHEGE GeMeoTTS: &HT 2 6TCaTulld QeueflgaFLons
@) [H&HFHB6U6voT(HLD. @) J600TLTEUS TS, 26T & H1606Tem U 2{60)L_8 G55 TLOMTEOTITEY
Fenrguley LNbub Qs5fleuGsulevemnen. @bs 2 MMICHTHESMID 2 ALDe6)
GaTLUM (D& THTTH @ HEHRMS!.

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.

eerflalleudsev erevor LOMMIENWITSE: @) (HEELD QR 26TL_F5FH6V 66Tl QFeLeYILDELIME,
318 CHICHTL Q60 QIFID 6TeTLIG LIV  4,600T(H&MTEVLDMS HITD FHH &S
IeLBs LUflseun@d. eeorCel,  eeflufledr LMMGOW '@ SHHImev”

SMISSRCMITLD. o RIS EHENL L Smledlwiey L& 55H55H160 E35)
QUEMILILMBISem6TL] LITTSS (HLILTTEET.

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
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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).

oem_&D (NWEUSILD CIFITe: @ beHTev L (HGWL eerfl CHIGCSHTL Y6
QF6LaID 6TedTLIEMS GMISSE 2 Wral@GLLG&E6 ey SevbglenTumLiLbLm
GTEOTMMEYLD,  6m&G blemeorallel  Q&MeoTQ(BHLILIG  eUFIWILDTESLD
RGCLDET Q& GNISS HUBHSIMTWTL  GBIBSTE ). efllumems
QUEMETSEM) @) T6toT(h  [BlemevemLDGETlel  GHMEIoTeLITID . (LDGHEVTEUSSTSS,
oeTL_5:5H\6r sperflalleuasey ereooteonilel CaumILIMh&6T @MmHEHEGHLCUME @S
BHleWWL  (&efibs  sSTomedmhs Qeullunmear STHMGSE 66l
QEFLIDCLIMG 26TL_HE5FH60T  LTSHUNL ghUdGId  WIHmD ,  6r.8.
QeuliLLDmeoT BT &eflv  SmeoorliL(BID  SMeoTeVB). @) T600TLTEUSSTSs,
SLAIGN  36060S  QLDELEOIW LememeuemuL (thin  slity  eerf]
THTQSHMETEBLLCLMGID @& BlawWLd @llefllbL allenere] (Diffraction) GBIFI(HILD,
61.5. LDJTRIGEBEGLI Lletermev Giflwleperfl allerfliL ellemerTey Bl8sLD6U ).

Q1. Let us try to draw a ray diagram to represent the image formation obtained in task 1. 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?

BG5.1. QFWEL 16V PSS LIDL 2 (HeUTHEEHMNS GMISSIGETL L ([ SHH T
QUEMILIL H6Mm& euemIl (PWMHEILIGUITLD. TP 6T60TM 6flG&EST GLIMHerfledmba!
LUl (), oer&FlggiemneT Py GBMes CBIGSHTLI 6 QFermi, LeTefl T'ulev
FengemwsE  FHHHEGWL. @&, UL 760 gm&HerCal  auemJhHE
STLLUUL(ReTergl. TP CUMeTCm @ (HE@GD  eLN6TM 6fl&H&HSH TamerT |
LUL&Hev o 6Tem  Qumerfler QeusuCeumi Ljemeflamefledmbas , 2 Migsemmev
6UEM T UI(LOLY ULOIT?

Qsmu@Sg Semn

Figure 7: Draw rays originating from the object and falling on screen
LD 7: Qurgrefledlpb s G meorad] Glsmgudle elepLd eeflsSH&)issemer
6U6DTULIBIFHET
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Q&mIGS5 Semd

Figure 7T: See if by drawing the rays, students able to predict that the image will be vertically and
laterally inverted
LILLD 7T: 6155575606 6160T6)G60T CLOGULD, LIILDLILD GV FIBIE& & MTEH YLD
LIS FBEUITL 19 8VILD HEMEVGBLOTES B)IBSHELD 6T60TLI6ME LOITEOOTEU TS EITITEY
2G5S (LPLY. GBIDESHIT 6T60T.0 LITIBIBISHET

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?

GH2a.  LLID 883  LMBHEIGET.  AHV6TeT,  @6f&EsEEHT  ZPzey
TS SHQHTATEBMHIGET. QUMefley 2 6Tem  LFemdF BImL  LeTerflulmeor
ze0mBEs &HT LmUUGSrma . Qaley LWL BImL LeTerfl @meserms .
LU semsHeveTeT 7/@6v 6TeoreoT QG 6T6dr M) HlemeoT&RMTH6T ? LISend
BIML LeTeflum ©6veugl Ll miml Lemerflwim ? 285 GLIMey, QPQ’ 6T6dT M)
@)6OTQETIT(H HHT 2 6Temgl 6TedT Ml 6T(HN & SIHE\SMTETGEUMLD . LILDLI S6ITE S enl6Ter
Q@)6L BIBIGEIT 6TeoTeT S5T6voTLITE6T?
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QsmiES55 6D

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: QUITaBeTlell(BIBSI CISBITL MBI LD 611 HS) [THEMIET 616MT6)S 60T CLOGVLD, LIF6NE LOMMILD
Lol BImL Lererflsemer Sleonulfle) (DL &earTLD) 6TBIG LTSS ALY UJLD 6T6OTLIE0S,
DTG )L BIFHET

QFMIGSF SN

z Cal
L g P
R - A
Q Cal
\ //

Figure 8T: Ray diagram that can help predict location of various colour points on the screen.
LIL_LD 8T: Slenyuileviear G166y GeY, L1 L6666 261G)5% 2_&6) LD H&GNT 6U60TLIL LD

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

Gs2b. LU semd wmmitd Qummefley @@ LeTeafleersd @emnLGul
QGTLIL| 2_6T6TE 6TedT M)l BlemeoTd: S MTHEMT? FHeVHSIeNTUIT(HBISET.
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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.

bL SeTd WwmmMID QUMTBET SHemsEHaeTeT LaTeflsensE @emnlGul
6R60TMIFHG 6R60TMIMEOT QUITHSHLD 2 6TeMSl . I(NGHHHEHMTLL TS, GILITIHET
HEMTHFH6V 2 66 7 LIDL SHemsHe0 2 66T 7' 2 L 6T QUITBHHSID. 2CHELIM6Y,
QIUITIHET HETHHL 2 6T6T Q LD HEMTHH6L 2 66T Q' 2 L 60T QUMIBHSILD.
OQBsHE SMHESMSL LUFhaQsTETeUS  DMeoTelisHEhesE  6TerSMos

@ HEBEHMS TTLIENS Hlemeotalley Q& TaTEBMRISET. 2 MHMICHITHTRULIGIMENM S
GMIHS FHELILSDGLD, eUTHED&HGET HabBSIMTUTHSHGSD FNl
GBI GHemauLILI(hILD.

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

Gm.2c. LLID 88 UMIGS, AHev Qafluyn LbLSSHer Hensulemnolienl
(orientation) 2_MBIS6ITIT6V &l6MTE:5 LpujLorr?

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.

G8s.2d. QIIM(pertleor 26 HeFwenwllenl  LIbupd

Q& TevoT L. (H &8 CeU6voT(H LD 6T60T (DIT6V eperflufleor LITend  eTeleuTm
@ (HE55HCaIT(HLD? 2 MIGETTEL 3j6VeVEl 2 MmIG6Tler BeooTLIT&H6eT SWMHles
TG SImET CHINTTHEET  6THVTAUS @)6UATMTET  6R60TeNM  LIMTT&HS

(DLL PG 6TeOTLIENS CEFTEH 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”.

LmeooreuisaflLld  LNbusFHer Hengwenolleous GMlsgs Gseatall

B&EBMmIFGET. GUMBeflerr 9885 HemauwlemnllemnLl LIDLILD G860 (H&HS
Geuetor (D eTeoTmmey, 66l UEmETWLICUetoT(hILD  3J6VEVEI  CUEDETHS

LTen&Uley GF6vev Geuetor(hild. @eUeuTm (HGUTEID  [Hl&LD6UTH6LEm6U .
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5T,  “epefl  CBIGHMLIQL  QFVEUSMETeT  ererflemLnumeot
'O FHTIHME UPHIGL eefluiley Smellns arFGgiener CHLITIT
2 GITETS.

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. (Hems W CHmemalluiley eerflulledr LIMenSends GMlSHS S60HSINTWITLY
Qaflbg QameorLLier, @UGUIME LLLD 883 LMBAIGET. Qumimefler eGr
Liererluledpma @uevor(n &SHIdemT LmUUBGWTL QUenNTUBISET . 3606l
OTFIGHHMTHGT  Henpuwlalleeme.  LDMMTSH, e  SMHMIU6TeT
Gl (BGULL UFLUTs @& QFweLRID) eNlWwHeTmer. @b
SHHTE6T 6THIE QF6VaVILD?

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. Qb6 SHILLL UTLienl eT(h&SLCLTQLDETMTE, @bHE HHIH6IT
6TRIGEH QFeuavld ? Hemgwlerr LIDLSH @QbBSHE SHHIH6rfler 6llemeTesser
6T6OTEOTEUTS @) (HEGLD?

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).

LUy Bliol UgHWemBs LmliU®GL Fev &HIHET LS HImL
LGS WL @ BHE (B HFHTEHN6T FHFHEHEGLD. 2,&H60M6V, Liev LNDLIMBIS6T
@eneoThEl,  @MISLIDLSENS  LOMBIFGEVTEHEGLD WoHmih  Gan
Q\6UEDOTEMLOULI TG LD).

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 1?

Gos. oarFlgglemeTwlerr jeme] WsLUQUlsTe: @ mbsmen, LIDbUSSIsE
GTGOTEOTEUMELD  6T60T M HleMETEHHINTSHET ? 2 MIGHEHMLU LIFHE QFUI6L 16V
o MHMIGHTHERLIGIMMIL 6T R&SSILICLITHIMST?

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.

2e1& G glemeTWleT 26me QUFlHTE @@L UL F&H60, QUMbefler eCr
Lemerfluledpma ymliu®Gibh AHs erallevmer &HI&HET QeucuGelm!
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G5 ITevoTMhIG6Tl6L Fl6M6TE: &6 HEMLOU|LD. @)560TTeV, QeueuGalmi @)L _migerflev
LIbUmIsemeT 2 HeUmssH @) mSLINDLSS 6T Qg erflemel GenmE B (HLD.

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

SVHAOTWTHISNEG FnS60Ter GoeTall&E6T: LIDLI 2 (HeUTE: S S35 5 Teor
Gumseor.  LTrHflwenlL/SAssHliear o liuemiuiléy  LilereupLd
G aTall&HEmaH L LIS mISET:

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

Bm6. Qsefleumeorl LNbUSems Qum, QuUMmerfler Gev eperfl 66T HeoTE QLo
BeuetoT(hILD 6T6dT M) [Hl6m60TE: G 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.

Qummpetledmna Umliu®Gwn eeflWllear SallJld  Geomeuns @ IhHST6
Henrguiev WG| OMIFGEVTET LIDULDSTET 2 [HeuM@GWm. @& UMUsm&
HLQ60TLOME @) (HFH&HH . (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 1?

G57. 2a1FIGFHIemaTUIT  aTe] LISBHEGMMEUTsH @ @BSTV , LIDUSHISE
CTEOTETEUMEGLD  6TeT M) BlemeTHRMTGHET ? 2 MISEHLU LIFH6 Q&FUI6D 16V
o MHMIGHTHERLGIMMIL 6T @&SILICLITHIMST?

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.

oarFlGgemaTwiledr eTe WSFAMWSTE  QQUHSGSL LULFSH |
LN &HEHGHOMEUTET 66Tl FHeI6T  HeMPHS OmIGevTer  LIDLGSemNS
o (HUTHGD. Q@QeNHSH &HMOoTLS HQ6TOTEH:  QHHGSWD . [BEOTMMTS
QUMD QUTHEBHS (eVeudl Hvey Gifl QeleaflFaFsdHen sl
@ HHGLCUTS) @&l @(H GMMUITL TS G6VeVTLN6 Qgerflaumer LIDLIGSNS
allemeTallB@&. @QBSS SHHeooTsHHev, 2erF g aemeTwleor  allerflibLgerflev
eerflufleor alleflibLellemememey (sperfl euemeTsHeL) WHAFlWT G 6umLD.
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slemeruilerr oyeme] WISLOGFFMIUISTE @) IHEEGLOMETTeV, GMILILL&58:8
gleTallev  alleflibL] euememsHev @ LILISTL  LIbum  Qserflalleveurinsy
@QBEHEGLD. @Qbs Dblemevwlley alleflibL allemeTe] GM&S! LOMTeooTeU 6T

QEEFHMmEE  GelorqWFevemney ereormmevld , m  sperfluiluiey
GarLlumhsserfler Guev eursefler Qiausmss Fror(helsnE @S
FrluImeT &(HE0OTLOMS: @) (H&ELD.

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.

oarF G giemer ComLImalledr QEFWEUTL(NE Q&ETeTens , CleVETerVE606TE:
Qamesor Casopmasefledmba CaumiLi(hd (nMMmILD eTefl&meoTs)) eTeTLIENS
GMHS BTG @G LILSICTTSTS @IHHEGWD . QeVeTeny s emerTLl
GUImeL @)LV, @HS GCHLIMEHSETIT FlemeT seflenml Hlemgulley
GSAWILGSSILMG6SE @6vene) . @H, SemeTenwld  Fmlw|eTerT
e6flsM QUITIHET (STHGLD/GLN60TH (D) H6oT GLo6L Liev LieTerflaerfléy allwpld
e6fl HLSSULGMSES SHEHMS. 6rerCel, L6 LNDUMBISHET (emel
HbuSSe0mhg S6ollda AMLEHGSHSD ) 2 GETUOSUILD QS
SHERMG. UHVMV, RCT (H LIbUSems L (HLD Q&erfleunss BhigserT
UMTISSRNTHET. 2ar&&glememuileor  jememel H&FSSHmv . Hemgullev
Qb LbULD WAsMEGWD. enwl LDUSmMSE &mml Liev LIDLIMkIG6T
R6TMITGLOEY  QR6E0TMI EONEISTEY  @eUeuTm BLEHMS! @LosyiLD,
oarF G slemeaTWiledr e AHSHHlEs Heaogwleou®Bb  Geusfléapd
APEAHGL. 2AFe @l dwams @ GUISEHDE ). 189D
BTOMTeoT(h&HE& (DeT , @& C&HWIT & LIeVGIM  (Camera  Obscura)
6TEOTMENLOESLILIL L GI. BleMLOUW|LD QUBLOLIMVMeT eeflenils SHILILSTE
@LLemment allememalls&@Gld ) @bsLl QuwWerll QUOHMS. ACSH
GeuemerTwiley, GLIEBLO6TAIL seflenwd GFsFlILILSHGSGD GHeOMBSLL &L
LSSUTL (AL @LIDMMMESSIL 60T Liev LNDLMBIG6T eeormledr GLO6V 660T M)
GAWFQFUIISHSGD, Qevetlely  QUITBSSLILLL  Wm  eperflullwisy
SHmallseafley (GSHIIT SYTFILIT, HleooTGetoTTEHS), 3606V C\STEMEVCHTES
GUITETMED6U) @) (HIHSH60T.
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Task 3: Measuring the height of a very tall object

QFWI6L 3: LIS 2_WIFLoMmesT QUITherfledr 2 wWpHensd emall(h&Hev
Pilot (Ideal scenario)

(W6TGETTLLLD (S5 SBILID GL06V)

Figure 9 below shows the diagram for image formation in a pinhole camera.

oarFlGglemeT Gormalley e DL 2 (HheUMe&HE5SISHSHTeT eUemMTLIL LD
G (LEITET LILLD 96V Q&BT(H&SLILIL (H6Ters.

2 fGFlemen LigeumTSH e

Quimm, it

L 8 60OT 6T0T(T(S Clev stTeTV

Figure 9: Schematic diagram of pinhole camera
LIL_LD 9 : 26T&)5 S1606T G LOTTeN60T F15HfLIL] 616 TLIL 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.

Fenguwiley LNDUSHT 6T (h), LTFSHMETHGD QUTIHEHESESLD 2 616
QEMEM6VE)] (D), LDMHMILD MRS SHIENETEHGD HeOTHEGID 2 6T Q&Temeve] ()
6T60T(D ELNEOT M) {616 &H6M6TT [BhIGH6T 3jemedlL Geuetor(hLD.

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

D, | WwHoIDd ry s5HBaIcsTETL NG, e &meSidHasertler
219 L1Lem L Wil6L QUIMBerledr 2w He HraldseT 85600T(H LI &&6VTLD.

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 oarGgemeruiey  6CT (nemeTemlss Q&meor @ Jeoor(h)
(LP&HCHMOTRIEHEN6T  6T(hNSHBHIO&HMETEBMRIGH6T . e  IQQITHS
(LNECSHTEOOTRIGET 6TeOTLIGHMTEY, hD/2 = MH/2. @6em& LMMMILIENLNGSSHTV HLOSE
FemL_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 HHETSHV GSHTHMS DO, S0 CHIWGWITS HhigeT
LIWeTU(HSHSHEVITLD. 60TV, @SS T eTelalmm HlaallILHSHIMS! 6T60TLIENS
HOHMIGHOEHTETET  QUOAITEHS  (NEHCHMEoTHIGETl6T  LI6ToTL&6m6T  [Hkig6T
Q&5HHSICSMETETEITLD.
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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 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.

GUMHEaMUILIL L. @OV SHHSHUIL FHeooTCeoNTL L HFHV eObHSHE. @)
BHENL (PN GHloewdE& FHlWms  QUTIHSTN CUTsemD . GG
QEMRGHILLL  Q&meorgalley  (derivation), GQUTIHETl6dr 2 WTHHIEHGS
LUTSHWI6L 2655 HI6m6m HeMBHHLILISTES 6T(H&SIQ8MeTarLILIL (H6Teng .
Gad, QUITIHET HeMEHIIHEG @eM6oTLTE:  FHenT @ IBLILSTEHELD
(O SSIQETETETLILIL (h6Temgl. LV @Glpeudserfley,  eT(h&SHISETL LTS
Sengwley mleorm Q&Meoor(h) @@h &L L LGS HRIGeT LUMTISHGLEUTS |
BLLEHLL  QUIGETET  SIGSFNHEEES AGHV  aFIggeneT
OWDHHHEGLD. QBSHF FULWSEH, Q&Meorie] FMHMI WDTMILIHILD
6TEOTMITEVILD, QY GQITHS (LNE>GB5T600T Ml S 61T 60T L1600T L] S>60)6ITL]
LweTUMSHUD QUTHET SHeMESIHEGE Gem6eorlns: Hend @ meHmS!
eTeor Ml CaHMImTWMILMSHE Q&MeTeUS6eT eLneuNLD, GLMQST(HEELILL L
QBTLI60L Q&T00TJeVITLD /Q8Me0or(h GUTEVITID. 81D GUEGLIL]| LOM600TEUTE6T
QIGQEIMESE (NGBS MeooTmIS6IM60r LI6toTL|&HemeL] LIl &S (HEESLOML_LTTSH6T
TOTLISTEY, @QbS G&meoorfenel SalJHHLEVTD . eoTTey, QH&HSH
&H([HSHS6TeL LFlFFWLD QUMMIGTET 2 W eUGLIL] LomeoorelJ&erflLLD @)ens
6T(HSHSIF GIF6VEVEVITLD.

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 A using the scale marked on the
screen.

QFWLLI(HILD (QLOUIWIITET G5L06V) TS SHIESHTL_ (D)

QUEUME,  QBSEF  GSHIHMS REB QWWTET  @L6dle
LIWeTU(RSSLICUTRICMTLD. STTSH 60 [(HEHELD HLULL LD |6V6vg! LFLD GLIMesTm
QUMBetledr (BedT@ ep6rfl QUMID ) LNDUSME 2 MmiGeTler 2e1F 5 giemerT
Gapmalley eNPFQFUILMISGET. D& I6ememel BITLT LweTUMSHUD , /83
2 eTGLMWIaN6TeT  oi6meCHMemeT MeUSSEID ,  WwHMID  ~3  Heguwlley
GSMIHELILLIQ[HEHEGLD 6T6THM6T 606USHSID eTell(HHIGHET.

Obtain clear inverted image for multiple values of D. Tabulate your reading of D, /and h below:
D& LIV 3(6MeY56EH5E GG eaflelmer Sameu&Bd LNbLGemsL GILIBBISET. D, /
LOMHMILD A MH& BBIFGET QUMM {66 HEM6T L alemeorilel LS e (hhkigseT:
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D(cm) /(cm) h(cm) H = hD/I(cm)
D (Q&.L5) 1 (Q&.L5) h(@Q&.LY) H = hD/l (Q&.L5)

Average height of the object, (Mean) H=

Qumerflesr Fymafl 2 WTLD, (BlFev) 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. CauCmaild aublpenm&Eemerll LIWeTLR&SH Qummerfler 2 uwpsens
LGHLTH QEFww (W WLDT ? 2erFGgiemen CHLTmalled QUMM  ermeyL_6oT
3| 5H6m60T RLILIN(HMBIGET.

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.

S ETrLiL,jeunmer Sressailedmba evevd LIm  auldlpenmaesenarTLl
LWeTUGSHUID (BTG, SLLLEFHT  Q6UQeUT[H HeTsHSHeor
o LTSS Q5flHgE G&meor(h &emmigerfledr  6TevoTenol1860085U]L60T
MG QUMHEGHSH ) Gum@mefledr 2 wrsemnsd WLHLLTH Qi
AAFWTHET WPWUMHFEHS Ceustr(hld. 2erFGgiemeT Gonpmaley QUMM
Il6Te 6T @LILNHeUsMHE ©)6M5 GI&FUIUL|MISET.

Discuss

FHVBSINTWITH BISET

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?

Gm:2. Hevpwley UWbud  Quflsmess QsfluGsieor(hh  ereTmITey,
OTF G SlemeTenUL]  QUMTHEBHEG AMHRL G &Meor(h Q&F6veVEa6voT(HLOT
3I6VEVGI STTLOMEH C&T600T(h Q&FELEVEEUETOT(HLOIT?

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

35.3. @efleaAWD 5HEOGE LHeVTsH, e6flLEGSH QW LNeTmevg.s Sl enL Ll
LIedTL(H S5 HlemTenll emLnggmev LILDLIG S5 6T60T60TeUM@GHLD?
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Suggested Readings
amR&s LflbsienrssLiLbLemel

A brief history and principle of pinhole camera:
O6TF & S16m)6T CBLOTMENI6IT S+(HEEHLDITET eUTeVITMI LDMMILD G&HTLLIT(H):

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

A website dedicated to pinhole camera’s (History, principles, technical detail, etc):
6T 555160067 CHLOTMTESHEHEQ 0T N FLILIE0I1ESLILL L @)6m600TULGS6TLD
Uy, GamLUMb &6, Qe mOleLEIL LI eleUHhIgs6T, GLITET memal):

http://www.pinhole.cz/

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

oarFlGgiemeT Comlogmaller  ellifleurmeor  eupeLTmI LOMMID  iFHe6oT
SLLenLIL @M@ Q&BTH&HSLILIL(H6ITET6oT:
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.

IFemerr  eefllILILBIGHemeT 6T(hLILSME 26THHSHIm6T CHLOTTESHET
LWeTUMSSLILMHS60TME0T. 2017 6V, 1Q.6T6N.6T6V.3LT CHLDTTHSEHEE
DT\ & SI60)6T Q6VEITENUTEET (R(H HIEMETEMUISEH QSTeooTL. @)6m6vorLL],
GOGID  &HEUOT6O0TITIY. @ 6VEVIMNE )  SMIWSHD  QEFWlILLL g,
(https://www.digitaltrends.com/photography/pinhole-pro-kickstarter/ and

https://thingyfy.com/story-lens/)
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