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8.2. giafede shevr

Pinhole camera

ATerdT
Overview

A3 USRI el Jffess aRumH ST Gftss HHRT iaees Aot Al fGosel] 3. AT JLIIT TeHTHe,
ferenfer / faeneli goariien Hrel 9es Suae ces A arae o HART aaciie. Jfafos HART A=
ATE U BT IR SIS A, AT < A1 BelTes 30T TR BIvica! sffrRed | 7 ardRar bH=ard Hfes T
31 fard, adles AHS oo,

School 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.

GeaKiie e gfafes cH=umfawi qaie STl srgd e P, & S0 HUARITS] i BR1. Td] Y38 GRS
TR Y TAYHTI T2 fareimsa 2rehell.

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:

- g Bl Gl HART IT9AT fohdT IR e 318 &1 fdhdl RITaE s JRABIHE drees 3118 Bl 7?
Have you ever made or seen a pinhole camera or read about it in textbooks?

- ghafs HH=ATd Tl e fdhar sARG N Ui UTfg el 31Te o117 T TR Juie &va 3T Bl ?
Have you seen an image of a tree or a building in a pinhole camera? Can you describe the image?

- ghafs SA=RE, g faeTrear RTRTesd 0T §Tex, gl AT fHSUaTATS! BHIvNi STHRU qTaRes!
SIS ? T SYHRVIT S DIUT 3ATeel ?

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?

+ JFETE 3T T B 81 HART gl YTt ered] I (STs féhar SHR) TR AISTOATHTS] |IEH F[ aTRal
AgA?

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

IS AISH] IR ATHR AISTUYTATS! G Gads HHRT aTqa AT Pl ?
Can you use pinhole camera to measure size of any large objects?

G B R CER BTG . Y TSHTAT UBR
Minimum time required & Type of learning unit
40 faferd v a3 AT ST HETTAR
Three sessions of 40 mins each Classroom and field
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I TchT! UROTT

Motivation for the Learning Unit

GlAfSs HHT B Teb YT ATE ATe. I gTa1des] QY 3R TGN TR DTe! AT HewdT<l UIeH JUTT AT,
T IR Aehoq T WE BT AN, I1 FegI aehme, e/ fenef frmarer sifiiRed awg=n
TR 7 HRAT U GATSG DA TR D<A, SATGIR T A A5 05 AT GRAR 3Tl a8 el bH=ATIRI 7R
fdrart T STPIR HISICI \’-45(0').

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.

I FeHER A el 3Med : 1) SSNSTHR s HHART TAR HROT AT AT THBIRI, HISAT G WY Jir
AT BIoigde R0 BRI Y M 9 JhR Seel fawd, SHI-S@c! oSl UvdRiles ITHARE! T
3MSdI-IAC! FBUTS! RIS IHARE!, & faermei=il 2Meroy srufard 3ifg; 2) dell 1 7ed ATyt QRIegiaaT afcr
Socl &1 fAad, aaed TWEIHR0T 07 3T 3) SARGET fdhar Hiurre! disaT a%ga MHR (I, Sidl, a1 3.)
HAISTUTTS! Gaftss BHRT aTaRo.

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.

T geahrl s

Unit-specific objectives
. Rl HART 99991 T T BRI ATOT GTIR FHSA BT

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

o ISTD FfhaT ST TRl aa0T, TETHR0T ST AT AT I TUII, ATTE S FRrehor

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

- ghafss SH= 9T P2l TAR B, MM ATER TSR] FRAUTGET<] TTT AG oD FHIIAR B
RO 819, 3Tddl, & FHSA Bo1
To understand the optics of image formation in a pinhole camera, and (possibly arrive at) its implications on
our theoretical understanding of the nature of light

* QNN AT STDIN HISTUIT = R
To learn a technique of measuring the size of a distant object

3rTeshATRft gar
Links to curriculum
Class 6 Science Class 8 Science
Chapter 8: Chapter 13:
Light, Shadows and Reflections (Nov 2022) Light (Nov 2022)
GESINN
Table T1
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Introduction

Gafos HHRI 2 T AXe3 A1EH A2, I Uh] 3T BT [SETgT TSl Sravii=dl Slbrell AbRIGe] [SaTdT ThMl
3TRUR SIS f&esT ST, AT FESTARIT BTl SRTaR Yeb HUTE YT AT AT TSaT S Jr! T TSETIR HHITIAR ST3 el
LT YT UTE 3Tehel]. SR TSaT UIie d JLURG3ID 3RIe3, TR TSeTT S Ive! droj-11 a¥dl HfHT qTea Acl. 3Tl 1 UgT.
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.

AR (Tt argvaTdT) SR JuR (Tsa)

Eye piece (to view the image) Trace paper (screen)

T e Glafes (aequrg Tl dH=ard BRI
Pinhole
(to allow light from the object)

IMFeh 1 GlIfesg HH=TE1 =741, S ATIUIAISTE WIe F Y qravdr Il

Figure 1 Schematic of pinhole camera that can act as a measuring device

T I TSI ATV Teb FATe HHRT TAR HIUIR TSI JTIOT T HTITATS] e T TR DROTR M1, T Peil
GRATSETgR alcr H2i a4, Tadle JRTaT TS,

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.

@ Materials

PHTd] AT DTS BTG, T () YR fhar sruRazd ulfeseliear asl, Bdls Arsug] fhdl e $Ie,
BT, AISTIE!, T, e ug], SRR eRTd aTuRes! SIToTRT SegHi-iarr a=i.

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

s T 1: ARz S v

Task 1: Making a pinhole camera

Yl TWIMAR IOV PRI BT TR BIOMR 3N, DA
FIAUIATATS] Y AT a1 faosed 3fred.

This stage is one of making, and the task is to come up with a

working pinhole camera. Instructions for making are given below.

i, D] T B CbI‘ICQILH‘{i"I Udh d‘llﬂdlﬂ')dl ngGI

T ST Al g TSI IR Uh s Tdahis

41, T TRDISATAT l'lebCLigl Frar fhar IR ‘\lélobl

U] TRbISATIl ATHR &P Eler. TdbiSATal AR

HTETROTIN 3 e, IO et 26 4. 3RIes, AT sl B, i 12 () w, d
Figure 2(a) Rolling chart paper
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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. Th e diameter should be approximately 3 cm and length 25 cm.

3MGeHt 2 (F) PTS BRIRTIRGT TAR Poscs ToDIS
Figure 2(b) Chart paper as pipe

T T dhieaTdl Bidl A ATH T I8 Ba ABT. TP ISATal AT ST ST fHasTeses! T 31 T 3 (1S

PIIETVEST FIATHERTT ATIRAT SR {2y H1Te fban Segfifiam w2l Yerevarrd! drer fhdl JgoaTd of Todis

TR, 3721 e faosodl T@ebis! gre! ATATST dTd=a AT,

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).

TBPHISATT ST CIPBIAR JHTRG2AD HIIG [hdl TR R Ao UG d I SITP1. B BIIS TSR BT
BN, I TBHISATST R Twdhts (Image Tube - IT) UL, IT TSETAR AT 3 H& IRITSTIHTY T 5 .
CNNEN GUIT PRI, USETAR IR Aleh Al T SR ATSTUATRATST AT gull SERINIR SR

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.

JP<A 3 FIHT STBIR AISTUITAIS] TSR o5 GUTT

Figure 3 Markings on screen for measuring image size

BIS BRIGHT AV U JbS] TS AT GO Udh TGhIS q1d1. T U8l Bl G TBHIS el Todh SATIel
SN B, TR AT BRI 1fa® 3Rie Sividhe Uit Tadhis ST TadiedMe] Feol TRaadl 6. A,
AT TBBHISAT] U1 BT PI@T BTS BTG fhal AgAfiaml w2l STg o 98 1 (IrAr] A Mfama! il
e ST gl SfOT AT HEGHRI Sraviie Ueh g ST, IT TowahlSATeT 3vl e Twahis (Pinhole Tube -
PT) TEU[.

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).
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PIEIE A
Pinhole Tube

e |

BIEIEERCEIR

Image Tube

T ey e
| &=

IMFeAt 4 Glafesg Fwdbie (PT) ST GfcrT Fabis (IT)
Figure 4 Image Tube (IT) and Picture Tube (PT)

iv. 37T, IferAT T@dis (IT) Gfes Tadiedrd (PT) 131 i+ AxEaT (3! 5 HEd SRIGITIHTI ) &l T T ST

T3] S GRITSSTST fIdbce (3l 1 98T). 91 Grafos Tadieard! Sidl §ud, J9 UM Fadiedrdr ‘0 3Rt
U BRI AT, AR THhis TR HIQT 0T ITT Sid HRER Tie=aT JT Geb Ue! frdbedt (Ml 4 Mo 5 7edy
SIRIGITYHTON). O’ &1 U7 [ A BTG USIdR 5 ). SARTIR FGOIT BT, IS JTIATH] ferel HISTIg! B[
qIIR BT IS [SUG AT, el BIUIS BRIGT AISTIS [T J&T aTIR B ADBd1] (3Pl 9 UBT). IT Alegrar
TR e AT | FE0To! TeaT 0T Grafs Jieamdies 3R Aot IS,
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]. (Also refer figure 9). This scale will be used to measure |, i.e., the distance between
the screen and pinhole.

s HART ATAT ITIRTATS] TAR STeses 3778 |
Now the pinhole camera is ready to use!

P

Tt 5 B v

Figure 5 Assembling the camera

v. TR ITETaTarS, hH=uTeT YRAfSaTd Sld aRbs BRI (TRAR TR TS PRI 3/, 8 U8T) 37 gear 9
Jfafss aieardis Jidv Je-AR S TeeTa’ avdl o8 Ui fiwar. st 6(3r) wedl gt wrar fagm Rieror
FeTe AR s SREA Mgl 6(F) 7ed gAR GrafaTdT Aot i fawd oz,

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).
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T

IRt 6(31) &I U7 fargrT e de

Figure 6(a) Homi Bhabha Center for Science Education

IMPeA 6(F) Glforg HHITT avqa] IHCHS ] HIaAT

Figure 6(b) Image in pinhole camera

2 1. AR T ST Ui DI gees & 38 ? A1 g e quie 31T ArHfies SRl el iy 2Aehles Bl ?
Q1. What has changed from the object to the image? Can you describe the changes and think of reasons?

W2 2. UfAT PRI 98 3 ?
Q 2. What happens to the image?
. gt g vear gieandles Sidr a9d g JR! UL JATURET §R TSI TR B Blges ? 3N AN R arfgesest
gferET, TR 3R ST dTaeid JraTal Tiewd o1 favres, Are Jos 1 Hel.

if 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.

feremeaiard! 81 Us Mud Sumhd e, Tsal d YRufts 3iaR F9H o4, faeneil avqurg gR I Sraam=1, i
JATHR HHI BIdl ANV G2 &3 aTed. [aenedi=l a1 qeaidl gal 9 BN, 23 &3] o1 Ul DR HT
Jaoidl % SJ)“E':\I AT AT QUITAT HIT h<a Ahdl.

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.




Exploring science and mathematics

i. SR gl giafos il qeaT IFNiles 3R arede; ok B 8Is a3 ?

if you increase the distance between the pinhole and the screen?

AR TS (IT) BTG © 3R areddr Ad. ST 8 3fcR ared, aaa™ JirHT d1S 8Id S, faemeaf+ does &
Fteror R T gl 3 A HUARITS ST BIS .

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.

iil. TR IR TERYVT TGS AT [hdl SR el HHI YR ATE IF3T GHAT TIPS UT(ees, TR I Blses ?
if the illumination (brightness) of the object changes, or you look towards another object with lower illumination?

& FIIeTor 'HierH T fERuaTRTe v SrebT2ITel 31701 SO 3iTe @ farenea =T HeroTo) Hewdrel 3ffe. aRear B4l TPl TSehod]
A, TR AT BT I T fSHUIR A1ET,

This observation is very important for students to understand that illumination of the 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.

T2 3. SR AT 55 15[ G5BT 3RIe [hal AIS 3T ok BT 815, < AN, UfReial, QrafSsTeal MeRId 986 hodr™
I B4 98 BIkTe3, I 3IGTST BT [Qahdl g aTa<ad fdemeat=ar diTdTe Tei= gfafts da=amed famom=n ukrHi=
= AT BRI (BRI AT HHI] AT dHaTTesdT AR 3 eiies ) .

Q 3. Now explore what happens if pinhole size is smaller and larger respectively. First, make some guesses 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)].

elt 2: Tpelt 1 wed ufasr fAfdR Faft s, 8§ T FHom=aT ufasurht
| ST ol
Task 2: Constructing a model to explain the image formation in task 1
Y IMIST €31 Foell 1 7] TR (A B2l BNl & T BRI WIS 3Thell BTG, BT 3718,

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

G T4l 9w Haredrd Ried e fdeses g w3 fraed uirn Mffides adar godrd &% Abdrd. I1 J3io
faremeaivel yerRar TaRauaad ST Bral TR HhedHT Boloied] Ied, T SUS @IS Hed 8% Ahd. a3
Gris SHIT TbTRIHT Td D] TbIX AHSH SIS Had 81 bl

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.
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T 1. STe8T 3T SIoodiil STY0T URITe] I UTeil <Ieg] BT B, A JreTes dared ? 3 17
37) NI STDIHYT YhT3T (T Al aRIaR ST TSl ?

feparr

) IUIG FTeTes sl TebT3T ST Slosd e drerad| ?

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

A) Light goes from our eyes and hits the object?
OR
B) Light from the object reaches our eyes?

T2 2. JreTos] Gl ST of S T8 TR axIGUd! DIV TR YR 3178 2

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

UITBTRIS G T, FABIFRID, AT deasii=l JATVT ATHAT a1 YT STRTAIS! TRl 372 STaudran gae
$AT. YIII 37) BT 'TbRITel Seqoi gid' (Emission / Extramission theory) ¥ @@ ST 3 AT 3ich
RATAEI 3T IR Ho3l. STl Hleold g S2AML Fered 2A&TOrD TG 3 03 318 Bl A
R ferermeat=ar 71 STS[e] e Hed 3MTe. ITIT Sl Hed TehT3T 319 372l Udh FdATHIRI FHGId 3178 31107 AT
G 81 a1 FH1T Siesel] e,

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.

AT ) BT Tbrren 3fcadur Rigia” (intromission theory) UL JAT@EST STTAT AT TebT3ITeAT HIAHD AR
I ST T &g Arehd ATE!, AT RIATS Al AT ST AT ATE.

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.

T I RIS 84 DI Q] NGITTS! AR [hR0T 3HeT BTG U, Abld. HIH AT S le! SHeAiHe, fhvori=an
fezn g Srdiss. WU, Rl g i M WEeRr qa1 Isa3, B agiRAch aiGdd! U figid
QUITO] AT RUITATST SR S e ATel.

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.

GlITos HHRT BT TBRITET SHS G ATBRUITAIS! SUIR SRl SiegT vl Gl HH=ITe] T ST 31T
qTEd] I USaT IRl [GHdl, URq TodhiSarell il 915] YU Tea 3. T NGIATIAR, 3Ucl Sl
THTI qTeR e 3R, TR T aTex<dl HRINaad Udhh3l Sdadls ST 8al. SO 3R &l vl Jlafos
ST o3 IR TSETER BIVRITE! HHT IUIR 181, & FRievels Scroi Rigidrear iR oz,

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.

3TTe AN TT STATATA AT I SAT3 o] TS FUTSl ThT3T STea] [RUR JTqdiidh Sesed] AT YTl SR, cTeal ol 6Re X
ST FEU[A FebTITe A1 SRIGUIATATS! “fhR0r qTURTe. fem=red UTsaywiehTd fhrol SThedn gl uieed sieciierd.

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.
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SR IRAT ST AT HIfgcl faS S STTs! axY, Tl BT § Helld Sl Ha<dTal 31T Bl STegT A1 Fa 5 UhaH
A, BT UhT3T WX YA T HRAl. BRI IehIHa- QI RUTHEIT UBTIAT e 3hal. Ufge! R, el
HIeHTT 3TdcibId BRb Idl T JIEGAT T 9SS i, SaTexue, Uhrl oS S TRH §IBS ST, T

SB[ TS FOIS (e, ORI R ISl STegl ThTl TETel feedMmy fdhar qRie fHvags Sl deal
TR e Bid. S&1. SrsiedT A1 fauIR GAuHRI faad.

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).

2 1. Pl 1 9 Fareselt wfomr [T @i s, € SRaau) fRR0T et wrevar WIS HRedT. Ml 7wl
SRIGATIHTY, fhRUT TP BT GR[=AT aRT ClebTg (-edl ATOT ol AR XN P AT RATSERT gsarasie T' faguril fed!.
T AT fhRo1 TPT' YHTOY, a2 <= oot fAgur_E feeses fpror gl dig FTehTes 1?2

Q 1. 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?

3IY yad
Vertical Plane

TSRS

A SSSAVANSSSNEN NN IRRET >

faN AN aN
3"37_?‘17 AU T I8l el 37707 TG ENAN G eses (B0 BIQT
Figure 7 Draw rays originating from the object and falling on screen

10
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Y IS

Vertical Plane

SN T1 377gcll 7 7 BRI RGNS, [AETil 871 3QTST e31q ATt @b FicrT S41-Sesc] Sy TS el-SoscT 3171,

Figure T1 By drawing the rays in figure 7, students may be able to predict that the image will be
vertically and laterally inverted.

T3+ 237, ATl 8 UET. ?JT\’S%EFﬁFﬁTVSZPZ'gTﬁT@TQ%T T fohrm sl fexegT et 7 féigwiﬂ oS3 318, T STl
BRI TMRAT Q 81 fdg e, UiedT YR 2' [iguri JeTel JElaia! $1g e ? Us el fdg & ge $ver f4g.
TIYHTO QPQ' BT bR 0T faRTe BT, 317l UierdT Yderer Q' fagurh &1 fadies ?

Q 2a. 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?

% Y IS

Qbﬁl% Vertical Plane %
| - I

JPA 8 GRUIGT [TEITCI0s [bR0T PIGT SO GSENSY (FfcHT Feies) fvaTl g (3gpidios Z fdg)
3101 YT fig (sepclidics Q [4]) @IS fawdies, Irar 3iaTor &7
Figure 8 By drawing rays originating from the object, predict where green and brown points would be observed
on the screen (image plane).

11
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IV ITS

th;%% Vertical Plane
P|an

el T2 [0 31l St HITATIASTAR] e [Afaer 377 4G 2T RITT=IT SQTST 3 Tavars Had Bea Iabe.
Figure T2 Ray diagram that can help predict location of various colour points on the screen.

T2 24, I AT AT TS eTaRies Ui i< [SgHed Hret Hde 3iTe H17? i Bl

Q 2b. Do you think there is a relation between the points on the object and the image plane? Discuss.

R TITe STTOT Ul Hefes AT g Hed Ut -Ueb RIci] 319l IaTexvNe, 93] UdesTiies Z 81 fag ufedT Iaariies
7' 5N & 3ime. rEvE, O IS Q B f4g uiim yaeTiie Q' gl |eftid ame. e =1 &1 81 dous
feremeafar gesIIeT dac! |l TRie. Jiea PRI ar SRS 1 ThHHb R g€ SRS AT ATST d@ SAIe.
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.

T2 2. 3Tl 8 UBT. Jral Uligosed Ui fazm 3l iR simed! sRies, & WE &1?

Q 2c. Referring to figure 8, can you explain the orientation of the image observed?

TR 28, I fERNQe o™ 3fe, a9 ez uikhrd 8d e Udb TRl A1 H31 ATl BRI ? gl fdhar g
AT SIS BITATE] YT GleTs dH=AT 319 YTBTIST (HTe3 P, o Tl

Q 2d. What should 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.

g faam (feanfvear) ®=it e, Jrees faermeaiar v e, aeguHmra giim ez sRvaTard garid
TH I BT 8 [l T T8 AT BT, 3R BT fr=g A AATEN. 31201 TbIR, Yrfwe BHRT & S_ Teb HebTIIch]
A T2 o "HehTa1 VX YT YT Sl Irar A gR1ET <al.

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 traveling in straight path”
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T2 3. RIS TR Siesed] TaAeg TbTRITed] AT JreTal Hedl 3T 31T, ST Tl 8 HEAl T HIVATE]
VT fagurg fFremeses 3/ &1 fhRvT BreT, o YRfoaTen STSErS[e! JSHRTaR (S GSHFT JdRT JSTUARITS! ariRe]
ST TSciTes, URg TSI SIT0R ATEH. 3131 o & fhR0T S Tl ?

Q 3. 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?

T2 4. SR GIAfSaTeaT STSErSdl Th1l S AUIRT JSHI BTG ST R & (BRI S SNl ? AT I3 [HRudl TSeaxics
AR BT qRUTH BlSe 2

Q 4. 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?

PRSAT (STSTAT WSTeAT) W Ies Dlel bRl f&ved (Sreren uriedn) fgurg afesed fhrumizh Sosiies. s
THHDBIER b AT GebHeh 1 TG ST UITIT ATeh Tl TAR BIcies, IR PIVRITET Sedeb HITHT IR BIVIR TSI,

Some rays from the brown part will coincide with rays coming from green points. Hence multiple images will overlap,
effectively producing no image at all.

T2 5. SR GlaTos ATHRT TU HIS 3R TR TR BT 9803 BRI, A TFaTS] dTed ? Bl 1 Hed Gl hoyed [HRTeforait
TAd TR G TS P17

Q 5. 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?

SR Grafeg AIS 3R, TR UhTd [gurg AIc] A S Uguns fhRol deeired] I GrafSs™eg AT gd31
HRciTes JATOT TSEER I TdTeodT fSDBTON U1 TR DHclles, e Tl HHl W f&her. diTeodT AL, JTTTH]
TfcrT FE IR el

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.

IS 315 BTt w2: uferd1 it a¥ies gferauTaR/dfragumeR el geean Seeiel S &l

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

T2 6. T WE HSTIMTS], aRaR QU 1R TS5 a3l 31T, 314 JFeTa] d dred ?
Q 6. To get a clear image, why do you think object should be well-illuminated?

PHIRUT SRIURT AT T HHI eI HTRIFos TSEITAR AT R TR TR Bl5e3. 3RM HITH U8RI B0 10T SIS, bl

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.

T2 7. SR Qo SMHRT G4 G J¥e O T BRI-BRI 9863 B, 3 JreTal dred ? $dl 1 74ies gl boyed
FAReguTi=N o SR GRATd 3iTe H172

Q 7. 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?
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s Gud S 3R TR, BIRE HHI ThTR1 3T Us . T AT GAR TRTHT TIR 81563, Sl U180 HoIvl Bl 6. TER
BT UScsedl aRLATS] (e TR AYBTRIT ) Ares HATET YR 18! 3101 gl uferd a1fdre e fadies. 1 TR,
Rierer GRafeaTn weiar YHrRIE fAadd= (BRI arhon) Bid, AT I B ADN. SR Grafds i IRIS RIS
TR, SN fagci-rean THTares T B4l W faie. I SoaraR faeneai=r fdac &) Aaed ATe d ST TRl T
T, ThIRITT SoR MAPRITES (eI He S (-0 HRUITATST A el Bl I .

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,
teacher 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.

I 2 WY PRI IUYEHI NG Bl Graftss HH=AT BRI R BH=aidel 9o (AT 6 3112, [ fuvid, gffos
HHIT TSI AT TBIRT TSR hisidl bl ST el fSaTHIe Sfesed RSN Uariige (UUR/higes) S
[IgeR TSer3l TebTaT HRATRE BIT AITET AT TS eTeR ok 3wy Ul TR 81 A8 1. FU[H, 31901 Bk Udhd W8 HicrT
TG TThAT (TR TS dT@ sl ATHRTIAR TSETRI YRERT dTed, Sf 31feidh JehT31 311 RR AT SRId ). 19T
3APTYAT, TTAT HHRT ATSHYRT (Camera Obscura) FEUIT 3R, BIRVT AT SABID FebTa1 IRG (ST BIBIRIT P )
AT FIdd 3RId. SR THRIGR IUSIVIHE (ST BT GRAST (Camera Lucida), JeAa2iT fdhar gfaor) srferaiie
TRTaT TMesT HROITATST f¥RT AR 3Mmfor ufcria S+t urfads fAReImae (Jateral displacement) BIS e 13T Ui SRR,
ThH T ATIOTT TfTAT UehT {10t higd hodr ST .

Here, it might also be useful to reflect that the operational principle of the pinhole camera is different from (and simpler than)
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 19th 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.

) e 3: qu et Get o

Task 3: Measuring the height of a very tall object

ARTG3I® (NS 32)

Pilot (Ideal scenario)

3T 9 wed s b= T (MR @2 814, § IrRades e,

Figure 9 below shows the diagram for image formation in a pinhole camera.
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Figure 9 Schematic diagram of pinhole camera
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JFeTes <1 RTR1 AT BRIGATE 3178 ; 93, AT YRfes Aieamilie 3R (D), Tsal Afor giafes Jieamiie 3R (£), T
gSEaRte afrEl 91 (h).

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.

THaT JBTAT D, AN 7 & ATEIT 31103, TR Y&Ies a1t fIaRTa 89 ¥l 9901 “H dledl Ad. 3t 9 Fefies a1 FBrapror
fremRTe =1, S RRIfdg gRafeamdri sned. & |-l feIv Yoy 3RaedT™,H/D = h/¢ %9 H = hD/{

Once you know D, ¢, and h you can find the height of the object H based on the following considerations. Consider the two
triangles in figure 9 with shared vertex at the pinhole. Since they are similar triangles, H/D = h/{. Rearranging we get H = hD/¢

I G g 7 BT YT AT ATIRAT Adl. T & G B [AT1e3, 8 Rrepvarard Geet Ut epTori Jorers uTg 2repl.

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.

SATPeI 9 HE Qe AT (AT SRITRH | 3MTS . IBIRTC STUCATAT 3T T AR (R Foserd, 31 T8, aXies Rigaae,
GrfaTgR RfTTmiaR ster avcean SHredn HeTeR (R e eI R es 318, T, TSEl 8 9% T3] FHIR
AT T[EId GRe3 3MTE. ISTBRUNY STeg] Jre SITaR SRIT 5ol SHRI DS T8I AT, gl Grafos Siaaside
IR TTITSTI 1. 13T R, FAG T TSt a1 31 3], ARIE], FHaY FepToriea Jorerf=r arR &< a7for
TR IIBTH] TS AR IRISAT T I AT d¥les a8 Rig HRaT Adl. ST 8 I Ty e rori=gn qorerfan
SR STIBT THRT 81 FIGT TISAT A Abel. U 81 Hebeq T ST (AT AR IATS 37 aR=T A es
faeneaiaxiaR & =i 81s; Adhd.

The above scenario (figure 9) is an ideal one which may not be exactly the same in a practical situation. In the above
derivation, the horizontal axis through 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.

SESLUSEIR U

Working example

3T, 3T T FHIBROTET TR Seifa S T Bl o UTg. Il aTdaal Jfes BT =1 Aol <1 awja” gy
Y131 31, ST TETS! SART fhdT 3ime, Qrl uferdT fesdr. AISgiar araR dad D’ 8 SidR AIST. d9d JMaed] Tohi<dTay
ST YSI- ¢ IS TN TSETAR Posed] Goliawad h A

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 £ using the scale on the inner tube, and
h using the scale marked on the screen.

PITTeAT D TS 8 e fAresdr. Widtes daedrd D, h 31T ¢ =it |19 Figdr.

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

D (&) | L) h (@41.) | H =hD/{ (341.)
D (cm) { (cm) h (cm) H=hD/{ (cm)
T 1
Table 1
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TR 1. JRTAT MU BI0AT UGl ggal ST AT J5e5 2 T Ugai MAadTeres IR AT FRftrs HHATET IR Ha]
M@Tcses STR ITeaTd g3l Bl

Q 1. Can you estimate the height of the object by any other methods? Compare it with the answer you obtained using pinhole
camera?

GlIfos HHATGH MBTres STR TSdle EUIrTS! RIeTdhio $aR Ugdidl (S, e Aoiedrd] Sl A8l Head
ATFOT FSTeeaT HR U) febdT 31ferepet I TaRE aveleal ST SiaTSl HUgT=T YT HRl.
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.

] Rl

Discuss

T2 2. SR TSR AIS] Uil 841 3w, IR (YRafds Sl gsemiies 3R 1 daadl) JRTal s aegedl Sae 0T
BN B IR R T SN ?

Q 2. 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?

U3 3. SR IS e URE3Ih BIHTGTUTS TRS3 P WIRed draRe’ a) UiHd BT 98 Bl ?
Q 3. What will happen to the image if you make the screen using a transparent plastic sheet instead of translucent sheet?

o EIREEIERIRIR
= Suggested Readings

A brief history and principle of pinhole camera: http://www.alternativephotography.com/pinhole-history/

o A website dedicated to pinhole cameras (History, principles, technical detail, etc): http://www.pinhole.cz/

o A detailed history of pinhole cameras and their construction is available at: https://jongrepstad.com/pinhole-
photography/pinhole-photography-history-images-cameras-formulas/

o Pinhole cameras have been used for taking actual photographic pictures. In 2017, pinhole lens (an attachment
with a hole, and no glass) was launched for DSLR cameras. (https://www.digitaltrends.com/photography/

pinhole-pro-kickstarter/ and https://thingyfy.com/story-lens/)photography/pinhole-pro-kickstarter/ and
https://thingyfy.com/story-lens/)
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