Vigyan Pratibha Learning Unit Pinhole camera

LU 8.2 Pinhole camera

gfafos Has
Overview

M

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.

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:

3oy TSR] Grafs TR ST YiAfSs HART Faees S Al fesesl ST, a1 3egd
aehHMe, faefer / faemli eardian ore! 9as Suae oo e aued Jffes HHRl aTddie.
GRAfss AT ATIATE FIEF RUH ] dIIRST SIS B!, AT d 2N Bdied M1 fRTHIRE SIvie!
SAfIReRT AT = aTIRaTE] hA=IT UferdT BT {4, gadles HAY Hele.

oAl faermeaidn gfafes da=araudt qdi< Hre! SgHd ATed &I, & S HugTdTo! gl BRI, Fai G
BRUGTATS! Jre! G THTUl U2 feeimsa 3rehdl.

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

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

» 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?

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

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

- I B g BT aae fbar arfeet 3ire Bl fhdT Taees GeeabiHed drecs 3MTe $1?

- s ST g TSl fhan SHR Ui uTfEes! 3ire 17 1 afcrie auie &va ATl 617
TR AR ? T SUHROT T dH BV A ?

« RIS 3 g1 BT BT HHRT ¥ UTgesed] i (TS fhal ARG 3MHR AISTUITAIS! AL U
EIRNGIRIEICY,

« HIUTITE] HISAT &[T ITDR HISTUATATS] w1 GG HART A=A 3Dl B ?

Motivation for the Learning Unit:

YA "< hI URU:

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.

GlAfs HHRT S U YBRIY ATE M2, I IS AU JGT TGN TBIRIT BIal M1 Heg<drd Jore
JUTEAT JdTd, IO UiETRTG T AheudT Y8 Bl Jdid. IT IS HehEed, faenfom/faenet
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FRRTRIRET SITCIRERT LT AR 5 BRI U Grafds BRI AR BRATes, SATGR Ui Had Ages AT
GRAR AFer ] I bHATYRGT AR febell LT SMBR AT g3

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 GgeHML A Pl ATRd: 1) SSNSIBR GlATws HHRT FA0T 0T ATgR THIRI, AT Gl WY
g1 g Proviiqde ARIE HR0. U giedr g9 bR Iec! f&ad, SHI-Sed] ®orl arodrics
IIFHART 30T JTEdT-SSe! TSl TR HIHARE!, B faenei=il 2Neor sufard 3ire; 2) $eil 1 9

o\ L]

eI RTATgwd AT ISl B fesd, ATarad WETHRN U AT 3) SARET fhdT HIvrems! Aic

LT DR (I, BT, a1 5.) AISTUITATS! GfATe HART araRol,

Minimum time required: Four sessions of 40 minutes each

3ruferda foeume wraTas : 40 fAifeih ar 9

Type of Learning Unit: Classroom and field
3T YChEl YhR : I91id M1 HgHER

Unit-specific objectives
I Hh e

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

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

* 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

* To learn a technique of measuring the size of a distant object

o GATtsg HHRT I g TS BT AT ATIR FHS H0]
o JSTH Ufshar ST Tfcrdoei! 99U, FYETHRU TIR HRI STOT AT TG TURIYT, ATTE S BIehor
o Giftss HA=ITT Ui B2l TIR B, AT ATgN TBRITT FRATIETT I AG I AR

BT YR 8IS Adhal, & T Jol
o ST ILAT ATHR A0 T e

Links to curriculum
1. NCERT Class 6 Science Chapter 8: Light, Shadows and Reflections (Nov 2022)
2. NCERT Class 8 Science Chapter 13: Light (Nov 2022)

Introduction

M

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.
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GlATs HHRT T U AR ATE 38, I YT AT B8l [SST TSl STaviiea] Sl el AThRITaS]
ST TP IRUR SIS, faesT ST, AT FESTaRgT Brel Siar1aR U JUTe JSHT IS USaT 37 =)
T ISUTIR HHIRIAR ST3eAT IR TTHT UTg 2Tehel]. SR Teal Yie g AUIREID A, TR TSeT]

SIvel qIo1 gl i ared Adl. 31! 1981

Eye piece (to view the 1mage) Trace paper (screen)
AT (AT qlsuuuﬂcl) UR (TSaT)
<t | < Pinhole
) '/' llow light from the ohject)

RRRENRKL LSS i\ 11%1@{0—;: (TR TBT3T AT RRUATATST)

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

1: HHYTHT TF=T, ST b HI9Td ATEI ¥ qr9¥ar Al
/|

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.
T FEGY FThId I Yeb GRS DHHRT TR DHRUMR MBI AT0T GrT ATITATST Teb FIe U iR

PHRUIR 3B, IT Pl GrarSSTgR Ui 320 994, 2aElS ralal e,

Task 1: Making a pinhole camera

Helt 1: Ghafog Ha=1 iAo
Materials required: 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.

FHAAGS! BV AT : Broodl WM DTS BRIE, SR (IRET) YR fhar eurgzie gifesed=ar

Jsl, BIdle HIoUg! fdhdl e drTe, S, diugl, T, frhe ugl, WIUHERIT daavel! SR

Segfafarel g=i.

This stage is one of making, and the task is to come up with a working pinhole camera.

Instructions for making are given below.

HTWWW hHIT YN hNUIX JATeld. BHHRT TIGUITITS] g%anwcb SERL faosed Jled.

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 length 25 cm.

Pl [T DTS BRIGTIRLT U AP JbST HTaT AT Al JheT Y131 AT Uh UIches
ABhHIS a1, TN TobiedIe] fHhcug! STal fdhar aR JeTal FUrsl Tohiedrdl AThR CH eIs.
ToepieTal AT ATRUII0] 3 AT A0 Siet 25 AT 31es, ATl Dressil &l

Figure 2(a): Rolling chart paper

3Tl 2 (37): BTS BTG JSTBATTT
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Figure 2(b): Chart paper as pipe

3Tetl 2 (§): PTS BITITIIYT TN Descs ToblS
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).

TR TodbiedTd! idl MM AT AT TG B Abel]. TdDblSATal ATH GET AN [HesTeses! TlierdT
Afed WE 3G (Bl HNGNTS FAYTHERT IR SR ey brre fdhar sfegffiam =it
TSIBUIRITST BIET fhal ISAT S A@his IR, R0 B fToial Tadis! el Ardarc! aua
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.

TBhIeIT] AT TIBTaR AFUURGND BRTG fhdl ATARE AR AIe I < Tl P CIbl. B
BITE TSUTARY BT BN, TN TodbiedI] THT T@dTs (Image Tube - IT) FUAT. AT ST 3771

3 e SRIGSATIATY HAh 5 1. SfTRTIR oI 1. TSR TIR ATe5ed] TR DR AISTUATATS!
T GOTT YA TS 163

Figure 3: Markings on screen for measuring image size

3Tt 3: HITHAT STTHIR AISTUITAIS] TSENEN o3l Ul

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).

BHTS BTG AV T b ST 89 I O Udh Toddhie ad]. T U8T B AN Todhie e
TBHISITUE B BHI, TR AT bl 31fEid 3w Sivibad ufdes Tabis GOl Tad SAHE
HES] ARBIAT Y563, AT, GAIT TSHISATAT D] TIDIH] BIBT Hle DTG fhdl SegAf-rarmdr g
ST o dg BRI (ATATST G AT U1 31T Asdl gscl) 301 Fredn qegwrfl e vs fog
ST, AT TSP ISATH] AT Frafds Tobis (Pinhole Tube - PT) UL
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Figure 4: Image Tube (IT) and Picture Tube (PT)
3Tt 4: Ao Fwabis (PT) 3101 HiaHT TS (1T)

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]. (Also refer figure 9). This scale will be used to measure |, i.e., the distance between

the screen and pinhole.

31T, Tl T@dTs (IT) Grafss Todiedra (PT) 3130 A AEAl (3] 5 AL SRIGSATIHATN) Bl
AT ToehieATd YSaT SiHH RAfSSTAT b e (377l 198T). S Glifes Todbiedrd] Sidl Fud,
A YT T@dhiSATaR ‘0”313 U BRI, AT, U TBD TS TR BIGT MO AT Hid AR YISl
T U Ugl Risbedn (37gpd] 4 301 5 ALY TRIGATIHATOT). “O° Bl YOI 3= HI BIIETT UgIaR 5
A, SICRTER U BT, TSl AITAT frar AISIE! T a1 Bl Is5h [SUchel AN, el
Bl BITEl AlSTIEal &1 IR B ADBd1] (377dpdd] 9 UBT). IT AISTIg @l R Had ATqedTS]

Now the pinhole camera is ready to use!

Glftrs HHRT SIAT ITIRTEIST TIR SIS T8 |

Figure 5: Assembling the camera
airgpel} 5: FA=re TSt
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).

TR UTETATATS!, hH=aTed] GRS Tl aids B (TR[IR TER THT A, T T8T) 3N geaT
T Grfos Jieaniie iaR J¢-AN $& TSaTd] I&id] GEIE UM fHedT. gl 6(37) 9e BIHT HIHT
faeirT fRreror dbarear sHRAE R YT pdl 6(F) HY gAR RS gdoe! gfawr feaa

3e.
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Figure 6(a): Object

3ITghell 6(37): ¥

Figure 6(b): Image in pinhole camera

3Tt 6(9): GlTes HHTd ¥ SHC sl gfcrdr
Q 1. What has changed from the object to the image? Can you describe the changes and think of
reasons?

2T 1. Rl T G Ffid DI gaes favad Jred ? T gaa3id guie S1for mmiles Bl el |if
APTSH BI?

Q 2. What happens to the image?
T2 2. GEIe3 Pl TR B gae3 BIRITeH, o A2
(i) 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.

QRITos g TS I’ 3iaR T8d Sg ¥ aquI_I ATV §R TATd IR BT Blges ? AT o1
AR UTiEesest AfcrdT, Ui JATHR SATa! dTacid JreTe] UiiHd BT fades, Irdl o1 &,

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.
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frenegtardl 81 Ush aNee SUhH 3. TSal o Grafos iR FHM Sg, faermeli aRurie g- S 31T,
A= STHTR HHI BIdT 30T §3 & dTed. faenedi=t a1 geaiEl 9l 9 dedrd, Tl §39 371 o

UfHAT B R B4l IS %E&THSJIUJ\"I QUYTHT M hXa b dl

(ii) if you increase the distance between the pinhole and the screen?
SR e Glafos M1 TeaT Jikiies 3iaR aredes a) B 8lge ?

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.

IfeET TS (IT) BTG B 3R aredd Udl. STHY B iR drad, ddad i /sl 8ld S, faenegi=
Poyes T RIS R T el 3 AHOA HUATATS] UG 8IS a3

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

SR AT JERYUT gacres] fbdl SR el ! TRERYUIT T8 3721 a1 dRbs UlfEes, TR B
Blg3?

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.

g FReror g fauarare) av UhTard STl okl TR’ & fAeneyi= WHoiol Heard JiTe. avax HHl
YBT3 TSy 35, TR g1 UfcHHT BT i1 gl YR el

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).

T2 3. SR AT 3% IS &8 e fhdl A1 3RIes TR B 8lgad, o gl Ufgediar, grafsar=n
PRI TG b Ui $Y 986 BRile, ITal QTS BRI [Vpd O] a1a%ed [qermeai=
ATl TTeied] Gietos daImed oo gfemiet Jw! o BRI (HRU HdiTed] HH=AT]
e dTdTeAT JMHRTHT 3RS .

Task 2: Constructing a model to explain the image formation in task 1
it 2: ol 1 9 gferwt AT B2 ST, 2 TaE HRom= gfosarE W= B0

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

AL AT e el 1 7Y Tl FHdT B2l 814, & WY BRUMRT AT STl BIevl, 81 e,

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.

{1 41 d HesTedrd et e faoies a9 W fararast afcdT Mifciag e adal odrd &% Abdrd. Il
Taqes fqeneaiaed yehTarmed] WRaUTEIad SA1 Bl TR Hheu ] Soored 3ed, T IU€ BISG] Had
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819, 2ehd. T GITog HHUT YIRS Txd AT TDR TH BRI Had 813 b

QT1. What do you think happens when we see an object with our eyes? Can you explain?
i) Light goes from our eyes and hits the object?
OR
ii) Light from the object reaches our eyes?
QT2. Which of the above possibilities is consistent with what you observe in the pinhole camera?

3T 1. SIegT U] Sleod i+ AT GETe] g UTe<i! <8l b B, 31 JHeTeH] dTe ? 3R bl ?2
37) YT STeodTHET TebTal e AT qIaR ST+ Uil ?

fopar

q) TR [FTETes ST UhT3T IMIT Sl uid Ul el ?
T2 2. T Grafos dH=aTd o fadd 31re il a’ics U BIur STerIdT Y 3Ms 2

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.

, 3AADTIRIAD, Db A<AST ST IS ARV TRl IS Jebramran 37
STV I BT, T 3 BT 'HehT3Mme Icdoi gId' (Emission / Extramission theory) U @]
S 3T 3T 3ids AT Td IR B3], ASIbsal Bledld I SIAAR SesedT JIeforh
HEATIT 39 3o Mg BT Ao WA fAenegi=n 791 Se! &1d Hedl 378, Tl SlediAel
TepTRI A< M2 Yo AT FHG[ 31T JATIOT AT AHSII T 81 Dedl (I STeios! 3MTe.

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.

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.

gl g BT Jebrarrdn “3fcergur RAgid’ (intromission theory) U @@ STl JATOT FebrairedT wifies

AIIRTETY I Sleog T ¥ 2Tehel ATET, AT YRTATeb ol AT B3l IeHT 3T,

T ST ST 89 B qlel RIGiare! aRErd 6ol el dedl A% Jhdrd. J1F a7 el
MpaAed, fhvurt fazn fIeg s/is. =M, fxor angedie ufor i wEiaRo aar 38w, &
IR AT IS T RIgia quivoT AThRUITRITS] ATER S6 e T8l

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.

Grafss HHRT1 81 Icqoi Rigid ABRUITAST IUIRT SRl Sieal Al Giafss dH-Ar] Todhi Sl
31T TEdl dBT USEl SUea@l Gddl, TR Tadhieara e dv] Td T8 4d. 1 NgiagaR,
3T ST JhTAl dTeR [Ted 3T, TR Tl dTex<dl HRNYderd ThTal JAadlss ARG gdl.

AN 31 Bl MU YRGS Sy TR ISR BIve! AT F0R A8l & FRIemedls S
Rgiarean faxied are.
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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.

3 quiedl JIRIATIA ATBI STesell NS FUIS] i@l UehTal RR JUeci-ih 3Tyl HEGHIG HaTd
R, deg] Al TS NV STl U YR AR SIEGuIars] fhror qrRard. f[smrear qregiah
ERUEIENINCIRIECIRC RS

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).

SR aR=IT ST ATETEd ATl faohast Sraat A, Tl BT § SelTd S0 He<dTd 31 &l ST J1eqd
A4H UHHH I, TeBTd YBT3l ARe3 YU JaRT HR<l. BRI dshivad S R Herd BRI He
el UiSes! IR, StegT HIEIHT=AT JAYaci-idhId BRe Bl FUIS] HIEAHTH! TT dG o], bRl AS T

TRH EdDhS ST, WU I81d ATTATAT JIoT0b [, G R TSt Sieg] UehTal TETel ASAwdHYT
feber e A ST g UehT3Im fdaci= 8id. Ia1. SISyl an faqum GAuHRm fdad.

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?

739 1. Pl 1 A H@TosT UferT M $320 STTe!, § SIRIauIRT fhRor el HIevaral Yol Hadl.
3Tl 7 AL STEIATIATY], fhRUT TP BT a1 )] Tl (adl AT A1 WX A P AT
R sl 7' a1 faguril fAedl. a1 smpdiaeies fror TPT' Y101, aRcl=al M dTd o]
fAUTg fremeses fhror gt 1g 2bTes B1?

%

f% \/Ge;g.cal Plane ‘ Ex’.‘
Jdel P i
|ﬁn : hna
Rt i 2N
§ P70

Fed e

Doiotta Rane

-------

Figure 7: Draw rays originating from the object and falling on screen

3Tl 7: IRGUIGT [TeTeses IO TSEaR USo5es [bvT PIaT
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Vertical Plane

Figure T1: By drawing the rays in figure 7, students may be able to predict that the image will be vertically and laterally inverted.
STl T1: 377g5cd] 7 7E R0 YIS, [aerell 81 3/QToT G31q Iblld &1 HIGHT SHI-Se3e] SfUT ST dl-Sel 3.

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?

2 2 3. 37Tl 8 TBT. AT JAThciiciies ZPZ' BT fbror ygT. BT fobvor apean fexean ¥rean z fdgug fremesa
3E. T 3MMPIT Bl TR Q 8 &g 2. ukMT IdereR z' [AguRl J=el Elaia! a1
f&qe3? Ueh fexdl fag 1 Usp Bl fdg. amayHmr QPQ' 81 fhrol fa=aRid &1 311t i gderer Q'

fagursil w1 fades ?

Vertical Plane

I Tl

\

Figure 8: By drawing rays originating from the object, predict where green and brown points would be observed
on the screen (image plane)

SITeAl 8: TXGUIT [TETes S [BRUT BT T SV S ENaN (AT 9des) feval fag (sgpdidics Z fag) Sifor el fag
(3TdIdor Q fdg) BIS [aedIes, TaT QTS BT
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%@7 Vertjcal Plane
§ P‘ Jdod

Figure T2: Ray diagram that can help predict location of various colour points on the screen.
3TgeAl T2: [HRT 3Tt it FITATITSTARI S (1T 377 (4521 ¥ SiQTT SBIqUeTe HEd Bva 3.

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

T2 2 9. IR AT Tt geerasics UfcrdT Iiedn f[gued) Hhral Fae 317e h1? = Dl

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.

I TTes ST Yfed Ueies aieal fdgAed T -Uesh el 31d. Sarexune, o] udakile Z 8 fig
i TaTe 7' fageh SEfed oire. Rmemmm, 9 IdeTkiie Q & f6g afomr uderis Q' gzl de&fta
3R, HEIT BT D1 & HodT [« THoTe! dde! Al . T g faar exaeT oo
THHGR T HRITST T 2ATST 96 SIS

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

T2 2 . 37Tgpcl] 8 UBT. Jrel Ulfgcsed Ui faam el 21T 1! 3T, & T BrT1?

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.

U3 28, I fQRnfesd o9 are, 9 feznfear ufire §d SRICIT YR J1 61 3Tl SRS ?

e feban Ja=aT il avaosed HIUrTe] Uehl s AT 31¥ 3T 318 I, < TUTET.

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”.

gferl fezm (feznfces) ®= o, s faemedidr e farn. awpmoE gfadd feanfeem
STAVITATST YT TehIHa BTIG] 8 [hdT UHT3T 931 AIST &1, 3 FHeTe! &g I AATE). 30 UBhR,
GlATs HART & 31 Teb YehT1Ieh! AL 31T S ""TebTal WXed Nud Jear_d hrell " Il A€ YRTaT el

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?

U3 3. aRlcs YA SATesed] t{t\l(‘-lbcL“l TR TRITT AT grelol dcy-l TS AT, 3T 377??” 8 ALY
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JLAT BIVATE! UebTd fdgureg frereses 311 S fohRol d1al, S GRAfaraar ATSErse] JSHIeR
(SIT ISHRT Y131 ASTUATATS] ATIRGBT SITdl) TSeies, Ui faTq SUIR T8I, 37211 dobl 7 fhvol o
STcfles ?

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?

T2 4. SR GGG JTSETST Th13T JSAVIRT ISHIT BIg CIhe] IR & (R $S SiKkiles ? T YD1
fepoTaT TSETaRle aiiaR BT IR 856 ?

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.

HRSAT (STSTT WIS Wi Hlal [hrur fovear (sreredr uriean) fdgurge arosear favorzi
ST, T UHHD AR Ueh A3 YehH b+ ATYH SIHUMIT 37T Tl TAR BT, TR PIViS] S3h
ST TIR BI0TR e

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 17

T2 5. SR s ATHRT TU AIS 3RS IR TR B 986 Bk, 3T THBTAT d1edd ? Pl 1 7L e
oy FRIETOTEN TAd IR G TS 172

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.

SR GfAfos AIS e, TR UhTd [Hgurg AT S S UTgurRT bRl dirdiTed] I Glefea e
3T T2l DTS AV TS TR I a1 [SehTofl HIcHT TR BRI, Tes UHT HHI WE [GH . diTes]
QAR AMIATAT TiTHT W AR 181

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

OIS TSI el T2: U1 (A=A adies gfradrar/aficraquraR eI e=dn ua-id) Sr &l

Q 6. To get a clear image, why do you think object should be well-illuminated?

T2 6. Ui WE HSTIRITST, JaR YU ThT21 TSse3] SIATAT, 3R 151 bl aTe ?

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.
HIRUT RUTY 3MTe5edT BT Tleed] RIS TSEaR Udh AR gOR Uil TR Blses. 3131 gicm

qIERIST B 107 ST, 2Tdhdl.

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 17

U2 7. SR Yo MR TU S8 3 dR UFd BRI-B1Y 966 BldIa, 3 JwIe] dared ? Pl 1
13 re! bosed] FMRIETuTN A IR G AT H17
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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.

GRIfos Gua G 3 %, BRY HHI TS A A6, AT AT g8 THT IR 85, St igu
FHIIV B, UER YDA TSosed] a&qare! (fhar TeR USRI ) IHe AdfaT J0IR T1ET o7 aiRormHt
T 31fere WY e, a1 curar, RBierd Gifeared deiar YdbRmd A (FHRI arbor) 8, Jrar
I B BN, SR Grafog Id qRID A ¥, SN fagarear gH1d™s JicHT 41 WY fGde.
g1 cugraR faemeaHr faadq & JahoudT el RIuITE TR A9 a¥l, USRI $ax AT RGeS
feneaiae Icgawdr FHvT HRUITATST A =l BT IS,

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 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.

Y, Yhafos HH=urd SR [T GHINET I (AT AIY) 377, & WE U SUYd S, =
fudia, ghafos $Aa OaE AMSST ISR TSR bisd bal Sd A6l fegm™ad) ™o
JURE3D USIAHS (YIR/BIg) M [dGaR TS3a] TbTal ARG BId T8l ATV TSR FalR A
AT TR BI T8I, UL, 30T B Yhd WE i1 UIg ATebal. Jrafss d1c hedrg fagom ufHr
3RUE BN, HIRYT TIETT MBI T Hegad] TiHar UgT UHHET QYT Slhdid (e o
ST IMBRITAR TSETEARIS YER A&, O AT YehT3T 3T RIReAT SR ). 19 ST ATHTYT, ATAT
AR FYRT (Camera Obscura) FUIA 39, BRI YT DTS TehT3l I (ST BIIE] Hea)
T AT 3. SR TBTRIB I SUBRUAR (S BRI GRIST (Camera Lucida), Geaa=iT et giaor)
AfApTIED TebTal Mol HRUIIATST FH qraRe ATO1 Ui wiaesH! Ti¥ads fIeemue glges 313m Jgi
IR, UHHEBIAT ATIUIT=T YT YT [SH1olt dhied dedT STTd 3.

Task 3: Measuring the height of a very tall object

et 3: T S R S Ao

Pilot (Ideal scenario)

GINEEENGICEECR)

Figure 9 below shows the diagram for image formation in a pinhole camera.
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3T 9 He Gaftrs dbH=ara i MR w3i 814, & SRIacs 31me.

Trace paper

inhole o SiEg :

I
Object

e

—tt 3 5 E¥e-ggece
Figure 9: Schematic diagram of pinhole camera
gt 9: fafers HH=ITf FIerr
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.

JeeTe A RIAT ATY RIaITd 318 ; I 31 Yo Jiedmiies 3R (D), Tsal ATor afes areardiss

3iaR (), 3T yeemaRtes HicHdl ST (h).

Once you know D, I, 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
hD

are similar triangles,%Z% Rearranging we get H= T

THST TRIST D, | 3T h 7 AR 31Te5, TR el ad faaRid €9 a¥dl 91 ‘H dledl Id. 377l 9
HefTes 1 FrepTor faaRTd w1, S RRIfag Glfesmari sed. § ale! eI ghay e,

E:ﬁ ." H:h_D

D 1 l
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.

e faeses I g 7 Bl 3MUcdTes] AT a1aRdl Ad. TR 8 GF B3 MHwles, 2 Rrevgrard] gwl vehed
FepToTI [urerd uTg 2Tehetl.

The above scenario 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.

TR T INSiad R ST@de! 3. FIeRId TS el IRE! R foora, 3™ Tl ®ies
RigaHed, gfafeagR RITSIaHiaR sfer e Sl HeTaR R 3IedTd 81 %05 S, a3, TSal
Bl IR TSI FHICR IRIT eI 8-y 3N, qATaa], Ievune Sl el SR IR Aqered]
SHARGIGS UTBTd 3, d@T Jrafos STaooide degedl Tdrside 3d. 3 Ry, Rigar Aret dire!

319 b, TS, FHEY FHepIor=yr YuresiEr araR Ba 30 9] TSI USal FHIOR 3RIedTd eI
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AT, dRIe Hag Rig Bl A, ST 8 A1 FHaY FADI0T=T Urerdf= JIWATH S5 T Bl Riga
BT U 2. U Bl Hebed1 ST i Agld 311e 331 av=dl aiidies faengfariar € =4l 8l
3hl.

Working example

AT 3<TeX0T

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.

ST, JATIOT T FHIBROE ATIR Gia ST ¥l 8lse o UG, Il dadeses] Gfafs HHRT =1 JATfor <1
IR G Y130 32, S YEe] SHRA fhdl sire, Qrdl Ui fAwdr. AISTugien auR & D’ 8 3R
TSI, TH AT T T ISATAR 5T TSI+ *f HIST 10T TS LR hosedl G- *h” HIol,

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

TIAITeTT D ATST T YT fHesdT. Wiehies daard D, A JATIOT / Ji=i |1y Aiedr.
YGRS I (FH) h (JH1.) b :i%(ﬁ')

Table 1: dadl 1:

Average height of the object, (Mean) H =

I ARTAR ST H =

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

U3 1. JRTAT ARG Bl g dgdl Sdl Aol 5652 T Yga AwTeses SR AT Grafoss

GHHTAT TR B (HoTeses SR I gl X,

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.

G ST Moleoies TR IS Urevdrdre! Rigrhiel gav dgdral (S, Jdd Acsiedrd! St
HIET BT AMOT TSt <d Wi U[) fdhar arferpa e urRE avedl St JIaTs] Hudrar e Rl

Discuss

Il BT

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?

T2 2. SR TSETER A3 YT g4l 3113, TR (YRafds il gseniie $idr 7 dgadn) JeTal i
TN SIS ATV BN Dbl IR GR AT SIS ?
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Q 3. What will happen to the image if you make the screen using a transparent plastic sheet
instead of translucent sheet?

T3 3. SN TSaNTo! ifuRe3ld dHTeNgS]l TRE3Ih INed dTiRe a¥ Ufadd BT 95 aldies ?

Suggested Readings

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

2. A website dedicated to pinhole camera’s (History, principles, technical detail, etc):
http://www.pinhole.cz/

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

4. 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.
(https://www.digitaltrends.com/photography/pinhole-pro-kickstarter/ and
https://thingyfy.com/story-lens/)
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