Vigyan Pratibha Learning Unit LU 8.2 Qa8 3L

LU 8.2 Pinhole camera
LU 8.2 at8le 313

Overview

Yclldell

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.

AMLeA A ot WEAYRASIHL RoAdlet 8352 (AUAR) Al QA 3ARN [AA A URUA sl B. Qaslcd

Aed Wuseisell ol s wlAyen Bs. w Aal@s Asuui, QeneU wddl wRadldll Guded dedls
AuatAHfl (ReFl) oll GuaAdL s3lal QaAdle 3RA cotladd. RUIRMIE ARl Qe 3ARAl UL As
HUot Gusel d3d cll A 30 asial, dof wodbel 523 Al A ULl AHXA 3 58 Aot (ddedls sIU)
Bl dRlell GusWl ol Gualdl sl (Aot A Qadlat 3RAUL ylAlelol (woll/80%) of wcclsa 531 A3
.

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:
Qatell WA QA 302U ol Yydutgjeiad U 32clls A WA cdloll AulA 5. YU A3 sl HIR

dR Anal o{lA et ysll ygl asl:

e Have you ever made or seen a pinhole camera or read about it in textbooks?
9 A Uk Maldlet 3RA clotlcll B ¥ 2l B WUl WEAYRASIHL Aotl (A clire] B2

e Have you seen an image of a tree or a building in a pinhole camera? Can you describe the
image?
9 AN Lol 3R Ui g&t wcl QAP (Uslet)e] yldllot %2 B? 9 dR A uldllue] adlet 53l
ASL?

e 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?
Qatdlcd 3R RAatal, dX dHRl @Qstiot yAouoHioll ual wsiell dadqile] uldclol Aacal HIZ sl

GusWlell Guaal sAl B? A GusWlall uesl (SUWoied) sl B?

e Do you think that this camera can be used as an instrument to measure size of these observed
objects (trees or buildings)?
9 ol Al B ¥ Al 3NAN Gualol A st $EAL xRl (el WUl Uslot)oll SE MUl MR sl

Udel A3 U AF B?

e Canyou use pinhole camera to measure size of any large objects?
9 R 88 13| clrej s€ HUl HER QoS AR Gullol 53] As?
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Motivation for the Learning Unit

JalQls Asm 12 Yrau

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.

QaAdct 3AA A As ysiallal Guswl (RARSAH BoigAz) B B slollad AR B uA A Yslalell Beclls

vty Hecelyel ottt wal ylAllot @aiel @Al Ml 2 B, ul A&t@s AsHi, (Qenlzl As
QeAslet 0 olotlcld B Ao Bl SlESURL dulRlell GUsWNa Gualol sl (Aotl, yldllol Aol Gurid
clrfullotl AR AUl sEal HU B,

This unit consists of three tasks:
L AsHHL 2L stAl ©:

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;

AAGUSIR AUSRA Maldlet 3ARA ool Al 818 Axrell, W crdell 2ue ylAlclaatl sinyds [@Alaal

5. AL, Yldlole] W s (A2RA Botcdlotl) ol AU @fcsH (AlBsA Botcldlol) A B, g
(Qenellz el 25 Aoll AUV&U AWMl WA B;

2) Constructing a theoretical explanation for the inverted image based on evidences gathered in
task 1, and
st 1 Ul AsA 5AAA YRLaRdetl R Gl ylQllol Wiz Asilds dRel sleitad, wa

3) Using the pinhole camera to measure the size of a building or any large object.
Uslot Wl sleuel {3l drde] s€ Hual HIZ Qadlet 3ARI0 Gualat sdl.

Minimum time required: Four sessions of 40 minutes each
a@folcdd AMA: 40 MRA2at, 4 uA

Type of Learning Unit: Classroom and field

@l Asu oll YSLR: cwivs 2 At

Unit-specific objectives

AsHoll Qe 3qu

® To design and understand the working and use of a pinhole camera
As Qetdlcd 3AA clotladdl Al A Fell A 514 52 B dal Aol GUAdIA UHx

®* To learn about scientific processes like model building, construction of explanation, and
checking their validity
Wcte] [Ariel, uHgdl ol Ul U AHoll URAA dAwcll, ad?, Bl dsils stiyeucl QAo

s3Il Anadl

* 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
Qadla 3NAML ylQldlot @uieell ystealla gesttal el |, ua auuell % ysiaell weias(l dsilds
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AHARL B Aol UR Aofl AR slcll

® Tolearn a technique of measuring the size of a distant object

gRoll dxdgatl seal Hiucloll I 2lluicll

Links to curriculum
yleAUSH U] Asclot

Class 6 Science, Chapter 11: Light, Shadows and|Class 8 Science, Chapter 16: Light
Reflections

adl 6 [Aslietl, USM 11: Uslel, UsORARA Ha YAt  |aol 8 @stliol, UsWL 16: USLA

Introduction
uRua

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.

Rotdlet 3R A As U0 GusWL B B ysiaal A2l/2isell ol seu aldyger Baniegl uar gal & 3.

®a ol 2sl AR USEL R$lot, AHAA AU HSla, dA Usel UR [aldletell Rl cre] uldlclet e
ASL Bl A USEL Ulcol A wUduReds dla, Al usel ol diadl oyl uR uldllol R astia 8. oA
wls(Q 1 .

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.
UL ASHH, AN QoS FR2A oloticlall ol A5 HUol GUSAL d3lF Aol GUAL 520 X A ULl UHY

asal 3 Qs g2t YAl 3cl A o ®.

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

! 7
A l ‘ :g: < Pinhole (to allow light from the object)

Figure 1: Schematic of pinhole camera that also acts as a measuring device

wslA 1: Qatslet 3210f A¥ousler (251A2s) (AA 3 ¥ Hiust Guseel adls e sief 53 8

Materials
AN

Black chart paper, tracing paper/translucent polythene sheet, printed ruler on paper or graph
paper, measuring tape, scissors, adhesive, cutter, sticky tape, aluminum foil used in kitchen.
sl Ae AUR, gllol AuR/aduRedls wles olle, AW Ua (AUs AUR) AUdl SN UR WA
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HUUgl (3¢tR), HiUel 24, sldR, djeR (AssRa), s2?, A 2U, RASIHL duRldl ARjABaH S8,

Task 1. Making a pinhole camera

st 1: AaSld 37 olelladl

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

AL U A5 QoS SRR clottetelloll B, Qatslct FRRA olottatall Hize{l YAt oA A0 B.
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.

stow ALE AURHIY A5 doAR™A edl sIW Al Aol cloflal As WAL A0SR clollcll, aloUslRell Ul ML
3 A wal QUE R 25 A &lcll AR, AA 2U AUl RUR Aos AlU] aleusRell HFYAlES YRR A
53.

Figure 2(a): Rolling chart paper
sl 2(a): wé Que A aing

Figure 2(b): Chart paper as pipe
s 2(b): wé Que uiel g aonusi?

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.)

dA oloUsIRell cal U dullgSal Ul Hecl A8, olloll Al YlAololl ;U il dtA 523 (818 518§
otall ULl UL 53] sl Botl UR AR|EAM S8c waal (5Uot 29 AUR A sl A B.)

Il) 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
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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.
AnsRall oflost Bstal 2@oL AuRefl utiuRedls olle WUl Aot Bl wHoflell aisl. au Ml usel 33

slH 53 Wl dl0USRA B8N Yol (IT) 3y vl s 3 1 oldical YA usel uR 5 Bl ol vid?

(A2lot ootlcll. uL [2uell 512 3 Hi USEL UR RAUAAL YlA(olole] 5€ HIUcUH HEE 54,

Figure 3: Markings on screen for measuring image size
sl 3: YAllo of 56 miyal HIE usEl uretl (Aal

Ill) 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)

Ul AUARA UE AURA stousRMUL Al Bl A USAL Glolldct IT $cll AGUEHL ollof Wl UM A

e aa, Bl 1T ARl 2ieR UMl ad. Al olouslRell As BDslal SNOUSIR S AUE AUR Al
ARAAan sscell aisl € wa Aaszisellall Guallol s3lal Heauul As ol Bs ololldl (RARARUA
S8 A s 59 A UM D). AL oloUsRA AU Netdlcd 2ol (PT) 58l9.

Figure 4: PinholeTube and Image Tube
A 4: QAeasdlet ey ua 81y Yo

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.

ULyl 5 UL cdcdical Y IT o PT ofl 2ieR Ul Yell AsLA 22Ul Yl UsEl Qadledal g5t 2udl 52 (gl

1 YHIA). >l PT AHILA 22 ® @l T uR (g '0" Rlad 5. 8 IT & 0lslR s1&l ual Aol cioll uidl uR
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we sLell ud ALs) (B wisld 4 wa 5 1l udA % oldlacdi wdl B). g 'O a 9ot dil¥ Adl,
sl U 5 Ml AUARIAR RBA 52, Bl Aol Gulol HUUZL 313 U A3 [ Guaot dla Al dA

UWAA HIUUAD yel Gualdl 531 25l 1], Al HUUgell GUAL, USEL U Qadld dRo] wdR “/
HUl HIZ sRelHl 4.

Now the pinhole camera is ready to use!

5A Matdlet A cluRal HI2 dauR !

Figure 5: Assem/ing the cameré 1-‘

ws(Q 5: wet el [Motsle 3172
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).

ylAlde Ral 1R, Qadlda diq (RABs2) drs AW Al kol Qaldldniell W (kg Axell 3la
ysi@d &l RSA). sQ USEL Wl NoASlAd o] AR dN6cl (AR 5A) Bl USEL UR o] U
YlAlol glal 1AL s 6(a), W Sl el Qs (el ¥os oll (AR of @A B w (A 6(b) Hi

Aoll Qatdlet gt Sl wag ylAlo gallcauHi wicy B.
o, ,’ -

AN, |
V. 4. :
NN

Figure 6(a): Object
wslA 6(a): czg
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Figure 6(b): /mage in pinhole camera

wslA 6(b): Qotslet 5A2xiell Evig ulAldu

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

Q1. dd 5cll doll YlAlotMi 9 Hecd] B? 9 dA A 381Rle] cdlel Wal Aetl s1200 (A Q] 265 612

Q2. What happens to the image?
Q2. ulaloleui 9f e ®?

(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.

(i) Qa8 30l olsctell slecaul [@Qoll, A R QoS 3R A crdell £2 WASL Al ? AR AURUR Ao
wddl dlaat ylallaoll qastl, 3ed g2 tuwia B, yldllue] se, adell deeiul s

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.

(QenelA 12 i As A uotleds YgR . USEL U Notdlclo] wdR AMlot Avlal, BH BH A crdell

£2 A ® A YlAllolo] se u2 B, wUA gRlel [@AclR dl B. % A Al 3&RAoll AU ol 53 A dN
(QauellRAaA g2auoll (QReR WA YlAllol olt seatl AeciMl YlAllolo] WA set sall 1R [AE2 il 28l 8.

(ii) if you increase the distance between the pinhole and the screen?
(i) % dN QoS A USEL AWo] BAR AUR A ?
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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.
IT A WASIA 3l AR ] aAst2A B, FH BH AUl vdR dd ® A, uldllued s al B, (QeudllAe]

WdASset AHal Ul &l slel 3 AHwaHl HEEU A

(iii) if the illumination (brightness) of the object changes, or you look towards another object with
lesser illumination?
(iii) % dRUR UScll Yslalo] YUHIRL (A%) HEAML QA wecl G| Ys@ld Mol dd dRs BleltHl w1

A?

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.

UL AAAsel Qe HR2 A AHFAl HEZ Yol ¥ Hedyldl B ¥ crqu? uSdl uslale] Yl yldlla o

AU sl Hizell [Arias URcMie] As B. AWl Ysi@ld crde] UlAclol Qull B¢ s gl

Q3. 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 groups, which may vary in pinhole size.]

Q3. A UsAMEL 5A ¥ Al [Notslclo] 5€ WofsN ollo] Wal HIg Sl dl 9 AU B, YauH, A WojHlel cdUA

3 Qatdlctotl seoll (@Ardl YAolua ¥l A uAR 5A[dN Asy clrgell qetell [QAAYU ¥ gkl Ratdle
3R WA 530 Asl ), ¥ B Ul Qadlcoll s Yel S A3 B.]

Task 2: Constructing a model to explain the image formation in Task 1
st 2: 5121 1 ol ylAlelol ofl U6 UMl W2 As HWIEA olotlclq

Here our aim is to construct a geometrical model that would explain the image formation
observed in task 1.
UL vuel Gea As AllAlds W3t slotlaiclloll ® B 512 1 1l WA sel 5AAA YA6L Utlal AM .

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.

detldd yRlels uul: %l Qats W aHa s, Al A o{lRAett A ysll A yldllet @QAuie @Qasll uul 23 sl

Ad B, wl Yl QenelAnl ystaell uslQ @QAet 3ecis Gist ds(@s (QuRL A wsl? claatdl HEE 531 A3
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8 ol ol 3ARAcll R sUA ay W3 A AUl Hee 530 A% .

QT1. What do you think happens when we see an object with our eyes? Can you explain?
QT1. %R WUA 818 clReal wuell il ASA SlA R 9 Al B, dMal g Al B? 9 dR Axxcl

as\?

i) Light goes from our eyes and hits the object?
i) ustel el uivll Higll A2 © wal drg UR Ud B2

OR
Aal

ii) Light from the object reaches our eyes?
i) g Hiell ustel el Al Yol uslA 82

QT2. Which of the above possibilities is consistent with what you observe in the pinhole camera?
QT2. d Qatdlet FNAUL B A set 5 6l doll WA GURASAHIY 58 AsAAR Yol B?

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.

AlQstRs A, A, vot dcRlds! (3ARSA) A dsitASA GURASA Ystall otl wcltol Wl Usiale

Wl scllell Yad sAl . [Ascu i) uslalell ARt Qa3 Ay Al sdl ua aeu dsils
gRL Aol lsRaUHl A sl ABARML vl BHl AdA Rletal Alust eld ® ¥ WL Avaun
(QenellAetl HotHi &% ULl Bl HicAcdl B. AU A3 Al siRel ¥ wuell uivllHl ysiat B, Ad QR
Usx B, Alcl UMYl detuictsdl U W Yiold uel d.

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.
@scu i) ystatell 'golRatet A3l d31E Wauia B wal dal YRralal sRA ellsiaudl wa 8. yals

ystal Bld [Qott, 2uell u14ivll 0 asdl el

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.

ol 53 ¥ WL, (300l As o Bousl@ R ARsU stuauH), ol Rgldl 12 €131 asta ®, ual dsicld

A A ¥ (30ell (Ba ol 3AML (A6 8. e, sslsd A B ¥ ul Breusl@ ulQlelu uattal Al a3
B Aol wul A RgidHiel Asa Ayel ud «tsidl st o8l

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.

Qadle 3AA AsRglMaot @23 ofl @QgHl dAluwat Yral YL wd 8. 2AR wWud Qasld ARl
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sousRell e ANTA, AR USEl AxRell Ad usl@d awa B uq wy vol % sl s 8. A
AselMaet @Al Yol ystal auel il olsaciall dlat, Al vueel stousiell olslRell BH %
alousRe{l Bieal elol uel Aedl o Usi@d gulal ASA. ofley, ¥ U Qetdldal WaRA@d 530, A
UsEL UR 8185 YlAdlol Blal Hog otell. il A A set uel AselM et [l Qg B.

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.

allell AsRd 2dcl 2uel dHwel 53 8 ¥ ystal qHlel Yllddot (Fl36Ra Bod5t) clow Mk Hi

SRl ALl vl yaud 52 8. A, (3200 o0l Gualol s3la uslaell Hol ealcatdl WA B, dR dAHIRL
(Qsltatott Yretsui wcll (BReus(Qal (R-stauoux) At 2.

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).

G clollMl AU srauul Ll Slal O, YwePHl A 2Ale A wdlRle] B (A 818 UAL Qell aa A) 3

Yslal Mol YW U UR ALl 52 B AR UM HIkAM AsUHLt Sl ysial A RA[QAHL s21e ad B, yauu
URRAMA A B ¥ >R HitaHoll dsletaatis RlBERA 8od5) Ml UeAlal AUA B (AR yslal &slell aRU
sal dR% A B AR Ut ofl dotcdl (3e{lE]) 1l 3812 a2 B, €l.cl., JRM (R aAML Al Had Yarxa.
ol URRAA A B ¥ &R ustal oll 1ol AR Hadl A Wddl R (kAe) Hiell uar wa AR
Aof (Aot (SlFsael) aa B, el.d. gelloll won [QuRAAal yalysial ol (5e).

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

Q1. UA s 1 Ul Andd YlAClol @Hia eaidal W2 As (3eusld elralell yaud s3A. dxdgell 23

AUd wA Qetdlcd P drs Al AlElHi o As (Bel TP usela (g T uR 1@, BH ¥ sl 7 1 udael
ElRallMl wc?] B. 9 N sl Hi ealcal YA crduiell el el (g il Gaaldl TPT Bal Aol
(3200 €3l a8l 912
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Vertical Plane

Figure 7: Draw rays originating from the object and falling on screen
WA 7: cegriell Ggclctl U USEL UR USAl (3200 €12

Vertical Plane \
y/

T

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

gl 7T: 2uslA 7 ui (200 Elecuell, [QeuellAl Uogniot 53] 959 3 lAlAu Guz &l ol UA U SIA &l ¥HA

yeelel el &

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?

CC-BY-SA 4.0 license, HBCSE. September, 2024. 11
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Q2 3. w5l 8 oll Aol Al (30l ZPZ’ ol talletMi Al 3l (30l crdHiell dle 9t (Olg Z ol A3 i .
Q UR AUs s2UES 0l (g B. Al 9 Al B ¥ ylAlclototl UHAAHL Z7 UR g Blal HOd? dld 2us 3
sealeS 2u§? Al o A, YA ¥ olly (el QPQ’ B. YlAlololl AHAAML AR Q' UR 9 A2 ?

Vertical Plane

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

wglA 8: ceguiall Gaacu (8200 €18, usel u? dlal U seae e seli Rl HAd Aof UojHlot 521 (UlAAla1

HHACAHL)

Vertical Plane

S

[ % Doy !
e,
P

Figure 8T: Ray diagram that can help predict location of various colour points on the screen.
wsQ 8T: usel uvett [QAY 391 otl (Bl 28Ulot Aof UoHlol S2cll HIE HEEFU (520US5(A
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Q2b. Do you think there is a relation between the points on the object and the image plane?
Discuss.
Q2 el g dMal A B ¥ crd URell (Glgall Al YlAlolototl AHUAA R 816 Aot B? UUL 53

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.

digell AHAA W YlA[lotoll AHAAHIoll (Olgall As oflxt WA s@s A BslAcl B. Gelgwl 3l3,

ddetl AHAAH Z YQCIololl UHAAML Z' A Aef3U B, A ¥ 3, clrell UHAAHT Q YA(Aotoll UM AAML
Q A Uef3u V. ol 5A ¥ wl QAR (QaullRA A UHXc HEZ SEIRU U ot S, AHa AHoll WA Sl
UR (AUR sRcl, dof 5101 AUl wa Asolst WA AU sall 1R sl AUl %32 Ul w3 B,

Q2c. Referring to figure 8, can you explain the orientation of the image observed?
Q2 5. ulsld 8 oll Aeal Adll, 9 AN WaAlset s YlAlatofl (Ban (NRAR2At) UMM 2812

Q2d. 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.
Q2 s. %l ulQlolet Aol clregoll As o (R dlat Al ysiatell 1ol 3l Sl ASW? Al Wl dHRL A gL

ool AC SlSURL QotSlAd FRR/AHL 2L Kl HA D ¥, A AW

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”.

ylAlol ofl RNt QA QeanellRAell WA dtudt sAcRidAl ¥l Uldlol, drgell BH AMlet WRAe2 2ot
ol Sl Al A MR YUslale] cig ulaus B, wld slRA Hlal Hod otell. 2, Qatslet 3ARA A As ysilla
GUsRNL B B As AW “YAA” A B ¥ "ysial Alell AlElui auld 52 B

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?

Q3. &4, WIUGH YstHi UUL $AAA Yslalell Mool sllot A, wsld 8 Hi A (300 EIRA B drg URell As

o (guiell Gga B, dal Madletell wruell AUdl U2 U ® (¥ acRus AUl d3l3 s 52 B), ua A

®a 1l uAR Udl otell. 2 (3200 sl %A?
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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?
Q4. %l WUAAUS AUWElA §R scllHl A, Al a (BRE) sl ¥A? USEL URetl yldllet uR Al ysial

(3R006{l 9 uAR wu?

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.
seleS el aad dects (3el e (Cgaiel vuadt (3el wd eoll % Al agldu (Mua)

YAl As oflost UL AHAW U Aol WARS1RS IlA S As YAl oot 8l

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?
Q5. A Qatdlce] s€ ol W dlal Al YlAllol of 9 U AG dHaA Al B? 9 MR wellod 5121 1 UL dAMIRL

WA sl A YAl B?

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.

% Qotdlcde] s€ W dlat, A Wl Avauul (500 B dxg uedl As » (lguiell olsoll Baul ucda-waat

veudl ol yael $29, el usel R @Ay e ylAlol aottad. el o]l 2uedl uald @,
ollst ALl s8lA L, el A ure yAldor Had (3.

Further questions to discuss: Based on the above model/representation of image formation,
answer the following questions:
AU sl Hizell ay Ysll: GuRAst W3 [Anieell ysaet wu, oAt Ysllolt ool A

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

Q6. dHal AG ol M2 cd B ¥ uwe ylAlele Aacal 12, did A3 A usiEld sl A ?

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.
sl ¥ cigHiell adl ystaell dladl ol A6l sl dl, Usel UR ol % By Uldllet ol B leuni

YA A U B,
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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?
Q7. % Netdlce] € Yol olle] St A YAl of 9 AN AG AU AL B? 9 AHIR wellol 511 1 UL dAMIRL

wACsoll AU YAl B?

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.

%l Qotdlcto] S€ Vol ollo] Slal, Al vol o WSl Yslal YAl 523, B vol % 3y YlAClol eoltd B B Al

YA U A3 B. ULl ¥l g AUR UsUAd (AUl AR yystadl) dlat, dl 2wl Halel Al olell, ua
e () ylAlelo el Hadl. usl, y@lats Qaslasll tR uR ysialell [@Qadst (Slhs2tet) @A uel GeAw
531 a3 B. B Ba Wl olle] 82, Al Ystalell alltulat [Qadotoll sRA YlAllol ug wd. A ¥ (Qarellza
A Ul dolsy SlEsael &l URRA actoll %32 olell, uel ueaA ystalla vtz @A (QeudllAl B
WA (3 sal HIZ 2L As AR AL .

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.

UL, A elg uel duR 330 ] ¥ Qasld AR WU Rgid Aor-UR AR Yl (U

RO B, U B, Acdell Quild, Ba iRl USEl UR yslal A 3dd sAA ol ugl, A B«
(sLLL/aRW) ol AAUWRAL UUWRENS AUWEL Aol UR USAl Ystaal YR actell AR ® ua Aell
USEL UR Ao RivA YAl (ke YAlelod) ofl 2ustl el westd 8. dell, dil st As % U
YlAlol A 28l Ol Qadlcde] s€ duRrd A gl YlAloa uxue 52 B siRel ¥ dRdddl ay
ylAllell 3o ylQlolotoll AU AHAX dclle] 23 52 B ([Bs of s€ cdual ofl A USEL URe] A uwl
all ® ¥ eld ® ¥ ay ustal wcl 26l B). 19 4l UL udal, A 3R WorsYA 313 ual UWaulg od,
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siRel ¥ A Hlel eotell Ysialal U@ s3a 511 5d od (515 AR elalld ), AR Hl2leolell Aol
ARsA GUsWN (BH ¥ 3ARA RS, HBHRSIU Al 2(AEU) HetH Uslal AsOd sal HIZ Asd

bRl dcll. BHL el 1l Ay walla (Qrauust W uva YAl o Asellatell GUR (RAAR-AU) 531
A Blohcl scll ocll

Task 3: Measuring the height of a very tall object {Pilot (Ideal scenario)l
st 3: yol QA crdell QA wucll {wadle (ued URRAQ)}

Figure 9 below shows the diagram for image formation in a pinhole camera.
o{lAo{l u5(QA 9 Qotdlct 3ARAML YlAllr cotictal Hi2oll Ruusld e2ia B.

pinhole  Trace paper

IT

=]

A | Eye Piece

Object

Figure 9: Schematic diagram of pinhole camera

WA 9: Qotslet 5R2uA alwotsler 2us

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.
dAHIR 2Rl drgll Hiudlefl 33 NaAdled M drg dRe] vdR (D), USEL-QaldlAe] vdR (/), dl USEL

WRell YAl o s€ (h).

Once you know D, /, and h you can find the height of the object H based on the following
considerations.
AscllR D, /ual A sl Ul dA o{lAsll slledcllotl AR H: didell Qe 20 25l o\,

Consider the two triangles in figure 9 with shared vertex at the pinhole. Since they are similar
triangles, h/ /= H/ D. Rearranging we get H= hD//
Qotdlcd UR adUAd ARl A 2us(d 9 i A Asleell QAR $A. A UHel Aslel B Al

h/1l=H/s/ D WeA% H=hD/ |HAD.

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.

AR Ul YR dreal [@Qott Aol ALl Gulat 531 28l 8l URd dA Yot 3cll A Ane B A esetal U2
UHlet AslaLell Rl dutll asl ©l.

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
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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.

GUAsct URRA@ A As uledd M3d B ¥ AcsiRs URRAQML g uel 8 ay. GURAsd cjeul

(BRAA) Ui, Matdlcdt Hiell AR Al wsl 2l didell st QA UR RA &lalle] URelHl WA B.
GURI, USELR ol UHAA WA AHIAR Slalle] URatHl A B. uell URRAIARAML, Gele0l 3}, R
dA ol UR QA BHRAA A Wl &, AR Matdld, clrdell Ullell ddledl s RAA lal B. wlal
Bruul, Qadet ey e A Al uel, Aot Aslalell opetuilell GUAL s3I Wl cdrdo] AHAA Aol
USElal coledl AR Avllal, GURsc doiu Ancll asta B, dRel 8 ol ([QanelRAA AUt Asleteil
ojetuHlell e sl of slatell, ut [Qadet [@Qetl a1 adll Asta B, URd G LRl ot [QaudlA Bull
Ul Rgidell WRRA & Qv L ol yrauld 53 23 ® .

Working (real) example

diRclAs Gelswl

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 A using the scale marked on the
screen.

8, Ul wHlsRelel clid(ds Ydotoll GelgRHL GUAL 531Y. MR QS 37 A Al g0l
(U A ysi@d) crg BH ¥ Uslot wAdl dalof yldlla gl 2usll Gualol s D WU, UidRs
AaUsR URell Hiuudlell Gualal s3lal / MW Aol USEL UR RBA Muuglell GulaL sl A W,

Obtain clear inverted image for multiple values of D. Tabulate your reading of D, /and h below:
D ol sigldu Yl He 2w QY Yol Aacl. di ROAA D, / ua h ol YR oAl Sles Hi cull.

D (cm) I (cm) h (cm) H = hD/I (cm)

Average height of the object, (Mean) H=
dadell ARRAA QUE, H (ARAL) =

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

Q1. 9 dA e SlEULL Us[AA glRl didell QRS viely ddldl A5l 91?2 Qadle AR GuAloL 53l
dd Rnadd walol AUA Aol ARuHell s
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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.

Q8N uel et UglAull (BH ¥ As HIAel Qe stell dal dal Hinell vl ad ojeusik s3a) uaal

R WU clrgell QUEA el Anccllell Yad 5l dal Al Qaldlet 3RAM Anddl alo
U AR,
Discuss

YA 531

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?
Q2. % dHal usel uR Wg yldlclol Aat Hidtcl S(MASlA WA USEL] wcdR [ el [Aatl), Al MR

Qetdld 3021, clrdell dy o195 A8 ¥ ASA ¥ dy g WASA SFA?

Q3. What will happen to the image if you make the screen using a transparent plastic sheet
instead of translucent sheet?
Q3. B dA wurReds dleal oled wRedls wRs 2lleall Guallal s3lal UsEl slollaldl A YlAlelos] 9

291?

Suggested Readings
atR WA we

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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