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LU 8.2 Pinhole camera
qRfeg Fau
Introduction

MNeT

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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Figure 1 Schematic of pinhole camera that can act as a measuring device
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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 HEGYeT eIl ITAVT Teh AT halT IR HIUIR 3MTgTl 10T ITaT ATIATHTST Teh HIEST FUT A9 VTR
3TTEICT. AT Fellelet Grafeerean idaT Heft So7d, FETel JFeTar FHI.

Task 1: Making a pinhole camera

Foll 1: GRS Far Fafaor

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.

FANATS! ATTOTR [T FHreodT LTl FHIS Frare, TR (e@eT) IR fohar reiureeier diferdierar qerst, ordter
X FIeTe; foha 3o h1Te;, T, AITIC!, aTH, fHIhe qed), TaAUTHRERTT aToell SITOTRT 3o A3 o,

This stage is one of making and the task is to come up with a working pinhole camera. Instructions for making
are given below.
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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.
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Figure 2(a): Rolling chart paper
et 2 (37): FTS FHIIG ISTBATAT

Figure 2(b): Chart paper as pipe
ITFY 2 (9): FTS FETETIRLA TIR Sholol Fbehis

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).
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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.
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Figure 3: Markings on screen for measuring image size
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iii. Fold another rectangular chart paper into a cylindrical tube such that it is smaller in length and slightly larger
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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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Figure 4: Image Tube and Picture Tube
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iv. Insert IT inside PT (as shown in figure 5) till the screen just touches the pinhole (refer figure 1). Mark a point
‘0’ 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 ‘0’ 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.
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Now the pinhole camera is ready to use!

RIS AT 3T aTORHTST TR STelell 31!

Figure 5: Assembling the camera

3Telt 5: hA=Are SArsvh

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).
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Figure 6(a): Object

3Tt 6(37): TE

Figure 6(b): Image in pinhole camera

3Tt 6(a): AT HA-AT TE SHCN FidAT

Q 1. What has changed from the object to the image? Can you describe the changes and think of reasons?

UeeT 1. GETET TTHAT SeIcllell T IO deel feHdT 3Mea? AT Seerd qulel 0T ATl SHROT el ||
RTETCT FI?

Q 2. What happens to the image?
9ReT 2. Y& HliH DS FTAAd H1 deof gicliel, I FIM?

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

SR e giafde 30T user aredrdier e arefdel a¥ 1 gise?

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

S SETET SREIOT FeeTell fahdl ST el Sl TERYUT 3178 3711 g8=aT a¥chs UIfgel, o &I gisel?

Q 3. Now explore what happens if pinhole size is smaller and larger respectively. First, make some guess of how

variation in the pinhole size will affect the image. [You may compare the same object with pinhole cameras
of different group/s (which may vary in pinhole size).
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Task 2: Constructing a model to explain the image formation in task 1

Felt 2: Felt 1 7 gfear A weft seh, & Fove FRomar yfawarh wwer For

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

ATepelt 7: TEIA fAarelel 0T yseATaR ggel fhor Frar

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

Y 3Tl e Feht 1 7Y Aerelear gfaa AT H2i gid, & Tase o= sttt giawar @ o,
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CC-BY-SA 4.0 license, HBCSE. May 2022 5



Vigyan Pratibha Learning Unit Pinhole camera

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.

A IuTET AT HATEI STelell IMNSE FFUTS SAegl Tehel &R AUddelih ATl ATEYATTT Jarg T,
AT oY EX65 INCT SATcil. FEULT FehIRITHT HTET SrATAUITATST fhor aTaidlld. JHedT faaileirear eqqEdshid fehor
3MThell JHET TIfRel 3.

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?

9T 1. el 1 AL TR TaAT el el Smell, @ Srafaomy fhor 31Tehdl SHIGuATaT Yieel & AT, HTehall 7
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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?

UR&T 2 3. 3Tehcll 8 UIGT. IT 3MTehcilcitel ZPZ' 8T foheoT drer. g fohior a&cear fedear emear Z fdeurge fAererer
3Te. maﬁn—cﬁamwﬁQaﬁqm FHAT FcTellar Z' foeumly Jrgrer qereda #r fgder? vh
%Wﬁqﬁrvaﬁmﬁq—qra;mm’rom &1 RROT RIaNIa ST, 3T ST YaeTaT Q' Rigurelt
feer?

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

et 8: TEATY feelel [T hiaT 0T USeTaR (FTHAT TcTer) feXar feig (3mehelicier Z faig) oy
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Q 2b. Do you think there is a relation between the points on the object and the image plane? Discuss.

e 2 &, ] 0T ATl ysearadier ST Irear faqaed gl Hetr 3, 318 JFeTel dTced 7 Tl .

CC-BY-SA 4.0 license, HBCSE. May 2022 6



Vigyan Pratibha Learning Unit Pinhole camera

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

URET 2 3. 3TTehcll 8 UGT. JFeT UTfgeledn Ticar feer sel fAfRed Smell 3/&er, § Tuse ar?

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.

R 2 3. A&l faRm TRt 311e, iver ferm ufaa g 3raeara SehTITar AT T HATET AEer? JFET fehar JeEedn
WWWW@WWH@W%W o T,

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?

e 3. el TREAT STeledl AT FehRITAT HAMETed JFETCT Tl JTell I, TAT 3Tehcll 8 HEY T[T
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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?

9ReT 4. SR FATSETedT HTSISTo[ar Fehel HSTAUTRT JSGHTT Fhige Trohell o § ThUT IS STTcilel? AT Fehrer feomar
UseATade IfAHAT T IRUTH glSel?

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?

9ReT 5. SR TS MR U ANS AT TR YA H1 deol glcilel, 37 dFgTT e ? Hll 1 HEY 6T sholedT
fATeToTel JHT 3R GHITA 3178 I?

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

TFATSY AT FIE GeaT: TiAT AT adier FfaedTaR/afas9oeR 3MeRid Jeedr ye=Ardr 3o} &2r:

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

ReT 6. TTcTAT TUSE TABUATATE!, TEaX T TehIRT TSelell HTET, 3 JFgTeT T ared?
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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?

uReT 7. SR gRAfSe AR GO ofgld 3 R AfdAd HI-H deof glciiel, 318 JFglell ared? el 1 AL ot
shelodT feTaToTel o 3o GHaTd 3TE 7

Task 3: Measuring the height of a very tall object
Fell 3: G 39 FEAT 3T Aroror

Pilot (Ideal scenario)

ARTES (31ee T2Y)

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

3Tl 9 HEF FrATSg hal-ard TidaT A #el g1, § erafde 3e.

Figure 9: Schematic diagram of pinhole camera

3Tl 9: GRS HA=aT DYt

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

mmmﬁﬁwmﬁm & 3NTOT PRI Jredreiier 3R (D), Isar 30T giafde aredrdiel
(1), 3T Tserar e s 340 (h

Once you know D, I, and h you can find the height of the object H based on the following considerations.
H_h
Consider the two triangles in figure 9 with shared vertex at the pinhole. Since they are similar triangles, D 1.

H:h_D

Rearranging we get l
TeheT Fgrer D, | 30T h § AT 3Tel, o Jérer aTell [IaRie 03T awc@l 397 ‘H' F1edm 3d. 3t 9 7efier g
ProT frame e, —mﬁﬁﬂﬁqaﬁﬁam%ﬁm % Q) BI0T T 3o,

E:ﬁ
D 1
.'.H:hD

1
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.

el feolel T ey & il Mool I ARl Id. R ¢ G Y Ao, § Rpvarardr qrgrell thed
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RepoTir IpoTera Ut QTR
Working example
AHAT 3STETOT

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

3T, 3TIUT AT FHIHIOTET AR Seifeet Sfaalid a1 glgel d Ulg. JFeT Seadelen S HaRT e 3nfor sar
TEER T ThIRT 3Te, ST TEIET $ARA fohdl 3115, A= IiciAT Hear, AlSTuedrar aiwR &6l ‘D’ § 3R Al
T AT AGHISATAR AT Gl ‘| FISI 0T ISEATR sholedT GUIawe] ‘h’ Ao

D (THT.) | (@HT) h (G hD

H= | (@)

Table 1:
dekdr 1

Average height of the object, (Mean) H =
TEE FEY 3T 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?

T 1. TFETCT JTUTEY HI0TCAT UetIclal a&cel 3T HiSIdl A$el? T Getichal [Haselel 3T 70T i shatgrar
AR et [ABTelel 3T JTAT JelalT .

Discuss

TaT HIA

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?

e 2. SR YSeTar HISY FfdAT gat 3r8el, R (RT3 Iseard 3R | § & Feeldr) Jrglel Rafde a&dqear sids
HTUTIS SITRTel T TEUNA G waTd ollael?

Q 3. What will happen to the image if you make the screen using a transparent plastic sheet instead of
translucent sheet?

T2 3. S YSEATHTS HYURGLTS HEIGIUGS TREGLH Celliece aralel d Sfdad 1 dael gldiel?
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