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Pinhole camera
gfafess H3-1
Introduction

MNE

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.
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Task 1: Making a pinhole camera
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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.
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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
3Tt 2 (31): BT BTG JSTBATT

Figure 2(b): Chart paper as pipe
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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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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).

BIS HIETET IURIT Ueh bS] UdHa ATIRIT GO b @S qdl. U GAN T@ddis Uleedl
TDbISATIE Sid B, TR A fbfad 1f¥h 3Ries, © UIel. e Uldes Tadis gal
TRDISATHEY e ARBIA] Igs. T, GAIT TIDISATAT YT SIbIe3T Bl DTS BTG fdhl
frgMAfarTel U3l SIgd o da BRI (IMIS! G Asrrdl o=l aifde disdl ged) A7 Qe
AN ST U (9% TS, AT TadiedTa] A9 Jffes Todis (Pinhole Tube - PT) ¥&Y] 3T,

Figure 4: Image Tube and Picture Tube
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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!
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Figure 5: Assembling the camera
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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
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Figure 6(b): Image in pinhole camera
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Q 1. What has changed from the object to the image? Can you describe the changes and think of
reasons?

2 1. I AT ST AR IV 9863 [4dd 3iTed ? AT qaa3id quie 3101 TR SRl e
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Q 2. What happens to the image?

U3 2. GRS Pelides T BT 98 BRI, o FRM?

(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.

GlATos HHRT 1 BTGaal Jre! aURLT TURET SR ST IR B Blg e ? 7R M7 ATef UTigesest
T, IR SThR ScTG! dTEid JFaTe] Tiaid B fa¥ies, Il o1 1.

(ii) if you increase the distance between the pinhole and the screen?
SR el Gifes for geaT Jieardies SR drefdes Ok 61 Bls e ?

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

SR gL ERYUT e cres] febdl SR Jral HHT IRaRYT JATe 31211 a1 s Ulfees, TR B
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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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AT e Giftos dH=ArHed faqum=ar gfesie gt Jo1 R1 (SR STeTed] HH=A!
Grafes AT SR 3RS ) .

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

Scil 2: el 1 A wferA FARTH H3h ST, § ¥aE HRom=a gicrRRuTE ! A= HRO

Figure 7: Draw rays originating from the object and falling on screen
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Here our aim is to construct a geometrical model that would explain the image formation observed in
task 1.

Y IS I3 Fcll 1 7Y Frstsean gfamdt AR w3t 8, & W sxom=n wiffos aforear
HLET BRI, BT 302,

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.

3ep g SR ATBI SToye! MY TS SIeg] Y3l [RR 3aciich 3Tesed] ATEIHI TaTd
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UTGIYIDBIC (R 0T 3MTpell Jral uTfees] .

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?
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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?

2 2 3. 3fThcil 8 UTEl. AT pcilciies ZPZ' BT fehror urel. 8T fohxor aveqear fevegn e Z faqurg
TemesesT 3MTe. AT 3MMeiid HReAl JMURN Q & g e, ulcrd gdarear z' fdguri Jwrer
q3Ue! B fGA? U fexar fdg &1 U HRs] fdg. meymror QPQ' 8T fohxr ferere &ar. i
fcrH ISR Q' fAgural H1a fade ?

Figure 8: By drawing rays originating from the object, predict where green and brown points would be
observed on the screen (image plane)
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Q 2b. Do you think there is a relation between the points on the object and the image plane? Discuss.

TR 29, I AT AT TSSTaRIS U1 AT [gHed Bie! Hae 3118, 3 JFeTa ared &I ? Il Bl

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

W2 2. 3Tl 8 UBT. ¥e! Uligesed Ul =i w2l (iR ool 31w, & WY BR1?
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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, gl e SRl ame, e faen ufom g4 SrAeuT Ydbrarren W ¥l STl S ? I
feber gerea A=t geifdoyed BIvcaTs! TebT Glftos HH=aTd 34 AT 318 I, o TUTHT.

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. AN AT ST IHYA TR ARTEE PRI Bedl AT 3Ry AT Tgpel] 8 HEd
I DIUTATE] Uhrd figurgd femeies o g1 R0 sral, S gfearear meEro
USHRTER (ST JSHRT THT2 ASTUATAIS! aTIReS] ) TSeiies, UNq foaTgd SR A8, 370
qob! & fhRT BIS STefTes ?

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?

U2 4. SR GRAMGaTea! ATSETS[al Th1Rl JSIAURT JSHN HIgH ST aR 8 BRI BIS SR ? AT
ghTaT fhRuTaT USeTaRies UfaHar b1 IR 8lgcs ?

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?

U2 5. SR Yrafos ATHRM GU AS S IR THT B 996 B, 3 TBIH] aied ? Pl 1 7L
Tl Fovedt FRIeroTizi g SR R o1Tg &7

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

TS IS[A et 934: Ui FiTiear a¥ies gfeRaurar/gicraqoeaR SR yeen Fe-rdl SR @l:

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

72 6. AHT W F@uaTaret, gyay U YehTal USoses] STATaT, 3R JHeTe] P dTe ?

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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T2 7. SR GfAftss BRI TU S8 3 OR AT B -HRI 986 Bl 3/ JFaTSl ared ? il 1
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Task 3: Measuring the height of a very tall object
el 3: GU I IR ST AloTol
Pilot (Ideal scenario)

UIERCHCIERICER)

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

311t 9 AL AT HH=IT Hfos (A B2i 81, § IRafdes oe.
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Figure 9: Schematic diagram of pinhole camera
gl 9: feIfEe BTl AIST1

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.

TS M RT3MTE AU BRIGAT 318;  I%q 3N Yrafes Areandles s (D), Jsal v giafes
AT IR (1), ST yema’ies ufer=l 341 (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 are

H_h - hD

similar triangles, D 1, Rearranging we get l

Tl TSI D, | MMM h T ATEI $1Te3, R Y&les aTal! fIamRTd O avdl ST *H° dredT 4d. 3] 9
Aol S e faaRTa &1, i BRIfdg glafesTamsh smed. g Sl BIoiv tasy e,

E:ﬁ
D I
)

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.

TS o5 G g 1 Ral AIATAT U a9l Id. IR & G B4 [Hares, T Rievarrd! et
UhRaY T3epT0TI I[OTeRT UTg 3.
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Working example

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

SITAT, 3T AT FHIBROMET TR Sl ST BT 8IS o U, J6! Sa0e] Glares BHRT &7 T
ST AR U YT 32, ST UETe! SHIRG fhar sire, Qi ferdr fHwdr. Asgidr aruR e D’ ®
ST AT, T AT T TbhiSATIR AT I I AIS 0T TSTEAR hoyed] GUIgwad ‘h’ HISTT.

D (1) 1 (L) h (1) hD

H= 1 (&)

Table 1:
ESIN

Average height of the object, (Mean) H =
I TR S 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?

92 1. JFRTS] VT DIV UGl a¥lal Sl AISTd U565 ? T g Hesleses IR 30T Glefos

HHAT dTIR P fHcwTeres SN ATeTe ol Dl

Discuss

Tt 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?

U2 2. SR gETaR AIST YT Bl 31, o) (YfAfos gsErd 3R | & 7 gewdl) el gios
TR STAS AT BRI B ARIRA % AT BRIH?

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

U3 3. SN JSeRITS! IHURE3dh BRISTUIS] YRG3d W@IRed dIuves d¥ Ufddd a1 95 aldls ?
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