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Pinhole camera
gfafos H3-1

Introduction

Mg

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 ALY TCHI I Yeb GreTog HHRT TIR DHRUMR IATEI 0T T AIAMETST Teb FIe FU[H dTu”
BHRUIR 3MMBI. I Pl GRAMETEN Uil B2 I, 3o JRTAT THOIE.

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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CC-BY-SA 4.0 license, HBCSE. May 2022 1



Vigyan Pratibha Learning Unit Pinhole camera

AT, T TSHIeASH] frheug! BT fhar TeR ST =Sl TodiedrdT MHR g TEs. Todiedrd]

Y ATIROTYOT 3 WY, 3107 HieT 25 WY, 3RYeh, AT hladoll &1

Figure 2(a): Rolling chart paper
3Tl 2 (31): TS BTG JSTBATAT

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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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).
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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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g&T a1 B ABAT] (ATl 9 UT8T). IT SIS a1k bRad MITAT | FUrol gsal AT Rafos
Now the pinhole camera is ready to use!
GlATtrs HHRT ST ITIRTEIS! TR ST 3T |
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Figure 5: Assembling the camera

STl 5: HHATHT TSI

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

sirgett 6(31): T
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Figure 6(b): Image in pinhole camera

3Tl 6(q): QST HHIIT qoell SHCI ! glcrar

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

T2 1. I T AT HHd D10 986 o 3Med ? I1 dasid o AT ARG BIRUT gl |
ADTA DT7?

Q 2. What happens to the image?

U3 2. GRS Palides TIHd BT 98 B, o FRM?2

(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.

Gfafss HART A BTe5ad] J¥6! IR AU §R TS IR I Blses ? waR 307 el urfeses! i,

A= AR geaTd! qraeld Jralel Ui B fades, arel G- Bl

(ii) if you increase the distance between the pinhole and the screen?
SR el glafos AT geaT ATeaTdies 3R drefde) O B 815 ?

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

SR R[] YERYUT &S AT [hdl SR Jrel B! TERYUI TS 37T GHIT IR DS YIfed, TR B BI5ed ?

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

elt 2: Poelt 1 7 gherd1 AR w20 ST, T TWE BT FRrvuT WA B0

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

3Tt 7: TEIUIRLT [eTeses S0 GSEar gSeies [y o] el

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

Y IAMYST Ie3T Pell 1 9] HwTesen Ui (A w2l 81, & T HROM=T HIFARTS Tireure] [T SR,
RIS

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 Ieh TN IR AIBI STro! S WU STegl Yehl3l [RIR fuaci-iie 3esed] HIEHIIH Jard B,

dIeg] Al AR X STl U bRl A7 S auarars! “fhRor arRard. A<l [Aerea] UeayRidhId (Rl

ST ) Tt e,

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?

u3d 1. Pl 1 ALY MAwTesest aferr MR w3l sal, & Srafaum fvor sl Brevaren e &< AT, 37l 7

AR RITISITHATYN, fhROT TP BT Il axeT CIbldhg Feal 301 a1 e YT P AT JrafSsIgT
ST T' 1 fAgurRil fresdl. A1 JTheeles fhRoT TPT' YHTO, a=dT <l diTdTeoa fgurg femeses
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fehRuT I D1 AT D17

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?

W= 2 3. 37l 8 UTET. AT 3Mpdilciles ZPZ' BT fhxor urel. 81 fohvor ge=an fexean ¥uren Z fagurg Hemoset
31T, T TPeid BRSAT WU Q BT 45 3118, Ui 1 gdeTeR 7' [igurel JeTel Eiaia! o fdie ? Uh
f&var fdg &1 Ue rel fdg. ArayHor QPQ' 81 fbvor faemid =ar. sirdr ufcrdr gaaer Q' fagurit era
S ?

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

3Tl 8: TEIUIT (a7 e [BRvT e 311for gsenay (Ffrdr 7des) fevar fag (sigdidies Z fdg) sy

BVl fde (3redldiar O fde) @i fewdler. Irar 3ieTd &l

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

T3 2 9, I 0T AT TSeTaRIes Ui A f[gaed wre! Hee 311g, 31/ JFele] ared dl? i Hel.

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

W2 2 . 3Tl 8 UBT. J¥e! Uligesed Ul fazi wail (i3 oie! 31, & T BR17?

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.
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U3 2°S. gl Q@I SRh 3ire, i faar uicre! 84l SIAeaT™T UehTRITdl A1 ST ATl BRI ? e fdhar Al
AT afesean BIvRITET Tt GRaftes HH=ITd 317 3TTEede) 318 I, < 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?

3 3. RIS TR Silered] oA UehITed] HITETEd reTel el 3fTes! S-Aerd. 3Tdl 37Tl 8 HEd qRel
DIVTTE! YehTd fIgURIT fremmeses 314t &1 fohror dret, of YRAfSarean Arare! JSHRIER (S g84RT
TehTal FSIUIATATS ATUR AT ST TSciles, TR fESTIT SR ATEId. 3130 dd & bR 0T DIS SATeiles ?

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?

T3 4. SR GRSl TS[Ersral Y3l SiAuRT ISHNT Big Cldhe] aR & fhul $IS Siies? AT Jebrar
fpuTaT TseTaRles UfcHaR BT YR Blgcs ?

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?

W2 5. SR GfAow PR YU HIS 36 IR YT BRI 9963 Bldles, JY TRIGT aied? Pl 1 9 g
Fore FRIeTih Ja< IR FA 118 H17?

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

TEATS! SIS et 93: Ui e a¥ies wfcraurar/gicrauonar e Yeed1 y2-ia] S &l:

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

2 6. TcrHT WE [HBUITATST, gAY HehTal TS o3es] SATAT, 3] JFeTeH] Pl 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?

W2 7. SR GfAos ATRIM YU G 3RS IR THd PII-BI I8 Bl I Jrelel ared ? Pl 1 98l
Tl Fosedt e g SR U o1e &7
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Task 3: Measuring the height of a very tall object
Helt 3: GU I IR A Alool
Pilot (Ideal scenario)

Arieald (3SR §3)

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

31t 9 AL it HH=aTa wfom (T w2l 81, § SRafdes e,

Figure 9: Schematic diagram of pinhole camera
3Tt o: laAfess HH=ITe] IS

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.

RIS <14 IRAT AT HRIGIT 3ATe; I M1 GRAfrs IrARie 3R (D), TsaT 3N Jfafes Jieariis

3R (1), 3T yenasies ufes= 3 (h).

Once you know D, |, 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
o hD

Rearranging we get l
THaT JFRTT D, | MM h & ATSI $I103, TR Yeied dTa] [TaRId U agal ST *H’ BIedl Ad. 3] 9 9dTS I
Brepiv faaRTd =1, i BRIfdg Glefogmari sed. § ge! Balv tehad e,

T
—_

D

=

D

~H=——
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.

NI f&oses A Rig T BHRAT ATSTAT AT IIURAT . IR 8 G B4 Hwles, & RIGuIrard! Jeial thad
FrepTori T[urerd urg 2rehal.

Working example
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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.

ST, AU AT FHBHROMET AR Sfa SR Bl Blged o UTg. ol dadesadl Grafds BRI =1 AT <1
JEIAR U BT A2, S YTa] SHRG fha1 $iTs, il Ui fesar. ArsgEn aiur & ‘D’ 8 iR dIl.
TR AT TS BISATIR JFHT TSI I AT AT TSR boyed] Goliawad *h’ ATl

p (JH1) 1 (1) h (FH1) hD
H= 1 @&
Table 1:
dadr 1

Average height of the object, (Mean) H =
CESEIGNENISEIES

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

T3 1. RIS MU DI Ugel I+ Il ST AISIAT U5 ? T UG (Hableses IR AT Ghafss da=arn
TR e fAesTeres SR el el Bl

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 gSETeR HIc! aicrH 841 3w, TR (YRfes Tserd 3idv | € 7 9eadn) JRTal Giafds aegeal Siqe

IO STHe3 Bl IRURG TR =ATd B3 ?

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

U3 3. SR TS ENTS! SHUR G2l BRSS! YRE3h THIREd TR a¥ Ufadd B 956 Bldia) ?
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