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Exploring science and mathematics

8.10. 3ThRAT Bl
Shades from shapes

° el 1: SaiFed GIOTI=AT HUTIT gleTdTeAl

Task 1: Movements of particles in liquids (&) Maierials

qTUT R e5e5 U TguTa BT, T 25 <l hle! o9 STl <Y, qToM, 3MTS, AaTes!
Take a beaker filled with water. Add a few drops of ink to it. Beaker, water, ink, dropper

U3 1. TS A9 SThITaR BT 35 ?
Q1. What happens to the ink drop?

2 2. JeeTes] WA DIV g8 STerdl [t ?
Q2. What colour change do you see?

T3 3. AT a1 A9 YTvATd 29 FUH BR I Pl [ 18l ?
Q3. Why doesn’t the drop of ink stay as a drop?

T2 4. I QG Saie AIRARE! a1 I STeR0l | FbTe3 B, ST AT g1 gl feqar? g1 fdbar arg
Ficiles 3R T fIamR STl Y Bl

Q4. Can you think of at least three similar examples from your daily life, where you see such phenomenon? Try to think of
such phenomena in air or gases as well.

U3 5. ARG T YThTal U A9 YT0ATd STh 3] AR BT Blses, AT ded+T HR1?
Q5. Imagine what will happen to a drop of thick sugar syrup in water?
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Introduction

STegT JFe ! ITUgTH WROIT AgUTATd TSl Ueb e ST el AT TS UTaTe TER eS| AT e AguralTe FHI Fiaes!. a1y
ueTef Fr@uardl €1 9T (Sa/d1Y, aXies ISTERUTYHAT0) JTAISIUY 5 S3d H8d. Bl TSl ATHSIUIH] UTfgesod! T,
TR AT AT e THHTBRT S0, BR HSI0 Ich. | U1 3T el BUNURIT dvoses AT (AT HOTHT ek
3701 3101 XU 3720 A7 faest et SMfoT <7 ot Tt TrRiies ST & SiegT AHIes <Tegl < T STe).

When you add a drop of ink to a beaker full of water, the ink diffuses in the water, eventually spreading evenly in the beaker.
This phenomenon of mixing of fluids (liquids/gases, as in examples above) happens on its own, even without anyone stirring
or mixing the fluids. This phenomena, though widely observed, was very difficult for scientists to explain. A clear explanation
could only come after it was recognised that matter must be consisting of very small particles (later called atoms and molecules)
and these particles must be in constant motion.

SIS GBI Ul TAV] AT Sldi+1 UTg 3 ATel. 8 HUl HIURATE! (G2l BIGdIes Ba ADB. Sie@T YT SR SR
<RI TS T HUT RITHIGR Wi HUT] HT BHI 37T 72T GH=AT SN B, T Ufeh 3T [Ta=0r = ordral.

The small particles in fluids cannot be seen by our eyes. These particles can move in any direction. When there is a movement of
large number of particles, from one region where they are more to another region where they are less, it is known as diffusion.

W2 6. aXIes TRl AR, AT YYTATIR LT B -
Q6. Based on above discussion, tick the appropriate option:

REDICACR|
31) BT el ST SRR ST W A3l SIHhS
) SR W& Il STHIh g BH! el 3RTesedT SIS

Diffusion of a substance happens from a region of
a) low concentration to a region of high concentration
b) high concentration to a region of low concentration

S ell 2: yBHBTET fAERUTaR ghomRT aRoms

Task 2: Effect of surface area on diffusion

@W

Materials

e Uie, arofl, @roard 1 (feRa1 fdhar 1) — & 317 BRI gHH1d SUGE 49N, Uh His (T3 Aauardro)),
el 10 TATH (FAR 250 HST. & — Teb TUTH HUhaT e AThR YTUAT JSIUATHIS! 0T Fxosed ¥ifld
TUITT JSHT HRUATATST ATIRUAT IS ), 5 HY.

Wheat flour, tap water, food colour powder (green or red) — available with grocer, a bowl (for making the dough), 10
glass beakers (about 250 mL capacity- one for each shape, to submerge shapes in water and for collecting the coloured
water for comparison), 5 cups.

i. Ul YiedTd Uh Y 9xa e Uis €.

In a bowl, add a tea-cup full of wheat flour.

i, WIS QWO 7 =7 AT BIReAT [USTHE] TS HAST (37 U TT8& (G, SaT I &1, IR Ared
UISEICEIS IS ST
Add food colour (use adequate to get very dark colour) to the bowl and mix it well with the dry flour. Keep some
coloured flour aside.

iii. ST ST ATSAT- AT FHTOTS 9ol T, TS ! 1o} TR YIS el Hel.
Add water to the remaining flour in small quantities. Mix the flour and water well after each addition of water.
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vi.

vii.

Viii

Xi.

Xii.

iv. TTeeTe 4TS FiTes Y, UhT YT BIsUId A& BT, B0 [hfd 7 TATdl, Hedh T4Tdl.

Continue kneading the wheat flour till it becomes a nice smooth dough with uniform colour. The dough should be
slightly soft, not hard.

SR el TR uTofl fRTeses ST1foT ftTe frdhe iTes!, TR QT aT9[e] Bl Sdcies WHId Uis, S vt gg a1for
In case you add extra water and the dough gets sticky, add more remaining coloured flour till it gets the firm and
smooth consistency.

AR SATehed] DHUIhd TS 4 I T SEFGET Mos g, Tesdia KAl 3T JR0] HE<ATd ATel, U 0
M ATHRAT ST XA FH TS, & U1, 3eh SrepATS! et SHR febar awgarT arel o
HRUYTATS] g‘%ﬁ G dIct / $Y / VLT I EEl EEIRSIE] CNIUJ\QI'CH EIEKCSEICASIN

Divide the dough into four equal parts, making small balls (spheres) of approximately 4 g each. The exact mass of the
balls is not important but all the balls should be same in size and mass. You may use a small bowl/cup/medicine bottle
or a rough balance to compare mass/size of the balls (for more accuracy).

AT AT aTa<ad fdvar gldl, hUhT Ydh ITeodTe3T dITdIT JTHIX 1. ST Q\‘%‘II(’“) SEISNIITCIEIN zIfbt'll
AR TN, 3 3707 die fdhar a.

Usmg different moulds or by hands, mould each ball of dough into different shapes: a cylinder, a flat round disc, a
sphere, a cone and a brick or a cube.

A STHRTHT TRATO! HISTT SR S SIS T 1T AT ST ; Mo a1 ; 3! fordt 0t 1oy e fac=h =i, fat

3oy Sl &Y Arfedt g Biagadhciies (Work sheet) el 1 7Y Figal.

Measure the dimensions for each shape, such as the diameter and height of the cylinder; diameter for the sphere; slant
height and diameter for the cone; height, length, and breadth for the brick etc., and record in your worksheet in table 1.

ix. TP JTPHRIATST, dATS FUTH USH TADTd 150 AT, TTof HRT. HUThea MPBRIFAR AUTaTaR 1 fe58T.

For each shape, take separate containers and add 150 mL of water to each. Label the beakers with names of the respective shapes.

. IGUTATIEs UTof §TER 71 Ug Sl HUThd TR BRARIV TT-TT A<l dguraTed odl.

Gently place the shape in the respective container without spilling any water.

I G BT Bl ATHR YUigol G0 gSoies e 30T He AgUraTe AR Uo7 318, SR UHTET ATHR YT
IS T, TR SUTAT AT ol STehT. He Agur=iHed UTofl AR JHI0 e, T UBT.

Please note that the shapes should completely immersed in water and all the containers should have equal quantity
of water. Add more water to each beaker if any of the shapes is not submerged. All the containers should have equal
quantity of water.

TYUTS GAR 30 A RIR ST, T SRR YA BRI AT IS DI JTh iRl JLIAT Tehedl AT faosed
YRHRII AT dTUR el Ba Al

Keep the containers undisturbed for about 30 minutes. Use this time to calculate the approximate surface area of each
shape. You may use the expression for surface area given at the end of this unit.

K SEL HUTHHT BN 341, i, ¥4I 3.) JS%ha

Sr. No. Dough shape Dimensions of the shape (diameter, Surface area

STHRTA IRATON (AT,

height, length, breadth, etc.)

GESIN
Table 1
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&g : FTHIE ST YT gRe AT A 7o gRETaT 9T9R e o1 diedl A, Ml FHoam fHesfauare 81 ve gaiit
BIRECIES
NOTE: One way to obtain the radius of a sphere is by wrapping a thread around it to find the circumference and use the
circumference to calculate the radius.
- 30 FAfICioR, SgUTATIes U0 S@ARYYT Hrredl gH=A1 SgUTATHE] i1 fdhal Iguramg HioTh Blsoigdd HIg
1. FYUTARI I ITogrd fFR1eror e,
After 30 minutes, gently decant the water into a separate glass beaker or carefully remove the dough from the beaker.
Observed the coloured water in the beaker.

« |qd FYUH, ] TR R M9 HA ATl
Arrange all the beakers side-by-side, starting with the darkest colour to the lightest.

. AT RASTRY AT YTV WReses Ueb TguTa ST 3107 TesT 3[4 (0°) 1 2.

Place next to these another beaker with plain water, and record this as zero (‘0’).

+ g oo R T 2 He Aiadl. I dguraAiie STaviregl T el Uge ATgaR gy i, GIR, T8
Record your observations in table 2. Indicate the intensity of colour of the solution in each beaker as “very light, light,
dark, or very dark’.

STUTTAT AT <t (U i,
SIBEL HUTHT BN w1, T8, @Y TST)
Sr. No. Dough shape Colour intensity of the solution
(very light, light, dark, very dark)
1.
2.
3.
4.
dda<dr 2
Table 2

S gl Frdterct

Observations of the activity performed

* IV AUTATIS STV AT SR 7 AT 378 ?

Name the beaker which has maximum colour to the solution?

* IV TYUTATISS STV AT DT I AT TS ?
Name the beaker which has minimum colour to the solution? _ _ __________________________________

T3 1. BTk JATHR AT TS AIdJHR ATST?
Q1. Arrange the dough shapes in the increasing order of colour intensity:

U3 2. DHUThT JAThR e YB8H T de AT shHTTHIX "ier?
Q2. Arrange the dough shapes in the increasing order of their surface areas?

T2 3. AT FHARIA] ATl AH TSTAT TMNes bl Iae3 ?
Q3. Why did we initially make balls of approximately equal weight?
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2 4. e IGUTAHE UT07 HIRRATE JHI BT Helos 3T ? SR Ple] SguraiHed qrodrd JHT0 GHI THS TR DI 8I5c3 ?
Q4. Why should all containers have equal amount of water? What will happen if the volume of water across the beakers is
unequal?

T2 5. PHUThd HR ARET ded YTUAT YUIT0] g8 o5 DI AT ?
Q5. Why should the shapes be completely submerged for the same duration in water?

T3 6. BUBTAT AT JTHRIFAR AT0TcdIe3 AT < BT gaerd ?
Q6. Why does the colour intensity of water change with different shapes?

T3 7. a1 YT SN, IS 3107 fIARUITT S% AT Hie! Heiel 3T BT, o WE 1.

Q7. Based on above questions, explain whether there is any relation between the surface area and the rate of diffusion?

el 3: A Storaardier fAaroma fAdteror &=ot
I> Task 3: Observing the diffusion in gelatin box

@Gﬁ?ﬂ

Materials

PIVIATE! 3T 7 B s os! ST e UTasR (ThRT0T ST SUGE 81, 2hes 13T DIVRITE! [STes e UTaeR), Ter uroft
fear ugre uoft, feTehdfess Sl (1%), WIREHD BY (T AR A UH dlbose [hdl ol gid
| ATIRT A3 ), 100 IS, BT TgUT, SUS Fses THRE His fdhar aret, Aredr (100 fredt.), giex fhar e,
IR SR 0.1N NaOH fhdT A S1avT (100 YS!, TToaTd HIvITe! §a |G 10 909, faRe 311 : HCI STa]
(0.1N) T T8 Wrew BRuATd 33 (10 U uTofl fges faRes doses) fdbar fosaran 39 (Ueh TR UTug e #ed
JMHRTAT &4 fo3aiar /), 923 IR / WiRkeddl TRE3 S e,

Materials: Gelatin powder without any added colour (any branded gelatin powder available with grocer), tap water
or any potable water, phenolphthalein solution (1%), plastic cups (as moulds of different shapes—chocolate or cookie
moulds can be used), glass beaker 100 mL capacity, a shallow wide container or bowl, measuring cylinder (100 mL
capacity), heater or stove, dilute base: NaOH 0.1 N or soap solution (10 drops of any liquid soap in 100 mL of water),
dilute acid: HCl solution (0.1 N) or bathroom cleaner acid (diluted 10 times with water) or lemon juice (juice from two
medium sized lemons in a glass of water), butter paper / transparent plastic sheet.

i, TUTETE 100 RSt qTol €9 311 o IHaI.

Take 100 mL water in a beaker, and heat till it boils.

i, T 5-6 U R UTasy (AT, #8107 =ives gaal.
Add 5-6 gram gelatin powder. Stir to mix well.

iii. TTe5Te quigol AR eI STaUTeT SWIET 1.
Continue heating the solution till the gelatin is completely dissolved.
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iv. STATET SWTCT SOl ATl 3ATOT o 5-6 M of'e 81, .

Stop the heating and let the solution cool down for 5-6 minutes.
v. SIaUITd fOhTeheifesTd 3-4 49 HTeT.

Add 3-4 drops of phenolphthalein.

vi. 1T, NaOH o g1avT fdhaT ATEIT STa0T STehT.
Add 1 mL of NaOH or soap solution.

SIS TS& YeSTa I ATATATS! o RIS FHaT.

Mix well to get a dark pink colour.

viil. FTSTITIT 10 el TN Rtesfest grarr e oo weies AT 3iaT.

Use a measuring cylinder to pour 10 mL of this coloured gelatin solution in each mould.

Vii.

ix. STTIUT ERIRH TRIAT ATIR 3] Tl AT WTT g bl ST RBRIT BISUSTAT IR B3 TGl DRI S5 IR
HRAT AT, BN
One can also make one’s own moulds by using household items, such as an empty match box for getting a cuboidal-
shaped gel.

Gel in two different cylindrical solids

3Agett 1 gt 2

Figure 1 Figure 2

x. SUGH Hored] AT AMHRIIAR, T (T3S ST JHIOT SR febdT 31 319 3hal. UG Hd Aredaed
STAT AR JHTVIT &1, FToT Tidh |TeaTd gral 10 et et 15 fredt. axdies RTesfed a o araval.
The amount of gelatin solution poured can be more or less, depending on the size of the moulds available. But pour the
same quantity of solution across all the moulds, i.e., one can put 15 mL of liquid gelatin in each mould instead of 10 mL.

xi. TT3fesT ug grvarardt 30 e de 1. Gaex ug BIvarRid] Rl o WISTHed Sg 3 (3T 2 Ua).
Allow the gelatin to set for 30 min. You may keep it in the refrigerator to speed up the setting (see Figure 2).

ii. AT SHR BTG TSR HIT MM T g3 YuR fhdT s IRk 3icd” 3dT (3Nl 3 TgT).
Carefully take out the shapes from moulds, and put them on a butter paper/ a clean plastic sheet (see Figure 3).

iil. AR pesed FTsfeear e R afRATor /ST 31for < et 3 He Aiie.
Measure the dimensions of the shapes prepared, and record them in table 3.

xiv. S IRIhe3 THRT A fhar wradl ardl &1, T R IR SIaTa S1avl &1, Sividhad dhed gl NafeTd
3MPTR TUIYYT J&iTe3.

Take a shallow but wide container or a glass bowl. Pour sufficient quantity of a dilute acid solution so that the hardened
gelatin shapes can completely submerge.

xv. RTe5 T Td SR AR SmFesTed STuTTd 8RaRYYl 3dT. DR YR U 3R STUINESi 9 DR YebTdl dod!
STUTTC STUITT T Dl
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Gently place all the gelatin shapes into the dilute acid solution. Try to put all shapes in the solution at the same time
instead of putting them one-by-one.

xvi. STl AThR ITFSTT gT9UMd STy, AT JodY g BT
Note the time when the shapes were placed in the acid solution.

xvii. RT3 T SR MM Jd MHR JEH BIVINIG! BRG] de A1d FRIET $R1. Jl Bosos! FRIET) T 4
HEY il (ATl 4 U=T).
Observe the coloured gelatin shapes and the time taken for every shape to become colourless. Record your observations
in table 4 (see Figure 4).

3Pt 3

Figure 3 Figure 4
PN BRI gRATO (a1, S, Sidll, $41 8.) JEE
Sr. No Gelatin shape S el ehues (dmeits, Surface area

B P height, length, breadth, etc.)
1.
2.
3.
4.

qddr 3

Table 3

AT SMHR SAST ISR TTEH 1T <A :
. : MPBR TEIH SIS
g Rt smer Rt 93 (ffre <) 9 (Rfeshe) IS 96 (Vb))
. Time when the shape Time when the shape .

Sr. No. Gelatin shape .. Time taken to become
was placed in acid became colourless colourless(sec)
solution (min:sec) (min:sec)

1.
2.
3.
4.

dda<di 4
Table 4
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hoedT et Aderor

Observations of activity performed

« ST IMHRIST B BIVIRIST Fdid SN d&d SRTSAT Al e

¢ ST MHRIST TS BIVIRITST Hatd hHl & SHTST SIS

73 1. Niostesran graund e e ag NaOH o STa9T 6T €Tdes 3T-Td ?
Q1. Why was NaOH added to the gelatin solution along with phenolphthalein?

T2 2. | SMHR AT JSAATTIR B BT SATe3 ?
Q2. Why did all the shapes turn colourless after immersing them in the acid solution?

73 3. IS SMHRIAT TR BI0ATATS! AT B bl BT ?

Q3. Why did the different shapes take different time to become colourless?

U3 4. T YA FTes e YT ST e ?
Q4. What is the role of gelatin in this experiment?

72 5. SR fhiTemeifor Rrosfemed faavamiasi AieaTiles STavii STdes R HIY Bls e ?
Q5. What would happen if phenolphthalein was added to the solution in the bowl and not to the gelatin?
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T2 6. SR IV B TSI MHR g ATFSRIT ST S5 R BII BISed ?
Q6. What will happen if we put these discoloured shapes in a strong basic solution?

2 7. AT fehAd aTaRes e Y Sll $aR HESl SUGE 3R-Tcses 1 fhal A (pH) 31 Jre! Jag 3l d1 7 SiegT grel o S1D
qTURTS BT JFETHT DIVR I8 QA ?

Q7. Can you suggest other easily available dyes/pH indicators instead of the one used in this activity? What changes do you
expect when you use those indicators?

S elt 4: Tofigiad gomR fawRor
Task 4: Diffusion in living beings

ST FAITe UG RERTIATETT B3I Y2 BRA, 3T T3 Jrelos] Pl TS 3fTe P17 8 UfhdT 9oy a¥ies peliaed
qTfecyedT UfhIIRYTE 319, AT, ATaTHeY AT 3ax Foiaiaed faarom=ht fopar chi*-lbcﬁ B, 96 © 9 YNTHeY
ST 0T e feba §HISTPTIRY BRI BRI, IRICSH (IRIUCH ) Ggid arian @IIWIHYﬂ\ﬂ SIS, ST, SR IS,
JNFURIUCS hdes Blel Mdsd qAi=Td @II'CUI"IEEI\“I NIBZEHINA Wf’gdﬂ‘ﬂ Jeddid. dgdd NICE? Uco, NEIEIE l‘Iféllqd(”)
B ase™ URUCH 9.

Have you ever wondered how nutrients from our food enter the bloodstream? The process is similar to what you observed
in the above activities. However, in humans and other living beings, diffusion occurs across membranes. A membrane is a
material that acts as a barrier or divider between two regions. A permeable membrane allows most substances to pass across it.
On the other hand, a semi-permeable membrane allows only certain substances to cross the membrane, but not others. Most
biological membranes such as cell membranes are selectively permeable.

BT IS HH ATHIA ST SMR?
HOW 15 THE SMALL IMTESTIMNE ADAPTEDT
PRI TS
copilcey ratwoek m
g, B
| i § I| l.-"
e i s 'll :
l\.\I\"\.\I\I\:. 1
wnall iAleiline
higiod vegeple
RESCI

3Nl 5: FETT SIS BN ST T Sgef

Figure 5: Small intestine showing villi with capillary networks

10
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T3 1. IR srazara fhar fFmia, R Aiear gswere faasor frdar aRom g, orht s Serevr et |i]
BT D17 IS T I8 [o5c) TR
37) iAo FrGAAET BT IaTuziae] faaxo

Q1. Can you think of more examples, of organs in the body, or in nature, where larger surface area affects diffusion? Here is
one example:
a) Diffusion of oxygen from lungs into red blood cells.

Expression for surface area

K BEL SMHR BRI STTel IEHITE G
Sr. No. Shape Shape diagram Expression for surface area
SN
i) ' 7 2
! Sphere I::"— —3 amr
S
T
2 oq side 6 x 91912
Cube 6 x side?
3 ?ﬁ?:(g ) H 2LW +2HW +2LH
Brick (Cuboid) I
w
A ST ST [UTe Al 27 (r+ h)
Cylinder and flat disc
5 AR ¢ wr (r+£)
Cone

GESIES
Table 5

11
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