Vigyan Pratibha Learning Unit An experiment on measuring volumes

LU 8.11 An experiment on measuring volumes
ST ITHRAT HroAT!

Learning from "The crow and the pitcher" story ¢’
Do you remember the childhood fable of the crow and the
pitcher? (See Figure 1.) In this unit, we will imitate the crow g
in the story and use the concept that ‘a body submerged in |8
water displaces an amount of water equivalent to its ¥ ]
volume’, to carry out some measurements. The last task ’_.
(#5) in this unit is closely related to the tale — and you may §

reach a surprising conclusion at the end of it! 4
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F:gure 1: The Crow and the P/tcher
Are you familiar with these ideas? SHTgett 1: Bree] ST ToaTel] R

JRETSHT Yt Hehed=T ATEIT 312 BI?

e \Volume

¢ Displacement of fluids by solid objects
RITY TGN 5d YT IR fRemI=

¢ Average/ Mean

RN

Materials required:
q»—cﬂﬂﬁwrmﬁm%w

A narrow transparent cylinder (or a transparent 500 mL water bottle with the top cut off; the
cylinder need not have uniform diameter across its length)

35T dISId U URG3Id AroTard (fhdT disias dueses! 500 AT, qroarEt Rer ared!; Aredm=mEr
T BIAIHR ThaHT FUITE! RS A8

e Glass marbles (~40) of similar size

HIROTI0 HREATE BRI DTl Ml (FAR 40)

e Small irregular stone which can fit into the cylinder comfortably (see note in task 4)
AISTYTATT HESTUl SIS 65 3TAT B8, ITATH TSR SIS (Fell 4 9efles T IaT)

e Ruler

FERED

e Marker pen (fine-tipped)
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YU HRUGTATS] e Th AT HTBR U

Straight edge (like another ruler or edge of a notebook)

AR el Ao I (3] peug! fhar ag Her)

Beaker (with graduated volume markings)
A tray or tough may be kept to collect water spills

qTofl |ig T ATATST ¢ ol qRE HiS

Task 1: Creating your own volume measuring instrument (a graduated
cylinder)
Hell 1: SMHRAT AIGTUIRITS! Wadl AIEH TR HI0I (3Fifdhd Aorar)

Use a beaker to carefully measure 50 mL water and transfer it to the transparent cylinder. Mark
the height of the water column on the cylinder using a marker pen.

50 THST. aTofl SrgH Ul AISTUATATST Yeb dguT BT 30T Jrel didesed] YRGRld AISATAT o Sl
ST, AT HISTATATT 50 ST, Ao UTded! St 31Te, < HIeh U aTaad 50 feil. T8 U Tur &

Repeat this till the cylinder is almost full, marking successive heights at the steps of 50 mL.

3731 WebTY, ® AISUTS Ul ARUAd &1 Poil JB1Y~el HRI. TP dasl 50 Hest. urofl “wRegaR grogrdt

Tl i UIgides, J AISTITATAR T 1.
Label the markings with appropriate multiples of 50 mL (50, 100, 150,..).
ST, ATSTYTATER TP 50 . aroll HRea=aR 50 e, , 100 T, 150 &t .. 313AT YU .

Now you have a graduated cylinder which measures volume. You will notice that we can use
this cylinder to measure volume only in multiples of 50 mL. Hence, 50 mL is the least count of
this graduated cylinder. If the water level is between two markings, we take the reading as the
mark that is closest to the water level.

3T JHeATSde Ueh 3fAifchd AT 3MTe 30T JATHRA HAISTUIRITST Jral el diaR a3l
JAT &I 3TTe5 3RAS DI AT JAMfebel AISTYTAT BHIT BH! AT et 50 ST 2T USTees ATBRATT
3907 HIS], A, FULA, AT AT ATSTUTATE ST AT 50 1. 3712, T BT I5e3. SR TogT!
U] SIF YUl SRR AW, AR UT0gTE] UTde! AISATATIRIS ST YUIoldes 31R4e5, o HIY 3{Tq0]
ol

The maximum volume your graduated cylinder can measure is (Highest marking on the
cylinder)

A SFTTTh e HISTATS el SR fdbeil SATBIRATT HIS] bl 2

Task 2: Measuring the average volume of marbles

ﬁz T AR JMHRAT AloTol

Take the empty graduated cylinder and fill it up to the 200 mL mark.
3T RepTH SFTiTeha HISTATS BT 31107 el 200 HesT. goraia aroft +i=7.

Drop the marbles in the cylinder, one by one while counting them, until the water level rises up
to the next mark. Ensure that all the marbles are fully submerged in water. That is, the level of
the water should be above all the marbles. The water level rises because each marble
displaces an amount of water equal to its own volume.

HISTATATT Ueh-Ueh AISI TIC! 0T STehd Y81, SHUdd JTuare el Je=aT Gurad ared Are!. @l
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PRI B | TIe] qroaTd quivs] FSoeT JATed. Forord ITugTEl Urde! 94 M=l aR Uieide! 8.
HISTYTATC oS UTUAT] UTdod! dTed hIRUT U TNc fory Sad==T SMhRATIUgS uTof foeenfud o,

If the water level is between two markings, we take the reading as the mark that is closest to
the water level.

SR qTUATE] UTdes] S GUIied] SXFI e, IR II0grd] Uiie! AISTIrETaRies Sa1 GuIsTas 31R9e3, <
HTY AT Tl

Volume of water before adding marbles

eI UTogTd SThUATYAT aTogT] Teias!
Volume of water after adding marbles .

ST 90T STh TR dI@eses] aTudTe grded!

Number of marbles required to raise the water level to the next mark

Thus, marbles displace _ volume of water.
Qo) ITes! et ORI aevITITd) U SrheredT Mesd e 313 TN,
_______ Mo UTogT=AT T d ERIRCHEIFEISE

Use this result to estimate the average volume of one marble, obtained experimentally (Vexp).
IR FYSTy e aTerian aTR T 3MTIOT UehT ST FRTART TTHIRATT BT (Vexp).

Average volume of one marble .
ThT M AR ST RHAT

Task 3: Comparing the volume of a marble estimated by two different
methods

qrcﬂs S i gl ArsTosed M =AT STHRATHA A1 B0l

Keep ten marbles in a straight line touching each other. (You can create a long narrow channel
by placing a straight edge and a ruler parallel to one another with a gap in between, with the
marbles lined up in the gap.)

ST M1 UhHD T e Tebl e YN Sdl. el Ul qo[erl Heug! 01 AT ITofes] eb AR

BHS] IS I G Bd TBA AR YT DH<a Achell MO T Tl Hed TSI YehHeb ] Ferehe

39 3BT, S Heyc el HE TSl UhHGBIAT e ST,
Measure the end-to-end length of the line of marbles.

AR e T3 Ml Ul SIpTUTg =T SIbTqid Sial Ao,
End-to-end length of ten marbles

CHEISRIE] bl ClIPTYIR T gl SIHTIId S

Use this measurement to estimate the average radius of the marbles.
T HIYAE] AT9R ha STl SfaTol IR T Frar.

Average radius of one marble

T M TR By =

4><;r><r using the radius you have

Calculate the volume of a marble (sphere) V .= 3

obtained.

ThT M (M) ATBRAA  V

calc —

;’x;m PIGUITITS] JRTAT HaBTeres! s ardRT,

Volume of one marble (obtained using the formula)
TepT T ATHRAM =
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V.

You may notice that the volumes obtained by these two methods differ slightly from each other.
One can estimate percentage difference as the ratio (expressed in percentage) of “the
difference in volume” to “the volume of a marble” (by either method).

RIS el TG BT MHRATTHE fhfId B MTe, & AT Gl 31Tes 3TAS. B B fohell
T 31T Tl ABRAMKNSG BRS' (SIRIAL ATScies) AT T MMBRA' (HIOTATET ThT Ygei
EIE ) RIRIBUINNESE SN EA SRR

Percentage difference =
PR P TIRATHES = _

Task 4: Measuring the volume of an irregular stone

Helt 4: ARG STHRT=T TSR SMHRATH AleTol

Fill the cylinder with water to the 200 mL mark.
HISTATH 200 AT, OO o R,

Put an irregular stone in the water. (The stone should be completely immersed inside the water
with the water level at least 1-3 cm above the upper surface of the stone.)

T qIoATd Ueh AT AThRTET ST Frel (Sivdhead TS UIudrd Uil gSTesdl 31-7es 3T groft
SITSTUET fHHT 1-3 1L aR 3Tes, Il AT ).

Estimate the volume of the stone by observing the amount of water displaced. Unless the
water level matches with one of the markings, this will only be an approximate measurement.

SRS fARATIUT SATeredT UTuaTl UTde! UTg SISl JDBRATTH &Il BT, SIqd AR
UTOYTT YTcTes] pIvTeATE ] GUaRIaR Jobd] ATe!, A9 & are 3aTol 31/eh.

Now, immerse enough marbles to bring the water level up to the next marking.
Volume of water before adding the stone

SITAT, AISTITAT YA T ST ! UTudTe] UTdded! avedT GorRll Soses.
SIS TTHUATYE! ITugT] Teicd!
Number of marbles required to raise the water level to the next mark

The irregular stone + marbles displaced volume of water.
O gTde] aR=T GUrudd aISUATATS! UTUdTd Clhaedl Tedidl HRe]

i gTs + T AHes AT, aroft faerfid simes.

Use the mean volume of marbles, Vexp obtained in task 2 to determine the volume of the
stone more precisely.
SIS ATHRATT AfD JTHTT BIGUIRTST Pell 2 HEY fHedTeres Meedid AR ATHRA (V,,, )

qTyxT.

Volume of the irregular stone

AT SIS MBI

Task 5: A challenge
el 5: Teb 3™

1. Fill up the cylinder with water to the 50 mL mark.

AISTATAT 50 FreST. aTof 9w,

2. By adding enough marbles, try to raise the water level to the top of the cylinder.

YNRAT ST YT0YT CThT 3 OT GTUT UTes! AISTUTATRT R SIhTaid areduiTal Yo B,
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3. If you do not succeed in raising the water level to the top, note the highest marking to which
the water level rises.

T UTUaT UTdod! Hatd dRegT GUIad =T I 3fTes ATe!, A1 UTugrl Urces] HFeaid ST bIore]
GUIOd UTBI 2, B JFal |iY] ABIH BI7?

4. Maximum marking to which the water level rises
o id [d o

qTogT} UTded! Aaid STR<T o3 GUIYUd die | Sl gl

5. Number of marbles required to increase the volume by this amount

ITUAT UTAa] ATSUIRITST BT T el Al
6. Can you think of an explanation for this?

IJrT WETHRoTET IR BRI,

7. Do you think the thirsty crow would have succeeded in quenching its thirst? Explain your
answer.

J&T o5l DHIdedTd] daT HINTe] 3T B17? JrelAl by dicd, bRl €.

Image sources

e Image 1: The Crow and the Pitcher: From The Aesop for Children, by Aesop, illustrated by Milo
Winter, Project Gutenberg etext 1994
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