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Surface Tension

1991 A/L . .
1) Define surface tension, Describe briefly a laboratory method to determine the surface

tension of water using capiilary rise. . | |
pen at both ends, is

A glass tube of internal radius 12 mm wall thickness 0.4 mm and ¢
ded vertically from a sensitive spring balance. A beaker containing a liquid is now

5 n

;:SSZJH siowly so that the surfuce of the liquid just touches the lower end of the
suspended glass tube. What happens to the reading of the balance? Explain your answer.
The beaker of liquid is then raisec until the origiral reading is seen again on the balance.
If the depth of imersion of the tube is 3.67 cm, calculate the surface tension of the liquid
assuming that the angle of contact of the liquid with glass is zero. Density of liquid is

1000 kgm™.
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1993 A/L

2) Draw a labeled diagram of the apparatus used to determine the surface tension of a liquid
using the Jacger's method.  Give the essentinl steps of this expesiment. Write down the
cquation which would enable you to determine the surface tension, indicating clearly the
quantities involved, What are the advantages ol this method?
A bucket with a Mt base has a small circular hole of radivs 0.1 mm at its base and
contains § vm of oii of density 800 kg m™ and surfice tension 0.03 Nm™, Show that the
oil will not How out of the hole.
I this bucket without any oil is now pushed vertically down into vater, at what depih will
the water start to flow into the bucket through the hole. The surface: tension of water is
0.075 Nm™' and its density is 10° kgm™

3) A vertical narrow tube carries a soap bubble of radius 0.1 ¢m at its
lower end. and the air inside the bubble is “rappec by a column of the
soap solution ol length 1 ¢m as shown in the ligure.

Take density of the soap solution as 1000 kg m™

(i) If the angle of contuct at both menisci of the liquid column is zero,
calculate the surface tension of the soap solution,

(ii) When the soap bubble is broken it was found that the maximum length of the column
of the soap solution that can be kept inside the vertical tube without falling is 3 cm.
Calculate the internal radius of the tube.

(iii)Now the scap column is removed and the wbe 1y om)
is partially dipped in a liquid so that its lower |2
end is at a depth h below the liquid surfuce.
When the air pressure inside the tube is then 10 7
graduaily increased, and measured with a 0
manometer it is found that the maximum level i |
difference of the manometer liquid, that can be 8
achieved is H. If the variation of H with h is as X
shown in the figure, calculate the surface VRN N el R N T
tension ol the liguid,

Density of the manometer liquid = 6.0 x 10° kgm"‘

lem

1996 A/l \,!

B

1999 A/L

4) A soap film is formed on a wire frame. A loop made with and clastic string of
unstretched length 10 ¢m is kept on the surface of the film and the fiim inside the loop is
broken. The cross-sectional arca of the string is 1.25 x 10” m? and the Young's modulus
of the material of the string is 7.0 x 10° Mm%, Surface tension of the soap solution is
2.5 x 107 Nm”'

(i) Calculute the diameter of the loop

(i) What is the change in surface energy ol the film?

(iii) Calculne the energy stored in the string

(iv)If one half of the length of the string was made with an inextensible string, draw the
shape of the loop when the film inside is broken B
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§) (i) Three glass capillary tubes are immersed partially i 8 [l "
which the angles of contact with plass are 1?aﬂr1;?;'!':.,:: :};LL"L ,t:““.ds- B _and o I8
; S : . ; UL . respectively. [fthe tubes
are immarsed vertically. in each of the above cases, draw the liquid level outside the
tube. liquid level inside the tube ard the shape of the liquid meniscus in the tube
Clearly indicate the directions of surface tension forces acting on the liquid in th;

tube and merk the angles of contact.

(i) A glass tute of inner radius (r) 0.5 mm is immersed vertically in a container of
mercury such that the lower end ol the tube remains 10 cm below the surface of
mercury in he container. The surface tension (T) and the density of mercury (p) are
0.465 Nm™ and 13.6 x 10" kg m™ respectively and the angle of contact (0) between
mercury and glass is 140° The atmospheric pressure is 1.0 x 10° N m? .
Gravitational acceleration (g) is 10 ms”

Derive an expression of the difference (h) between mercury levels of the tube

(a)
" p. 0 and g. Hence calculate h [cos 40° =

and the container in terms of r.
0.766]
(b)  What must be the pressure of air in the tube in order

menisaus at the fower erd of'the tube?
(iii) Oil in 2 hot cup of soup fleats in little oil bubbles on the surface of the soup, but

when the «oup cools the oil spreads over the surface of the soup. Explain the above
observations in considering the variation of surface tension of water and oil with

to form a hemispherical

temperature.
2005
6) A soap bubbic ol radius R = 2.5 mm is formed at the lower end
of & narrow yeriical glass tube of length /= 10 ¢ and internal
radius r = 0.8 mm. The soap bubble is kept al equilibrium by .
having a small column of the same soap solution of length 4.0 el om

mm as shown i the diagram.

i) Calculae the surface tension 7 of the soap solution.
Assume that the density of the soap solution is 1050 kgm” Q

and the argle of contact between glass and the soap

t

A/l

i

¢4 cm

solution is 7ero.
i) 2} M now the bubble is broken and the height of the liquid column is gradually

incrzassd by adding soap solution, caleulate the height at which the lower
meriscus becomes flat.

by What is the maximum height of the liquid column that can be kept inside the
tube ?

iii) When a soep bubble of radius R ie formed at the lower end of the narrow tube
described above without trapping the air by a columns of the soap solution, air
will escape through the upper end of the tube and the radius R of the bubble will
decrens: with time ¢ according (e the equation.
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Where A is a constant and n is the viccosity of air,
A student decides to find the viscosity of air by finding the racius of the bubble at
different times. Since it was difficult to measure the d'ameter of the bubble

directly, the student obtains a real iny age ol the bubble on a screen vsing a convey,
lens. His observations are as follows

Distance between the soap bubble and the lens = 15.0 ¢m

Distance between the lens and the serean =27.0cm
Time (s) Diameter of iinage
0 51.0 mm
30 3¢5 mm

a) Find the radius of the soap bubble at t =0 and t = 30 5, o the nearest mm,
b) Using the value of 7 obtained is (i) find a value for the viscasity of air.

2006 A/L

7) Read the following passage carefully and answer the questions given telow.

- e Alveolus
he exchange of oxygen and carbon dioxide T

in the lunps takes plac: across the surfaces '

membranes ol small balloon-like structures (see

the figurel) called alveoli. There are abut 150 TNy
million alveoli in each lung, The presence of a 1 A
large number of alveoli increases the effective —% _‘L-_{j 3
surface area and thereby the exchange ot air diaphragin e
takes place more efficiently. figure |

Inflating these alveoli in the process of inhzlation requires an excess pressure inside the
alveoli relative to their surroundings. This pressure difference is achizved by making the
pressure outside the alveoli less with respec. to the atmospheric pressuie by moving the

diagram (see the ligure 1) down. The maximum pressure difference that could bc proved
by this action is only 1.0 mm Hg.

During inhalation the radius of an alveolus normally increases from 0.05 mm to 0.10mm.
The lining the inner surface of alveoli has a surface tension of 5.0 x 10 Nm™". The 1.0
mm Hg pressure change oceurring due o the movement of the diaphrugm is not sufficient
to inflate an alveolus from 0.05 mm to 0.10 mm. Therefore these alveoli are fu! ly by
secreting a surface tension reducing liquid (surfactant) and thereby lowering the surface

- * ] » . 5 . -
tension of the above mentioned Tuid 1o about ?5' Once the surface tension of the fluid is

reduced, a pressure change of 1.0 mm Hg is sufficient to inflate the alveoli fully. Another
very important function of the surface reducing , liquid is to avoid all small being
collapsed into one large aiveolus,

All alveoli do not have the same size, If the surface tension, of the luid takes the same
value everywhere, air from smaller alveoli would flow into larger ulveoli. This process
would continue till the entire lung, is converted into one giant alveolus. But this doss not
happen because of the surfuce tension reducing liguid,
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with radius R (» = R) connected topcther like two i '_:);

bubbles as sho vn in figure 2. (‘ ¥ ’f
e Ty

Figure 2

The number o molecules of the surface tension reducing liquid, shown as black dots, is

the same in both alveoli, but its distribution is more dense (more liquid molecules on a

sa) in the small alveolus Therefore the reduction of the surface tension is

lveolus than that in the large oge. Due to this, the internal pressures
alveoli and the smaller alveolus would both

Consider two alveoli, one with radius » and unother T
(5

sy

Kl

N"--—J-

unit surlace i
more in the small a
could he maintained at the same villue i both
collapse. into (e larger one.
(i) What is the advantage of havin
one big alveolus ?
(ii) &) Taking the radius of a single in
surface avea of 1.5 X 10® number of such alveoli. (Take = 3)
b) ifaiungis made of one large spherical alveoius, eslimate the radius that the lung
should have in order to achieve the surfuce area calculated in (ii) a) above. (Take

n=13and \"-I.._S_= 1.22)

g n large nuiaber of small alveoli in a lung, instead of

flated alveolus to be 0,1 mm, calculate the total

A 4 ) .
ake the excess pressure inside an alveolus to be ~—. Here T is the surface
r

-]

(i1} a)
tension of the fluid (5.0 % 102 Nm™") without surfactant, and r is the radius of the
alveolus. Calculate the excess pressure, (AP)) that should be inside the alveolus to
make r = 0.05 mm, Similarity calculate the excess pressure (AP2) that should be

inside the alveolus to make = 0.10 mm.
b) Caleulate the difference of these excess pressures (AP

(1 Pa=735X 10° nun He)
show that this pressure difference cannot be achieved only by moving the

— AP;) in mm of Hg.

Hence
diaphiragm.
¢) Show that with low surface tension [%xlﬂ“’Nm"]in the fluid due to secretion
of the surface tension, reading liquid, 1.0 mm Hg pressure ditference is sufficient
to fully infiate the alveolus.
(iv)Now diaw our attention (o the figure 2 of the paragraph.
a) Why is the reduction of surface tension is more in the small alveolus than that of
the lerg2 alveolus aue to the secreted liquid?
b) If the e ective surface tensions with the secreted liquid in the small alveolus and
the large alveolus are 7, and Ty respectively. obtain an expression which should

. gk g -
have for the ratio =<, in terms of s and R, in order to prevent air flowing from
R
the smell alveolus 1o the Jarge alveolus. Assume that the pressure outside both
alveoli ‘s the same.,
¢) 1) An expression for the effective surlace tension, 7, can be written as

— a Kk ,
7= 5.0% 107 - o & when & is & constant,

B Y
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Write down the dimension of 4.
1) Write down a similar expression for T
d) Using these two expression and the relationship obtained in (iv) (h) abgy,
determine values for 7; and T, (Take = 0.5 mm and &= 1.0 mm)

2011 A/L
8) (a) A capillary tube of internal radius », is immersed vertically in water unge
atmospheric pressure. Show that the value of the capillary ris¢ /# in the tube is gjyay,

ST . i » 1
by h= L when T is the surface tension of water and g is the density of water, Take
pRr

the contact angle between water and the materiel of the tube Lo be zero.

(b) In plants. water ascends through capillaries, knowr{ as xylem tubzs. When answering
parts (b) (i) and (b) (ii) consider a, xylem tube having both ends open 1o atmospheric
pressure, .

() Calculate the height to which water ﬁriscs i? such. a capillary of rjadius _13{}[];"“_
(Surface tension of water = 7.2 x 1072 N-m™ density of water = 10" kg m™ )

(ii) Water rises up to height of even 100 m ir tall trees. If water g.ces up the zylem
tubes due to capillary action alone. caleulate the internal radius of a capillary
that would raise water by 100 m to the to of'a tree.

(¢) However scientists have never found such small capillaries caleulated in (b) (i)
above in tree xylem. Therefore capiilary action cannot be solely responsible for
water getting to the top of tress.

To explain how water ascends from roalts in leaves, scientists use the concept known
as the water pressure (water potential per unit voluine). At standard temperature and
pressure, pure water is given a water pressure of zero. Adding solute molecules to
the water has the effect of lowering the water pressure, i. ¢ making it negative. When
water evaporates from leaf tissues it raises the solute corcentration of water in
leaves. This results the water pressure of leaves to be relatively low compared with
the water pressure at roots. This water pressure gradient pushes the water up from
‘roo!s lo leaves, leaf
(1) The figure shows a root and a leal of a tree. If the water
pressures of the root and the leaf are -10? kPa and 10"
kPa respectively, estimate the height of the water column lﬂjkP: l

that can be sustained by this pressure difference, Neglect \ ~
the surface tension of water.

(d) (i) Assuming the water flow in the zylem tube (internal y I
radius = 100 pm) to be streamlined, use the Poiseuille’s oot "
equation to determine the average speed of rising water, ‘
Negleet the weight of the rising water column, Viscosity

of water =10 Pa s. Take the length of the zylem tube to ‘y\\
»

be equal to the height calculated in {¢) (i) above.

L

(ii) Calculate the power needed ot raise this water column up in the zylem tube.
(takem =3)
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2014 A,

7). Read the passag below and fwswer the questions given.

The magnitude of the contact

anele of water depends on the s ato | 7] i P o
nature  of the  surface  with 7@‘\ ' ﬁg‘lhuﬂﬂ
oh waler is in contact. ZZa

which

. ﬂwsm
Water drops can  settle  on ;
certain ideally flat surfaces so
that the angie of contact is less 7

e

than ©0° Suck a surface is
known to have deen wetied by
water and acts ¢s a hydrophilic

SUriace.

However. some surfaces consisting of rough structure al micro/nano scale can act as
hvdrophobic suraces showing non-wetting properties.

The lotus leal, compared to other natura! leaves, shows superhydrophobic properties with
a contact angle of water greater than 150° and remains clean in muddy, dirty ponds and
tanks. When rain drops fall on the surfaces of lotus leaves, ‘instead of wetting the leaf, they
immediately bead up like shiny spherical bails and roll off the surface even at the slightest
Jisturbance. coll seting dirt and detris away. This water repellent self cleaning property of
lotus leal is known as the "Lotus efteet”

The lotus eflect arises due to the dual scate micro/nano structures present in the lotus leaf.
Covering its surface, the lotus leuf has n series of protrusions (parts that stick out like
buraps) called papiilae that are nearly 10 pm in height, Each papilla is covered with a
nano-metre scalz thick superhydrophobic waxy layer. The roughness introduced by
papillae allows zir to be trapped under water drops as shown in figure (1) contributing to
the non-wetting behaviour of' the Ieull Using the lotus effect. a varicty of surfuces has been
patterned 1o produee roughened hydrophobiv surfices with high contact angles of water
necessary for water repeflent window glasses, self cleaning clothes and paints, and low-
drag (show low resistance by water against motion) marine vessels, ete. Wettability of a
surface also depends on the nature of the liquid. Some liquids wet roughened surfaces
whereas, some liquids show non-wetting, properties. Property of wetting of’ roughened
su-faces by liguids is used to febricate nano-structures such as nanotubes and nanorods by
means of the tecanigue known as "templaie wetting nano fabrication'. This technique use.s
a colid ternplate that contains an ar-ay of nanopores as shown in figure (2).

A non-wetting liquid daes not penetrate the pores and  settles on the protrusions of the
teraplate wherens. a wettung liquid penet-ates into pores by wetting walls and filling the
pores. When nanopores are filled with a- wetting sctvent that contains o desired soli& and
the template is heated. due to evaporation of the solvent, the solid is left behind on the
pore walls or in the nanopores as shown in figures 3(a) and 3(b) respectively, Removal of
pore walls of the template by a chemical treatment Known as etching will leuve behind
structures with nano-wbes or nanorods as shown in figures 3(¢) and 3(d). respectively.

b -
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(@) Write down three applications of artificially fatricated hydrophobic surfaces,

(®Y How does the lotus effect help to remove: dirt from the surfuce of a lotus leaf?

() How do you categorise hydrophilic, hydrophubic end superhydiophobic surfaee in
terms of'the contact angle of water?

Show using o dingram how a wetting liquid and a non-wetting liquid settles o, an

ideally Nat solid surfnce.

() By copying the rough surface in figure (2) d:aw diagrems 1o thow how a Vietting
liquid and non-wetting liquid settles on il.

() When dew begins (o form, do you expect water molecules to condense in the poreg on
the surface of a lotus leaf? Give reasons for your answer.

(8) State the effect of employing roughened hydrophobic surfaces on low-drag marine
vesssels,

(h) Miention two nano-structures that can be fabricated using the technique 'template
weetling nano fabrication’,

(1 Clonsider a parullel gold plate capacitor having plates consisting of gold nanorods of
vJiameter of 100 nm and height of 30 pm with 10" nancrods per square meter,
Assuming that the capacitance of this capacitor increases duz to the increase in the
eifective surface area, calculate by what factor would the capacitance increase
compared to a gold plate capacitor without nenorods, but has identical dimensions,
Assume that the separation between capacitor plates is much grewer than the he ght of
a nanorod.

(.d)

2017 A/L

10) Read the following passage and answer the questions.
Instability of soil that occurs due to the infrastructure developiments such as road
constructions in mountain regions without proper study, can create problems such as
sinking roads and landslides. Landslides ar¢ now & cornmon tragedy in many parts of the
country during rainy seasons. The stability of sand, a constituent of soil, heavily depends
on the amount of water present in the sand. Anyone who has built structures such as
'sandcasties’ using wet sand knows that the adhesive properties of vet and dry sand are
very different. Wet sand can be used build sharp-featured sandcastles whereas dry sand

- just crumbles down in this process. Some of the aspects these phenomena related to the
stability of soil or sand can be expluined by fundamental physics CONCEPLs Such 2
~ gravity, [riction and surface tension, water ddgs
Soil is generally a porous medium comprising o 1 {o e
mixture of mineral particles such as clay, silt and

sand of different sizes, and voids. Voids are filled 7 e
with either air or waler as shown in figure ](a),

The porous nature of soil can create practical

problems. such as sinking of heavy structures on i)

the ground. This occurs due o the compression of
voids caused by the heavy Joads on the pround,
Leaning ol" Pisa tower and  sinking of the
Meethotamulla dump site and the carth in (he
vicinity of the Uma Oya tunncl are a fow

Physics Essay 7 T i

=T
Question Boos 4

CamScanner



examples. Another important parameter which determines the stability of soil (or sand)
is the anele of repose. When a bucket of dry soil is emptied on to a hard leveled floor the
seil particles slide easily and form a conical pile due to the friction between grains as
shown in ligure (2). ,

The angle a of the pile is known as the engle of repose which is the steepest stable slope
thal a particular substance can form. Removal of soil from the base of slope. increasing
the angle ol repose. can create instability on the slope. ,

Sand in soil can be considered as a porous medium. | consists of a system of randomly
oriented complex capillary tubes of difTerent sizes similar to the structure shown in
lary forces draw water into the sund changing the physical properties of
amp sand forms capillary water bridges between its grains (see figure
I{a)). Nanometer - scale water bridges between millimeter - scale grains dramatically
increase (he attraction between grains. It is due to the adhesive forces associated with the
water bridges between grains. Dry sand grains maintain stability due to frictional forces,
and in acdition wet sand grains attract each other due to adhesive forces. The
attraction of the grains due to these capillary forces leads to the

enhancement of the
nd clumps. The surface of a water bridge is

increase ol the repose angle creating sa
concave (figure 1(&)) and so generates 'capillary action' which helps to hold the sand

grains firmly together due to surface tension.
During rainy season the soil saturated with water creates high pressure on the voids and

grains. Gradually increasing the pressurc inside voids increases the curvature of the
surface of water bridges decreasing the capillary force between the grains. The addition

of more water to the soil can decrease fiiction and strength between the grains. and

increase the weight of the soil making an ideal situation for landslides. Damage on the

Earth's soii surface dug to the addition of large amounts of pesticides and fertilizers
decraasing the surface tension force between the grains can also dramatically increase

the likehihood of a landslide. 3
s

Name three fundamental physics concepts which can be used to explain some

aspect of the stability of soil and sand.

b) Write down three main mineral constituents of soil.

¢) In a road construction, soil has been
removed from a certain section of the slope
altering the natural slope as shown in
figure (3). This is a vulnerable place for
landslides.  Explain  this  using  the
information given in the passage.

d) Addition of water into dry sand
dramatically increases the stability of sand.
Explain the main reason for this.

¢} A water bridge between two spherical sand
grains is shown in figure (4). Copy the
figure (4) to your answer script and draw

figure l(a). Capil
sand mediom. D

a)

the resultant reaction forces (using Figure (4)
arrows) on each grain due o the surliee
lension
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g)

h)

—g

Consider a water bridge formed by two sand grains shown in figure 1(6) where th
radii of curvature of the upper and lower miniscii are ry and r- respectively, dsi:_
the expressions for the pressure difterences across the upper and lower ail-Wag::
interfaces. derive an expression for the height 4 of the water columa in figure I(b)
Take surface tension and density of water as 7 and o respectively. Assume that :hé
pressures at points 4 and B, shown in the figure, are equal,

Calculate the height 4 for the situation mentioned in (/) above. Take r) = 0.8 s
re=1.0mm. T=72x10% Nm™"and d = 1.0 x 10° kgm™. ’
Consider a situation where the pressures at points 4 and B are higher than the

situation shown in figure 1{b). Copy the figure 1(b), including the two meniscii, to

your answer script and draw the shapes of the two new meniscii and clearly labe

them as .Y and L.

If the pressures at points 4 and B. shown in figure 1(5), are continuously increasing,
what will happen to the radii of the meniscii. contact angle and the resuitant reaction
forces due to the surface tension forces between the grains? Explain your answer.
Write down two human activities mentioned in the passage, which can increase the

likelihood of landslides.
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