SETV

P

N.B : (1) All questions ar¢ compulsory.

(2) Figures to the right indicate maximum marks.
(3) Use of non-programmable calculators is permitted.
(4) Symbols used have their usual meaning
QL. A) Select correct answer
1 (a)lio2
2 (a)0.356
3 (c) kidney
4 (M70%
5§  (a) Photons
6 (c)eV
B) Answer in one sentence
1 Reverberation time too small, then sound dies almost instantaneously.
7 The viscosity of a fluid is measure of its resistance to deformation by
chear stress and it arises due 10 frictional forces between liquid layers
since liquid layers iravel at different velocities
3 Temperature below which the substance exhibit superconductivity.
C) Fillinthe Blanks
1 6000 A
2 Chemical
3 Diffusion
4 Piezoelectric effect
5 Diamagnetism
Q2. A) Attempt any oneUNIT 1
1 V=2250m’
x X A=100 m’
= 0158V _ 0.158 x2250
oTA 100
=3.65
After audience fills the auditorium
« T A =200 m’
~T=185
5 Here, V=15500 md, T=23s A=T50 m?.
Reverberation time, T = O'ZS:V (Sabine’s formula for reverberation time)
0= 0.158V _ 0158 X5500 _ o 544
AT 750 2.3
B) Attempt any oneUNIT 1
1 Diagram — 2 marks
Explanation — 6 marks
2 Coherence — 4 marks

Directionality- 4 marks

C) Atemptany oneUNIT 1

= 11408

(12)

(03)

(3)

(8)

(8)
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Q3. A)

V=2250 m’

aZA = 100 m?
T __ D158V _ 0.158%x2250

aZA 100
=3.65

After audience fills the auditorium
aZA =200 m?
~T=1.85

Here, V=5500m?, T=235s A=750 m?
0.158V

Reverberation time, T = —
0158V _ 0.158x5500
a= = =0.504
AT 750x2.3

(Sabine’s formula for reverberation time)

Attempt any one

Osmosis is the spontancous net movement of solvent molecules through
a selectively permeable membrane into a region of
higher solute concentration, in the direction that tends to equalize the solute
concentrations on the two sides. It may also be used to describe as a
physical process in which any solvent moves across a selectively permeable
membrane (permeabie to the solvent, but not the solute) separating two
solutions of different concentrations.

Osmosis is a vital process in biological systems, as biclogical
membranes are  sermmipermeable. In  general, these membranes are
impermeable to large and polar molecules, such as ions, proteins,
and polysaccharides, while being permeable to non-polar or hydrophobic
molecules like lipids as well as to small molecules like oxygen, carbon
dioxide, nitrogen, and nitric oxide. Permeability depends on solubility,
charge, or chemistry, as well as solute size. Osmosis is a special case of
diffusion and both can occur simultaneously. (Diffusion has nothing to do
with presence of semipermeable membrane). Osmosis is spontaneous flow
of water from a more dilute to a more concentrated solution when the two
solutions are separated from each other by a semipermeable membrane.
Typically, a cell membrane allows water to flow in both directions but
sodium and chloride ions cannot fiow through so easily (and they can pass
only through protein channel) so that cell membrane is said to be selectively
permeable. When outside the cell concentration of pure water is more and
mside it is sodium chioride solution then, water molecules flow from
outside to inside and this is described as osmosis eccurring from pure water
into sodium chloride solution. The driving force for the water movement is
equivalent to a difference in water pressure and is called osmotic pressure.
Thus, Osmotic pressure is defined as the external pressure required to be
applied so that there is no net movement of solvent across the membrane,

Osmosis provides the primary means by which water is transported
into and out of cells. The turgorpressure (which is the force within the cell
that pushes the plasma membrane against the cell wall and it is also
called hydrostatic pressure) of a cell is largely maintained by osmosis
across the cetll membrane between the cell interior and its relatively
hypotonic environment. Every living cell has a definite boundary or is
bounded by ‘cell membrane’ or ‘plasma membrane’, which is elastic and
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semipermeable and acts as a barrier with selective permeability. In
particular, when a membrane is placed between solvent and a solution and
solute molecules are not allowed to pass through but solvent molecules are
having free passage then the membrane is semipermeable. Natural pant
membranes are usually permeable to water but they may or may not be
permeable to substances dissolved in water.

By definition, diffusion is a spontaneous process of migration of
solute molecules from a region of higher concentration to a region of lower
concentration. Thus diffusion is the net movement of molecules or atoms
from a region of high concentration {or high chemical potential) to a region
of low concentration (or low chemical potential) as a result of random
motion of the molecules or atoms. Diffusion is driven by a gradient in
chemical potential of the diffusing species.

A gradientis the change in the value of a quantity e.g.
conceniration, pressure, or temperature  with the change in another
variable, usually distance. A change in concentration over a distance is
called a concentration gradient, a change in pressure over a distance is
cailed a pressure gradient, and a change in temperature over a distance is
called a teraperature gradient. All molecules, ions, dissolved substances in
body fluids are in constant random motion due to thermal agitations and
diffusion uses such random walks to ‘spread’ so that final result is uniform
concentration throughout.

[n biology, the terms "net movement" or "net diffusion" is used to
describe the movement of ions or molecules by diffusion. For example,
oxygen can diffuse through cell membranes so long as there is a higher
concentration of oxygen outside the cell. However, because the movement
of molecules is random, occasionally oxygen molecules move out of the
cell (against the concentration gradient). Because there are more oxygen
molecules outside the cell, the probability that oxygen molecules will enter
the cell is higher than the probability that oxygen molecules will leave the
cell. Therefore, the "net” movement of oxygen molecules (the difference
between the number of molecules either entering or leaving the cell) is into
the cell. In other words, there is a net movement of oxygen molecules down
the concentration gradient.

Diffusion is thus basically caused by motion of solute molecules
from a concenirated solution into a solvent or motion of solvent molecules
into the concentrated solution. Following are the factors that affect
diffusion: 1) Diffusion length or diffusion distance and shorter the distance
greater is the rate of diffusion. 2) Solubility is proportional to diffusion rate.
3) Diffusion rate is inversely related to diameter of molecules or ions that
are diffused. 4) Elongated molecules has low rate of diffusion than
spherical molecules of same atomic weight. 5) Greater the concentration
difference, higher is the rate of diffusion, 6) Rate of diffusion is inversely
proportional to square root of molecular weight. 7} Rate of diffusion is
proportional to surface area of molecules that are diffused. 8) Higher the
lemperature, greater is the rate of diffusion. 9) The Graham’s law of
diffusion states that diffusion of any gas is inversely proportional to square
root of its density. 10) rate of diffusion varies directly with mean molecular
velocity.

The voltage clamp is an experimental method used in electrophysiology to
measure the ion currents through the membranes of excitable cells, such
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as neurons, while holding the membrane voltage at a set level. A basic
voltage clamp will iteratively measure the membrane potential, and then
change the membrane potential (voltage) to a desired value by adding the
necessary current. This "clamps” the cell membrane at a desired constant
voltage, allowing the voltage clamp to record what currents are delivered.
Because the currents applied to the cell must be equal to (and opposite
in charge t0) the current going across the cell membrane at the set voltage,
the recorded currents indicate how the cell reacts to changes in membrane
potential. Cell membranes of excitable cells contain many different kinds
ofion channels, some of which are voltage-gated. The voliage clamp
allows the membrane voltage to be manipulated independently of the ionic
currents, allowing the current-voltage relationships of membrane channels
to be studied.

The voltage clamp technique was used by Hodgkin and Huxley to
determine the behavior of the ionic conductance’s responsible for the
generation of the action potential. The basic circuit for the squid axon is
shown below.

CUTSIDE

TE T B T O
INSIDE

The voltage clamp apparatus consists of a Feedback Amplifier, a
Voltage Amplifier, and an Ammeter. The Voltage Amplifier is connected
to a Voltage Electrode implanted inside the neuronal membrane, and to the
Feedback Amplifier. The Feedback Amplifier is connected to a Current
Electrode (C. E.). Finally, a Ground Electrode completes the feedback and
voltage circuits through an ammeter to ground. The Voltage Amplifier is
responsible. for monitoring the membrane potential, Vm, and transmitting
its value to the Feedback Amplifier. The Feedback Amplifier is responsible
for maintaining Vm at the value desired by the experimenter. The ammeter
displays the magnitude and direction of current flow through the membrane
(Im). Information about Vm flows in only one direction, from the voltage
electrode to the Voltage Amplifier, then to the Feedback Amplifier.
Similarly, the clamping voltage is fed into the Feedback Amplifier by the
experimenter. In contrast, current can - and will - be sent in both directions
through the Im circuit by the Feedback Amplifier.

The first step in conducting a voltage clamp experiment is to set the
value at which Vm is to be maintained. This value is termed the clamping
voltage, and is entered into the Feedback Amplifier by the experimenter.
Usually, the clamping voltage is entered into the feedback amplifier as a
change in the membrane's potential (dVm) relative to its resting value,
rather than as a specific Vi value. As soon as the experiment is started by
applying the clamping voltage to the axon's membrane, the Feedback
Amplifier commences comparison of the actual Vm with the desired




(8)

[rews Jo afexea] 01 an( (S "oouLIINpUod FuAIeA Jo 151y sAI0U jodnoid e st
U2Iym SA19T onetos ut paonpoxd st renuazed uonse punoduio)) (¢ ssmndwit
Jo wioy Ay wi 2aU oY) duofe ponmwisuen aaem szuejodop sanedou
o st renusjod uonoe aarN (¢ APrem3s1 UoNORHUOD WeSYy SoSTIRD JRIf
S|esnul SeIpred YInory; paIwsus s1 yolym [enuajod soyewaoed pajes
[enuajod uonse ssonpord uonezuerodop snosuejuedg “ureay sy ui Jnosaid
Sk 3pol y§ Ul sanssn uondunf (7 -enusiod uonse ounpiyl 2onpoid
spsnw Woowg ([ :renusjod uonoe jo sadAy oyl sre Juimoroy
“asynduuy
aassu Fupnpoid samsu Suoe pajededord vonezimjod jo asem sapedou
duisnes onssi} jo uonezuejod ‘OURIqUISI [[33 I0BLIAS JO UONHB[NWIS SB
paujap 3q ues fenusiod vonoe ‘Apaneulsi[y Tenuajod uopoe 10 asidun
9AIaU Ppaf[ed [RU3IS {00312 e Juipuss pue Sunelsusd £q saouejsip a5
AIDA J2AC 37EDIUNUKNOD SUOININ SURIQUISW [BUCIOT SSOIOE wiaisseiod
pue wmnipos Jo Anjiqesuwad ur 93ueys pides woy synssl [erusiod uonay
auo Aue idueny

"S]{99 9]qBIIOX
Jo uolppuny Syl puRisIdpuUn 0] SLI0IJd JIOY) Ui SISYIILISIT A A[QAISUSIXD
pasn Furaq [[us s1 jusunsadxo dured adejoa oy | usuruadxs dures a3ejjoa
3y} jo ssodmd 3y s1 yorgm ‘wd ur sadueyo Juspuadop-swn JO UoHEMOED
MO[[e EJEp 3S3] ‘W] JO UCHIIIP pue dpnjufemr oYy SPIoocAl udy)
Iajomuue 9y 1, sy [[e ye s3z3joA Surdurepd oy Jo (SIJOAOURY BAAD 10) AW
MIJ B YIIM PaUlRIUIET 3q UBD WA JBY) YONS 218 WAISAS 9} JO stun asuodsal
pue ANANISUAS Y SHUSLND +) PUR {BN [ERPIAIPUL JY JO WS 2y
sfenba yuaLmd dure[d a8ej[oA pamsestu Ay usyy usdo ore sjoutreyd 4y pue
+BN 109 3] "A[i5e9 pamsesw aq ueo durejd a3ejjoa ayy Aq pasaarep 28reyd
Y1 INq ‘PROIISI{[I B JO UOHDRY B UIYIM [[30 Y} SABI] JO 191UD Jey) 43
Jo swunowe [[ews oY) aunseaws A]pa1wdyd o1 Aqissod jou st 31 AS0[oyoo)
WIDPOW yim 1ey) 198y 3y 01 anp st durepd aSejjoA sy) Jo anfea sy
“[199 I
JO Jno JURIGUISWI I SISSOID TBY3 +3 Yoo J0] adreyo saneSou suo Fuippe
Aq a3uweyd Aue sjuoaaid pue F sionuow durep aFejjoA ap g ‘enudied
sueiquidil 3y Jdueyo pue Ipisiee A 0] aBreyd aanisod ppe pnom
[199 ay3 JO Mo BuISHiIp +3f "S[ouUEyd +3f 210w suado suziquiow 3y) jo
uonez11e[0dap 34 “UORIPPE U] “[[33 3Y3 JO N0 SSTYJIP 0} +3f JO A3Udpu3] oY)
IdUE[Bq O} Jeam 001 SI [[22 i3 ojul aF1eyo sanisod 50105 01 Sutpus) fentarod
SUBIqUISW AW () MU STYT, "AW (j 0} AR G9- W0 Tenuaiad susiquisw oy
dumn( o3 yudtolyns 1snl s1 2310Yd> MU STY |, 9oR}NS BUIdN S 0] PIIDAT[IP
St o8reyd aanisod 1wsMEAnby e pue ooppNS JURIGUIDW TEWIANXD AR
0] PAI2AI{Ip ST 281e1jd dAneEau Jo asind [Jews e ‘uo pawin st durepd a3eyjoa
) USYA, N0 SNBS +3] I[NI[ ArA ‘Apusnbasuo]y -uonoasp susoddo
A ur Funoe (33e)0A SURIGUIDW) S3U0] [@ILNO[D oY) Aq pIdue[eq S1 {90
31 JO N0 ISP 01 +3f uIsned JUSIpeId UONBIUSOUOD J1f) 1531 1y
‘uonezUejodiad Ay 10 vonezuejodap v
st wrp Surdure(d woyy uoneIASP oy oYM Aq pouriaap Juiaq UOL)dIAP
) “wyIdure yaeqpasy 3y Aq [o1U00 0) 3103[qAS 312 JUILIND 34 JO UMD
3y} pue spnyiudew 3y Y1oq 1By} 0N ‘SUCHE[NO[RD SO} JO SIMSaI 31 HO
paseq w sisnipe pue “(3/] = Yx] = A e} [[8931) Snjea PAISIP Y} 01 WA
wmax 0] pannbar wy jo anfea 9Y) SJe[Nofed 0) me'] SWYQ sasn Joyduy
¥orqpaa,] oy ‘a3eifoa Surdure(d sy wioy sajeIAap WA J] -afepoa Fuidurers

(9

Al3S



(v

PIEATY
-] puoods 30 w10}
xe xg e
IIOISllalIII MO g1 O2 M — —_—— = uo Un
[euotsudurp o S NA =TeT 2 Yl P
e xg

yetp 08 (uogsusmgp—x) aoeds 0 oadsar gHm aey sy ‘Bupm_ma;aggp
£q poureiO gonenbd EIURIIP jeryed € S 3 pue Wh i d8uedd
0} TOLBNUAUD oy §asNEd Uot 1p Moy sppaid mel puodds
(10/20)— = (xe/f0) W UOLRNUIIU0D
jo oBued jo el aus) SE quospesd xi ay Weqo ued M ‘GONRNHS
UQALS 10} aopds puE Ut} 19A0 guueisuod 58 pue q yn me| 1571 STU woly

uaM (aydurexd 10} uro 25enbs 1) gosuInp W pUR-= 2oBJINIS B ss5010e

puodIs sod usnitp onjos 30 fuuenb 2@ St G U303 woisayp UL

-pidy ydnorw pmops A1oa st uotsnyip FU ey oS ‘5o0oueISqnS rpydoapAy

10§ (EWs LA St PUE pEm pUe pudyl sueIqUIATE usosmeq femsen

Susnip A4 103 WI0HIR0I gonrped st JuEisaod Apeuo _uodo.ld IOYM
wosuawip 32443 w OANG— T

pup uopsuawip au0 uz (xg/20d— = {=

-youRisqns

gusryyip 90 39 (1) WIOYI uoisnyyIp 10 WRISU0d uoisnyp W sowit)

(xg/20) juaipesd FOUELuaouod aanE3su 24k O lnuoguodo.td s1 podsuel

jo ael AW Ayjeuuossd St yowpw (£} ¥ oAISTIP W e Sa1EIS AEl AL

gme] 959y} Buish pojepou 34 o spidiy v §8 TR cg sgoInau S{iY

-puOdIs 1ad smpurwe JO oy ue gsay 01 8/ 001 wozy Area ued SoAJU G
wuu:nod uone 10 £1100194 worededoid (z Teguamd suUBIGUIAW Ul saBueyd
30 auanbos pidel uotsuex) © St 1 pue sspnduwt aAJaN:{m_msmd uorPY
(1 :{ep,umod wonoe o saIed) onsusIeIeyd ) 2R Fumofiod

Aue UM pampoxd s1 1el1u:;1od 10149094 (L -nexed P smgusmd uonoe
pue STe uasod oyids are 19 ajosIU ypoowss Ui (9 enuarod syerd pud
MBI 58 powreu ST -paonpo.ld ST AW G030 33p10 AHI0 renuatod gonoe
weom A1aa® ‘goNIpuo? Funsal ut 139 ajosna vl aurjoyo K998 3o fyuenb

A L3S



SETV

negativity outside and positivity inside. Again, the membrane potential
rises high enou within milliseconds to block further net diffusion of
sodium ions 10 the inside; however, this time, in the mammalian nerve
fiber, the potential is about 61 millivolts positive inside the fiber.

Thus, in both parts we see that a concentration difference of ions
across a selectively permeable membrane can, under appropriate
conditions, create a membranc potential. Many of the rapid changes in
membrane potentials observed during nerve and muscle impulse
transmission result from the ocCurrence of such rapidly changing diffusion
potentials.

Virtually all eukaryotic cells (including cells from animals, plants.
and fungi) maintain a pon-zero transmembrane potential usually with a
negative voltage in the cell interior as compared to the cell exterior ranging
from ~40 mV to ~80 mV. The membrane potential has tWo basic functions.
First, it allows a cell to functionas a battery, providing power to operate a
variety of wmolecular devices” embedded in the membrane. Second, in
electrically excitable cells such as neurons and muscle cells, it is used for
{ransmitting signals between different parts of a cell. Signals are generated
by opening of closing of ion channels at ope point in the membrang,
producing 2 local change in the membrane potential. This change in the
clectric field can be quickly affected by either adjacent Or MOTE djstant ion
channels in the membrane. Those ion channels can then open OT closeas a
result of the potential change, reproducing thie signal.

In non-excitable cells, and in excitable cells in their baseline states,
the membrane potential is held at a relatively stable value, called the resting
potential. For neurons, typical values of the resting potential range from —
70 to 80 millivolts; that is, the interior of acell has a negative baseline
voltage of a bit jess than one-tenth of a volt. The opening and closing of
:on channels can induce 2 departure from the resting potential. This is called
a depolarization if the interior voliage becomes less pegative (say from —
70 mV to 60 mV), or a hypcrpolarization if the interior voltage becomes
more negative (say from 70 mV to 80 mV). In excitable cells, 3
sufficiently large depolarization can evoke an action potential, in which the
membrane potential changes rapidly and significantly for a short time {01
the order of 1 t© 100 milliseconds), often teversing its polarity. Action
potentials are generated by the activation of certain voltage-gated ion
channels. In neurons, the factors that influence the membrane potential are
diverse. They include numerous types of ion channels, some of which are
chemically gated and some of which are voltage-gated. Because voltage-
pated ion channels are controlled by the membrane potential, while the
membrane potential stself is influenced by these same jon channels,
feedback loops that allow for complex temporal dynamics arise, including
osciltations and regenerative events such as action potentials.

Pyroelectricity
1) Pyroelectricity the ability of certain
materials to generate 2 temporary
voltage when they are heated of
cooled.
23 The best example is the gallium
pitride semiconductor.



6

Time: 3Hrs

3) The large electric fields in this
material are very helpful for the
fabrication of power transistors.

4) The changg in temperature modifies
the positions of the atoms slightly
within the crystal structur¢ such that
the polarization of the material
changes. This polarization change
gives rise o a voltage across the
crystal.

FICZOCILA AL B oo=—s

piezoelectric effect:

7y They foumd ot abowm piezoclectricity after first realizing that

3)
)

5)

.a;mliequnatuorﬁmsmnecenaincrysmlscteatesan
elecuical charge in that certain material.
They latey referved to that strange and screntific phenomenon as the

The term piczoelectricity COmWES from the Greek word Piezo
meanng to Squeeze or Press.

Applications: For cxample. when you use some type of voice
recognition software on your snart phone the microphone that

you're speaking fto 15 probably usmg tricity. That piezo

crystaitmnsthemundmergy inmmvmceandchangesitinto

Piezoclectric Speakers and Buozzers: Piczoclectric speakers and
bunﬁsmtheinvmepimmcmmgcnemmandpmdm
mmdwmtalmgisappﬁaitospeakmandhmrs,itmﬂes
sound waves. An a0 voliage signal applied to the piezoelectric
coramic of speakers of IREZZETS will canse the material to vibrate.

Marks:-100
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Rotating structures are rar¢ in nature. Membrane enclosed spaces allow cell
functions to be compa:tmcntalized and isolated from other functions. Some
prokaryotes are photosynthetic. The biochemical machinery for trapping
light energy is contained within a highly folded Eukaryotic cells are larger,
with a typical plasma membrane - some with a cell wall. This cell contains
cytoplasm with a cytoskeieton which are protein tubules and fibers. The
important components of many eukaryotic cells are: Nugcleus, Endoplasmic
reticulum, Ribosomes, Golgi apparatus. Mitochondria, Chloroplasts,
Lysosomes, Vacuoles, Vesicles...

Electrical potentials exist across the membranes of virtually all cells
of the body. In addition, some cells, such as nerve and muscle cells, are
capable of generating rapidly changing electrochemical impulses at their
membranes, and these impulses are used to transmit signals along the nerve
or muscle membranes. In other types of cells, such as glandular cells,
macrophages, and ciliated cells, local changes in membrane potentials also
activate many of the cells’ functions. We consider membrane potentials
generated both at rest and during action by nerve and muscle cells.

Basically Membrane potential is the difference in electric potential
between the interior and the exterior of a biological cell. With respect to
the exterior of the cell, typical values of membrane potential may range
from ~40 mV to —80 mV. All animal cells are surrounded by
4 membrane composed of a lipid bilayer with proteins embedded in it. The
membrane serves as both an insulator and a diffusion barrier to the
movement of ions. Transmembrane proteins, also known asion
transporter OF ion pump proteins, actively push ions across the membrane
and establish concentration gradients across the membrane, and ion
channels allow ions to moOve across the membrane down those
concentration gradients.

Basic Physics of Membrane Potentials - Membrane Potentials
Caused by Diffusion: «Diffusion Potential” is caused by an ion
concentration difference on the two sides of the membrane. Typically, the
potassium concentration is great inside a nerve fiber membrane but very
low outside the membrane. Let us assume that the membrane in this
instance is permeable to the potassium ions but not to any other ions.
Because of the large potassium concertration gradient from inside toward
outside, there is a strong tendency for extra numbers of potassium ions to
diffuse outward through the membrane. As they do so, they carry positive
electrical charges to the outside, thus creating electropositivity outside the
membrane and electronegativity inside because of negative anions that
remain behind and do not diffuse outward with the potassium. Within a
millisecond or so, the potential difference between the inside and outside,
called the diffusion potential, becomes great enough to block further net
potassium diffusion to the exterior, despite the high potassium ion
concentration gradient. In the normal mammalian nerve fiber, the potential
difference Tequired is about 94 millivolts, with negativity inside the fiber
membrane.

On the other hand, with high concentration of sodium ions outside
the membrane and low sodium inside, these ions are also positively charged
5o that this time, the membrane is highly permeable to the sodium ions but
impermeable to all other ions. Diffusion of the positively charged sodium
jons to the inside creates a membrane poiential of opposite polarity, with



