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2012 

BIOPHYSICS AND INSTRUMENTATION 
Time Allotted : 3 Hours Full Marks : 70 
 

The figures in the margin indicate full marks. 

Candidates are required to give their answers in their own words 

as far as practicable. 

GROUP – A 

( Multiple Choice Type Questions ) 

1. Choose the correct alternatives for any ten of the        

following : 10 × 1 = 10 

i) The resolution power of electron microscope is  

a) 0·1 cm to 0·01cm b) 100 nm to 1 nm 

c) 1 mm to 0·1 nm d) 1 µm to 0·1 nm. 

ii) In SEM the electrons collected by detector are 

a) Scattered b) Transmitted 

c) Both (a) and (b) d) Confocal microscopy. 

iii) In Rayleigh scattering  incident and emitted wavelength 
are 

a) equal b) not equal 

c) incident > emitted d) incident < emitted. 
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iv) High speed centrifuge generally used for separation of 

a) nuclei  b) lysosome 

c) mitochondria d) all of these. 

v) For   

! 

CH3Cl , the possible electronic transition is 

a) n 

! 

" π*  b) n 

! 

" σ* 

c) σ 

! 

" π* d) π 

! 

" σ*. 

vi) Weak cation exchanger contains functional group  

a) —   

! 

SO3H  b) —   

! 

COOH 

c) —   

! 

NH2  d) —   

! 

NHR . 

vii) Armor chamber is used in  

a) desktop centrifuge b) High speed centrifuge 

c) Ultracentrifuge d) all of these. 

viii) How many absorptions will the following compound 
have in its carbon N.M.R spectrum ? 

   

! 

(H)(CH3CH2CH2)C = C(CH2CH3)(CH3)  

a) 3 b) 5 

c) 6 d) None of these. 

ix) Tau is a unit of 

a) Crystallography b) Raman shift 

c) Chemical shift d) None of these. 

x)  Order of stretching frequency of these bonds C–H, C–F 
and C–Br is 

a) C–H > C–F > C–Br b) C–H < C–F > C–Br 

c) C–H > C–F < C–Br d) C–H < C–F < C–Br. 

xi)  Stokes line means  

a) Molecule has lost energy to the incident radiation 

b) Molecule absorbs energy from the incident 
radiation 

c) Both of these 

d) None of these. 
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xii)  ZnS is an example of  

a) Cubic lattice b) Monoclinic lattice 

c) Triclinic lattice d) Hexagonal lattice. 

GROUP – B 

( Short Answer Type Questions ) 

 Answer any three of the following.  3 × 5 = 15 

2. Write basic principle of HPLC. What is the role of guard 
column. 3 + 2  

3. What is polarisability ? Write selection rule for Raman effect.  

    3 + 2  

4. What is limit of resolution ? What are advantages of using oil 
immersion technology microscopy ? 2 + 3   

5. What are H-NMR used in determination of the structure of 
biomolecules. What are shielding and deshielding effects ? 
Explain by example. 2 + 3 

6. Schematically represent the process of autoradiography. 5 

GROUP – C 

( Long Answer Type Questions ) 

 Answer any three of the following.  3 × 15 = 45   

7. What are Stokes and anti-Stokes lines in Raman spectra ? 

Why are Stokes more intense ? Give instrumental details of 

Raman spectra. Why detector is in 90˚ to the sample 

container ? Write different vibrational modes of carbon 

dioxide. Which one is Raman active ? 3 + 3 + 4 + 2 + 2 + 1   
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8. Discuss gel filtration chromatography. If mixture of three 
components gives two peaks in detector, what conclusion 
can you draw about their structure ? Discuss basic theory of 
affinity chromatography. Write the role of arm in affinity 
chromatography. Write the criteria of matrix in column 
chromatography. 5 + 3 + 3 + 2 + 2  

9. What is 2D electrophoresis ? What is its advantage ? Write 

application of immunoelectrophoresis. Explain apparatus 

details in gel electrophoresis. What is the advantage of slab 

over column ?  Write the role of isoelectric point in isoelectro-

focussing. 2 + 2 + 2 + 3 + 3 + 3 

10.  Draw the diagram of a scanning electron microscope. Why 

the main chamber is to be kept air free or vacuum ? Write 

down the sample preparation procedure in TEM. What is the 

limit of resolution ? What is florescence microscopy ? 

    4 + 2 + 6 + 1 + 2 

11. (i)   Describe the method of determination of pH by 

glass electrode. Write the disadvantages of 

hydrogen electrode 

 (ii) Describe the method of thin layer chromatography 

with diagram. 

 (iii) Briefly explain Boundary electrophoresis. 

    4 + 2 + 5 + 4  
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BIOPHYSICS AND INSTRUMENTATION 

Time Allotted : 3 Hours Full Marks : 70 
 

The figures in the margin indicate full marks. 
Candidates are required to give their answers in their own words 

as far as practicable. 

GROUP – A 

( Multiple Choice Type Questions ) 

1. Choose the correct alternatives for any ten of the following :  

   10 × 1 = 10 

i) A barrier filter is present in the  

a) phase contrast microscope 

b) fluorescence microscope 

c) compound microscope 

d) scanning electron microscope. 

ii) The molecule which is not Raman active is 
a) CO2 b) CH3Cl 

c) H2O d) none of these. 

iii) During centrifugation, if two particles have the same 
mass but their shapes are different, they will sediment 
at 

a) different rates b) medium rate 

c) same rate d) relative rate. 
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iv) The mathematical expression of sedimentation 

coefficient is  

 a) s = v/ω2r/v b) s = r/ω2v 

c) s = ω2r/v d) s = ω2/rv. 

v) Beer-Lambert’s law states that 

a) log l0/l = abC b)  E = hv 

c) log l/l0 = abC d) v = 1/2Π. 

vi) X-ray spectroscopy tells about 

a) functional group b) electronic state 

c) bond length and angle d) none of these. 

vii) The limit of Rf value is between 

a) 0 – 1⋅00 b) 0 – 0⋅5  

c) 0 – 2⋅0 d) 0 – 10.  

viii) Separation depends on charge and mass both in  

a) Chromatography b) electrophoresis 

c) NMR d) centrifugation.  

ix) 1H nucleus has spin quantum no   

a) 1/2 b)  1 

c) 3/2 d) 2. 

x) In SEM the electrons collected by detector are   

a) scattered b) transmitted 

c) both d) confocal microscopy. 
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 xi) In NMR, relaxation means 

  a) spin-spin relaxation b) Spin-lattice relaxation 

  c) both d) none of these. 

 xii) The solubilizer which breaks hydrogen bonding is 

  a) CTAB b) Urea 

  c) SDS d) none of these. 

 

GROUP – B 

( Short Answer Type Questions ) 

 Answer any three of the following.   

  3 × 5 = 15 

2. Explain the High Performance Liquid Chromatography 
techniques briefly. 

3. What are the advantages of 2D-PAGE over 1D-PAGE. 

4. Differentiate between bathochromatic hift and hypro chromic 
shift ? What is chromophore ? 3 + 2 

5. What is Chemical Shift ? Measurement of Chemical shift.  

    2 + 3 

6. Explain the various applications of electronic spectroscopy. 

GROUP – C 

( Long Answer Type Questions ) 

 Answer any three of the following.  3 × 15 = 45 

7. a) What is the basic principle of Sedimentation ? 

 b) Factors affecting Sedimentation velocity. 
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 c) Write down the difference between Analytical and 
Preparative centrifugation. 

 d) What is sedimentation coefficient and factors affecting 
sedimentation coefficient 3 + 4 + 4 + 4 

8. What is the basic principle of Chromatography ? Why 

Partition coefficient important factor chromatographic 

techniques ? Describe the principle of Gel Filtration and 

Affinity Chromatography. Give the applications of both the 

techniques. How is paper chromatography different from 

Thin layer chromatography ? 2 + 2 + 4 + 4 + 3 

9. What is SDS-PAGE technique ? Why SDS use in Gel 

electrophoresis ? Write the role of isoelectric point in 

isoelectrofocusing. Write the application of 

Immunoelectrophoresis. Explain briefly about Scintillation 

detection techniques.  2 + 2 + 3 + 3 + 5 

10. Describe the method of determination of pH by glass 

electrode. What is the advantages of glass electrode ? Explain 

autoradiography. Driefly describe the measurement of 

radioactivity by Geiger-Muller counter. 5 + 4 + 6 

11. Write down the Principle of NMR Spectroscopy. Describe the 

Shielding and Deshielding effect of NMR spectroscopy. Briefly 

explain Boundary electrophonsis. 5 + 5 + 5 
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The figures in the margin indicate full marks. 

Candidates are required to give their answers in their own words 
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GROUP – A 

( Multiple Choice Type Questions ) 

1. Choose the correct alternatives for any ten of the following :  

    10 × 1 = 10 

i) How many absorptions will the following compound 

have in its carbon NMR spectrum ? 

 

 a) 3 b) 4 

 c) 5 d) 6. 
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ii) By adding SDS ( Sodium Dodecyl Sulfate ) during the 

electrophoresis of proteins, it is possible to 

a) determine a protein’s isoelectric point 

b) determine an enzyme’s specific activity 

c) determine the amino acid composition of the 

protein 

d) preserve a protein’s native structure and biological 

activity 

e) separate proteins exclusively on the basis of 

molecular weight. 

iii) What do you expect to observe in the   

! 

1
H NMR  spectrum 

of    

! 

CH3CH2Cl ? 

a) Two doublets 

b) A doublet and a triplet 

c) A triplet and a quartet 

d) A doublet and a quartet. 

iv) You want to determine the location of a specific protein 

in a cell using a coloured stain. Which of the following is 

the best technique for this purpose ? 

 a) Electron microscopy 

 b) Phase contrast microscopy 

 c) Bright-field microscopy 

 d) Fluorescence microscopy 

 e) Dark-field microscopy. 
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v) The scanning electron microscope differs from the 
transmission electron microscope in that the scanning 

electron microscope 

 a) can view a live specimen 

 b) relies on the detection of electrons from the beam 
after contact with the specimens 

 c) can view the internal structure of a cell 

 d) utilizes a beam of light that passes through the 
specimen 

 e) gives a three dimensional image of the object being 
studied. 

vi) Which would be the best to separate a protein that 
binds strongly to its substrate ? 

 a) Gel filtration 

 b) Affinity chromatography 

 c) Cation exchange 

 d) Cation or anion exchange. 

vii) The Henderson-Hasselbalch equation 

 a) allows the graphic determination of the molecular 
weight of a weak acid from its pH alone 

 b) does not explain the behavior of di-or-tri-basic 

weak acids 

 c) employs the same value for pKa for all weak acids 

 d) is eqally useful with solutions of acetic acid and 
hydrochloric acid 

 e) relates the pH of a solution to the pKa and the 
concentrations of acid and conjugate base. 
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viii) In a mixture of the five proteins listed below, this should 

elute second in size-exclusion ( gel filtration ) 

chromatography ? 

 a) Cytochrome c Mr = 13,000 

 b) Immunoglobulin G Mr = 1,45,000 

 c) Ribonuclease A Mr = 13,700 

 d) RNA polymerase Mr = 4,50,000 

 e) Serum albumin Mr = 68,500. 

ix) The first step in two-dimensional gel electrophoresis 

generates a series of protein bands by isoelectric 

focusing. In a second step, a strip of this gel is turned 

90 degrees, placed on another gel containing SDS, and 

electric current is again applied. In this second step 

 a) proteins with similar isoelectric points become 

further separated according to their molecular 

weights 

 b) the individual bands become stained so that the 

isoelectric focus pattern can be visualized 

 c) the individual bands become visualized by 

interacting with protein-specific antibodies in the 

second gel 

 d) the individual bands undergo a second, more 

intense isoelectric fousing 

 e) the proteins in the bands separate more completely 

because the second electric current is in the 

opposite polarity to the first current. 
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x) The limit of Rf value is between 

 a) 0 – 1·0 b) 0 – 0·5 

 c) 0 – 2·0 d) 0 – 10·0. 

xi)   

! 

1
H1 nucleus has spin quantum number 

 a) 
  

! 

1

2
 b) 1 

 c) 
  

! 

3

2
 d) 2. 

xii) Shielding – deshielding effect of O – H and C – H proton 
are 

 a) O – H protons more shielded than C – H 

 b) O – H protons more deshielded  than C – H 

 c) both of these 

 d) none of these. 

GROUP – B 

( Short Answer Type Questions ) 

 Answer any three of the following.  3 × 5 = 15 

2. Name two solvents used in NMR spectroscopy. What are the 

important characteristics of the solvents used in this 

technique ? What is spin-spin relaxation ? 1 + 2 + 2 

3. Explain why Raman lines are less intense ? Give a schematic 

diagram of Raman spectrometer. 2 + 3 

4. Write the role of solubilizer in electrophoresis. What is SDS-

PAGE ? 2 + 3 

5. What is confocal microscopy ? Draw a diagram of it. What do 

you mean by limit of resolution ? 2 + 2 + 1 

6. What are the factors influencing chemical shift ? 5 
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GROUP – C 

( Long Answer Type Questions ) 

 Answer any three of the following.  3 × 15 = 45 

7. Explain briefly about scintillation detection technique. Which 

is the tracking dye used in gel electrophoresis ? What is the 

role of SDS in PAGE ? Write short notes on autoradiography. 
    6 + 2 + 2 + 5 

8. What are Stoke’s and Anti-Stoke’s lines in Raman Spectra ? 

Write about pure rotational Raman spectrum for diatomic 

molecules. State the rule of Mutual Exclusion Principle. 

Write the polarisability ellipsoids for different vibrational 

modes of water. 3 + 4 + 3 + 5 

9. a) Write about the rotating crystal method for crystal 

structure determination. 

 b) What is chemical shift ? 

 c) Discuss the space or anisotropic effects on chemical 

shift. 

 d) In a given organic compound, two kinds of protons 

exhibit signals at 50 and 200 Hz using 60 Mhz 

spectrometer. What will be their relative positions using 

90 MHz spectrophotometer ? 5 + 3 + 2 + 5 
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10. What is 2D electrophoresis ? What is its advantage ? Write 

application of immunoelectrophoresis. Explain apparatus 

details in slab gel electrophoresis. What is the advantage of 

slab over column ? Write role of isoelectric point in 

isoelectrofocussing. 2 + 2 + 3 + 3 + 2 + 3  

11. Draw the diagram of an electron microscope. Why the main 

chamber is to be kept air free or vacuum ? What is CCD 

device ? Explain how x-ray determine crystal                   

planes. 6 + 2 + 2 + 5 
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The figures in the margin indicate full marks.
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far as practicable.

GROUP – A

( Multiple Choice Type Questions )

1. Choose the correct alternatives for any ten of the following :

10 × 1 = 10
i) pH can be expressed as

a) –log [ H + ] b) –ln [ H + ]

c) –log H+ d) –ln H+.

ii) The detergent in the SDS-Poly acryl amide Gel

Electrophoresis is

a) Sodium diacetate sulphate

b) Sodium dodecyl sulphate

c) Silicon dioxide sulphate

d) Silver dioxide sulphate.
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iii) In agarose gel electrophoresis the ccharged particles
migrate towards

a) the positive electrode

b) the negative electrode

c) do not migrate

d) divide themselves equally between positive and
negative electrode.

iv) For cubic system

a) α = β = γ ≠ 90˚ b) α = β = γ = 90˚

c) α = β ≠ γ = 90˚ d) α ≠ β .

v) mRNA from RNA mixture can be separated by

a) Paper chromatography 

b) Ion exchange chromatography

c) Gel chromatography

d) Affinity chromatography.

vi) Optical or light microscopy involves passing

a) electromagnetic radiation

b) electron beam

c) visible light

d) high energy light.

vii) The normal mode of vibration for a linear molecule
containing N number of atoms is

a) 3N-6b) 3N-5

c) 3N d) N.
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viii) Dutch physicist Fritz Zernike got Nobel prize in 1953
for the development of

a) dark field microscopy 

b) phase contrast microscopy

c) fluorescence microscopy 

d) electron microscopy.

ix) In terms of ionization, gamma radiation interacts with
matter via

a) photoelectric effect b) compton scattering

c) pair production d) all of these.

x) Full form of TEM is
a) Transition Electron Microscopy
b) Transmission Electron Microscopy
c) Trans-Electron Microscopy
d) Tri-mission Microscopy.

xi) In affinity chromatography spacer between ligand and
matrix is called

a) hand b) arm

c) head d) leg.

xii) The molecule which is not Raman active is
a) CO2 b) CH3 Cl

c) H2 O d) All of these.

GROUP – B

( Short Answer Type Questions )

Answer any three of the following. 3 × 5 = 15

2. What is sedimentation coefficient ? Write the factors
affecting sedimentation coefficient. 2 + 3

3. Write down the Principle of light microscopy.
4. Explain applications of affinity chromatography.
5. Explain the methodologies of determination of crystal

structure.
6. Explain the basic principle of centrifugation.
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GROUP – C

( Long Answer Type Questions )

Answer any three of the following. 3 × 15 = 45

7. a) What is chromatography ? Describe the method of thin
layer chromatography with diagram. Write down the
applications of ion thin layer chromatography. 3 + 5 + 3

b) What is the difference between 2D-PAGE and
1D-PAGE ? 4

8. a) What is pH ? Describe the method of determination of
pH by glass electrode. What are the advantages of glass
electrode ? 2 + 4 + 3

b) Write a short note on paper electrophoresis. 6

9. Derive Beer-Lamberts equation. State the basic principle of
centrifugation. Write down the factors affecting
sedimentation velocity. Describe briefly Beckmann's
analytical ultra centrifuge. 5 + 3 + 4 + 3

10. What is auto radiography ? Explain in details the scintillation

detection technique. Write the role of photomultiplier tube.

What is the disadvantage of Geiger Muller counter ? Explain

with example K-capture. 

3 + 5 + 2 + 3 + 2

11. Why Stoke's shift is more intense than anti Stokes ? Write

the quantum mechanical explanation of Raman effect. What

is polarisability ellipsoid ? Explain with polarisability ellipsoid

the Raman active modes of carbon dioxide. State the rule of

mutual exclusion. 3 + 3 + 2 + 5 + 2
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