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Nec lormula sheet are attacked herewith. :

A represent a vector and Gubscripe denotes a unit vector along the direction given by the
subscript. ,
Assume suitable data if necessary.

Transform the vector F into the cylindrical co-ordinate system. B
F = 10a; - 83; + 63; at point P(x=10,y =-8, z=6) 15)
Define electric dipole moment. Two uniform line charges, 8 nC/m each, are located at
x=1,z=2and at x = -1, y = 2 in free space. If the potential at the origin is 100 V, ﬁnd_y{at
P(4,1,3). T [2+46)

State Gauss’s Law. The region y < 0 contains a dielectric material for which &1 = 2.5, while the

- N N N
region y > 0 is characterized by £, =4. Let E; =—30ax+50ay+70a; V/m, find the electric

field intensities, flux densities in region 2 and the angle 8,, which is the angle made by normal
) - - - >
component of E or D withtotal Eor D . [2+342+1]

Derive Poisson’s equation. Assuming that the potential V in the cylindrical coordinate system is

- the function of p only, solve the Laplacian equation by integration method and derive the

expression for the capacitance of co-axial capacitor using the same solution of V. '[2-4:5]

State Stoke’s theorem. Evaluate both sides of Stroke’s theorem for the field
H = 8xya, - 5y®ayA/m and the rectangular path around the region 2<x<5, -1<y<1,z =0, Let

the positive direction of dS be a,. [1+7]

Define Ampere’s Circuital law. Determine H at Po(0.4, 0.3, 0) in the field of an § A filamentary

current directed inward from infinity to the origin on the positive x axis, and then outward to

infinity along the y axis. - [2+6]
R A

Explain motional induction with necessary derivations. Correct the equation V x H= J with .

necessary arguments and derivation for time varying fields. [3+4]

Derive the expression for electric and magnetic fields for a uniform plane wave propagating in a '

dissipative medium. - [4+3)

. - . SOZ/\
A uniform plane wave in free space is given by Hs = (25()43()°)c~-’3 ax V/m. Determine
—_)

phase constant, frequency of the wave, intrinsic impedance, Egatz=25 mmand t= 4ps. [1+2+142]

Define the secondary parameters of a transmission line. A lossless transmission line with

Zo = 50 ohm has a lengthof 0.4A. The operating frequency is 300 MHz and it is terminated with a

load Z; =40 + j30. Find: ' [2+1+2+3]
a) Reflection Coefficient

b) Standing wave 1atio on the line (SWR)

¢) lnput impedance (Zin) )

Differentiate between TE and TM modes. Consider a rectangular waveguide with €, = 4, p = iy

with dimensions a = 2.08 cm, b= 0.54 ¢m. Find the cutoff frequency for TM,; mode and the

dominant mode. ' [3+3]

Write short note on antenna and its types. (2]
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words as far as practicable.

1. Express the vector field A = (x-y) ay in cylindrical and spherical coordinate systems. (5} |

2. Find the total charge inside the volume indicated:
py=4xyzz,OSp$2;0$¢$§—,05253. 41
3. Obtain the equation of the streamline that passes through the point P (-2,7,10) in the field:
EfZ(y—l)ﬁx +2x 4. [4]
4. Given the potential field in cylindrical coordinates, V= {100/ (z* +1)}p coshV , and point
Pat p=3m, ¢=60°2z=2m, find values at P for (a) V; (b) E; () E; (@) dV/dN; (e) ax;
() py in free space.

5. Define gradient and Japlacian function. A point charge of 16nC is Jocated at Q (2,3,5) In
free space and a uniform line charge of SnC/m is at the intersection of the plane x=2 and
y=4. If the potential at the origin is 100V, Find V at P4,13). : v

6. Define curl and its significance in Electromagnetics. Evaluate both sides of st‘ol.ces
theorem for the field H=6xy ax - 3y” ay A/m and the rectangular path around the region
2<x<5-1<y<1,z=0,letthe positive direction of ds be 2;. _

[6)
[2+6]

[2+6]
7. TJustify the Maxwell's equation: fs B.dS=0with necessary remarks. Derive an expression

of magnetic field intensity for an infinite filament carrying a direct current using vector

magnetic potential. .
8. Write down the Maxwell equati()n' in phasor form. Derive the equation for electric field ,
for a uniform plane wave travelling in air. : [2+6]

9. A uniform plane wave in free space in given by Electric field intensity E in phaSO}‘ form

as:

7 =200 30% 2502 3, V/m Find:
N

2) Angular frequency (@)
b) Wavelength (1) and intrinsic impedance m)

¢) Magnetic field intensity ﬁ(x,y,z,t) atz =8 mm and t = 6pS. 2+ 2+4]

2+6)
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10. Define Faraday's law. A conductor with cross-sectional area of 10 ¢m?’ carries conduction

current —; =02 sinlOgtéz mA.Given that ¢ = 2.5 x10° S/m, and g = 6. Calculate the

value of the displacement current.

11. A lossless transmission line is 80 cm long and operates at a frequency of 600 MHz. The

line parameters are L= 0.25 ut/m and C = 100pF/m. Find the characteristic impedance,
the phase constant, the phase velocity on the line, and the input impedance for Z;=100Q.

12. Define dominant mode. A standard air-filled rectangular waveguide with dimensions
8.636 cm x 4.318 cm is fed by a 8 Gt

Iz carrier from a coaxial cable. Determine if a TEip
mode will be propagating or not.

13. Write short notes on antenna and its parameters.

* k¥

[2+4]

(8]

[1+4]
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A represent a vector and.d awbsm,,, denotes a \mxt vector along the dxrechon given by the .
. subscript. : L : :

Assume .mwale data if necessary.

<

1 vaenapoth(Z,G 3)andvectorﬁeld A= ya,+(xy+z)ay, exptessPandA in

'-sphencaloo—ordmatesystem L S .[5]."

2.- A point charge of 6jic located at origin, uniform line charge densxty of 180nc!m lm along

x-axxs and uniform sheet charge of 25 c/m” lies on.z = 0 plane. Find D atpoint (1, 2, 4). By
3 Denve the expression for an electnc field mtensxty ‘due to an mﬁmtely long line charge
with charge density py. by usmg Gauss’s Jaw. Find the volmne charge densﬁy that is
associated with the field D = xy?d, + x?yd;, + zd, C/m% . [4+3]
4. State - contimity - equation. - Given - the  vector ° ciment  density
j=10p% zd, — 4psin? ¢a mA/m?. Detcrxmne the current follomng outward the circular
band p=5, 0< ¢<21:,2<z<28 - S Do [2‘*‘4]
5. anferermate between scalar magnetic potennal and vector magnetxc potentnal If a'vector

~ magnetic potential is A = —(p?/4)da,wh/m; calculate total magnet:c flux crossmg the
surface §=n/2,1<p<2mand 0<z<5m. : [4“'4]-

6. Theregzony<0(regxon1))sa1randy>0(1eg10n2)hasp,—10 Iftherexsaumform

magnetic ﬁeld H 53, + Gay + 73, A/min regzon 1, find B and Hi in regxon 2 : [8j

" 7. Correct the equanon ¥ x E = 0 for time varying ﬁeld with necessary derivation. Also

modify the equation V X H = oF with necessary a.rguments and derivation for time

varying field; [3+4]

8 A umform plane wave in free space is given by Hs = (2502 30°)e'j35°za V/‘m

‘Determine .phase constant, frequency of ‘the wave,- mtnnsxc nnpedance ES and the . -

- magmmdeﬁofa:z 25 mm and t="4ps. - L. pH424] -
9. Derive the expression for electric and magnetxc ﬁelds for a umfomx plane wave ‘
propagating in a free space. - {81 .

. ‘ 10. A lossless transmission line is 80 cm fong and operates at a frequency 1 GHz The line

. parameters are L= 0.5 pH/m and C = 200 pF/m. Find the characteristics impedance, the ,
- phase constant, the velocity on the line, and the input impedance forZy =100Q. - [2+2+2+2]
.11 Write short notes on TE and TM modes of rectangular waveguide. An air filled
rectangular waveguide has cross-section of 2.3 cm X 10‘7 cm. Calculate the cutoff
frequcnc v of the dominant mode ('I'Em) S - : [3 +3]°
12. Write short notes about amenna and its parameters.. - ' S L BRil
Cokkk ’ )
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Candidates are required 1o give their answers in their own words as ﬁn’ as pmcucablc

" Attempt All questions.

The figures in the margin indicate Full Marks.
Necessary data are atteched hcrewu‘h

A represent a vector and d Qybscript denotes a unit vector along the direction given by the -

subscript.
Assume suitable data gf necessary.

Tiansform a vector field K-z 45; —2a, - 4'3—2’ into cylindrical coordinate system at é

NOREE

point P-(2, 3, 5).
Aplanex 2 cairy a surface charge density 10 nC/m’; ‘alinex=0andz= 3carryalme
- charge density 10 nC/m and a point charge of IOnC is at ongm Calculate E at(1,1,-1)

* due to these charge configurations. mn
Evaluate the both sides of dxvcrgcncc theorem for the field D 2xyax +x a],.C/mz and _
the rectangular parallelop:ped formed by the planes x = 0 and 1 y=0and 2,andz=0
and 3. . y!
If potennal field in free space is V = -—schosd& V and point P is located at (2, 90°, 0°).

~ Find: () E ®) dn'echon of EatP (c) energy dcnsny atP. .~ . [2+2+2]
Find the Vvector magnetnc field mtensxty H in Cartesian coordmates atP (2, 1 3) caused
filament of 12 Ampere(A) in a az direction on the z-axis and extending from z= 0 to .
z=4. - (8]
Consxder a boundary at z = 0 which camies C\jﬁent K= (i:)a_y' mAm. Medium
1 (z < 0) is filled with material whose p, = 6 and medmm 2 (z> 0) is filled with material » _
whose i, =4. If B, =53, + 82, mT, find B,. o 8
Define Poyntmg vector. Usmg this deduce the time average powcr den51ty for a :
dissipative medium. , - [249]
A uniform  plane = wave has 2  magnetic ﬁeld component
H = 15cos (2 x 1()“t-l-[5x)ay A/m in a medium characterized by o = 0,¢e= 480, A

. p=pe. Find , , [5+1+2]
a) direction of propagation, phase constant P, wavelength A, veloc1ty Vp, mtnnsxc
1mpedance n - o .

b) Magmtudc of H : ;
c) E ' ’
A uniform plane wave in air partially reflects from the surface of 2 materia} whose
_properties are unknown. Measurements of the electric field in the region in front of the
interface yield a 1.5 m spacing between maxima, with the first maximum 0ccurring
0.75 m from the interface. A standing wave ratio (SWR) of 5 is measured. Determine the

_ intrinsic impedance of the unknown material. i8]

e
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" 10. A 50 Q lossless transmission line is 0.4 A long. The line is 'tcmxigated with a load

7y =40 +j30 . I the operating frequency i 300 MHz, find o [2r2+4]
a) reflection coefficient ) :

b) standing wave ratio (syand

¢) input impedance (Zm)

Explain why TEM wave doesn’t exist in a rectangular waveguide? A rectangular
waveguide has dimensions a = 1 cm, b = 2 cm. The medium within the waveguides has

g =1, p=10=1. Find whether or not the signal with the frequency of 500 MHz will

be transmitted in the TE; o mode. ' . ‘

- 1 1
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12. What are the parameters of antenna? List out the different types of antenna you have

o
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Necessary formulas are attached herewiti.

Assume suitable data if necessary.

: - .-
Transform the vector A =44, 24, 44, into spherical co-ordinates at a point P(x = -2,
y=-3,z=4).

An infinite uniform line charge pL. = 2nC/m lies zleng the x-axis in free space, while

—)
point charges of 8nC each are located at (0, 0, 1) and (0, 0, -1). (2) Find D at (2, 3,-4).

Define uniqueness theorem. Find the energy stored in free space for the region
2mm< r< 3mm, 0<8<90°, 0<¢<90°, given the potential field V =:
a) —@V and b) zOgcnsev

T : r2 ’

Using the continuity equation elaborate the concept of Relaxation Time Censtant (RTC)
o 1™
with necessary derivations. Let J =

a, A/m’ be the current density in a given
p :

region. At t = 10ms, calculate the amount of current passing through surface p = 2m,
0<2<3m, 0<¢<2n

State and prove the Stoke’s Theorem. Calculate the value of the vector current density: In

Y -
cylindrical coordinates at Pp(1.5,90°,0.5) if H = %(cos().?. $)ap.

Define scalar magnetic potential. The region y<0 (region 1) is air and y>0 (region 2) has

- . -
pe = 10. If there is a uniform magnetic field H =54, + 64, +74,A/m inregion 2, find B

>
and H inregion 2.

List out the Maxwell equations phasor form for time varying case in free space. A
conducting bar can slide freely over two conducting rails placed at x = 0 and x = 10cm.

...)
Czlculate the induced voltage in the bar if the bar slides at a velocity V =10aym/s and

N )
B =3a,mWb/m”.

[l

[e1

[2+6]

[4+4]

[5+3]

[2+6]

[2+3]




. — .
8. A uniform plane wave in free space is given by Hs=(250430°)e_335025xV/m.
_—)
Determine phase constant, frequency of the wave, intrinsic impedance, Es and the
—)
magpitude H of at z=25mm and t=4ps. [1+2+1+2+2]

9. Within a certain regicn, €=10"""F/m and p=10"H/m. If B=2x10" cos 10°t sin 107y T
find: [3t3+2]

_).
a) Fird E
b) Find the total magpetic flux passing through the surface x = 0, 0 <y < 40m,
0<z<2matt=1ps

- B
c) Find the value of the closed line integral of E around the perimeter of the given

surface.
10. A transmission line operating at 120MHz has R = 20Q/m, L= 0.3uH/m, C = 63pF/m and
G = 4.2ms/m. Find [3+3+2]

a) Propagation coefficient (y)
b) Velocity of wave propagation on the line (v)
¢) Characteristic impedance (Z)

11. A rectangular waveguide has dimension a = 4cm and b = 2 cm. Determine the cut-off
frequency and range of frequencies over with the guide will operate single mode. [6]

12. Write short notes on antenna and its types. : 2]

* k%
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70 z=-3)andB(p=29= 30, z = 1),find: (2)

1. GivenpointsA{p= S, 0=
d toward B; (b) @ unit vector

a unit vector in cartesian coordinates at A directe

in cylindrical coordinates 2t A directed toward B. [5]
2. Two uniform line charges, each 20 nC/m, are located aty = 1,z =%l m. Find
the total electric flux leaving the surface of a sphere having a radius
- of2m,ifitis centeved at A (3,1, 0). [6]
3. . -Derive Energy Density in electrostatic field. : 171

4. The conducting planes 2x + 3y=12and 2x ¥ 3y =18areat potentiats of 100
V and 0, respectively. Let €= £oand find: ) Vat P (5, 2,6;b)Eal P(5,2,6)- {7

rrent of 5 mA be directed from infinity to the origin on

5. Leta filamentary cu
the positive X axis. Find H

the positive z axis and then back out to infinity oD
atP (o, 1,0) _
6.  State Ampere’s circuital Jaw. Let the permittivity be 5 pH/m in region A
- where X <°0,.and 20 pH/m in region B where X > 0. If there is 3 surface
current density K = 1502, - 200a, A/m at x = 0,and it Ha= 300a, - 4002y +
500a,A/m, find: (2) [Hral ®) [Hyoa); (©) iHgsh (4) Bxal
7. State and explain the Maxwell’s equation in differential and integral form.
Also define the displ.acement current and depth of peneiration. [10]

8.  Establish the relation for Helmholtz’s equation for electromagnetic wave
{51

propagation.
9. Sute and prove Poynting’s theorem. (61
10. Aload Z; =80 + j100Q2 is Jocated at z = 0 on a lossless 50-Q line. The

operating frequency {s 200 MHz and the wavelength on the line is 2m. () If

the line is 0.8 m in Jength, use the Smith chart to find the input impedance.
d to the nearest voltage

(b) What is s? (c) What is the distance from the loa
m_aximum’?

11 - An air-filled rectangular waveguide has dimensions a = 2 €0 and b=1cm.
Determine the range of frequencies over which the guide will operate single

mode (TEo)-

12. Write short notes on:.
a) TE mode and TM mode
b) Antenna Properties

(8}

[101

{3}
[3x2]

* ¥k
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Assume suitable data if necessary. )

Assume that the Bold Faced letter represenis a vector and a,ubs“;;;p._‘repments a unit
vector. ’

Find .the vector that extends from A(-3,-4,6) to B(-5,2,-8) and express it in cylindrical

coordinate system. \ [1+4]
A point charge of 12nC is located at the origin. Four uniform line charges are located in
the x=0 plane as follow: 80nc/m at y=-1 and -5m, -50 nC/m at y=-2 and -4 m. Find the
electric flux density D at P(0,-3,2). , _ _ 7
Let the.region'z<0 be composed of a uniform dielectric material for which eri=3.2, while
the region z>0 is characterized by era=2. Let D1=-302,+50a,+702, nC/m” and find:- A

a) Dy{Tangential component of D in Region 1);

b) Polarization (P1); ’

c) En2 (Normal component of E in Region 2)

d) Ei;(Tangential component of E in Region 2)

Derive the Possion’s and Laplace's equations. Assuming that the potential V in the
cylindrical coordinate system is the function of 'r’ only, solve the Laplace's equation by
Integration Method an derive the expression for the capacitance of the Spherical

Capacitor using the same solution of V. [2+5]
intensity in different regions due to a co-axial

Derive the equation for maggetic field ‘
¢ current I in the inner conductor and -1 in the

cable carrying a uniformly distributed d

outer conductor. » [6)
Find the vector magnetic field intensity H in Cartesian coordinate at P(-1.5, -4, 3) caused
by a current filament of 12A in the a, direction on the z-axis and extending from z=-3 to
z=3. _ {6]
Define Curl and give the physical interpretation of the Curl with a suitable example. [1+3]
A uniform plane wave in free space is propagating in the -ay direction at a frequency of 5
MHz. If E=200 cos (0t+By) a; V/m, write the expressions for electric and magnetic
fields, i.e., Es (x,y,z) and Hs (%, ¥, 7) respectively in phasor forms. - (3+5]
Derive an expression for Standing Wave Ratio (SWR) indicating where on the z-axis
you'll get the maximum and minimum value of electric field intensity E. Assume that the
boundaryis at z=0, the region z<0 is a perfect dielectricand the region z>0 may be of any

' (8]

material.
- y B r




R
-

10. Find the amplitude of the displacement current density in an air space within a large
powar transformer where H=100 cos(377t+1.2566 x 10%2) a, A/m. (6}

11. A lossless 50-Q line is 1.5X long and is terminated with a pure resistance of 100Q. The
load voltage is 40/60°V. Find: (a) the average pOWer delivered to the load; (b) the
magnitude of the minimum voltage on the line. {4+4]

12. What are the advantages and disadvantages of waveguides when you compare it with
transmission lines? Explain the transverse electric (TE) and transverse magnetic (TM)

modes used in rectangular waveguides. } (3+3] -
13. Give the definition of an antenna and explain the propeties of any one type of antenna
that you have studied during your\.édectromagnetics course. (1+1]
X% ¥

I
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The ———> denotes a unit vector along the r along the direction of. subscrzpt.

Necessary [onnnlas are attached herewith.

Assume suitable data if necessary.

Expres in cartesian .compbnents: (a). the vector at A(p = 4, @ = 40°, z = -2) that extends to
B(p =5, ®=-110°, z =2); (b) a unit vector at B directed toward A. . [3+2]

. ->
Derive an Electric Field Intensity (E) in between the two co-axial cylindrical conductors,
the inner of radius ‘a’ and outer of radius ‘b’, each infinite in exlent and assuming a. .

" surface charge density p; on the outer surface of the inner conductor. An infinite uniform

(%3]

line charge p;. = 2 nC/m lies along the x-axis in free space, while the point charge of 8nC

-
each are located at (0, 0, 1). Find E at (2, 3, -4)
Derive the integral and point forms of continuity equation. In a certain region,

[4+4]

- -> -
j=3r2 cosf)a,—r2 s.inBaeA/m2 . Find the current crossing the surface defined by

0=30°0<¢<2m 0<r<2. [5+3]

-2 3 _
Given the field, D =§Ma,0/ m?, find: (a) the volume charge density; (b) the
r
total charge contained in the region r< 2 m; (c) the value of D at the surfacer=2. [2+2+2]

Differentiate between scalar and vector ﬁlagnetic potential. Derive the expression for
magnetic boundary conditions. -
State Stroke’s theorem. Evaluate both sides of Stroke’s theorem for the ﬁcld

[3+5]

G 105mea¢ and the surfacer=3,0 <0 <2x, 0 < ¢ <90°. Let the surface have the ar
direction. [1+7}
Find the capacitance of a spherical capacitor using Laplace’s equation. [6]

Write point form of all the Maxwell’s Equations in phasor domain, for perfect dielectric

material. Use these equations to derive the magnetic field component of a uniform plan

wave travelling in the perfect dielectric medium. A [2+6]

Let E(z 1) =1800 cos(10” nt — Bz)axV/m and H(z 1) =3.8cos(10" nt — pz)a, A/m
represents a uniform plane wave propagating at a velocity of 1.4 x10® m/s in perfect
dielectic. Finda) B b) A c)ny d) p,€) &, . [2+1+242+1]




10. The velocity of propagation in a lossless transmission line 2.5 x10®* m/s. If the capacitance

of the line is 30 pf/m, find: [2+2+242]

a) Inductance of the line

b) Characteristic impedance

) Phase constant at 100 MHZ
'd) Reflection coefficient if the line is terminated with a resistive load of 50Q

11. What are the advantages of waveguides over transmission lines? A rectangular waveguide

has a cross-section of 2.5 cm x 1.2 cm. Find the cut-off frequencies at dominant mode

and TE (1,1) [i+4]
12. Write short notes on: Antenna properties - 2]

*3¥
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Candidates are reqmred to give their answers in therr own words as far as practrcab‘c
AttemprAll quertzons :
The fi igures in the margin mdrc'ale Full Marl.s

The bst—-—) denotes a unit uector along the direction of subscript.
Cript ’

Necc.ssarv formulas are attached herewztlz
Assume suitable data if necessary.

v . - N . 3 - - - - . g - . - e
An uniform Electric Field Iniensity in certain region 1s given by E=ya ,—xya,+za,.
T msform this fi eld vector into cylindrical co-ordmate at a point P( 2,45° 3). . - [8]

A m;form lme chdrge dermty of 150 ;zC;m hies al X = 2 z = -4 and a unifonn sheet of

chau,e equal to J nC/m is plaeed atz= 5 p]ane Find D at pomt {1, 2, 4) and convert it

to the Qpherh.?} eoordmate q,lstern s : . , I5+3]

J-OCUQ‘
s——V in free spucc and ;om Py located avy = 3m,

.Given the potcmig;i funcuon _'V‘ =

1\

e= 60”, 6=30° f nd a} F ‘o b) %dt? c)unit normdl vector at. P d) pv atP v :’2+]+1+2_]'

Define Re!a’mnonitxm o'let'mt (RTC 3. Denve an e\presswn for RTC: Gwen the vector -

wucn* de.mt) J—l()p za -4p\.03 ¢a¢mA/m Y ind the c..nem dowmg outward _ '

~thr ouOhtlecmularbandp 3 0<({)<21c 7<z<28 ST R --[1+3+4]"

: -
'Show that the vector magnenc potemral can: be deﬁned in both the regxons where Jis
‘equal or: nOn-equal to-zero.. Use the concept of vector magnetic potentxal to'derive thef.- e
._'\iagnefuc F 1eld Intcn”m due to zm mf mte CerE-nt cur“ymg ﬁlament carryme D current,

: State Stoke s theorem Gr en the ﬁeld H co{ ) su{d’)a‘;Al m,. evaluatc both S

a.sxdes of Slroke s. theorcm for the pat “formed by the mtersectron of the cylmder p= 3 and

'State Faradays Lgyti' Correct _the equanon VAH 'J;wrth nec

Denve the expressrons for reﬂec ion coefﬁcrent and tran

ssion’ coefficient for the
;-reﬂectxon of umform waves at nonnal mcrdence T T

=3,05252,a0d2=0,05p<3 T

ry %rgrnnemstand Ll iR
o

- »: [8:]

e oA Yo

B




e

9. At 50' MHz, a los‘sy dielectric material is characterized by € = 3.6€o, p = 2.1 andn
c=0.08 S/m. If E 6e”" an/ m, Compute [2+2+4]

a) Propaganon Constant
b) deelength

) H

10. State the condition for nosslecs transmxss‘on line. A lossless transmission line is 80 cm

long and operates at a frequency of 600 MHZ. The line paramcters are L= 0.25¢H/m and

C=100 pI*mL Find a) characteristics impedance b) phase constant c) phase velocity. - [1+2+3-i~2] :

{1. Differentiate. between Transmission line and waveguide. Consld(.r a rectangular .

waveguide with €, =2, p, = | with dimensions a = 1.07 cm, b=0.43 cm find the cut off
frequency for TMy; mode and the dominant mode. . - : [1+4]

- 12. Write short rotes on antenna and its parameters. : ’ 2y

k3
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Candidates are required to give their answers in their own words as far as pracucable
Attemp ’ t All questions.

The figures in the margin indicate Full Marks.
Necessary formula is attached herewith.

7represénts avector and &F denotes a unit vector along the direction given by the subscript.

Assume suitable data if necessary.

Convert the vector F =F, ax+F, ay+F,a; toboth spherical coordinate system. _A [5]

Find the electric field mtensxty in all three regxons due to an infinite sheet parallel plate
capacitor having surface charge density ps ¢/m” and -p; ¢/m? and placedaty =0andy=b

respectively. Let a uniform lipe charge density, 3 nC/m, at y = 3; uniform surface charge
density, 0.2 nC/m” at x = 2. Find Eat the origin. [4+4]
What is dipole? Derive the equation for potentnal and electric field due to dipole‘at a -
distant point P. - [1+6]
Derive Poisson's equation. By solving Laplace’s equanon find the capacitance of a
parallel plate capacitor with potential difference between the plates equals V,. : [1+5]

2

Verify stoke's theorem for lh‘e field ﬁ = (—%r—é}aﬁ S4r cosB as A/m in free space for the -
: sin

conical surface defined by 6 = 20°,0 < ¢ < 2%, 0 <1 < 5. Let the positive direction of

ds be a,. 8]
Consider a boundary at z = 0 for which ﬁn -2;,‘—3;,4-;, mT, py = 4 pH/m (z > 0),
= 7pH/m(z<0)andK 80a, A/matz=0. Find Bz 8]
Explain how Ampere's law conflict with commmty equation and how it is corrccted"'
Derive conduction and displacement current in a capacitor. [4+3]

Derive the expression for electric and magnetic fields for a uniform plane wave
propagating in a perfect dielectric medium. [5+31. -

A 9.4 GHz uniform plane wave is propagating in a medium with €, = =225anp,= 1. If the
magnetic field intensity is 7 mA/m and the material is loss less, find [1+l+1+2+2]

i) Velocity of propagation

ii) The wave length

11i) Phase constant

iv) Intrinsic impedance

v) Magnitude of electric field intensity




o

10. A lossless line having an air dielectric has a characteristics impedance of 400 Q. The line
is operating at 200 MHz and z,, =200-j200Q. Find (a) SWR (b) Zy, if the line is | m
long; (c) the distance from the load to the nearest voltage maximum. [2+4+2)

11. Differentiate between transmission line and waveguide. A rectangular waveguide having
cross-section of 2 cmx 1 cm is filled with a lossless medium characterized by € = 4€, and
p, =1. Calculate the cut-off frequency of the dominant modé. ' [4+2]

12. Write short notes on antenna and its properties. - ' 2]

*%k
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Necessary formula is atiached herewith.

?represents avector and ?M denoles a unit vector along the direction given by the subscript.

Assume suitable data if necessary.

Express a scalar potential field V =x?+2y” +32? in spherical coordinates. Find value of
V at a point P(2,60°,90°). [3+2]
Derive the expression of Electric field intensity due to a line charge using Gauss Law.

Find Electric flux density at point P(5,4,3) due to a uniform line charge of 2 nC/m at
X =35, y =3, point charge 12 nC at Q(2,0,6) and uniform surface charge density of 0.2

nC/m’ atx =2. [4+4]

State the physical significance of divergence. Derive the Divergence theorem. Given the

potential V= gsinﬁcomb; find the electric flux density B at (2,%,0). [24243]
T yA

Derive Laplace's equation. Find the capacitance of a co-axial cable using Laplace's
equation.
State Ampere's circuital law. By using Biot Savart's law, derive an expression for

[145]

)
magnetic field intensity [H) due to an infinite length filament carrying a direct current 1. [246]

Flux density at medium with p, = 15 is By =1.2a, +8a, +4a,T. Find B,H and the angles
between the field vectors and tangent to the interface at second medium, if second
medium has p, = 1, and interface plane is z=0. [3+2+3]
State and derive the expression of motional emf (electrometive force). Consider two
parallel'conductors placed at x =0 and x = 5 cm in a magnetic ﬁeld§ = 6;me/ m’. A
high resistance voltmeter is connected at one end and a conducting bar is sliding at other
end with velocity ;=18;, m/s. Calculate the induced voltage and show the polarity of
induced voltage across the volimeter. [1+43+3]

What is standing wave? Derive the equation of Electric field and Magnetic field and SWR

of standing wave? [1+7}




g

- -

- " . =
9. An EM wave travels in free space with the electric field component E =| 153,.~5a,}’
\

cos(mt-3y+52)\f/m . Find (2) @ and A (b) the magneti‘c field component. [2+2+3]

10. A 50Q lossless transmission line is 30 m long and is terminated with a load
Z, =60+j40Q. The operating frequency is 20 MHz and velocity on the line is
2.5x10® my/s. Find [2+2+4]
i) Reflection coefficient
it} Standing wave ratio
iii} Input impedance
11. Explain TE and TM modes? Consider a rectangular waveguide with er = 2.25 and p, = 1
with dimensions a = 1.07, b = 0.43. Find the cut-off frequency for TM,;; mode and
dominant mode. [2+4]
12. Write short notes on antenna and its type. [2]
* k¥
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v Necessary tables are attached herewith.
v 1 represent a vector and ;M and ;M denotes a unit vecter along the direction
- given by the subscript.
v’ Assume suitable data if necessary.
1. Define a vector field. A field vector is given by an expression
K = —-:——1—~——~(X£ + ya_; + z;z ) , transform this vector in cylindrical coordinate
Xyt ezt ' '
system at point (2, 30°, 6) 243
2. Given the flux density D= (2c0s8/r°)a, +(sinB/r*)a, C/m’, evaluate both sides of the
divergence theorem for the region defined by 1<r<2,0<8< g— O<d< 1[2- (8]
3. Define electric dipole and polarization. The region z < 0 contains a dielectric material for
which &,=25while the region z > 0 is characterized by €,=4.Let
' Bi=_308.+50n,4+708,V/mFind: @ E2 () Dy «(c) polarization in
region 2 (ﬁz) . ' [242+2+1 +1]
4. State the uniqueness theorem and prove this theorem for Laplace's equation. {1+5)
- - -
5. A current density in certain region is given as: J=20sinBcosda + -l-a A m’, Find: [5+3]
T
i) The average value of J; over the surface T=10<08<x/2,0<$<n/2
. Opy
i1
) ot
6. Show that V xE =0 for static electric field. The region y<0 (Region 1) is air and y>0
(Region 2) has y, = 10. If there is a uniform magnetic field ﬁ = 5::\,(+6a—;-th7;1)z Almin -
region 1, find Band H in region 2. [2+3+3]

Find the amplitude of the displacement current density in a metallic conductor at 60 Hz, if

€= Eooli = 1,6 =5.8x10S/m, and J =sin(377t -1 17.12)a, MA /m?. 5]



8. Explain the phenomena when a plane wave is incident normally on the interface between
two different Medias. Derive the expression for reflection and transmission coefficient. (8]

9. A uniform plane wave in non-magnetic medium has E = St)cos(l 0%+ 22)3, V/m . Find:

i) The direction of propagation
ii) Phase constant B, wavelength A, velocity vy, relative permittivity &, intrinsic
impedance 1
-

i) H [1+5+2]
10. Determine the primary constants (R, L, C and G) on the transmission jine when the

measurement on the line al 1 KHz gave the following results: z, =710£-16°, a = 0.01

neper/m and § = 0.035 rad/m. 81

11. Explain the modes supported by 3 rectangular waveguide. Calculate the cut off
frequencies .of the first four propagating modes for an air filled copper waveguide with
dimension a=2.5¢cm,b=12cm. [2+4]

12. Write short notes on antenna and its fypes. {21

*%F¥
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: components

Candidates are required to give their answers in their own words as far as practxcable
Atiempt All questions. v . A v

-

,4 represent a vector and asubscnpl and asubsmﬂ denotes a umt vector aiong rhe J recnon
givern by the subscript. - .. S R U A

. Assume suitable data if necessary.

Expxess thP umforn vector ﬁeid F= Ja 1'nt'(a”) vk:yiindjrical coﬁxponcms (b) sphencal »
‘ S e [2+3]

Denve the expressxon for the elecmc field intensity due to an mﬁmtelv long hne charge o

wnh uniform charge density pL by using Gauss's law. A umform hne charge density of

.'20n<:/m;slocatedaty Jand z=5. Find EatP(56l) " T gy

:Denve an expression to calculate the potennal due tcr a dlpole in terms of the dxpo!e. .

'moment (_’) A chpoie 1or whxeh p 3a, 5 a,+10a,n€m 1s ]o‘..ated at the pomt. '
. J -

: c) E' Lo

(1.2,4). Find Bat . T - L e
Assuming that the potential V in the cylmdncal coordinate system is function of p only, o

~ solve the Lapplace’s equatxon and derive the expression for the capacitance of coaxial -

capacitor of length L using the same solution of V.- Assume the inner conductor of radius
aisat potentxal V, with respect to the conductor of radius b. S {6]

State and derive €Xpression for Stoke's theorem. Evaluate the closed line integral of I_-i

from P(5,4)to P,(5,61jto P,(0,6)to P,(04,1)to P, using straight line segments, if
I—-}=O.ly3a_:+0.4xz::A/m. : [1+3+4)
Define scalar magnetic potential and show that it satisfies the Lap!éce‘s equation. Given

the vector magnetic potential . A = ~(p2 /4)8: Wb/m, calculate the total magnetic flux
crossing the surface ¢ =7/2, 1 £p<2mand0<z<5m. [1+2+5}

How does VxH=J conflict with continuity equation in time varying fields. How is this.
conflict rectified in such fields? - S 243
Derive the expression for electric and magnetxc fields for a umform plane wave
ptopagatmg ina perfect dzelecmc space. : =

A locsless diclectric material has c=0,p, —1 €, =4, An electromagnenc wave has

[S+3} '

fnagnenc he expressed as H —0.1cos(wt - z,-a +0 SSmcos(ot z)a A/m. Find: {2+2+4]

' a) Angu]ar frequcncy (@)
b) Wave 1mpcdance )

o



10 "ons:dr'r a two- wire 40 Q hne (Z = AGQ) connerung tbe source of 80 V, 400 kHz wnh'
series resistance 10 G to the load of Z, = =60 The line is 75 m long and the velocity on
the line is 2.5x10° nv's. Find the vohage V, at inputend and V, ; at output end of the
transmission line. - . (81

11. Why does 2 hollow rectangular waveguide hot support I'EM mode? A rectangular air-
filled waveguide has a cross-section of 45x50 mm. Find the cm-off frequencies of the

1
ﬁxbtfourpmpaoatmgmodm S RO 2+4}
1‘) Wnte shortnotesm antermaand 1t<types : R _ A ‘ »[2}
o : P ) o Co : :
DIVERGENCE
- D -
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. L m v & .
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’ pép pa¢ oz
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) . r*a,.\‘ A rsme . ag . rSmoa¢ .
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) & W Oz
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" surface charge of 30 pC/m? at z=0. If the potentml at origin is 100V, find the potential at

Candidates are required to give thcnr answers in their own words as far as practlcablc.

Attempt All questions. -
The figures in the margin indicate Full Marks.

Necessary formula sheet is attached herewith. .
Qoubcrie denote a unit vector along the dzrectzon given by the subscrzpt

Assume suitable data if necessary.

Transform A =102, -8a,+6a,; at point p(10,-8,6) to cylindrical coordingte system. 5]
A line charge of 8nC/m is lowted atx=-l,y=2,a pomt charge ofmCaty=-4anda

P(413) 7

Explam the Continuity equahon. The current densxty in certam region is approximated by

-J =(—)e'“"l a Al m’ in spherical coordinates. (2) How much current is crossing the
: r
surface ' ' ‘ '

" r=50cm at t = 1uS? (b) Find py (1,t) assuming that py—>0 as t —o. : [2+6]
Find the equation for Energy Density in the electrostatic field. (6]
Differentiate between scalar and vector magnetic potential. Derive an expression for the - -
maghctic field intensity (ﬁ) at a point due to an infinite filament cmying -a direct
current I, placed on z-axis using ampere's circuital law. [2+6)

State and prove Stoke's theorem. Given H =10sinBa, in free space. Find the current in

2, direction having r=3,0 <8 <90°, 0 < < 90°. 3+5]

Within a certain region, € = 107! F/m and p = 10”° H/m.

-

If By =2x10" cos10°tsin10”ya, T: (a) Use VxH:s%tE- to find E; (b) Find the total

magnetic flux passing through the surface x =0, 0 <y<40m,0<z<2m,att=1puS. [4+4]

Derive an expression for standing wave ratio of uniform plane wave in terms of reflection
coefficient. Find the reflection coefficient for the interface between air and fresh water

‘(€ = 81€g, o = 0), in case of normal incidence. [543)- :




9. The magnetic ﬁe]d mtensrty ( )m free space is given as,
- ﬁ(x,t)=l.0ces(10'_t+ﬂx)a, A/m find: ; - [2+143} -

a) Phase constant (B)
b) Wavelength

o [Ex, )IatP(010203)att =InS

10. A 300 Q transmission line is lossless, 0.251 long, and is terminated in Zy=500Q . The
line has a generator with 90 £0°V in series with 100 Q connected to the input. Find (a)

the load voltage (b) voltage at the mldpomt of the line. [4+4]
11. Determine the cut-off frequency for an air nlled rectangular wavegmde witha =2.5cm
and b = 1.25 cm for TE;; mode. 4
12. Write short notes on: » - [242]
a) Loss tangent

b) Antenna types and properties

*%¥

i
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' Candidates are required to give their answers in their own words as far as practicable,
V' Attempt All questions. :
V' The figures in the margin indicate Full Marks.
V' Necessary formulas are aitached herewith,
v’ Assume suitable data if necessary.
-V Assume that the Bold Faced letter represents a vector and Bupscipe TEPTESENLS 3 Uit vector.

Subject: - Electromagnetics (EX503) :
—e T WA

-

(1) " Express the vector field, G = X + y% (xa, + ¥ay) in cylindrical
components and cylindrical variables, . [5
(2) FindD at the point (-3, 4, 2) if the following charge distributions
| oare -'pr&én‘r*in"'ﬁ'fee“spaceﬂ.'-’paint charge; 12~ne, At P20, -6)s
uniform line charge density, 3 nC/m, at x = -2, Y = 3; uniform
Surface charge deasity, 0.2 nC/m? at x = 2. (71

3) Two nni_form line Achéfges, 8 nC/m each, are located atx=jfz=2
andatx =-1, y=2 iy free space. If the potential at the origin is
100V, find Vat P (4, 1, 3). , - {7]

(4) State the Uniqueness theorem and prove that the sofution of
Poisson’s equation is unique. [1+6]
(5)  Write the equation of the Vector Magnetic Potential in differential
form. Using the same equation, derive the equation for magnetic

field intensity at a point due to an infinite filament carrying a
uniformly distributed de current |.

46). Qﬂaﬂaﬁ&&mﬁkm&ﬂmw&a&mﬂm&m@;@}mML . .
coordinates at Py (p=1.5, $=50°, 7=0.5) if = 2 (cos0.29) a, B3]
it P

[145]

(b) in spherical coordinates at P, (r=2, 6=30°, $=20°)if H = -——I-é- g,
. sin

—(75 State and derive the Stoke’s theorem. ' : o 143 ]
(8) What isan input jutrinsic impedance? Derive an expression for the

input intrinsic impedance using the concept of reflection of 12461
uniform plane waves, s .



©)
(10)

3y

A

The electric field amplitude of 2 uniform plane wave propagating
in the free space in 3z direction is 2590 Vim. fE=Exaxand @ =
1.00 Mrad/s, find: (2) the frequency, (b) the wavelength; (c) the
period; {d) the amplitude of H.

Find the amplitude of the displacement current density inside 2
typical metallic conductor where £= 1 kKHzZ, Conductivity o =3 X
10" mhofm, dielectric constant €z = 1; and the conduction current
density 3 = 107 sin (6283 1= 444 7) 8, Al

A 50-Q lossless {ine has a length of 0.42. The operating frequency
is 300 MHzZ- A load Zr =40+ 30 Qis connected at Z= 0, and the
Thevenin equivalent source atz=-lis 122£.0° in series with Zm =

. 50 +jO Q. Find:(a). The Reflection Coefficient T (b} The Voltage.

(12)

(13)

Standing Wave Ratio (VSWR) and (c) The input impe_dance Zin-

Explain why js it not possible tO use waveguides at Jower-

e

frequencies? Explain the transverse electric (TE) and transverse -

magnetic (TM) modes used in rectangular waveguides.

Give the definition of an antenna, pxplain the properties ofany
one type of antennd that you have studied  during your
electromagnetics course..

E2 33

[242+143]

16}

[2+2+4)

[2+4]

{1+1]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt AH questions. '

The figures in the margin indicate Full Marks.

Necessary formula are attached herewith.

Assume suitable data if necessary.

- - -

- - .
Transform the Vector A=ya, +xa y+za, into cylindrical co-ordinates at a point

p(2,45°,5) [51
Along the z-axis there is a uniform line of charge with pL=4n Cm™ and in thé x=1
plane there is a surface charge with p; = 20 Cm™. Find the Electric Flux Density at
(0.5,0,0)

Define Uniqueness theorem. Assuming that the potential V in the cylindrical coordinate

(61

. system is the function of “p’ only, solve the Laplacian Equation by integration method

and derive the expression for the Capacitance of the co-axial capacitor using the same
solution of V.

Define Electric Dipole and Polarization. Consider the region y < 0 be composed of a
uniform dielectric material for which the relative permittivity () is 3.2 while the region
¥y > 0 is characterized by & = 2. Let the flux density in region 1 be [2+3+3]

[2+5]

D =-30ax+50§,+70azn(2/m2.
Find:

'3 Magnitude of Flux density and Electric fields intensity at region 2.

N
b} Polarizaticn (P)in region 1 and region 2
State Ampere’s circuital law and stoke’s theorem. Derive an expression for magnetic field

intensity (H) due to infinite cuire_ntcanying filameat using Biot Savart’s Law. [1+2+5]

Differentiate between scalar and vector magnetic potential. The magnetic field intensity

- — 2=
in a certain region of space is given as H=(2p+z)a,+—a, A/m. Find the total current
z

- ind . e e e
passing through the surface p =2, W/4 <@ <7/2,3 <z <5,in the a, direction. [3+5]

>
State Faraday’s law and comect the equation VxE=0 for time varving field with
- -
necessary derivation. Also modify the equation VxH = J with necessary derivations for
time varying field. [1+3+4]
Derive an expression for input iatrinsic impendence using the concept of reflection of

(6]

uniform plane wav3s.



0cd

9. Find the amplitude of disﬁlacement current density inside a typical metallic conductor
where f = 1KHz, ¢ = 5%10" mho/m, & = | and the conduction current density is

-

J =107 sin(6283t —444z)ay A/m’

" 10, Write all the Max‘-»ve‘ll‘ equati&nﬂsufbr the tiﬁxé varying' ﬁeld“poiht.ﬁ)‘fx»n as 'we'l>l as mtegral B

form.

11. A lossless transmission line with Zg = 30 € with length 1.5 m connects a voltage
V; = 60tV source to a terminal load of Zy = (50+50) Q. If the operating frequency
=100 MHz, generator impedence Zg = 50 Q and speed of wave equal to the speed of the
light. Find the distance of the first voltage maximum from the load. What is the power
delivered to the ioad?

12.. What are the techniques that can be taken to match the transmission line with
mismatched load? Explain any oce.
13. Write short notes on:

a) Modes in rectangular wave guide
b) Antenna and its types

* Kk

(4]

[4+4]

2]
[2x3]

RO



B 066-&1

27 o TRIBHUVAN UNJVERSITY Exam. " ,
lNSTITUTB OF ENGINEERING Level BE ' Full Marks | 80 . -
Exammanon Control Dwnsmn Programme ggr;-enx,k ’ pas,‘M,;.ﬂs‘ 39
2069Ashaé, Year/Part |O/1 . | Timie - . |3 hrs..

, T e T Sébjéci' -Electromagnetics (EX 503)

_ - .. ¥ Candidates are. required to give. thexr answers m thelr own words as far as pracncable
T Y Attempt All questions. : , ST
" The figures in the margin indicate F ull Marks.
V' Necessary formulas are attached herewzth
v Assume suxtab[e data if necessary.

> o

1 leen a‘.vec't'or ﬁcld D= —-2——-y—’ , evaluate D at the point where p——2 (D=0 21: and Z—S in both

N% XAyt _ . '
: : : [5]

cylmdncal and Cartcsmn components. - .
T, outer conductor of radius |

25 Define Gaiss’s fawt: A~ ,,a-axlal ‘cable has:inner concluctms of. mdlus

expreSsxon for electric field. mtensxty in the region r; S 1 <15.

efine potennal field. Assummg that the potential V 1 m the spherical coordmate system is function o -
of T only, solve the laplacxan equatxon and derive the expressxon for the capacitance of a Spherical )

[1+6]

4.
' l is perfect diclectric charactenzed by €r=2.5, médlum 2i is perfect dielectric charactenzed by
€255, clectnc field in medm:n 1is E =4, +3a +33, v/m T (71
5. vaen the magnetzc vector pot°ntxal A. = ——4—9. Wb/ m, Calculate the total magnenc flux crossmg r
'thesurface(b—n/Z 1<p<2m, 0<Z<5m. . o 6]
6. Find the boundary condmon for H and B at the mtcrface between two 1sotroplc homogeneous )
linear matenals with permeabilities puand pio. € |
7. For magletxc vector potential given in cylmdncal co-ordmate system as A= 5r A, Wb/ m in free .
: space find the’ magnenc field intensity, H S : j ; ~ [4]‘
R X Denve the equations to show that the electric field and the magnetic ﬁeld compone' w2 in same
. phase for the wave propagation in perfect dielectric medium. - A E {8] =
_9. Derive expressmns for reflection co-efficient and transmission co- eff cient for the case of normal

permittivity €;, permeability p; and medium 2 is charactenzed by penmttmty €2, permeability ;.
Also explain why the concept of reflection is necessary. T [543

10. Write down the Maxwell’s equatlons in. pomt and phasor form for time varymg l' elds. Define the
: [4+2]

pointing vector.

reflection coefficient at the load and the voltage at the input of the line. “[2+4]

" Define Uansverse electric and transverse roagnetic mode of wave propagatmn in wave guide. A
rectangular wave guide has dimensions a = 4.5cm; b=2. Scm. The medium within wave guide has

relative permittivity g=1, relative permeability u=1, conductivity 6=0 and conducting walls of

wave guide are perfect conductors. Determine the cut off frequeney for the modes TE(; 0, and

TM(; 1 - [2+7+7—~2] : .
_13. Wiite short notes on antenna and its properties. . . 2]

*x3

incidence at boundary between two dielectric media where medium 1 is characterized by

n. Surface charge densxty on the surface of inner conductors is Ps. Use Gauss’s law to dérive an -
C : [2+5] 1.

'Use boundary condition to f nd E2 in the medmm 2 thh boundary located at plane Z—O Medlum ]

.A load impedance of (40+j70)Q tenmnates a IOOQ transmission line_that is 0.3 long. Find the | .
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- -
1. Transform vector A =psinda, at point (1, 45°, 2) in cylindrical co-ordinate system to a

[8] ..

g véctor in sphcrical co-ordinate system. [5]
X Thelegxon X<0'is composed of a uniform dielectric material forwhich-gy=3.2; while the...- v
tegion X>0 is characterized by €, = 2. The electric flux density at region X<0 is
PES - - - e .
D, =-30a,+50a,+70a, nC/m’ then find polarization ( P ) and electric field intensity
(E ) in both regions. [3+3]
3. Define an electric dipole. Derive expression for electric field because of electric dipole at -
a distance that is large compared to the separation between charges in the dipole. [2+6)
4. Define Relaxation Time Constant and derive an expression for the continuity equation. [3+4)
5. --Derive the equations.for magnetic field intensity for infinite long coaxial transmission
line carrying direct current I and retum current -I in positive and negative Z-direction
respectively. 7
6. A current carrying square loop with vertices A(O —-2,2), B(0,2,2), C(0, 2 —2) D(0,-2,-2) is
carrying a dc curmrent of 20A in the direction along A-B-C-D-A. Find magnetic field
. intensity H at centre of the current carrying loop. [6]
7. Elaborate the significance of a curl of a vector field. (3]
8. Derive the expressnons for the electric field Eand magnetlc field H for. the wave
propagation in free space: : : :
9. The phasor component of electric field intensity in free space 'is given by
. — e - : -
E =(100<45°)e"5“Z a, v/m. Determine frequency of the wave, wave impedance, H,,
and magnitude of E at z= 10mm, t = 20ps. [2+2+2+2]
10. Write short notes on: (2) Loss tangent (b) Skin depth and (c) Displacement current
) _density.’ . : _ [2+2+2]
ll Explain impedance matching using both quarter wave transformer and smgle stub
methods. [3+3]
12. Explain in brief the modes supported by rectangular waveguides. Consider a rectangular
waveguide with g = 2, p= pp with dimensions a = 1. O7cm b = 0.43cm. Find the cut off
frequency for TM;, mode and the dominant mode. . [4+2+2]
[2]

13. Define antenna and list different types of antenna.

* &%
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AN N NN

What is Dc load line? Find operating point for the diode circuit graphically using load
line method. [1+4]
2. In the circuit given below the DC power supply Vcc = 10 V is superimposed with 60 Hz

sinusoid of 1 V peak to peak amplitude. Calculate the amplitude of the sine wave signal
appearing across the diode for the case R1 = 10 KQ. Assume the constant voltage drop of

0.7 V in the diode. [5]

o
.

Vee XZ

3. Why voltage divider biasing called B independent? Design common emitter Amplifier
using B independent dc biasing method with appropriate guideline. Given parameters:
Vee=24VDC, Ic=1.5mA, B =150. [1+4+2+2]
4. What is the significance of bypass capacitor in CE amplifier? Draw the small signal
model of voltage divider bias for emitter bypassed capacitor CE amplifier circuit and find

its input impedance, output impedance and voltage gain. [2+6]
5. Explain construction and working principle of N channel Depletion type MOSFET with
the help of drain characteristics and transfer characteristics. [8]

6. Find Ip and Vpg for the given circuit. Given data are Vp = - 5.5 V, Ipss = 10 mA and
assume all the capacitors are ideal and check whether transistor is operating in pinch off

region or not? {8]
°Vpp =20V
I
1.5MQ LF 39
C C?—«w
Vie—{ + ’
330kQ 1kQ TCs
7. Draw the circuit diagram of class B push-pull amplifier. Derive its general efficiency and
maximum efficiency. [8]
8. Draw the circuit diagram of class A series fed amplifier and its corresponding
characteristic graph. And, find its general efficiency. o [3+4]
9. Draw the circuit diagram of op-amp Wein Bridge oscillator. Derive its frequency of
oscillation. [2+4]
10. Draw the circuit diagram of Hartley oscillator. Derive its frequency of oscillation. [6]
11. Design DC voltage regulator using LM 317 to get 6-15V output. [6]

12, Draw standard series DC voltage regulator circuit and find its voltage stability factor {S.). [41
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1. A string of three diodes is used to provide a constant voltage of about 2.1 v. Calculate the
change in this regulated voltage caused by (i) a +10% change in the power supply
voltage; (ii) connection of a 1K Q2 load resistance. Assume 1= 2. v [3+2]

10+1V

i
¥

2. A zener diode exhibits a constant voltage of 5.6 V for currents greater than five times the
knee current. Iy is specified to be ImA. The zener is to be used in the design of a shunt
regulator fed from a 15V. supply. The load current varies over the range of 0 mA to 15
mA. Find a suitable value for the resistor R. What is the maximum power dissipation of
the zener diode? ‘ : [3+2]
3. Design voltage divider CE amplifier (without emitter by pass capacitor). Given:
Transistor BC 547B having B = 295, I. = 1.5 mA and Vcc =+9V.

a) . Is this the best Q point? Why? -
b) Calculate its input impedance and voltage gain.

¢) What is the maximum peak voltage of the signal that can be applied to the input of
this amplifier to ensure the transistor is always in active region? [5+2+3+2]

4. Draw Ebers- Moll (EM) model of BJT and write expression of collector current for active
region. ) (3]

R=1kQ
.:.vo




5. Find Q point and show it graphically. [6+21
12V
: ?2 k0
-« =3V
V-] '“'“'“'L“""J g v::,: =3V
IpF
+

6. Explain the working of n channel DMOSFET with characteristics curves. Derive an
expression for JFET transconductance. [6+3]

7. It is required to design a class B power Amplifier to deliver an average power of 20 W to
an 8 Q load. The power supply is to be selected such that Vce is about 5 V greater than
the peak output voltage. This avoide transistor saturation and associated nonlinear
distortion, and allows for including short circuit protection circuitry. Determine the
supply voltage required, the peak current drawn from each supply, the total supply power,
and the power conversion efficiency. Also determine the maximum power that each

transistor must be able to dissipate safely. . [1+1+2+2]
8. Derive general efficiency of series fed Class A power amplifier. {6l
9. Explain the working principle of crystal oscillator with diagrams operating in both

parallel and series resonance mode. ' [4+2+2]
10. State Barkhausen Criteria for sinusoidal oscillation. Is it possible to obtain 50% duty

cycle square wave from 555 timer Astable Multivibrator? How? [2+3]
11. Explain the working of transistor series voltage regulator with current limiting element. [6]
12. Design variable DC voltage regulator using LM 317 to get (5-9) volts output. [5]

* %k
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Explain the reverse break down region in zener diode. “Zener diode acts as a voitage

reference element” Justify the statement from IV characteristic curve.

A diode conducts 1mA at 20°C. If it is operated at 100°C, what will be its current? Given
data are iy = 1.6 and negative temperature coefficient value = -2.2 mV/°C.

Show the importance of trausistor bias stabilization. Design voltage divider bias {common
collector configuration) to get Icq = 1.5 mA. Assume power supply voltage vCC =15V
and beta of transistor is 110. _ ‘ '

Why BJT is called bipolar and FET is called unipolar device? Derive mathematically the
transconductance of MOSFET.

“The bipolar junction transistor parameters for the circuit in figure below are §= 200 and

¥, = . Determine the input resistance, output resistance and overall voltage gain of the
circuit. )

Describe the physical structure of N-channel JFET and explain its working principal and
characteristics clearly marking the various regions of operation.

Find the drain current (Ip) and drain to source voltage (Vps) for the following circuit.
Given parameters are: V¢ =1 V and k = 0.5 mA/V~. .

—O +20V

188K0 1.8540

65K
47K 1

2]

5]

[3+5]

[2+3]

(8

[2+6]

(8




£

8. Draw the cirquit diagram of transformer coupted class B push-pull amplifier stage. And
find its meximum efficieacy. Define cross over distortion in class B amplifier. [2+4+2]

9. Draw the circuit diagram of Quasi comple.mentary-symmetry class AB amplifier using

diodes. _ -3
10. When are tuned amplifiers used? Draw the circuit diagram of class-A tuned amplifier and

its frequency response graph. . [2+31
11. Draw Wien Bridge oscillator circuit and derive the expression for frequency of oscillation -

and gain of amplifier circuit. [1+3+2]
12. Describe the operation of precision half wave rectifier with circuit diagram. . 4y

13. Why transistor seri¢s regulator has fower efficiency? Explain the operation of voltage
regulator using band gap voltage reference. [245]

*¥¥
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12.

Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

Explain the small signal model of PN junction diode and derive the expression for its
dynamic resistance.
Determine the Range of load Ry, that will maintain the zener diode load voltage Vy at 5V.

Given Vs = 10 V, Rg = 100 , Iz = 30 mA.
I Is Rs

Design a voltage divider type dc biased CE amplifier to obtain B independent biasing.
Use appropriate guidelines to support your design. Given Ve =12 V DC, Ic = 2mA and

B =150.
Derive the expression for Rin, Row, Av and A; in CE capacitor bypassed amplifier.

Describe the construction and working principle of EMOSFET with the help of drain
characteristics curve and mathematical expressions.

Find Ip and Vps for the given circuit. Given data are Vp = -3.5V, Ipss = 10 mA and
assume all the capacitors are ideal and check whether transistor is operating in pinch off
region or not?

°© VDD=20V_
910K0 | ) $ 2240
- o
i
.HC(' Cz Vo

Vi
2 2
110kQ LIkQ TC;
=

Draw the circuit diagram of transformer coupled class B push-pull amplifier and show
that the maximum efficiency is 25% %.

When are tuned amplifiers used? Draw class A tuned amplifier circuit and find its 3 dB
bandwidth.

Explain working of RC phase shift oscillators and derive the frequency of its oscillation.
Draw standard series DC voltage regulator circuit and find its voltage stability factor (Sv).
Design a voltage regulator to give output voltage from 7V to 21V using LM317.

‘Write short notes on:

a) Ebers Moli model
%) Transconductance of JFET
¢} Crossover distortion

(3]

(3]

[7]
(8]

(8]

Ry

(71

{71
[6]
[6]
(3]

[3x3]
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Define Q-point in pn junction diode operation. Show it graphically with necessary
derivations. Differentiate between avalanche and zener break down. [3+2}

2. The 6.8 V zener diode is specified to have Vz = 6.8 V at Iz = 5 mA, rz = 20Q and -

Izk = 0.2 mA. The supply voltage V" is nominally 10V but can vary by + 1V, Find V, .
with no load and with V' at its nominal value. Find the change in V, resulting from
connecting a load resistance RL that draws a current I, = 1 mA. What is the minimum

Sod
.

value of Ry, for which the diode still operates in the breakdown region? [2+142)]
. v D5K
A
ZX Y

3. Design P independent type dc biased common collector amplifier, and find its current
gain and input resistance. Given parameters: Vec = 20 VDC, Ic = 2mA and $ = 100 and
use firm biasing method. [8]

4. Draw common emitter transistor amplifier circuit (ermtter bias with unbypassed emitter
capacitor) and find its output impedance and voltage gain. Write application of common
base amplifier. [4+3+1]

5. Describe the working principle of N-channel Depletion type MOSFET with the help of
Ip Vs Vps characteristics and transfer characteristics curves. Find the condition and
expression for it to operate in active mode of operation and write the expression for drain

curent. [5+2+1]
6. Write about JFET as a voltage controlled resistor with practical application. 4]
7. Find Ipq and Vgsq from the following circuit. [5]

+20V

33kQ
Ibss =8mA
ID =-6V
1 MQ 1 KO-




8. Draw the circuit diagram of class A series fed amplifier and its cormesponding
characteristic graph. And, find its general efficiency.

9. Draw the circuit diagram of Complementary-Symmetry class-AB amplifier using
Darlington pair transistors.

10. Describe about tuned amplifier and derive the expression for the 3dB bandwidth of the
amplifier.

11. Differentiate between synchronous and stagger turned amplifier.

12. Draw voltage controlled oscillator circuit using IC 555 and derive expression for
frequency of oscillation.

13. Among Hartley and Colpitts LC oscillator, which one do you choose to implement in FM
stations to generate carrier wave signal? Why? Draw its circuit diagram.

14. Draw the standard series DC voltage regulator circuit and find its voltage stability
factor(S,). :

15. Design a 5V to 20V variable dc voltage regulator using IC LM317.

k%

[3+3]

B3

{5
i3]

(6]
(5}

(5
4]

o
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Differentiate between avalanche and zener breakdown. Draw V-1 characteristic curve of

zener diode and briefly explain about it. .

2. In the given circuit, the power supply V* has a dc value of 10V on which is super

imposed a 50 Hz sinusoid of 1V peak amplitude. Calculate both the dc voltage of the

diode and amplitede of the sine-wave signal appearing across it. Assume the diode to _

havea 0.7V at 1 mA current and 1=2. 5]
V+

Ld
.

[3+2)

10KQ

—
=3

3. Design B independent type of dc biased common collector amplifier, and find its.voltage
gain and input resistance. Given parameters: V=20 VDC, I:=2mA and f=100 and use

firm biasing method. (8
4. Describe in brief the operation of BIT as 2 switch in cut off and saturation region. [41 .
. Explain about werking principle of N-channel DMOSFET with its construction,
 characteristics curves and characteristic equation. 7
" 6. For the faithful amplification of signal, selection of operating point is utmost importance.
Justify the above statement. Derive transconductance of bipolar junction transistor. [3+4]
7. Determine Q point for the following network. 20V ' 71
33KQ
Ipss= 8§ mA
V=6V

IMQ 1 KQ

tl




8. Draw the circnit diagram ef the Hartley Oscillator and £:sive its frequency of oscillation. 6]
9. Draw the circuit diagram of class A series fed ampiifier and its corresponding

characteristics graph. And find its general efficiency. - [3+3}
10. Explain about the operation of voltage controlled oscillator (VCO) using 555 timer IC

and derive its frequency of oscillation. i8}
11.Draw the circuit diagram of Compiementary-Symmetry Class-AB amplifier using

Darlington pair transistoss. €]
12. Calculate the output voltage and the zener current in the regular circuit as shown in figure

below for Ry=1 KQ and R=220Q. Vz=1 2V. {51

V=20V Qi(p=50) v
(unregulated) °
R=220Q
R;=1XKQ
12V

— —
= =

13. Draw series voltage regulator with current limiting circuit and explain how this protection
circuit works? (6]

14. Briefly explain about Precision half wave rectifier with circuit diagram. 3]
T
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1. Find the operating point of the diode circuit graphically using Icfa‘d\line method. ' [5]
2. Design DC voltage regulator for 6V output. Given data are V=6V at 1,=20mA, 1,~2mA,
Pznsx=500mW and rz=10Q. The nominal input voltage is 15V+30% DC. Find the

maximum current it can deliver to the load. 5]
3. Design a common base amplifier circuit using B independent method. Given parameters
are V=15V, Iz=1.5mA, B=100 and input and output impedances are comparatively
large. Use appropriate guideline to support your design. [71 ..
4, Why common collector amplifier is known as emitter follower? Draw its ac equivalent
circuit to find its input resistance and voltage gain. [1+6].
5. Draw and describe the Ebers Moll model for BJT. . [4]
6. Draw the cirucuit diagram of the Colpitts Oscillator and derive its frequency of
Oscillation. - (6]
7. Find the drain current (Ip) and drain to source voltage (Vps) for the following circuit.
Given parameters are: V=1 V and k=0.5 mA/V2. : (71
- Voo=10V -
R 102400 Ro=6%0
e > - e
Re= 100, S R 6XR
8. Describe the construction and working principal of N-channel JFET with the help of -
7

characteristics curve and mathematical expression.




o
-

9. Define crossover distortiofx in class B amplifier. Draw quasi-complementary syimnetry
class AB amplifier. And explain how crossover distortion is eliminated in class AB
amplifier. '

10. Draw the circuit diagram of Class A tuned amplifier and determine the range of frequency
in which it gives maximum gain within 3 dB range? -

11, Design 2 DC voltege regmlator for 3V to 12V outpnt nsing LM317.
12. Define the term multivibrator. Explain the operation of op-amp based astable
muliivibrator for square wave with the help of circuit diagram and waveforms and also

determine its frequency of oscillation.

13. Draw the standard series DC voltage regulator circuit and find its voltage stability
factor(Sy)-

L2

g

(6]

|-
w
Voad

(8]

(6

e
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1. Derive the expression for dynamic resistance of pn junction diode. 51
2. Detunﬁnethec;mm]pandthediodevohageVDwitthSVandR=IKQ.Ame
that the diode has a current of 1 mA at a voltage of 0.7 V and that its voltage drop
changes by 0.1 V for every decade'changein current. [51
R Ib

Vw_:_—..—‘ . §Z Vb

w—

-

d .
3

3. Design voltage divider biased common emitter BJT amplifier to get voltage gain of -90.
Assume $= 100 and Vee=+12V. [81

4. Derive input impedance, output impedance and voltage gain of common collector BIT

amplifier. ' {8}

5. Explain the construction and operation of E-MOSFET with characteristics curve and
_mathematical expression. Y]

6. Derive mathematical definition of JEFET transconductance. ' 4]
7. Find Ing and Vpsq from the following circuit. Show Q point graphically. [5+3]

‘ +40V-
Z3kQ
22MQ

é = vesamy=s5v o ‘ ‘ B
" Ip(on) =3mA -
____l~ L| VGSEn=10v

18MQ
50.82 kQ




P

i * %%
8. Derive general efficiency of class B amplifier. 51
9. Draw the circuit diagram of Darlington complementary-symmetry class AB amplifier
using diodes. ‘ ‘ 31
" 10. Derive maximum efficiency of transformer coupled class A smplifier. 153

11. Draw astable multivibrator circuit using IC 555 and derive expression for frequency of
oscillation. [6}
12. Explain working principle of RC phase shift oscillator with necessary expressions and

circuit diagram. [6}

13. Explain the operation of voltage regulator using band gap voltage reference. (]
14. Design a (5-15)V variable dc voltage regulator using LM 3171C. 4]
*¥¥




16 TRIBHUVAN UNIVERSITY 1 I}xam.

_INSTITUTE OF ENGINEERING = jLevel | BE Full Marks |80 !
Examination Control Division | Programme | BEL, BEX, BCT | PassMarks |32 |
2074 Chaitra Year/Part | 1I/1 “Time 3 hrs. g ‘

Subject: - E]-ectrohic Devices and Circuits (EX501)

i 8 A L D S RS st o S i 3513

Candldates are required to give their answers in thelr own words as far as practicable. ,
- Attempt All questions. o A o o
The figures in the margin indicate Full Marks. , . 2
Assume suztab e data if necessary

_'\\\,\

The Icakage current of a silicon diode is Is = 10° A at 25°C, and the emission coefficient B :
is.m = 1.6. The operating junction temperature is T; = 60°C. Determine (1) the Ieakage '
current Is and (it) the diode current lpat Vp=0.8 V. : [4]

2. The 6.8V zener diode is specified to have Vz=68 Vatlz=5mA, r, =20 Q and
Ix = 0.2 mA. The supply Voltage V" is nominally 10 V but can vary by + 1V. Find V,
with no load and with V" at its nominal value. Find the change in V; resulting from
connecting a load resisiance R that draws a carrent Iy = 1 mA. What is the minimum
value of R for which the diode still operates in the breakdown region? [2+2+2]

osKk L

[

v

Detenmne the input- resmtance output resistance and overa]l voltage gam of the cxrcmt B
ngcnbelow I : R R "'_“'[8]_' e

.:‘4._-"- ;Fmd termmal currents of BJT usmg Ebers—Moll Mode] Wme apphcatxons of dxﬂerent

- '»BJTconﬁgurahons; el T R T

Explam the construcuon and operanon of D~MOSFET thh charactcnsucs curve and e N
; ’i;-'mathemancal exoressmn oo ST LT 2 . e ~._A;‘[8_]_j‘i~ B R

[5+3}
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6. Find the DC operating point of JFET circuit given below Given parametcrs Ipss = 12 mA
and Vp =4V,

Vpp=20V

| gx,-.«zm ._

Rz=!som %

7. Derive maximum efficiency of series fed class A amplifier. .

8. Derive bandwidth of tuned amplifier. Write its applications.

[a)

Vo = 24V, determine input power, output power and Cll’ClIlt efficiency. -

(8]

[6)
(61

9. Tor aclass B ampiifier provxdmo a 14\/ peak signal to 16 Q load and a power supply of -

(4]

10. Draw voltage controlled oscillator circuit- usmg IC 555 and derive expression for

Irgquency of oscillation.

“11. -Draw the circuit dmg:ram of half wave precmon recnﬁe* and explam the operatxon

12. ueﬁm, voltage re ula[or Ex iam Lhe ;cms volta% re ulator vnth \.urrem ummna
E
. e]ement R -

-circuit diagram.

T

(6
4]

| - sy
13 E\plaln workmg prmmple of WIEN BRIDGE oscxllator thh necessary exprcssxons and .
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Explain the small signal model of PN junction diode and drive its dynamic mstance [2+4}
Determine the range of values of V; that will maintain the Zener diode of figure below in
ON state. ‘ 5]

*T
vi  Vz=20V RL=1.2K%
I =60 mA

1- : '
-V 1

3. Design B independent type DC biased common emitter amplifier with emitter resistance
bypassed and find its voltage gain and input resistance. Given parameters Vec = 24,

[ I
. .

R=220Q
=N

Ic =2 mA, p = 90. Use appropriate guideline to have high input resistance. [8]’
4. Describe in brief the operation of BJT as a switch in cut off and saturation region. 6]
5. Define transconductance (gq). Derive g, for BIT. : . [1+3]
6. Explain the construction and operation of N channel enhancement type MOSFET with the
help of drain characteristics and transfer characteristics. 8]
7. Find the drain current (Ip) and drain to source voltage (Vps) for the following circuit.
‘ Given parameters are: V, =1 Vandk = 0.5mA/V2. ’ : [6]
V=10 V

' =6 KO
Ry= 10M0§ Ro=

|-

Ry= 10 MQ?

Rs= 6 KQ

u}-——-———-/\/\/\,.__]
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8. State the difference between BJT and FET. [2}
9. What is crossover distortion? Explain how it can be eliminated with necessary diagram.  [2+4]
10. Draw the circuit diagram of tuned amplifier and derive the expression for the 3dB

bandwidth of the amplifier. _ 61
. 11. Define Barkhausen criteria for sinusoidal oscillation. Draw the circuit diagram of wien
bridge oscillator and determine its frequency of oscillation. [2+6]
" 12. Describe Colpitt's oscillator with necessary circuit diagram. ' (51
13. Draw the standard series DC voltage regulator circuit and find its voltage stability
factor (Sv). (6]
14, Design a 3.7 to 9V variable dc voltage regulator using IC LM317. : [4]

*Ak
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In the circuit given below, the DC power supply Ve = 10 V is superimposed with 60 Hz
sinusoid of 1 V,, amplitude. Calculate the amplitude of the sine wave signal appearing
across the diode for the case R1 = 10 K. Assume the constant voltage drop of 0.7 V in
the diode. {5}
R1
I

— Ve

Define and explain reverse breakdown effect. Describe how Zener diode works as 2
voltage regulator.

Why voltage divider biasing is called f independent? Design CE amplifier using f
independent dc biasing method with appropriate guideline. .

Given: Vec =24V, Igg = 10pA and g = 100

What is the significance of bypass capacitor in CE amplifier? Draw the small signal
model for capacitor bypassed CE amplifier circuit and find its input impedance, output
impedance and voltage gain.

[2+3]

[3+5]}

[2+6]

Describe the principle of operation of operation of N channel Depletion type MOSFET
with the help of mathematical expression and drain characteristics graphs. 8}
Determine Ip and Vpg for the given circuit and find the region of its cperation. Given:

= 2 = +
k=0.12mAN? and V,= 5 V. Va0V [6+2]

MMM

s

i



7. Explain the operation of transformer coupled class B push-pull amplifier with the proper

circuit diagram and characteristics curve. Also determine its maximum efficiency. {4+4]

8. Explain why class A amplifier is cooler with load than without load. [6}
9. State Barkhausen criteria. Draw the circuit diagram of RC phase shift oscillator and

erive the expression for its frequency of oscillation. [2+5]}

10. Describe the operation of precision half wave rectifier with circuit diagram. [51

1. cribe the operation of a series voltage regulator with current limiting circuit. Y4

12. Design a 5.2 V to 13 V variable DC voltage regulator using ICLM 317. {5}

E2 2 3

o
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1. Find operating point for the diode circuit graphically using load line method. (4]

2. Find the zener current form the given circuitif ) RL=12KQ () RL.=3KQ 4]

R=1KQ '
Pov=80mW
V,=10V
Ry

3. Determine the input resistance and output resistance of CC BJT amplifier circuit. Why
common collector configuration is used in amplifier circuit design. [2+2+2+2]
4. Describe the operation of BJT as switch with the help of Non-gate circuit. 41
5. Derive expressions to obtain transconductance for BIT, JFET and MOSFET. Also prove
that v, =B+, [8]
6. The n-channel JFET in the figure below has Ipss = 18 mA and V, = -5V. Determine the
values of Ip and Vps. 8}
—6 420V
7. Describe the working principle of Nlchannel EMOSFET with the help of its drain

characteristics curve and neccssary mathematical expressions. {6}




8. Determine the general efficiency of transformer coupled class B push pull amplifier.

Draw the circuit diagram and its graph. 4 [4+4]
9. Explain how class AB amplifier eliminates the cross over distortion. 31 -

10. Draw the circuit diagram of LRC tuned class A amplifier and its frequency response

graph and show that Bandwidth = -};1-5 . [3+3]

. AN
11. Explain the operation of AMV using 555 timer IC and derive its frequency of oscillation. {61
'12. Draw the circuit diagram of Hartley oscillator. 131
13. Draw standard dcV regulator circuit and find its voltage stability factor. - [4+4]
14. Design a DCV regulator for 3.7 V to 12 V output using LM317. . 4]

kk
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: In the given- circuit, the diode used has itsn = 1.74 and. it conducts 1mA at fbrs_aiard.bias :
_voltage of 0.7 V. Find the current flow in the cireuit: ~ ' .

CR=5000

Design DC voltage regulator for 6V out;.iut.v Given data are Vz =6V at Iz = 20 mA,

: Tk = 2mA, Pznax = 500 mw and rz= 10Q. The nominal" input voltage is 15V + 30% DC.

Find maximum cuirent it czn delivers to the load. _

‘Design p independent type de biased common coilector amplifier and find its current gain -

and input resistance. Given parameters are: Vec == 20V, Ic =2 mA and B =100. Use
firm biasing method. ' - o

Draw the small signal model circuit for capacitor unbypassed CE amplifier and find its.

voltage gain and current gain. _
Describe the construction and working principle of N-channe! JFET with the belp of its
drain characteristics curve and necessary mathematical expressions.

For the circuit given below, find Ip and Vps. Also determine its region of operation and
small signal ac equivalent circuit.

' R}%wm
| e
. L |

osVop=10 vV

;6 KQ

AD = . -
n : Given data are:

=10uQ
i # Rs 6 KQ

B : '

: 4[4]: ‘. |

(4]

[8)

8]

| [343+242]

I—\_‘_‘\’ V.ﬂV,k:’O.S%%

[ A ———
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7. Draw the circuit diagramzv of transformer coupled class B push puli'ainpiiﬁér and its
corresponding characteristic graph. And from graph prove that maximum efficiency is .
equal to 785%. Also find the condition when it has maximum loss. . - [3434343]
8. Draw the circuit diagram and its frequency response graph of LRC tuned class A .
amplifier. State its resonance frequency and band width (3dB). . [1+1+1+1]
9. State Barkhausen criteria for sinusojdal.oscillator. Is this principle'Aapp'IicabIe to RC
. oscillator using op-Amp? Why? If yes, determine the frequency of oscillations and the
gain of the ampliTier of the circuit. SR NP [2+1+4] — R
10. Explain the operation of AMV using555 IC and derive its frequency of osciliation. : {6] L
'11. Describe the bandgap. volf;_age'reference", seuwrce 'vﬁth the 'hélp of a releyaht :‘circujt.' : .
~ Compare bandgap voitage reference source with zener diode. ' [4+2)
12. Draw the series dc voltage reguiator with current limiting element and explain how it - 7
works. ' : ' B R

L okkE

i
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1. In the given circuit, the diode used has its n = 1.74 and it conducts ImA at forward bias
voltage of 0.7 V. Find the current flow in the circuit. : (6}

2. Draw unregulated dc voltage power supply using bridge rectifier. . [2]

3. Describe functions of BJT as amplifier with the help of transfer characteristics (ic - vae
graph), and find expressions for g, , Iz and r. Also show that f = gn 1y andr,= (B+1)r.. [612]

4. Draw common collector transistor amplifier circuit and find its input impedance output .
impedance and voltage gain. [6]

5. Describe the construction and working prmc:pal of EMOSFET with the help of drain -
characteristics curve and mathematical expression. [6]

6. The n-channel JFET in the figure below has Ipss = 18mA and Vp = -5V. Determine the

(8]

values of Ip and Vps.

188KOQ

a7 v % 1.65KQ




13. Write short notes on: (any two)

a) [T-modets of BJT and MOSFET
b) ac equivalent circuit of common source amplifier using MOSFET

¢) BJT asswitch

7. Describe the operation of class B amplifier and find the maximum efficiency of the E l
amplifier. : [a+4] . j
8. Draw class A tuned amplifier and its corresponding graph. And find its resonant o
frequency (®o) and 3dB band width (B). ) 6}
9. Describe AMV circuit using IC 555 and state its frequency of oscillation. (6} !
10. Draw phase shift oscillator circuit and write its frequency of oscillatiom(fy). 51 -
11. Why transistor series regzﬂatof has lower efficiency? Explain the operation of voltage
regulator using band gap voltage reference.” ) L) i
12. Design a (5-10)V variable dc voltage regulator using LM 317 IC. 53 l.
| [2%4] |
-

L L 2]
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uses pn junction diode in forward biased state. [5] -
2. Design DC voltage regulator for 6V output. Given data are Vz =6V atIz =20 mA, Iy =2
mA, Pzmax = 500 mW and r, = 20Q. The nominal input voltage is 12v+20% DC. Find its
voltage regulation factor and maximum current it can deliver to the load. [5]
3. Design Common Base Amplifier using B-independent dc biasing method. Use appropriate
guideline to support your design. Given parameters are: Vec = 24VDC, Ic = 1 mA and
B = 200. Also find its voltage gain by using its ac equvalent circuit. [5+3]
4. Describe in brief the operation of BJT as switch in cut off and saturation region. [4]
5. Draw Ebers Moll model, low frequency [ [-model and simple T - model for BJT. [2+1+1]
6. Describe the principle of operation of N-channel JEET with the help of drain and transfer
characteristics graphs and mathematical gxpressions. [8]
7. An n-channel JEET has. a pinch-off voltage of -4.5V and Ipss = 9 mA. At what value of.
© Vgs will Ips be equal to 3 mA? What is its gn, at this Ips. [5]
8. Derive an expression to obtain transconductance of MOSFET. 3]
9. What is crossover distortion and how it can be eliminated? [4]
10. Draw a circuit diagram of tuned amplifier. Determine the range of frequency in which it
gives maximum gain within -3dB range. [51
11. Why the eﬁicxency of class-A amphﬁer is low? Obtain the expression of the general
“efficiency of series fed class -A power amplifier circuit. . [6]
12. Define Barkhausen Criteria for sinuscidal oscillation. Draw the circuit diagram of RC
phase shift oscillator and derive its frequency of oscillation. [51
13. Define the term multivibrator. Explain the operation of op-amp based astable
_ multivibrator with the help of circuit diagram and waveform. [4]
14. Design a regulator circuit to obtain 16 VDC. Choose approximate values of the
parameters. Input voltage is 25 VDC. {5]
15. Draw the series voltage regulator with current limiting element and explain how it works. {6]
(3]

‘Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

Describe with the help of loadline and [V characteristics of the diode, a simple circuit that

16. Draw block diagram for IC voltage regulator.

& %k ok
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v Candidates are required to give their answers in their own words as far as practicable.
v Attempt All questions. o
v The figures in the margin indicate Full Marks.
. v Assume suitable data if necessary.
) 1. 'What is p-n junction diode? Explain the large signal models of p-n junction diode. {1+4]
7. Find the value of dynamic resistance if voltage in the diods is 630mv and Igg is '

10pA=(10x10"?A) (Given n =2 and V; =25mV) (5]
Why ‘common collector amplifier is also cailed emitter follower? Draw the common
collector transistor amplifier circuit and find its input impedance, output impedance and
voltage gain.
4. Draw and describe the Ebers Moll model for BIT.
Describe in brief the operation of BIT asa switch in cut off and saturation region. 4]
6. Describe the construction and working principle of EMOSFET with help of drain
characteristics curve and mathematical expressions. (8]

7. Find Ip and Vps for the given circuit. The given data are V= -4V and Ipss = 10mA 5]

E;J

{8
{4]

—9 +25V

; 22K

1.5MQ

8. Derive an expression fo obtain the transconductance of JFFT. 3]

9. What is the maximum efficiency of class B amplifier? State the condition when it occurs. {4]

10. When are tuned ampiifiers used? Draw class A tuned amplifier circuit and find its 3db -
[2+5]

bandwidth.

P




8'd

11. Draw the circuit diagram of Complementary-Symmetry Ciass-AB amplifier. Using
Darlington pair transistors.

12. Write the appliqg;ions of tuned LC osciliators. Draw the Colpiit’s oscillator circuit ;ind
derive the expression for frequency of osciifation. - . L

13. Draw AMYV circuit using IC 555 or BIT.

14. State Barkhausen Criteria for sine wave oscillator.

15. Design a(10-25) V variable dc series voltage regulator using LM 3 171IC.
16. Draw the circuit of current limiting circuit in dc voltage regulator.

17. Find voltage stability factor of series dc voltage regulator.

¥
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"1Ca4qdlda;&s are req\mm © mve their 4riswers i their own’ words ‘as far 45 pracncab]a* B el

'..:’5;,:.«
v Anempt All questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
. 1. Draw full wave bridge rectifter circuit with' 5 ohm load resxstor connected at its output. If
input ac’ voltage is 10V, calculate the power chssxpaaon in the load resistor (Assurne - T
leGCS operate at forward voltage of 0.7V). ' [4]
2. E.\ylam the small signal model of PN _]uncnor‘ dxode and derive the expressxon for AC or
dynarmic resistance. [2+4]
3. Draw the ac equivalent circuit for given circuii and fmd its input and output resistances.
Assume 3 = 100 for the BIT. ' (83
A 2 +Vee=15V -
éRI=}OOKQ %RC 5KQ
; i
vi o—dif B=
R2=20KQ
RE
R S
4. Define transconductance {(gm). Derive gm for BIT/ [2+4]
5. Describe in brief the operation of BJT as a switch. ) 4]
-/
6. Describe with necessary graphs and expressions the principle of operation of N-channel
JFET. . S {6]
7.  The n-channel JEET in the figure below has Ipss = 18 mA and Vp = -5V. Determine the
values of Ip and Vps. . . ' 8]
' : +20v .
R1 Rz
é‘l&sm éf.ssm
L
£ ] JFET
a;f\ .

3 Ri -
£7kQ %I,GSRQ

i



Rl

¢
g, State the difference between BIT and FEI 4]
g. Determine the general efficiency of Transformer Coupled Class-A power Amplifier. {61
10. Draw the circuit diagram of Cofnplementary-Syrnmetry Class-AB Amplifier. B 21
11. Calculate the efficiency of transformer coupled push pull Power Amplifier for a sapply
voltage of 20V and output of (i) Ve = 20V (11) Vp=16V. - [3+3]
12. Draw Wien Bridge Oscillator circuit and deﬁvc/‘the expression for frequency of
Oscillation and gain of the amaplifier circuit. . [2+3+3]

© |3 Draw standard series dc voltage fegiulator and find its voltage stability factor ).« el

14. Designad42Vto 12 V vanable dc voltage regulator using 1C LM317. {4}

15. Draw the circuit diagram of square wave generator. h

*¥F
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. ¥ _Candidates are reqmred to gwe. thcxr answers in thcxr own words as far as practxcable
m. v Attempt All questions.” : -
v" The figures in the margin mdzcate Fi ull Marks
- v’ Assume suitable data if necessary.
1. Explam the large signal models of PN Juncnon diode. S [4]: :
2. A diode conducts ImA at 20°C Ifitis op°rated at 100°C what will be, its current? Given
. data are: =1 .8 and negative temperatu:e coefficient value =-1.8mv/°C. . . 4]
T 307 oy cthe’ figure shown below -with' B ="120 find the a)-input: 1mp°aance (b) Ouput .. . . o

impedance (c) voltage gain (d) current gain. Use small signal model. [2+2+2+2]

20v
.j.i__7
r
’ S 470k ¢ 22Kk
[ 1 Vo
H CI ’ i /‘———-{ : T
. c
A
65 Ve :
Jt - ] 0.56k

4. Draw: ac equivalent circuit of common “collector amphﬁer Find its. mput and output
resistances. . [2+3+3]
5. Describe the physxca! structural of N-channel JEET and explain its working pnnmple and
charactensncs clearly marking the various regions of operation. - [2+6]

6. Derive the expressxon to obtain the transconductancc of E-MOSFET.. 4]

7. Find the drain current (Ip). and drain to source voltage (Vps) for the following circuit.

Given parameters are: V,=1V and k = 0.5mA/V. [4]

O VW- 10V

’ O gRIIOMQ' Ro=

[
I
%

’5 R2= 10MQ > 60
<

. 7Y
\\l~



- voltage regulator circnit. S . . . , N )
A class B audio amplifier is providing 20V peak sine wave signal to 8Q speaker thh ‘
power supply of 25V (=V¢c). At what efficiency is it operating? o M
. Define and explain the.reverse_ breakdown_ effectindiodes. =~ - ‘ 4
’ £33 ’ T ' 4

Draw the circuit dxagram of class B push pull arpplifier with output ‘transformer and -
explain how push pull action is achxevcd Determme the general efficiency of class B -

push pull amplifier. . . . [1+3+4] -
" Draw class A tuned amphﬁer cxrcun and derive the ¢ expressmn for 3dB bandwidth of the a
-amplifier. - : o [2+6]
. Describe the operanon of IC 555 as square wave oscillator and ﬁnd ns frequency of :

oscillation. : [6+2~]

. Estimate-voltage stability factor (Sy) for standard series dc voltage regmator usmg BIT.
" Also, -explain the operation of overload protection circuit that could be used in Series
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. - o
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a>  3a2 3a
2 2

Prove that a“ a“+2a 2a+l
a 2a+l a+2
1 3 3

Define transpose of a matrix. Prove that the transpose of the product of two matrices is

=(a ~1)6 by using properties of determinate.

[ T

the product of their transpose taken in reverse order.
1 0 -5 6
. 13 -2 1 s
Find the rank of the matrix 3 .2 9 14 by reducing it into normal form.
4 -2 -4 8
State Cayley-Hamilton Theorem. Use it to find the inverse of the matrnix:
1 1 3
1 3 -3
2 -4 -4

- =
Prove that the line integral j F d r of a continuous vector function F defined in a region

R is independent of the path C joining any two points in R if and only if thcre exists a

single valued scalar function ¢, having first order partial derivatives such that F Vé.

27 227, 227 227 :
Evaluate |{ F.n ds where F—yz i +z°x% j +x“y“ k and S is the surface of the

sphere x2+y? + 77 = 1 above the xy-plane.

-5 >
Apply  Green’s theorem in  plane to evaluate, jF dr where

- 2 3.7 ) - ,
F=(x2-xy’) i+(y>-2xy) j and C i$ a square with vertices (0, 0), (2, 0), (2, 2),
0,2). ‘

- - -
Verify the stroke’s theorem for F = (x2 + y2) i -2xy j taken round the rectangle
bounded by the lines x=+a,y=0,y=b.

(31

(1+4]

(5]

[1+4]

Bl

B

(5]

51




9. Define Laplace transform of fanction f(1). Find the Laplace transform of

t

a) te¥sin3t  b) I"te
10. Find the inverse Laplace transform of:
2
a) — a2 3 b) tan”) 2
(s+2) s

11. Solve the following initial value problem by using Laplace transform
y" + 2y -3y =sint, y(0) =y (0)= 0.

x)2

12. Find the Fourier series of the function f(x)= E—-Z—*— inthe interval 0 < x < 27
13. Obtain the half-range Fourier cosine series of sinx in the interval 0<x <.

14. Solve the linear programming problem maximize by simplex method

Maximize: Z = 10x; + X; +2x3
Subject to: x; + X2 - 2x3< 10
4%, + X + %3520
and X3, X2, X3 2 0.

15. Solve the linear programming problem by simplex method using two phase method:

Maximize Z =3x; — Xz

Subject to 2x; +x2 =2
X;F3x: L2
n<d X, X220

Hedk

[1+2+2]

[2+3]

(8}
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v Candidates are required to give their answers in their own words as far as practicable.
v’ Attempt All questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
abaa
. . - abbbj_ 4
1. Applying properties of determinant, prove that bbbal = (b-a). : [5]
aaba
2. Prove that every square matrix can be uniquely expressed as the sum of symmetnc and _
" skew-symmetric matrices. 51
3. Find the rank of the augmented matrix and test the consistency of the system of linear
equations x+9y-z = 27, x-8y+16z = 10, 2x+y+l 5z = 37. Also find the solution if the
system is consistent. - Bl
4. State Cayley-Hamilton theorem and use it to find the inverse of the matrix: [51
-2 2 -3
21 -6
-1 -2 0
5. IfF= 3x2y22§ + x322} +2x° yzk, show that L Fdris independent of the path of integration.
Hence evaluate the integral on any path C from P: (0,0,0) to Q: (1,2,3). B2
6. Evaluatethe flux of F= (’x + y2 ); - 2)(3 + 2yzlAc over thesurface of the plane 2x +y + 2z =6 lying
in the first octant. - (5]
7. State and prove the Green's theorem in plane. 51
8. Statestoke's theorem. Apply it to evauate J L (V X F); dswhere F = (2x — y)i - y223 - yzzi,
S is the upper half surface of the sphere x> +y* +2* = a* and C is its boundary. [1+4]
' oat _ bt v o
9. Find the Laplace transform of: (i) Sinhat Cosbt (ii) — : [5]
10. What do you mean by convolution of two functions f (t) and g(t)? Hence or otherwise
2 p
find the inverse Laplace transform of m (1+4]
11. Using laplace transform, solve the initial value problem:
v +2y' + 2y = Ssinx, y(0)=7y'(0)=0. : [51
12. Find the Fourier series to represent f{x) = x-x’ from - to 7 and deduce that: (5]

% e

2 1 1+1 1+
1212 22732 g2




13. Find half range sine as well as cosine series for f{x) = €"in (0,2).

14. Solve the following LPP by the simplex method:

Maximize, P = - x;+2x
Subject to:
-X}+%XpS2 .
=X +3x%, €12
X —4x, <4
x120,x220
15. Solve the following LPP by Big-M, method:
Maximize, P = 2x;+5%2 :
Subject to:
X)+2%7 <18
2x1+x7 £21
X] +X2 210
x120,%x,20

*FF

e

[2+3]

m

(8

P
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\‘x L

be ab {c+af]". s Ll I T
L o o 51
‘Define Hermitian and Skew- Hcrmman of a squarc complex matrix. If A is any square
matnx prove that A + A* is Henmtmnand A—A*is Skew— Hemnnan matrix. N [5] .
Test the consistency of the system by : mamx rank method and solve it complctcly 1f
consistent: _ o . CBY
_x+2y z=0, 2x+3y+z—10 3x -y- 7z 1 ' ' o
- 0 __1 ) ,
}de the ergenwalu&s of the mamxA 2. andusethemto compute
A o 2 2 3 .
(o} crgenvalum of A-l
(ii) determinant of A S . .
(m)ergenvalucs of adj A - ‘ . : [2+1-rl+1]
_ Evaluate j' Fdr whcre F=Smyr+x(l+cosy)_] and C is the crrcular path grvcn by x2 +
y=a,z=0. S R B &)
- : O o : o L
Evaluate .UF nds where F=yzi+xX j+xyk -where S is the surface of the sphere
' ‘x2_+.y2 +z2 =1 intheﬁrstoctant A o o o o [5] o
‘Apply Green sTheorem mplane to compute the area of the curve | — | + N =1.- - B}
: a :

Candrdates are rcqmred to glve thelr answets in their own words as far as practxcable
Attempt All questions. ST T

The figures in the margin md' cate Full Mar.{s '

Assume suztable data if necessary

Use the Propérti'es of determimntto show that: ‘
@+b)? cda  be | o
‘ca (b+c) _ab -—2’abc(a+b+4c')3'

‘State  Gauss drvergence theorem in vector caIculus Apply 1t to evaAluateb

ﬁskx —yz)l 2x y3+2k] nds where S denote the surface of the cube bounded by the

1)(5 +4)

R _

i

planes x =0, x= a,y 0,y=2,2= -0,z=a. o [1+4]
State the condmon for exrstence property of - Laplace ttansform Find- the Laplace ’
‘wansform of: () —= (b) loeos2t | - {1+7+2j
" 10. State the convolution theorem for inverse Laplace transform and use it to find the irrversc
s '- ' ; o
Laplace transform of —— 5 ) . Co o : _[5}




B RIS Solve the mmal value problem by applying Lanlace transformi .

Y- -10y +9y= 51, ¥yO) =-Ly(®)=2
12 Obtam the Founer senes of f(x)=x+ Xin-m<X<m
" 13. Express f(x) X asahalfmnge smesenes in0<x<3
14. Solve following LPP bv the Slmplex method: - A

Maximize, P=x3+X2 - .
Subject.to : 20 +xS16 - '
X1,<_6 _ 4
x2 <10 .
%20, xz>0 .

'15. Solve following LPP by the Dual Method
Mmlmxze C=21xy + 50xz

Sub;ect to: 2x + 5xz 212
: 3X] +Tx 217"
x120, x22 0 )

*k*

ke

ol
B
S =l

m

’ f'[8']'

Rt

s
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Candldates are required to nge their answers in their own words as far as practicable.
" Attempt AUl questions. _ ,
The figures in the margin mdzcate Full Marks
Assume suitable data if necessary.
a a¢ a-1 .
Iflb b? b3 —1|=0; wherea=b = c, apply the properties of determinants to show abc = 1. [5] '
c ¢ -1 ' ‘

Define an orthogonal matrix. Prove that the product of two orthogonal matrices of the same order

is also orthogonal. (5]
For the matrix = [i 4] find the modal matrix and the corresponding diagonal matnx - [5] _
State - Cayléy-Hamllton theorem and verify the theorem for the square matrix
fid N
12 1 ,

Prove that “for any simple closed curve C, the line integral f F. dr is inde pendent of the path
joining the points A and B in the region if and only if f Fdr=0.

r—
(¥
[

State Green’s theorem in the plane. Using Green’s theorem find the area of the hypocycloxd

O+ @)"- | 15

- > -
Evaluate ILF nds by Gauss’ divergence theorem, where F=x i~y j+ (z2 -Dk and S is

the cj;linder formed by the surfaces X%+ y"Z =4,z=0,z=1. o [5]

Verify Stoke’s theorem for F = (x% — y?)i + 2xyj taken over the recﬁmgular bounded by the lines

x=0,x=a,y=0,y=b. (5]

Define Laplace transform of f(t). Find the Laplace transform of:

Sin t Sin 5t ' -
a) - te' cosht b) —— [1+15+2.5}
Find the inverse Laplace transform of: ‘
s 1

a) logs—ﬁ b) B9ED [2.5+2.5]
. Solve the initial value problem y” + 4y’ + 3y =0, y(0) = 3, ¥'(0) =1 by using Laplace transform. [5]
_ Find the Fourier series of f(x) = 2x - ’ in (0, 2). _ [5]
. Obtain the half range sine series for f(x)=¢*in 0 <x <1. [5]
. Use Simplex method to solve following LPP: (7]

Maximize, P = 50x; + 80x,

Subjectto: x; +2x, <32

3){] + 4)(2 <84
X1, X2 20

. Solve the following LPP by using big M method: (8]

Maximize, P=2x+y
Subjectto: x +y <10
XFTy>2

x.vz20
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Candidates are required to give their answers in thelr own words as far as practicable.
Attempt All questions,

The figures in the margin indicate Fuli Marks.

Assume suitable data if necessary. -

+a?-b?  2ab -2b
Prove that 2ab 1-a2 +b2 2a =(1+ a’+ b233 by using the properties
2b ~2a  1-a’-b
of deterininants. - . (51
Prove that every square complex matrix can uniquely be expressed as a sum of a
Hermitian and a skew-Hermitian matrix. {51
I 6 -5 6
13 -2 1 . : .
Reduce the matrix 5 -2 9 into pormal form and hence find its rank. [5]
- 4 -2 -4 8
( 2 0 1
Find the eigen values and eigen vectors of the matrix | 0 2 —1{ and also fud its modal
00 2
matrix. A [5]

-
If F= 3x2 i +x32 3+2>, yzk show that I F. d r 1s independent of the path of
integration. Hence evaluate the integral on any path C from (0,0,0)t0(1,2,3). [5]

Verify Green’s Theorem in plane for J [(x-y)dx+ (x +Y) dy] where ¢ is the boundary of
c

the region enclosed by y2 =x and x° = y. 4 {51

> > - - S, L,
Evaluate || F.nds where F =4x i-2y” j+z° k taken over the region bounded b
5 J Yy

the cylinder X2+ y2 =4 and the planesz=0,z=3. {53

o~ >
Evaluate J F.d r, where ¢ is the rectangle bounded by the lines x=%a,y=0,y=nand
C

- 2 0. -
F=(x"+y)i1-2xy j. . {53

State the condition for existence of Laplace transform. Obtain the Laplace transform of:

cosat—cosbt [1+1.5+2.3]

a) Cos’2t {b)




e

10. Find the inverse Lapiace transform of:

s+3 e 28

) 22— b ——
(s + 65 +13)° (s+1)(s% +25+2)
11. Solve the differential equation y"+2y'-3y = sint under the conditions y(0)=y'(0)=0 by
using Laplace transform.
12. Obtain the Fourier series to represent the function f(x) =€ for-n<x <7
13. Obtain the half range cosine series for the function f(x) = xsinx in the interval (0, m).
14. Use Simplex method to solve following LPP:
Maximize, P = 30x; + X2
Subject to : 2x; + X2 = 10
X $3x% <10
X1, %220
15. Use Big M method to solve following LPP:
16. Minimize, Z = 4x; + 2Xz
Subject to : 3% +x2 227
-xp-x2<-21
X; + 2% > 30
X1, %220

k¥ %k

(243

(31
]
Bl

7

(8]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.” '

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

s & B
Provethat:| ¢  (c+af a? [=2(ab+be+ ca)’ .-
b? a2 (a+ b)2
Prove that the necessary and sufficient condition for a square matrix A to possess an
inverse is that ‘Al #0.

. 2 -2 06
" Find the rank of the matrix ;‘ _21 8 § by reducing it to normal form.
1 -212
State any two properties of eigen values of a matrix. Obtain eigen values and eigen

-2 2 -3
vectorsofthematrix | 2 1 =
-1 -2 0

B
Prove that the line integral j F.d7 is independent of path joining any two points A and B
" ,

in the region if and only i IF.d'r' =0 for any simple closed curve C in the region.
c :

, : ‘ 4 2/3 2/3
State Green's Theorem and use it to find the area of the curve [13 + (—E—) =1.

Use  Gauss'  divergence theorem to  evaluate I Fids where
» S

F= (2xy + z)'i’ + yz-i —(x+ 3y)§ and S is the surface bounded by the plane 2x+3y+z=6,

x=0, y=0, z=0.

Verify Stoke's Theorem for the vector field F={2x - y)f - y22} - yzzl?; over the uppér
half of the sphere x+y’+7%=1 bounded by its projection on xy-plane.
Find the Laplace transform of:
i) tcosat
1—cosh(at)
) t

(3]

B

Bl

[1+4]

5]

[1+4]

{31

(5]
[2+3]




" 10. Find the inverse Laplace transform of [2+43])

e S (s+1)
s2 42542

i 2
S

i)

11. Solve the differential equation y3y+2y=¢’, y(0)=y(0)=0 by applying Laplace
transform. ' 51

12. Find the Fourier Series of the function flx)=lsin x| for-m<x <. ‘ [51
13.0f flx) = x> in (O1), show that the half range sime series for f(x) is
g2 1

3 3 sin(2n + l)ltxl—- . : 8]
T n=0 (2n + l) .

" 14. Find the maximum and minimum values of the function z=20x+10y subject to: x+2y<40,

3x+y>30, 4x+3y 2 60, x,y20 by graphical method. 151
15. Solve the following linear programming problem using big M method:
Maximize P= 2x1+5%2
subject to = X7 +2x2 <18
2x;+X2221 ‘
X1,X220. - [0y

ek
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7 Candidates are required fo give their answers in their own words as far as practicable.
v Attempt All questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
1. Define the determinant as a function and using its properties. Show that
b+c c+a a+b p
g+r r+p p+q=20 q (5]
y+z z+x X+ c r
2 If A and B are orthogonal matrices of same order, prove that the product AB is also
orthogonal. ’ [5]
3. Test the consistency of the system x~2y+2z=4, 3x+y+4z=6 and x+y+z=1 and
solve completely if found consistent. . {51
5 4 ’ A :
4. Foramatrix A =(l 2), find the modal matrix and the corresponding diagonal matrix. [5}
- -
S. Prove that line integral J: Fdr is independent of path joining any two points A and B in
- -
the region if and only if LF dr =0 for any simple closed curve C in the region. [51
6. Verify Green’s theorem in the plane for L&xz -8y2)dx+(4y— 6xy)dy] where C is
region bounded by y=x* and x= y2. is1
- > - . - - -> .
7. Evaluate jLF.nds where F=6zi—4j+yk and S is the region of the plane
2x +3y+6z=12 bounded in the first octant. ' [51
’ - - - 3 - 2 - -
8 Evaluate using Gauss divergence theorem, ILF.nds where F=x%yi+xy’ j+2xyzk
and S is the snrfaceboundedbyﬂxeplanesx—"=0,y=0,z=0,x+2y+z=2. {5}
Q. Obtain the Fourier Serigs to represent f(x) = x—x? from x =-mtox=m and deduce that
201 1.1 1
— = et e 5
22 2R 2
10. Obtain the half range Fourier Sine Series for f(x) =m - x in the range 0 <x <. [5]
11. State the conditions for existence of Laplace transform. Obtain the Laplace transform of:
) e cos’2t i) E‘izf:—wﬁt— [142+2]




12. Find the inverse Laplace transform of:

@ 1

~ . 1
D STED (i) cot(S+1)

13. Solve the following intial value problem by using Laplace transform:

v +ay +3y=¢ , ¥0=0y'0)=2
14. Graphically maximize Z = 7xy +10x2

Subject to constraints:
3x, +X, <9
X, +2%, <8
X3,X2 20.

15. Solve the following linear Programming Problem by simple method:

Maximize: Z=3x,+5x;
Subject to:
3x,+2x, <18

x, <4, X, <6
Xp,X2 20.

*¥*

[2.5+25)

5]

(5]

(10}




TRIBHUVAN UNIVERSITY Exam. s
INSTITUTE OF ENGINEERING ‘Level BE Full Marks | 80
Examination Control Division | Programme | All except BAR | Pass Marks | 32
2075 Chaitra Year/Part | I1/] Time 3 hars.
Subject: - Engineering Math III (SH 501) -
v’ Candidates are required to give their answers in their own words as far as practicable.
v’ Attempt All questions.
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.
a a’ a’-1
1. Ifjb b*> b’—1=0, where azbsc show that abc=1. R )
c ¢ -1

2. If A is a square matrix of order n, prove that A(adj. A) = (adj. A)A = JA]I,, where I, is a

unit matrix having same order as A. [5]
3. Test the consistency of the system by matrix rank method and solve completely if found
consistent: x+2y-z=3, 2x+3y+2z=10, 3x-y-7z=1 [5]
1 0 -1 ‘
4. State Cayley-Hemilton Thorem and verify it for the matrix A={1 2 1 [1+4]
4 2 2 3 _
5. A vector ﬁeld 1s given by F sm yi+x(+cosy)] j - Evaluate the line integral j Fdr over
the circular path c given by x*+y*=a’, z=0 . [5]
6. State and prove Green's Theorem in plane. v [1+4]
7. Evaluate I [F.ii ds for F=yzi+zxj+xyk where S is the surface of the sphere.
x2+y2+z2=1 in the first octant. [5]
8. State Stoke's theorem. Evaluate f(xydx + ){yzdy) by Stoke's theorem taking ¢ to be a
~ square in the xy-plane with vertic_es (1,0),(-1,0),(0,1) and (0,-1). [1+4]
9. Find the Laplace transform of : . [2+3]
i) te’sint
.., €Os2t—cos3t
i) ——————
t
10. Find the inverse Laplace transform of [2+3] }
s+2
(s+1)*
ii) cot’l(s+1)
11. Solve the differential equation y"+y=sin3t, y(0)=y'(0)=0 by using Laplace transform. [5]
12. Define Fourier Series for a function f{x). Obtain Fourier series for f{x)=x’; -n <x < 7. [5]
13. Express f(x)=€" as the half range Fourier Sine series in 0<x<]. [5]
14. Find the maximum and minimum values of the function z = 50x; + 80x, subject to: x; +
2x7< 32, 3x; + 4%, < 84, x1X, > 0; by graphical method. [5]
1oy

15. Solve the following Linear Programming prob}em using big M method:
Maximize P= 2x;+x;
Subject to : x;+x,< 10
' “XtXp2 2
vova> N



' 5 ) State and} prove Green stheoremmplane e '
. Fmd t.he total work done m movmg the parhcle in a force ﬁeld gwen by’_'.‘» RS

¢ y y :
i
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Examination Control Division | Programme | Al @xccptB.Arch) | Pass Marks | 32

2074 Chaitra Year/Part [ 11/1 Time 3 hrs. .

Subject: - Engineering Mathematics I11 (SH501)

Candidates are required to give their answers in thexr own words as far as prachcab]c
Attempt All questions. _
The figures in the margin indicate Fi wll Marlks.

Assume suitable data if necessary.

,,\\\\..

fa a? a*-1 v
1. Ifb b2 B ~1|=0 wherea=b#c; apply propemcs of dctcrrmnant to show abc =1.

e ¢ -1

2. If A be an n x n matrix, prove that S
Adj(A).A=A.(AdjA)= | Al whereIisann x n unit matrix.

3. Find the rank of the following matrix by reducing it into normal form:

(31 4 ' | .

|0 58

}-3 474

124

oo 4. "Pmd the modal matnx for the mamx |

R '2.,:1:'.1
A=-21 3

.j’f-'-F Smyx+x(1+cosy) 3 overthecxrcularpathx +y —a z O

-'\."“"thehnesx iay 0,y= b 7
N Obtam Fomxersenesforf(x) x \nthemtcrval n<x<1t :
S :_.V."Exprcss f(x) =e* asahalf rangeFouner Cosme Series in 0<x <.

L ; .8 Statc exxstence theorem for Laplace Transform Obtam the Laplace transform of

R B

(5]
5]

-[5)

BT

B AP 1 BNk U Ty e

R Rr——

"-‘Fvaluate “;F.ds where F Xi- yj+zkand s 1s thc surface of the cyhnder.:

"‘Venfy Stoke s theorem for F (x +y )x-—2xy ) taken mund the rectangle bounded by A o




12. Find the inverse Laplace transform of:

1 : a2

—_— b) tan™ — +5.42.5
s2-55+6 ) s (2 ]

13. By using Laplace transform, solve the initial va_lue problem:. - oo : §
y'+2y=1(@®),y(0)=y (0)=0 - ' R .

- Wherer(t) =1,0<t<1 E
. =0, otherwise :

5]
14. ijaphically. maximize Z = 5x; + 3x; Subject fé-con;straints
X 42X, <50 ' | B
2x, +X, <40. 5]
X l, Py X 2 2 0 o ) ) 4
15. Solve the following Linear Progra:hming Problem by simple method:
Maximize : Z = 4x +3y '

Subjectto : 2x +3y <6

Xx+2y<3
2y<5

, o x+y<4
. o . 7%}'20-

fine

o St . . - . ***-
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Subject: - Engineering Mathematics III (SH501)

v Candidates are required to give theif answers in their own words as far as practicable.
v Attempt All questions.
v The figures in the margin indicate Full Marks.
v’ Assume suitable data if necessary. :
1. Use properties of determinant to show [5]
2 x-(y-2) ¥ -
2y (z-x) = =(_x—y)(y-—'z)(z—x)(xa»yiu'z)(x2 +yr+2%)
7 -Gy w|

2. Prove that every square matrix can be uniquely expressed as the sum of symmetric and a

skew symmetric matrix. ‘ (51
3. Define eigen values and eigen vectors in terms of linear transformation with matrices as

operator. Find eigen values of the matrix. ' [2+3]

-2 2 -3
2 1 -6
-1 -2 0

4. Test the consistency of the system x+y+2=3, X+2y+3z=4, 2x+3y+4z= 7 by using

rank of matrix method and solve if consistent. , (5]
5. i F is the gradient of some scalar poxm functions ¢ i.e F V¢, prove that the line

integral is independent of the path _)ommg any two points in the region and conversely. {51
6. Evaluate H;F.n ds. where F =Xy i'-x _g+ (x+z)K and S is the region of the plane

2x+2y+2=6 bounded in the first quadrant. : 5]
7. State and prove Green's theorem in plane. » ) . 5]
8. Apply Gauss' divergence theorem to evaluate H‘{(ﬁ - yz)i -2x%y j+ 2K}.; ds, where S

is the surface of the cube bounded by theplanesx=0,x=2,y=0,y=2a,z=0,z=a (5]
9. Expand f{x) = x sinx as 2 Fourier series in -t < x < 7. . (51
10. Obtain half range cosine series for f{x) = x in the interval 0<xsm ‘[5]
11. Find the Laplace transform of: . - [3+2]

i) t’cosat '

sint

)___.




12. State convolution theorem for inverse Laplace transform and use it to find the inverse

Laplace transform of —(—S—zjz;s(—s—,:-g)- [1+4]
13. Solve the following initial value problem by using Laplace transform: I51
y™2y-3y=sint, (0)=y'(0)=0 |
_ 14. Graphically maximize : 51
Z="Tx, +10x, ’
Subject to constraints,
3x,+x, <9
X, +2x,<8
C XX, 20
15. Solve the folloﬁng LPP by simplex method using duality of: [0}
Minimize Z = 20x+50y :
Subject to:
2x+5y 212
Ix+7y217

X,y20

*Fk
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. ‘ )

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

ANENE N

1. Distinguish a matrix and a determinant. Use property of determinant to prove: 51
a+b+2c a b
c b+c+2a b |=2(a+b+c)
c a cta+2

2. Prove that the necessary and sufficient condition for a square matrix to posses an inverse

is that it is non singular. 51
3. Find the rank of the matrix: [5]
1 0 -5 6
g :% _19 124 by reducing it to normal form.
4 -2 -4 8
4 3 1
4. State Cayley-Hamilton theorem and use it to find inverse of the matrix |2 1 -2 5]
1 2 1

-

5. Find the work done by the force F= yz?+ X j+ xy}—: in displacement of a particle along
the straight segment C from point (1,1,1) to the point (3,3,2). 51

6. State Gauss divergence theorem and apply it to evaluate j_[F.n ds, where

F= x?+ y_j’+ zE and S is the surface of the cube bounded by the planes x = 0, x = g,
y=0,y=a,z=0,z=a. {51

7. State and prove Green's theorem in plane. 51

8. Verify stokes theorem for the vector field F = (2x—y)—i)— yz! j—y’zk over the upper

half of the surface of x* +y? +2? =1bounded by its projection the xy-plane. (51
9. Find the Fourier series to represent f(x)=X— x? from -7 to 7. 5]
10. Find the half range Fourier sine series for f(x)=€” in0 <x<m. 5]

11. Define Laplace transform of a function and state criteria of existence of a Laplace

transform of a function. Find the Laplace transform of f(t) = 1-cos2t [1+1+3]
t




12. Find inverse Laplace transform of

. 1 . a1 .
@) 622 (ii) tan '(;)
13. Solve the following initial value problem using Laplace transform:
y'+y+3y=0, y(0)=3, y(0)=I
14. Use simplex method to solve the following LPP:

Maximum z = 50x, +80x,
Subject to,

X, +2x, <32

3x,+4x, <84
15. Graphically maximize

z="Tx,+10x,
Subject to,
3x,+%, <9
X, +2x, <8

X),X, 20
* ¥k

[2+3]

(5]

[10]

(5
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' Candxdates are reqmred to grve their answers in thexr own words as fax as practlcable ’
- Attempt-All questions. - R :

| f (x’—yz)x—Z‘( ¥ ]+2k and 's' is the surface the cube bounded bv the pl

The figures in the margin v.ndtcaie Fufl Marks -
Assume suitable data if necessa:y

Usepropemesofdefemnnantstoprove - o [ £ 1 B

R4l ba . ca da'

[ab Bl oebo b e e o
ac " be . c*+1  de ' »

[ad b ed -d2+1.

Show. that every square matrxx can be umque}y expressed as the sum of svmmetnc and

"Skew—Synnnetnc matrices. . . .. . [5} -

Test the consxstency of the system X+y+z=3, x+4y+32 4and2x+3y+4z 7and

so}ve completely if found consistent. . S - N E

.. _2. ‘_2 A_3‘ .

‘Stéte.CajieyéHamilton theorem and verify it for the matrix; A={ 2 1 -6} = - | l.+4]

-1 -2 0

- - -
Prove that ' The line integral LF.d r of a continuous function F defined in a region R is

independent of path C joining any two points in R if and only if there exists a single

“valued scalar function ¢ having first order partial derivatives such that }") =V'". ’ [51

State Green's theorem and use it to find the area of astroid x*/* + y*/? =a?? {5

-

Evaluate j _{F.n ds, where }—’)=x2—i)+ y? 3+z_3k and 's' is the surface of the plane

x+y+z=1 between the co-ordinate planes. : , [5]

: ’ e )
Apply Gauss' divergence theorem to evaluate } _{F.n ds where

pmem
W
el

x—O"~ay Oy &z 0,z=a

‘ S

S P W



9. Find the Laplace transfor;ﬁ of:

i) tSin’3t

) Sin2t

) —= .
B T . .

10. Find the inyerse Laplace trapsform of: -
v l')_ $ -35+2 3
i) e
s{s+1

| 11. Apply Laplace transform to solve the differential equation:

L ymaysSy=etsint, x(O)=0,x(0=1

-12. Find a Fourier series to fepresent fx)=x~ x? fromx=—x to X = . Hence show that |

13. Develop f(x) ='sin(—nTx} in half rahg'é Cdsi_ﬁ_e‘ Series inthe _;éxigé 0<x <lL.
14. Graphically _maximize.,_
Z=Tx,+10x,
Subject to constraints,
Ix,+%x,<9
%, +2x, <8
x,20,x,20 .

15. Solve the following LPP using simplex method.
Maximize: P =50x, +80x, ‘
Subject to: x, +2x, <32

3x, +4x, <84
x,20,x,20

*kk

[243]

2+3]

{10]
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Attempt AU questions.
The figures in the margin indicate Full Marks

Assume suitable data zf necessary.

AN NN

a+b)’ ca be .
Provethat| ca (b+c)® ab |=2abc(a+b+c)’
be ab  (c+a)?

[

2. If A and B are two nor singular matrices, then prove that (AB)' =B7'A™"
3. Find the rank of the matrix: '

1 -1 -2 -4

2 3 -1 -1

31 3 -2

6 3 0 -7
4. Find the eigen values and eigen vectors of the matrix.

-2 2 -3

2 1 -6

-1 -2 0

’ B - .
5. Prove that the line integral L Fdr is independent of path joining any two points A and B

in the region R,.if and only if, I_l;.d;= 0 for any simple closed path C in R.
C

6. Evaluate I Lfg ds where ? = yz.i,+ zX }+ xyf where S is the surface of the sphere
x?+y? +z? =1 in the first octant.
_ OR
Apply Stoke's theorem to evaluate J;(x +y)dx +(2x —z)dy + (y + z)dz where C is the
boundary of the triangle with vertices (2,0,0), (0,3,0) and (0,0,6).

7. State Green's theorem in plane and hence apply it to compute the area of the curve

/ 2
x? 3+y 213 a2/3

BJ]

B3]
[l

[5]

5]

[31

ey
W
Smrd

51




- 8. Apply Gauss divergence theorem to evaluate jLF.nds where F =x’ ?+‘z}+ yzi taken

over the cube bounded by x=0,x =1, y=0,y=1,z=0,z=1
9. Find the Laplace transform of the following:
~ cos2t—cos3t
t -
b) sin’2t
'10. Find the inverse Laplace transform of the following:

1

s —5s+6
s+2

, (s* +4s+5)

11. Solve the initial value problem by using Laplace transform:

a)

b

X"+2x'+5x =€~ sint; x(0)=0, x'(0)=1

12. Obtain Fourier Series for the function f(x)= x—x" from -7 to 7 and hence show that:

x 1 1 1 1

...........

13. Obtain the half range sine series for the function f(x)=x" in the interval (0,3).
14. Graphically maximize and minimize ‘
Z =5x, +3x, Subjected to constraints
- 3x,+5%,£15
5%, +2x, $10,x,,X, 20
15. Use simplex method to solve the Linear Programming problém:
Maximize Z=15x; +10x; '
- Subject to 2x, +2x, <10
x, +3x%, <10

and X;,X, 20

k¥

(5]
[2.5%2]

[2+3]

]

13

B3]
&)

{10}
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Candidates are required to give their answers in their own wqrds as far as practicable.

Artempt All questions.
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

Using the properties, evaluate the determinant: ) [5]
| a a° a’+bed
1 b b? b’+cda
1 ¢ ¢ ¢ +abd
1 d d&® d’+ab

Prove that every square matrix can umque!y be expressed as the sum of a symmetnc and a

skew symmetric matrix. [51
: Test the consistency of the system: [5]
x—6y—z=10, 2x - -2y +3z=10, 3x- -8y +2z=20
And solve completely, if found consistent.
. (2 2 1
Find the eigen values and elgenvecters ofthe matrix{1 3 1{. 5]
1 2 2
Using the line integral, compute the workdone by the force [5]
i?’ =(2x-y +22)T+ (x+y—z)3+ (3x—-2y-52)fc’
" when it moves once around a circle x? +y? =4;2=0
State and prove Green's Theorem in plane. . : [5}
Verify Stoke's theorem for F= x*+y ) 1—2xy j taken around the rectangle bounded by the
linesx=%a,y=0,y=b. {5}
Evaluate I .[i:; ds. where- E =(2xy+1z) .{f y? 3- (x+ 3y)Iz by Gauss -divergence théorem;
where S is surface of the plane 2x +2y+2=6 in the first octant bounding the volume V. = (5]
' [2.5x2]

Find the Laplace transform of the following:

~
>

a). te™ cost

-'b) Sinhat.cost




10. Find the inverse Laplace transform of : [2.5x2]
1

SS+1)
SZ

a)

b)

)}l.Solve the differential equation y"+2y'+Sy =e™'sint,y(0)=0,y'(0)=1, by using Laplace

* transform. . A - [51
- Expand the function R*) =X sin x as a Fourier series in the intcr:ral -t SXS<Tm (51
_x_13. Obtain half range sine series for the function f(x)=x-x*for0<x < I. (5]
' 14. .Gmphically maximize and minimize [5)
z = 9x + 40y subjected to the constraints
y—-x2 Ly-x<3,2<x<5 ,
15. Solve tt;e fdllowing Linear Programming Problem by Simplex method: [10]

Maximize, P =20x, -3x,
_ Subjected to, 10x, —2x, <5
2x, +5x, <10and )c,,).(2 20

>k

i

T
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Candidates are required to give their answers in their own words as far as practicable.

v
v' Attempt All questions.
¥" The figures in the margin indicate Full Marks.
v’ Assume suitable data if necessary. .
(b+c)® b? c? ,
1. Showthat:| a?  (c+a)® ¢! |=2abc(a+b+c)
' a’ b2 (a+b)?
2. Prove that every square matrix can be uniquely written as a sum of Hermitian and Skew-
 Hermitian matrices.
3-1 4
. - P 0 5 8
3. Find the rank of the matrix by changing it into normal form: 4 4
1 2 4.
2 11

4. Find the eigen value and eigen vector of the matrix:| -2 1 3

2 1 -1

5. Using Green’s theorem, evaluate f(y3dx—x3dy) where C is the boundary of the
, ¢ :

circlex? +y2=4.

- ’ - -
‘6. Show that F(x,y,2) =V’ i+ (3xyv? +e%) J+2ye?

_its scalar potential function.

- .
% k is conservative vector field and find

7. Find the surface iﬁtegra! I L:E;; ds where E =X _i’-x— yj+ zz and 8§ is the upper half of the

sphere x? +y?+2% =1.

- - - -
8. Yerify Stoke’s theorem for F(x,y,z)=(2x-y)i- yzz j—y’zk where S is the ‘upper
half of the sphere x?+y2+2z> =4 and C is its boundary.

OR

Evaluate using Gauss divergence theorem,

AN - - L= —
.ﬂxF.nds where F(X,7,z)=x?y i+xy? j+2xyzk and S is the surface bounded by

the planes x =0, y =0, z =0 and x+2y+z =2

9. Find the Laplace transform of (i) sin 2t cosh 4t (ii) te* sin 4t .

(53

(51

[5]

[5]

o]

[3]

(5]

(3]



o

10. Using the Convolution theorem, find the inverse Laplace transform of 3

11. Solve the following initial value problem using Laplace transform:
yray 3y =¢.,y(0) = 00,y'(0)=2

12. Obtain the half range Fourier sine series of f(x) =7 -X in the range 0 <X <T7.

13. Obtain the Fourier series of f{x) = e*in0<x <2m. '

14. Graphically maximum Z=5x%, 4;3x2 subject to constraints
X, + 2%y £50,2%; X, <40 and x,20,%,20

15. Solve the following linear programming problem by simplex meﬁod constructing the

duality:
Minimize: P =21 % +50x%2
Subject to 3x)+7x2 2 17
2x+5%22 12

X,X22 0
*¥¥

(> + A +D)

5]
Bl
(51

(5]
B3]

(103
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» INSTITUTE OF ENGINEERING Level BE Full Marks |80 i
‘Exafgination Control Division | Programme | All (Except B.Arch) | Pass Marks | 32 i
2870 Chaitra : Year/Part | II/1 Time i 3hrs. |
e o Subject: - MathematicsLIL(SH501)
v" Candidates are‘required to give their answers in their own words as far as practicable.
v’ Attempt Al questions.
v" The figures in the margin indicate Full Marks.
v Assume suitable data if necessary. ‘
1. Using the properties of determinaat prove (51
ey et irake b e e
b2 (c+a)? b’ |=2abc(a+b+c)’
! c? c? (a+b)?
2. Provg that (AB)T = BTAT where A is the matrix of size mxp and B is the matrix of size
pxn {51
13 -2 1]
, : . , _ o 11 1 1 .
3. Find the rank of the following matnx by reducing normai form. 20 -3 2 [5]
3 3 -3 3
2 0 1]
4. Find the eigen values and eigen vectors of the following matnx. [0 2 -—1 {5]
' 0 0 2
5. Prove that the line intergral )rA Fdr is independent of the path joining any two points A
' - - )
. and Binaregionif LF d ¢ =0 for any simple closed curve C in the region. 3]
6. Evaluate JI‘L}Tn ds where F=x2i+y? j+z kand S is the finite plane x +y +z=1
between the coordinate planes. [5] ‘
‘ OR
Evaluate } F.nds for F= yzi+zx j+xyk where S is the surface of sphere
I8 .
x? +y? +z? = FirthEirst octant. . e
7. Evaluate, ﬁ;r .nds for F=xi-vy j+(z’ -1)k where S is the surface bounded by the

cylinder x* +y? =4andtheplanesz=0andz=1 __

an)
A
[ty




e

¢d

8. Verify the stoke’s theorem for F=(2x— ¥)i —-yzZ j—yzzk where S is the upper part of

the sphere I S a2 Cis its boundary- (51
- . . 1-e'
9. Find the Laplace transiorm of (a) tz__s;r_;zt and (b) e .5x2]
2s+3 53 R
10. Find the mversc Laplace transform of (1) % ® —— [2.5x2]
24556 s —a
11. Solve the following differential equation by using Laplace transform 51

vy -2y =X y©oy=1yO®= 0
12. Obtain the Fourior series for f{(x) = X inthe interval -t <X <™ and hence prove that

2 7 . -

1

by _L = .‘. L =— - : T

.4_«‘(2‘12 22""31 S ’ 5]
13. Obtain half range sine series for f(x) = ®"X- <Zin (0, ®) (s
14. Graphically minimize z=4% 7% 3%, + X3 (5]

Subject 10 Xy +2X, +4%3 2 iz
3x, +2%2 v %3 >8 and X,X2:%3 20
15. Mipimize z=8x,+9%2 a (10}
Subjett to X, +3X; 24

Ix, TXp 23 with x,,x; 20

*x¥
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11.

Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
ALl questions carry equal marks.
Assume suitable data if necessary.

X a a a
Using the properties of the determirdant prove that: =(x+3a)(x-a).

a a x a

a a a x

If A and B are square matrices of same order n, then show that BTAB is symmetric or
skew-symmetric according as A is symmetric or skew-symmetric.

Solve the following system of equation by Gauss elimination method:
2x+3y+4z2=20
Ix+4y+5z=26
3x +5y+6z=31

State prove Cayley - Hamiiton theorem.

-2 .
t ..
(it} tsin2tcos3t.

Find the Laplace transforms of the following functions: (i)

Find the inverse Lapiace transforins of the following functions:

4s+15 1
® s*-25. s ~5s5+6 ‘
Prove the second shifting: \:lreorem If L[f(t)] F(s), then L{f(t-a) u(t—a)]— e *F(s).

Solve the following differential equation using Laplace transform:

+y =sin3;y(0)=0,¥'(0) =0.

dr2
Find the velocity and acceleration of a particle which moves along the curve x = 2sin3t, y
= 2cos3t, z = 8t at any time t=r/3. And hence find their magnitudes.

If V= grad (x’+y’+2’-3xyz), find div V and curl V.

if F i+y’ _] and Cis the arc of the parabola y =x"in the Xy-plane

Evaluate fl?d

-C

- Fom (0,0) to (1,1

B Ly TR
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. Verify Green’s theorem in the plane fof L(iy+ yz)dx + xzdy where C is the closed curve

of the rezion bounded by the straight line y = x and parabolay = <

- = -+ ~ N -
. 13. Evaluate }.LF _nds where F.=yzi+zxj+xyk-and S is the surface of the sphere

x2+yz+zz=l in the first octant.

- 14, Evaiua_t{a jH(V. ;' )dv where F = Xi— y} + (z2 - l)fc for the square region in the Xy plane
Ay

bounded by the linesx =0,y =0,x=aandy =a.
OR

Verify Stokes theorem for F =(2x - y-)§ ~yztj- yzzfc where S is the upper part of the’™
~ sphere xz*.-yz+zz=a2 and C is its boundary.

X .
in the interval 0 <x < 2x.

- . - . T
15. Obtain the Fourier series to represent f(x) =

16. Obtain the half range sine series for the function f(x) = % in the interval) < x <m.

d kK
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. INSTITUTE OF ENGINEERING ~ [Level __ |BE ‘.. .. | Full Marks | §0. -

"~ Examination Control Dlvxsmn ‘Programme | All e s | Pass Marks |32 !
' 2069 Ashad. - Year/Pan‘;a n/1- Time - [3brs. |

Sub]ect Engmcermg Mathema, cs III (SH 501)
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‘Candidates are required to give theu answers in thexr own words as far as pracncable

v
v Attempt All questions.
Y. The figures in the margin indicate Full Marks
V' Assume suitable data if necessazy
J Fmd the value of the determmant . B
L T s v
T I b b b’ +cdal
Rt e ¢® Padab
Lo I d d® d’rabe
L2 Provc that cvcry square matrix can be umquely cxprcsscd as the sum of a symmetnc and )
: } a skew-symmetric mamccs . ‘ : : - B 5]
RIS l"3 =2 T ‘
AR IR ' A
3- Find the rank of matrix: . Teducing to echclon form [5]
vl _ .12 0 -3 2f -
SRR 33 -3 3
- A el ' 13 7
4. Verfy Cayley-flamiltan theorem for the matrix: |4 2 3 [5]
: 1 2 1
: 5 Find the La 'lace transforms of: (a) te” smt (b) “cos6t T o o [5 :
)]=F(s), th that £'()]=SF(s)-1
Ef__ If L[f( )]=F(s), then prove avlc,[/t(/]' (s)- (o) _ : 3 - [5]
:’g_ Use Laplace transform to solve: x"+2x'+5x=e sint given x(O)—O X (O)— L [5]
. 8. Obtain the Founer series for f(x)=x mLhe mterval— <m. T : [5]
?/Obtaln half- range sine series fore in (0, 1). - R ] |
g L " Maximize z=2x,+3x; subject to constramts X1—X<2, x;+xz>4 and x;, xz>0 graphically. [5]
ooy

11, Solve the linear programming problems by simplex method constructmg the duahty

erumxze z= 3x;-i-2xz
.- Subject to 2x;+4x,>10

41 +2x%;2>10

X324 and x;, x;20

B



12 Prove that F (2xz +6y)1 +(6x—2yz) _] +(3)sz—y2)k is conservatxve vector field- and
find its scalar potcnnal ﬁmcnon .

Bvaluate _[_LFnds where F x? 1+y 3+z k ‘and S is the ﬁmte plane x+y+z—1

between the co-ordmate planes
23 g
=g

‘ 14 Usmg Green s theorem ﬁnd the area of the hypocvcloxd bz 7

15 Eva]uate LF nds where F =2x x+3y j+ 4zk and S is the surface of sphere X +y2+z =1
by Gauss leCl'gCﬂCC theorem _ S .
. S o . OR

...v -

| Verify Stoke’s theoréim for B = 2y7T43x j-22K where S i the upper half of the sphere
Xy +7%=9 and “C’ is jts boundary ’ o - :

[ rae gt g R

yay

A e LI
S T e 2y st

- 2 = ‘f
S o3

12

o

.[5]
B3]

5]
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¥ Candidates are required to give their answers in their own Words as far as pacuwole
s AnemptAlI quesnons . : o
" v The figures in the ; margin indicate F wil Markf -
v’ Assume suitable data if necessary.
a? a? —(b—c)2
1. Find the value of the determinant ‘bz b’ - (c-a)? (5}
'c2 c?-(a-b)? ab
“2." Show that the matrix.B® AB is Hermiian or. skew-Hermittian accordme as ‘A'is Hermitian -
and skew- Hermitian. - » [5)
1 3 8
. . 2 - . . ,
3. Find the rank of the matrix 3 9 reducing this into the triangular form. [5]
16 4 12 15 |
. , [ 102
4. Obtain the characieristic equation of the matix A = |0 2 1 land verify that it is
2 03
satisfied by A. ' [5]
5. Evaluate L F.dr, whereF =(x-y)i+(x+y)j along the closed curve C bounded by
yi=x and x? =y 5]
. . - - - - - -
6. Find the value of the normal surface integral jLF.n ds for F=xi-yj+(z® -1k,
where S is the surface bounded by the cylinder x? + y? =4 between the planesZ=0and
Z=1." [51
2 2 2
7. Using Green's theorem, find the area of the astroid x3 +y3 =a3 [5}
8. Verify stoke's theorem for F =2y i +3x j—z"z k where S is the upper half of the sphere
x?+y?+2z* =9and C is its boundary. [5]
OR
'Evaluate the volume intergral H.{,F dv, where V is the region bounded by the surface .
x=0,y=0,y=6,z=x>,z=4and F =2xzi—x j+y*k
9. Find thelaplace transforms of the following functions [2.5%2]

a) t e sin3t

cosai—cosbt
by —m—

H
T . <



G
L tegst
s
o’

10. State and prove the second shifting theorem of the Laplace transform.

11. Solve the following differential equation using Laplace transform.

9_._!_;.9_:-_2:;:)( given y(0) = 1,y(0)=0

s '2' dx )
" 12. Obtain the Fourier series for f(x) = x* in the interval -m <X < n and bence show that
71_1 1 1, ox .
Tt w8

13. Express flx)=xas2 half-range sine seriesin 0 <x <2

14. Maximize Z = 4x,+5%; subject 0 constraints

2x,+5x2525 -8 (9)
6x; + %2 = 45 UX B/ -

5
x;20andx2 2 0 ” -
 graphically - . /6 o

15. Solve the following linear programming problem using the simplex method.

Maximiza P= 50X1+80X1

Subjectto Xi¥ 2%, <32
Ix; + 4x) < 34
X1, X2 2 0

{51

(51
(53

(o)



02 TRIBHUVAN UNIVERSITY - [Exam. »
INSTITUTE OF ENGINEERING | Level BE’ . | Full Marks |80
Examination Control Division | - |BCEBEL |
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o ‘ o AGR. : .
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Subject‘ Engmeenng Mathematlcs III (SH 501) "

v Cand:dates are required to give their answers in thelr own words as far as practicable.
v Attempt All questions. .

v The figures in the margin indicate Full Marks. '

V' Assume suu‘able data if necessary. : ' i

BT S Y 1" L
“I. Prove that b ¢ al =| ¢ ZJac=b? al |=@ +bl+ct Jabc)
Vo c a b b? a’  2ab-c?

& ‘Define Hermition and Skew Hermition matrix. Show that every square matrix can be
- uniquely expressed as the sum of a Hermition and a skew Hermition.

3.- For what value of & the’ equauonx+y+z—l X+dy+ lOz—-lzandx+2y+4z—A

“ " have a solution? Solve them completely in each case.

3 -4 4

” Find the eigen values and eigen vectors of A=l -2 4.
B

C

6. State and prove Green theoremn in a plane. : o
. C - - b - ’ - ; .V . - ’
7. Verify Guess divergence theorem for F = x¥i+3 j +yz k. Taken over the cube bounded

byx=0,x=1,y= Oy*'z—Oz—l

o ": Q Find the Laplace. transform of the owcn function (1) 2 sxnt 1) cosat smhat 6/

- -

9. Evaluate HF nds where F 3 1+% j- yzk and s is the surface of the cylmder X2+ y

9 mcluded in the first octant between the plane z=0,z=4.
A\

2
@ Fmd the inverse Laplace transform (a) m ®) lo gts 2 J

/”
@ Solve the equatlon usmg Laplace transform y”“+ 4y’ +3

=4,p0y(0)=0,y(@)=1. .

(5]
(5]

(3]

O

(3]

[5]
(5]

[s]-



-

12. Obtain'a Fourier series to represznt the function f{(x)

] ..
deduce E—:—!;-+-l-+-—lz'—+........ ’
T N -

13. Obtain the half Range Sine Series f(x) = ex in 0<x<l.

OR

14. Solve the following by using the simplex method:

Maximize P= 15x1 + 10 x2,
" Subject to E
) 2x; + X2 <10,
C X+ 3% <10,

Xy, X2 20.

15, Solve by using the dual method:
Minimize C = 21% + 50%2,
Subject to 2x; + 5%2 <12,
3x, + T <17, -

- Xy, X2 >0. )

OR

Solve the following LPP by using the big M-method:

Maximize P = 2x3 + X2,
* Subjectto

Xy + X2 <i0,

—-X; +X2 >2,

Xy, X2 0.

= Ix/ for — © £ x < = and hence

o Ob{aih thg Fogrie; ser{e_s for f(x) =x- X whe¢ ~]l<x<lasa i-”ouﬁer series of p.criod 2. .
' TSy

T

(5]

i3]

: (7.5
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Attempt All questions. o

The figures in the margin indicate Full Marks

Necessary tables are attached herewith.

Assume suitable data if necessary.

AN N NN

-

. Meat products are regularly monitored for freshness. A trained inspector in Kathmandu
Metropolitan selects a sample of the product and assigns an offensive smell score
between 1 and 7 where 1 is very fresh. The resulting offensive smell scores for each of 16
samples are .
32,3,9,1.7,50,1.9,26,2.4,53,1.0,2.7,3.8,5.2, 1.0, 6.3, 33, 4.3 v i
Construct a box-plot, interpret the result and comment on the shape of the distribution. ) [6]

2. Define Baye’s Theorem for conditional Probability. A box containing 5000 IC chips, of
which 1000 are manufactured by company A and the rest by company B. Ten percentage
of chips made by company A and five percentage of chips by company B are defective. If
we select a chip at a random
a) What s the probability that the chip chosen is defective? -

b) If a randomly chosen chip is found to be defective, what is the probability that is

comies from company A. {6
3. Define random variable. Differentiate between discrete random variables and continves
1andom variables with suitable example. (5]
4. Compare Binomial and Negative Binomial distribution including similarity and
difference with suitable examples. [5]

If X is a continuous random variable with probability density function
f(x)=x/8or3 <x<5.

a) Find the probability for P (1 <x <2.5) . .

b) Determine the mean and standard deviation for x. [5]

6. If height of the doors in traditional house in a cultural city follow normal distribution,
73% of the doors has height above 58 inches and 18% of the doors has height over

W

63 inches. Find the mean and the standard deviation of the height of the doors. [5]
7. Discuss the following terms in statistics population, sample, parameter and statistic with .
suitable example. (5]

8. From the population of size S as: 22,23,24,25 and 26.

a) List out all the samples of size three without replacement.

b) Find the sample mean of each samples.

¢) Prove that, sample mean is unbiased mean of population mean.

d) Also find the standard error of sample mean. [5]

9. Explain clearly the major steps to be adopted by researchers in testing of hypothesis of
* single mean for small sample. [5]

10. A social worker believes that fewer than 25% of the married couples in a certain area of
Nepal ever used any form of birth control. A random sample of 120 couples was
contacted 25 of them said they had used same method of birth control. Test and comment
the social worker’s belief at o = 5%. [5]




e

11. A company manufacturing company has three types of computers. The cost (in thousand

rupees) for each type of computer is given in the following table. Using ANOVA, test

whether the average cost per computer is considerably different across three types of

computer at 5% level of significance?

Type C; | Type Gy | Type G,
83 | 36 79
83 76 95
76 72 87

12. To determine whether there is really relationship between an employee’s performance in

14.

15.

the training program and his ultimate success in the job, it takes a sample of 400 cases
from its very extensive files and obtains the result shown in the following table:
[x*-value is 9.488)

Performance in training program

Success in job Below average | Average | Above average
Poor 23 60 29
Average 28 79 60
Very good 9 49 63

Use the 0.05 level of significance to test whether performance in training program and
success in the job are independent.

. Define partial correlation with examples. A sample of 10 valueé of three variables X, X,

and X3 were obtained as

> X, =10 > X;=10 D Xy=10
Yxi= | Yxd=es | Y x3=170
D XXy =10 | Y XoXs=64 | Y XX5=15

Find Partial correlation coefficient between X; and X3 eliminating the effect of X.

The grams of sclids removed from a material (y) is thought to be related to the drying
time (x). Ten observations obtained from an experimental study follow:

y 143 7157181491421 48158162]70779
x [ 25130035140 {45(50|55160,65: 7.0

a) Construct the scatter plot.
b) Calculate correlation coefficient.
c) Draw your coastruction on relation of solid removal and drying time.

Temporary or permanent hearing loss from occupational noise exposuie is one of the
most common of ail industrial diseases. Generally, 85-90 dB over an eight-hour workday
is the allowable level of noise, although it is better to reduce noise even further, whenever
possible. A sample of 50 individuals working at a perticular industry was selected and the
noise level (dB) experienced by each individual was determined, yielding the following
data:

553, 553 55.3,55.9,55.9,559,55.9,56.1, 56.1, 56.1,56.1, 56.1, 56.1, 56.8, 56.8, 57.0,
57.0,57.0,57.8,57.8,57.8,57.9,57.9, 57.9, 58.8, 58.8, 58.8, 59. 8, 59.8.39.8,62.2,62.2,
63.8.63.8, 63.8, 63.9, 63.9, 63.9,64.7, 64.7, 64.7, 65.1, 65.1, 65.1, 65.3, 65.3, 65.3, 63.5

67.4,67.4

a) Find mean, siandard deviation of the noise level at the industry and interpret the
results,

b) Construct 95% confidence interval on true mean noise level at the industry.
¢) Interpret your findings.

F %k

[51

[

5]

[31

[8]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. o ' '

The figures in the margin indicate Full Marks.

Necessary taes are attached herewith. '

Assume suitable data if necessary.

Describe the various measures of central tendency. The following table represents the
marks of 100 students.

Marks -] 0-20 | 20-40 | 40-60 | 60-86 | 80-100
No. of Students | 14 18 27 26 15

Find the mean, median and standard deviation of all 100 students.

State the law of addition of probability. If there are three candidates for the position of
principal X, Y, Z whose chances of getting the appointments are in ratio 4/9, 2/9, 3/9. The
probability that X if selected would introduce co-education in the college is 0.3. The
probability of Y and Z doing the same are respectively 0.5 and 0.8. What is the
probability that there was co-education in the college? : .

Define Binomial distribution, Under what condition Binomial distribution can be
approximate by Pisson distribution? :

A hospital administrator, who has been studying daily emergency admissions over a
period of several years, has concluded that they are distributed according to the Poisson
Law. Hospital records reveal that emergency admissions have averaged three per day
during this period. If the administrator is correct in assuming a Poisson distribution, find
the probability that

- a) Exactly two emergency admissions will occur in a given day. =
- b) No emergency admissions will occur in a given day.

c) Either three or four emergency cases will be admitted on a particular day.

Describe the conditions for the probability density function. The length of time (in
minutes) that a certain lady speaks on the telephone is found to be random phenomenon,
with a probability function specified by the probability density function f(x) as

[Ae*!5 for x >0
0 elsewhere o

f(x)=

Find the value of A. what is the probability that the number of minutes that she will take
over the phone is ‘

a) more than 10 minutes; b) less than 5 minutes and

c) between 5 and 10 minutes.

The breakdown voltage X of a randomly chosen diode of aparﬁ'culat-type is known to be
normally distributed with mean 40 volts and variance 2.25 volts. What is the probability
that the breakdown voltage will be :

a) between 39 and 42 volts
b) less than 44 volts
¢) more than 43 volts

e

2+

[:

[5

[3]
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. OR o |
The daily consumption of electric power in a certain city follow a gammé distribution
with a = 2 and f = 3. If the power plant of this city has daily capacity of 12 million

kilowatt hours, what is the probability that this power supply will be madequate on any
given day?

Define parameter, statistic and samphng with suitable examples Define standard error of
mean.

Define Central Limit Theorem. If the mean and standard deviation of serum iron values
for healthy men are 120 and 15 micrograms per 100 ml, respectively, what is the
probabxhty that are random sample 50 normal men will yield a mean between 115 and
125 micrograms per 100 ml?

The following data gives the experience of machine operators in years and their

performance as given by the number of good parts turned out per 100 pieces.

Experence(X) | 16 | 12 | 18 | 4 [ 3 [ 10 ] 5 | 12
Performance (Y) | 87 | 88 | 89 | 68 | 78 | 80 | 75 | 83

a) Fit the regression equation of performance rating on experience and estimate " the
probable performance of an operator had 8 years experience.

b) Determine coefficient of determination and interpret it:

10. What are two regression coefficients and what do they represent? Write the propemes of

11

regression coefficients.

. Explain clearly the major steps to be adopted by researchers in testing hypothesxs.

12. Four brands of flashlights batteries are to be compared by testing each brand in five

13.

14.

flashlights. Twenty flashlights are randomly selected and divided randomly into four
groups of five flashlights each. Then each group of flashlights uses a different brand of
battery. The lifetimes of the batteries, to the nearest hour, are as follows.

Brand A 42 30 39 28 29
Brand B 28 36 31 32 27
Brand C 24 36 28 28 . 33
Brand D 20 32 38 .28 25

At the 5% significance level, does there appear to be a difference in mean lifetime among
the four brands of batteries?

From the following data can you conclude that there is association between the purchase

of brand and geographical region?
| Region
- Central Eastem Western
Purchase brand 40 55 45
Do not purchase brand 60 - 45 35

Use 5% level of significance.

Transceivers provide wireless communication among electronic components of consumer

products. Responding to a need for a fast, low-cost test of Bluetooth-capable transceivers, .

engineer developed a product test at the wafer level. In one set of traiis with 50 devices
selected from different wafer lots, 48 devices passed. Test the null hypothesis p = 0.70
against the alternative hypothesis p > 0.70 at 5% level of significance.

{5].

51

Bl

[l

(51

[31

BY
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15. The following table shows the number of hours 45
administration of a certain anesthetic,

bospxta] patients slept following the

7 10 | 12 4 8 7 3 8 5
12 11 3 8 1 1 13 10 4
4 5 5 8 7 7 3 2 ‘3
8 13 1 7 17 3 4 5 5
3 |1 17 10 4 Wi 7 11 g

a) Find sample mean, sample variance and sample standard deviation.

b) Compute a value tha_t measures the amount of variability relative to the value of mean.
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. : S : :
The figures in the margin indicate Full Marks.

Necessary figures are attached herewith.

Assume suitable data if necessary.

Following table provide the information regarding the number .of customers registered in
two cyber cafe for 10 randomly selected days.

a) Find the average number for customers registered in two cafes. -
b) Which cyber cafe's registration is more consistent and why
Cafe A | 210 | 221 | 234|312 199 | 345 | 309 | 289 | 333 279
Cafe B | 321 | 154 | 234 | 275 | 356 | 304 | 311 | 267 28-1 199

Define conditional probability. A factory production line is manufacturing bolts using
three machines, A B and C. Of the total output, machine A is responsible for 25%,
machine B for 35% and machine C for the rest. It is known from previous experience
with the machines that 5% of the output from machine A is defective, 4% from machine
B and 2% from machine C. A bolt is chosen at random from the production line and
found to be defective. What. is the probability that it came from (i) machine A (ii)

-~ machine B (iii) machine C?~ =~~~
Under which condition binomial distribution tends to Poisson distribution? If 2% of

electric bulbs manufactured by a certain company are defective. Find the probability that
in a sample of 200 bulbs (i) less than 2 bulbs (ii) more than 3 bulbs are defective.

Why negative binomial distribution is known as converse of binomial distribution? In
which conditions negative binomial distribution is suitable to use? Write the
dissimilarities between binomial and negative binomial distributions.

A random variable X has the probability density function f(x) as

x2

f(x): kx C-T,XZO
0, otherwise,

a) Find the value of k if f(x) prove that given function is probability density function.

b) Find the mean and variance of random variable X
Define Gamma probability distribution. Under what conditions it is used? Write its
characteristics. ’

Define central limit theorem. Write its applications. An unknown distribution has a mean
of 90 and a standard deviation of 15. Samples of size n = 64 are drawn randomly from the
population. Find the probability that the sample mean is between 85 and 92.
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8. Define sampling distribution. Prove that sampling distribution of sample mean is
unbiased estimator of the population mean. Also obtain the expression for standard error
of sample mean when the population is infinitely large.

9. The following are the Brinell hardness value obtained for 10 samples of magnesium.
alloy-I and 12 sample of Magnesium alloy- II Use the 1% level of significance to test the
hypothesis that mean hardness in the population are same or not?

Alloy] [66.3]63.5 | 64.9 61.81643]64.7]65.1|64.5 68.4163.21- -4\

Alloy11]71.3 | 60.4 6261639688 [70.1|64.8 68.9]658]662]67.2] 694 |

10. Define Hypothesis and write down the steps involve in the test of significance of Paired
test.

11. 300 employees of a company were selected at random and asked whether they were in .

favor of a scheme to introduce flexible working hours. The following table shown the
opinion and the departments of the employees.

OPINION
Department | In favor “Uncertain | Against
Production 89 42 9
Sales 53 36 11-
Administration | 38 12 10

Test whether there is evidence of a significant association between opinion and
department at 5% significance level. ‘

12. The sponsor of a television 'special' expected that at least 40 percent of the viewing
audience would watch the show in a particular metropolitan area. For a random sample
of 100 households with television sets turned on 30 are viewing the 'special'. Can the
sponsor's assumption that at least 40 percent of the households would watch the program
be rejected at the (i) 10 percent and (i) 5 percent level of significance?

" 13. A sample of 10 values of three variables X1, Xz and X3 were obtained-as; - "

[ZX=10 ¥ X220 ¥ X5=30
2_ 2_ 2_
2 X]=20 > X5=68 2 X3=170
T X1 Xp=10 {2 X1 X515 ¥ Xp X5=64
Find ‘

a) Partial correction between X and Xz eliminating the effect of X3,
b) Multiple correlation coefficients between X;, Xz and X3 assuming Xi as dependent.

14. Distinguish between correlation coefficient and regression coefficient and write its
importance in the field of engineering.

15. From the following 33 paifs of bivariate observation (X,Y)-

63180163 ]47]85]5063 |53 70 [ 76 | 54
X6467527585608871544756
%5 (4717053 | 74|79 |85 (8268|5217
5616515418983 |49 (80 |59|54]51159
v 85154165 | 50|67 71(6]79|71]49]65
7183145180 816049 [48[75]79176

a) Find the sample mean, sample standard deviation and sample variance of each groups

b) Test the uniformity of each data.

¢) Estimate the value of Y when the value of X is given as 92.
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Cand:dates are reqmred to g:ve their answers in thexr own words as far as pracncable
Attempt All questions. .

The figures in the margin.indicate Full Marks.

Necessary tables are attached herewith.

Assume suilizble _data if necessary.

Nepal Telecom introduced the Iatest teleoommtmxcahon technology, 4G/LTE (Long Term |

" Evoluticn) to its GSM mobile subscribers for the first time in Nepal (in 2078 BS) and
* then found the followmg information about the subscnbers in the month of Baishakh,

- Byand 10% from supplier Bs. It is also known that 95% of the voltage regulators from By,
80% of these from B, and 65% of these from B; perform according to specifications. '

'a) What is the probability that any one voltage received by the plant will perform

2078 at a particular place of Kathmandu Valley.
| Age 20-30|30-45]40-50 50-60',60-‘70 70-80
No. of subscribers| 40 | 50 35 25 12 1 10

) List the five-number summary and prepare a box-and-whisker plot from this information.
Also, comment on the nature of frequency distribution. :

State Bayes’ Theorem for conditional probability. An assembly plant receives its voltage

regulators from these three different suppliers, 60% from supplier B, 30% from supplier

accordmg 1o specifications?
b) What is the probability that a voltage regulator that perform accordmg to
specifications came from supplier B.

-Wme the differences “and sumlarmes between Binomial and Negaixve Bmomxal

- Distribution.

A quality control cngmeer mspccts arandom sample of 4 battenes from each lot of 24 car

[6]

6

23]

_ batteries that is ready to shipment. If such a lot contain six batteries with slight defects.
.- What are the probabilities that the inspector’s sample will contain : )

a) None of the batteries with defect?

~ b) Atleasttwo of the batteries with defects?

(:) At most three of the batteries with defects?

" The distribution function for a random’ vanable Xi is

Fx)=1-eZforx 20
=0 . forx<0
a)- Find P(X>2)

b) Find mean and variance of the variable X.

6. Define Standard Normal Distribution. Write the area propemes of normal dxstnbut:on

7. Define standard error of sample mean. A population consists of the four numbers 12, 19,

13, 16.
a) Write down all possible samp}e size of two without replacement.

~ b) Find standard error of the sample mean.

State Central Limit Theorem. The lifetime of a certain brand of an clectnc bulb may be
considered a random variable with mean 1200 hours and s:andard deviation 250 houss.

Find the probability that average lifetime of 60 bulbs.

a) exceed 1400 hours
b) is between 1100 hours and 1300 hours

©) is less than 1100 hours

(3]
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9. Write properties of correlation coeffi cients. The zero vrder curre]mon coefficient for_

general intelligence test (X;), online class iest (X;) and age (X3) of students of a =

university in Nepal during COVID period are given as ry; = 0.93, ry3 = 0.50 and r,5=0.34.
Assuming the first variable X1 as dependent, comput.. the coefficient of mulnp]e
determination and interpret the result. :

10. The following table gives age and percentage of blindms in respective age interval.

‘ Age (yrs) 0-10 | 1020 [ 20-38 | 3040 | 40-50 | 50-60 | 60-70 | 70-80
[ % of blindness | 70 63 2! 26 45 31 46 | 80
a) Find the least sqﬁarés line for predicting % of blindness from age. '
b) Using the ieast-squares line, pizdict the aciual % blindness if the age is 70 yrs.

11. The sample average unrestrained compressive strength for 45 specimens of parncular
type of bricks was computed to be 3107 psi and sample standard deviation was 188 psi.
The distribution of unrestrained compressive strength may be somewhat sewed. Does the
- data strongly indicate that the true average unrestrained compressive strength is less than
design value of 32007 Test using 5% level of significance.

12. Four trained operators work production of a new product. The producnvxty of the
operators are rccorded as below:

Operators Production
1 i0 12 14
2 12 11 13
3 14 15 12
4 16 | 10 17

Using ANOVA, test whether the difference in average productmty due to the dxfference '

in operators are significant. Use & = 5%.

13. Patients in a hospital are classified as surgical or medical. A record is kept of the number

of times patients require nursing service during the mght and whether or not these patients
are on Medicare. The data are presented here:

“Patient Category

Medicare | Swurgical | Medical
Yes 620 380
No 550 450

Test the hypothesis (using a= 0.01) that calls by surgxcal—medxcal paucnts are,

independent of whether the  patients are receiving Medicare.

' 14. What are the exrors of test of hypethesis? Write the procedure of testmg hypothesxs of two

population proportion. ,
15. The entrance score of three engineering institutes are as follows:.

Institutes Entrance scores e
A 740 | 00 ; 830 | 840 ; 860 | 890 | 830 | 930 | 1070 .|
B 655 | 775 | 825 | 978 ; 989 | 1025 | 950 | 980 | 1100
C 350 25 1 749 | 87G ;1 5651 978 | 925 | 950 { 1000

a} Calculate mean and standard deviatior for institute A, B and C.
b) Which institute is good? :
<)} Which institute is consistent?
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Necessary tables are attached herewith.

Assume suitable data if necessary.

F ol]oxving is the age distribution of 1000 persons working in a factory.

Age Group | 15-20 ;| 20-25 | 25-30 | 30-35 | 35-40 | 40-45 | 45-50 | 50-55 | 55-60

No. of person | 60 122 | 135 | 242 | 148 | 107 85 63 38

Due to heavy loss, the management decides to bring down the strength to 50 percent of
the present number according to following scheme:

(i) to retrench the first 8% from the lower group
(ii) to absorb the next 32% in other branches.
(iii)to make 10% from highest age group retire premature.

‘What will be the age limits of the persons retained in the mlll and of those transferred to
other branches?

a) Define the terms: (i) Mutually exclusive events (11) Independent events.

b) Customers are used to evaluate preliminary product designs. In the past, 95% of
highly successful products received good reviews, 60% of moderately successful
products received good reviews, and 10% of poor products received good reviews. In
addition, 40% of products have been highly successful, 35% have been moderately
successful, and 25% have been poor products.

(i) What is the probability that a product attains a good review?
(11) If a new design attains a good review, what is the probability that it will be a

highly successful product?
Define Hypergeometric Distribution. How does it differ from Binomial Distribution?
Write the approximation condition for approaching Hypergeometnc to Binomial
Distribution. :

Three people toss a coin and odd man pays for the coffee. If the coins all turns up the
same, they toss gain. Find the probability that fewer than 4 tosses are needed.

Let the continuous random variable X denote the diameter of a hole drilled in a sheet
metal component. The target diameter is 12.5 millimeters. Most random disturbances to
the process resuilt in larger diameters. Historical data show that the distribution of X can
be modeled by a probability density function f(x) = 20e>°*'>%) x > 12.5. If a part with a
diameter larger than 12.60 millimeters is scrapped,

a) What proportion of parts is scrapped?

b) What proportion of parts is between 12.5 and 12.6 miilimeters?

Under what conditions, the Poisson distribution can be approximated using Normal
distribution. Of a large group of men, 5% are under 60 inches in height and 40% are
between 60 and 65 inches. Assuming a normal distribution, find the mean height and

stzndard deviation.
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7.

9.

Define the terms:

a) Parameter, statistic

b) Sample

¢) Sampling distribution of mean

d) Standard error of mean?

An auditor for a large credit card company, knows that on average, the monthly balance
of any given customer is 112 and the standard deviation is 56. If the audits 50 randomly

selected accounts, what is the probability that the sample average monthly balance is (a)
below 100 (b) between 100 and 130?

Define the correlation coefficients and state its important properties.

10. An investigation of the relationship between traffic flow x (1000;5 of cars per 24 hours)

11.

and lead content y of bark on trees near the highway (ng/g dry wt.) yielded the following
data:

Xi{83 183 1121112.1}17.0117.0]17.0124.3 1243243336
Yi| 227 {312 362 | 521 | 640 {539 {728 [ 945 {738 | 759 | 1263

a) Find the estimated regression line to estimate lead content from traffic flow.
b) Compute a 95% confidence interval for the slope of the true regression line.

It is claimed that an automobile is driven on the average is 12000 miles per year. To test
this claim a random sample of 100 automobile owners are asked to keep a record of the
miles they travel. Would you agree that average miles driven is greater than claimed
value if the random showed an average of 14,500 miles and 2 standard deviation of 8,000
miles? Use a 0.01 level of significance.

Or,
1 is claimed that a new diet will reduce a person's weight by 10 pounds on the average ina
period of 2 weeks. The weights of seven women who followed this diet were recorded
before and after a 2 week period.
‘Woman 1 2131415 6 7
Weight Before | 129 | 133 | 136 { 152 | 141 | 138 | 125
Weight After | 130121 ] 1281137]129]132]120

Test the manufacturer's claim at 5% level of significance.

12. A study compared the number of hours of relief provided by five different brands of

antacid administered to 25 different people, each with stomach acid considered strong.
‘The results are given below.

Brand
A |B |C |D I|E
46152159127(43
45149149(29|3.8
4114714613952
3846143143144

Calculate the F ratio. At the 0.05 level of significance, do the brands produce significantly.
different amounts of relief to people with strong stomach acid?

13. :& random sample of 200 married men, all retired, were classified according to education

and number of children.

Number of children -
0-1 23 lover3
Elementary 14 37 32
Secondary 19 42 17
College 12 17 10

Education

(5]
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Test the hypothesis at 0.05 level of significance, that the size of the family is independent
of the level of education attained by the father.

14. A random sample of 100 men and 100 women at a college is asked if they have an
automobile on campus. If 31 of the mean and 24 of the women have cars, can we
conclude that more men than women have cars on the campus? Use a 0.01 level
significance. 5]

15. The following are the annual maximum flows in m’/s in a river for 52-year period: [8]

1980 | 3120 | 2120 | 1700 | 2550

1700 | 1570 | 2830 | 2120 | 2410

1420 | 1980 | 2690 | 3260 | 1840

1980 | 4960 | 2120 | 2550 | 4250

2690 | 2270 | 5660 | 5950 | 3400

8500 { 3260 | 3960 | 2270 | 2410

2550 | 1980 | 2120 | 2410 | 3170

2410 | 1840 | 3120 | 3290 | 4550

1980 | 4670 | 1700 | 2410 | 3310

3120 12070-| 1470 1 2410 1130

3230 | 3090

a) Find descriptive statistics: maximum, minimum, sample mean, range, sample standard
deviation, standard error of mean.
b) Find approximate a 95% confidence interval for true average of rate of maximum

flow.

*kF




iinati ‘ol Divisi | BEL,BEX,
Exaniination Control Division | Programme | per paG - - Pass Marks 32
 Time ... {3hrs... | .

>

- :"":?'"21)76A"Sﬁﬁn . -« Year/Part miy.-—- -

o
'INSTITUTE OF ENGINEERING Level * BE - - - |FullMarks |80

.. Subject: - Probability and Statistics (SH 602)

NN ANKX

(S Y
.

Candidates are required to give their answers in their own'words as far as practicable. i
Attempt All questions. . ‘ )
The figures in the margin indicate Full Marks.

Necessary tables are atiached herewith.

Assumé sisitable data if necessary.

R - F o

Describe the strong and weak points of various measures of Central tendency. From the
f income of middle 70% of the

following frequency distribution find the range o

. employees and the median income. Also find mean deviation from mean.
IncomeinRs: - | 500-600 600-700 | 700-800 | 800-500 900-1000
No:.of employees 150 300 500 200 50

Distingyish between absolute and relative measures of dispersion. The running capacity

_ of two horses is given below, state which is more consistent and why?

HorseA .|...250 | 255 280 290 295 300
HorseB | = 280 282 | 290 295 298 295

If we the following probability density finction.
o {k(5+2x),2<x<4
f(x?-_: - { 0, otherwise ,
Find the value of K and mean and variance of random variable X.

A r;{ndom variable X has following probability function.
14X 2. - 0 1 2 3
P(X) K 0.1 0.2 2k 3k 0.1

i) FindthevalieofK.
i7) Find Mean and Variance, A,
During one stage in the manufacture of integrated circuit chips, coating must be applied.
1f 70% of chips receive a thick enough coating, find the probability that among 15 chips
(i) ‘at- least 12 will have thick enough coatings; (if) at most 3 will have thick enough
coatings; (iil) exactly 10 will have thick enough coatings. A

I anormal distribution 31% of the items are under 45 and 8% are over 64. Find the mean
and standard dgviation of distribution. (Given, Zp.a2=1 4, 7Z435=0.5)

Deé¢n’be the advantagés of sample surveys over complete enumeration?

Nepial Electricity Authority wishes 10 estimate the average electric bills for the month of
Octpber for single family homes in Xathmandu. Based on siniilar studies in other cities.
the %fandard deviation is assumed to be Rs. 150. The NEA wants to estimate the average
bill for October such that error wiil not deviate by Rs. 15 with 90% confidence. What'

sample size is needed?

What are the assumptions for the t-test? Describe the procedure of test of significance

between two means for small sample.
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... --=the three systems equally eﬁ'ecﬁvezy_s‘e the 0.95 level of significance.

9. A research company has designed three different systems to clean up oil spills. The
following table contains {ke results, measured by how much surface area in square meters

A%

is cleared in one hour. the data were found Dy icSiiog cach mohod in several tials, Are

System A 55 60 63 56 . 59 . 55
System B .57 . 53 64 49 62 -
System C 66 52 ) 57 - - -

10. Test of the fidelity and selectivitS( of 190 digital radio receivers produced the results
“shown in the following table: = . .

Fidelity ’
Low Average High
Selectivity 6 12 32
: 33 61 13
| » 13 I 15 : -0
Use a=0.05and x2 = 5.991 to test whether there is relationship berween fideiiy and

selectivity.
11. Define Hypothesis, and write down the steps involve in the test of sigmficance of
] difference of proportion. :

12.1n 1990, 5.8% job applicants who were tested for drugs failed the test. At the 0.05

significant level, the test claim that the failure rate is now lower if. a simple random
sample of 1520 current job applicants results in 58 failure. Does the result suggest that

fewer job applicants now use drugs?

13. Fit the regression line of yield of crop ('000 tones) on amount of rainfall {mm) and.
amount of fertilizers used (kg). Also estimate the yield of crop for the vear in which

rainfall is 13 mm and fertilizer used is 9 kg.
‘ Yield - - 4 ] 6 i ‘ 9 13

15
Rainfall L 6 3 12 15
Fertilizer 4 10 14 20 24 30

14. The following data gives the experience of machine operzators in years and their
erformance as given by the number of good parts turned out per 100 pieces.

i Experience (X) 10 i 5 12 },

PR VI 0 2 A
e e w w v e|nluls 5 |

Performance )

a) Fit the regression equation of performance rating on experience and estimate the
probable performance of an operator had 8 years experience.
b) Determine coefficient of determination and interpret it.
15. List Five Number summary and prepare the box plot for pumbers of guest registered each

o~ e v aloand Adoces
Of OV ranauuuy SE1ECica uay .

108 188 181 106 133 176 110
169 124 119 165 153 135

148 83 96 101 123

105
3 1 89 | 90 | 174 | 144

78 | 143 | 130 169 _
o1 | 168 | 103 | 116 | 106 07 1 179 | 113 | 172 | 120
179 | 183 m 87 120 | 154 159 | 103 | 139
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Wite down the significance of statistics in engineering. An experiment shows the height

of 51 plants given below. If average heights of all the 51 plants are 40 cm find the
missing frequencies corresponding to the height 30 and 50cm.
"Height (cm) [ 10 {20130 ] 40 | 50 | 60°},
" [No.ofplant [2 {3 |- |21|- |5 ’

What do you mean by mutually exclusive, exhaustive and complementary events?
Explain with examples. In a particular city, airport A handles 50% of all airlines traffic,
airport B handles 30% and airport C handles 20%. The detection rates for weapons at the
three airports are 0.9, 0.5 and 0.4 respectively. A passenger is randomly selected at one of
the airports. Then (i) what is the probability that he/she carrying a weapon? (ii) If he/she

is found to be carrying a weapon, what is the probability that airport A is being used?

Define probability density function? A continuous probability distribution of a variable x
is defined as f(x)=KX(1-X) for all 0 < X <. Compute (i) P(X 2 0.4) (i) P4 <X <%)

A fair dice was rolled until one gets a Six; find the expected number of toss required?

Define Negative Binomial distribution and explain characteristics. How does it differ
from binomial distribution? »

A typist made 2.6 mistakes per page on average; find the probability that in the page
typed by him, i) there is no mistake ii) at least two mistakes iii) at most 3 mistakes.

Define Gamma distribution, chief characteristics and write its applications.

Or, ‘
The breakdown voltage X of randomly chosen diode of 2 particular type is known to be
normally distributed with mean 40 and s.d. 1.5 volts. What is the probability that the
breakdown voltage will be (a) between 39 and 42 volts; (b) at most 43 volts; (c} at least

39 volts.

Define estimation? Write characteristics ¢f a good estimator? A sample of 409 students
taking Entrance for BE revealed an average score of 56. Consiruct a 95% as welil as 99%
confidence interval for population mean score if standard deviation of score of -all

students in known to beil.

A whole sale dealer wanted to buy a large quantity of iight bulbs from two brands Jabel A
and B. He bought 100 bulbs from each bulbs brand ard found by testing that brand A had
mean life time 1120 hours and standard deviation 75 hours and brand B had mean life
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9,

10.

11.

12.

13.

14.

15.

éime 1062 hours and standard deviation 82 hours. Find the 95% and 99% confidence
limits for the difference in the average life of bulbs from the two brands.

The following are the breaking strength of three different brands of cables.

Brand Breaking Strength™ ~ |~
“A |40]30]50}60{30} -
B [60]40}55{65] -
C |60|50]70]65]75140
Construct ANOVA table and test for the equality of the average breaking strength of
cables at a=5%.

In a recent survey 1,072 Engineers were classified according to their intelligence (GPA in
Bachelor) and economic conditions after graduation. Test whether there is any association
between intelligence and economic condition.

Economic Condition Intelligence in BE

after graduation Excellent | Good | Mediocre | Dull
Good 48 199 181 32
Not good 81 185 190 106

%2 value for 2 d.£=5.991

What is testing of bypothesis? Explain the procedure followed in testing of Significance
difference between two population proportion large sample?

A simple random sample of Household with TV set in use. Show that 1024 of them were
tuned to 60 minute while 3836 were tuned to some other show. Use 0.05 significant level
to test the claim of CBS executive that "60 minute get more than a 20 shave”, which mean
that more than 20% of set in use are tuned to 60 minute.

A sample of 10 values of three variables X1, X2 and X3 were obtained as
¥X=10 | 2Xp=20 £X3=30
TXJI=20 |2X/=68 | TX;'=170
] ZX]X{-"!O ZX;X3= 15 2X2X3=64
Find (i) Partial correlation between X, and X; eliminating the effect of X3 {ii) Multiple
correlation between X, Xz and X3 assuming Xj as dependent variable.

Differentiate between correlation and regression? From following data find the Karl
Pearsons coefficient correiation and interpret the resuii?

Marks in Statistics | 39165 | 62 90]82175125{98136178
Marks in Mathematics | 47 | 53 sg186/62|68]|60]91151{84

Following data reveals the sample of 22 pairs of observation (X,Y) drawn from large
population.

X 146161156 |68]58145]50}59 45166 57
vV 149 46143 {32126127]29]47 37130143
X 159166 62{57{57[45]50]61 55147151
Y 132127137124143149 48129 137(3226

i) Find the sample mean for each variable X and Y.

it) Which series is more consistent 2nd why?

iii) Find the standard error of the difference of mean.

iv) Find the coefficient of Karl Pearson correlation.
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions. ) : '
 The figures in the margin indicate Full Marks. . .

Necessary tables are attached herewith. .

Assume suitable data if necessary.

Define measures of central tendency and measures of variance. Followihg data gives the

distribution of marks of 50 students in statistics.
Marks more than | 10 | 20 {30 | 40 | 50 { 60 | 70

No. of students |50 [45{35[/20](10]4 |1
Compute median marks. Also compute minimum marks obtained by a pass candidate if
60% student pass in the test.

A problem in statistics is given to three students A, B and C whose chances of solving are
Y, ¥ and Y respectively. If all of them try independently, what is the probability that

a) at least one of them will solve it
b) none of them can solve it
¢) exactly two of them can solve it

Define binomial distribution and explain the condition for Binomial distribution.

If the probability that an individual suffers a bad reaction from a certain injection is
0.001, among 2000 individual _ :
2) obtain probability distribution function for suffering bad reaction

b) determine the probability that
(i) exactly 3 individuals will suffer bad reaction
(ii) more than 2, individuals will suffer bad reaction

The breakdown voltage x of randomly chosen diode of a particular type is known to be
normally " distributed with mean 40 and standard deviation 1.5 volts. What is the

probability that the breakdown voltage. Will be

a) Between 39 and 42 Volis
b) At most43 Volts -
c) At least 39 Volts

OR
The distribution function for a random variable x is
fx)=1-e>forx=0
=0forx<0

a) Find p(x>2)
b) Find mean and variance of the variable x.

(6]

(6]

[2+2]

[6]

{6]

. . s




6. Define discrete and continuous random variable. Also describe the pro'cedxire to compute
mean and variance for both variables. :

7. Define standard normal distribution. Write down its p! ities and importance of this
_ distribution.
8. A population consists of four number 2, 8, 14;50,
a) Write down all possible sample size of two without replacement.
b) Verify that the population mean is equal to the mean of the sample mean.
9. What are difference between point estimation and Interval estimation? Also discuss
differences between estimation and Hypothesis testing.

10. Define critical value. A manufacturer claimed that at least 95% of the water pumps
supplied to the ABC Company confirmed to specification. However, the product manager
at ABC Company wasn’t satisfied with the claim of the manufacturer hence to test the
claim, the manager examined a sample of 250 water pumps supplied last month and

(4]

4]

(6]

[3+3)

found that 228 water pumps 45 per the specification. Can you conclude that the .

production manager is right to doubt on the claim of the manufactures (o =0.01)

11. Three varieties of coal were analyzed by four chemists and the ash-content in the
varieties were found as follows:

. Chemists
Varieties 1121314
. A 8151517
. i B 7161414 .
C 316({514
Test whether the varieties differ_significantly in their ash-content? Test at 5% level of

significance.
[Fa.o=194, Foo =8-81).

12. Write the procedure of testing of Hypothesis for single proportion.

13. The following data gives the number of twists required to break a certain kind of forged
alloy bar and percentage of alloying element A present in the metal

Number of twists 21149169165 40505857131 36 |
Percentage of elements A T2 at15 1311211314113 12}

i v

a) Fit the regression equation of number of twists on percentage of element A.
Determine the predicted number of twists required break an alloy when percentage of
element i 20

b) Find 99% confidence interval for the regression coefficient.

14. The simple correlation coefficient between fertilizer (x1) seeds (x) and productivity (x3)
are 112 = 0.59, 137 0.46 are rj3 = 0.77 calculate the partial correlation coefficient 123 and

muitiple correlation Ry 23

(6]

(6]
(4]

(4]

(4]
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15. The samples of length of life of bulbs from two companies are given below.

| Length of life (hours) CX‘” oy
500600 0] 3

00700 | 21| 8

700-800- 6 115
800900 g 12

[T 900-1000 A 4
1000-1100 1015
1100-1200 2 115
12001300 | 12 | 13
13001400 | 19| 7
~1400-1500 9 |7
15001600 | 3 | 4
1600-1700 716
1700-1800 513

N —1800-1900 2] 2
1900-2000 113

a) Calculate mean length of life of bulbs fro company A and com

pany B

b) Calculate szmple standard deviation and sampl; variance for given data

¢) Which company is butbs are more uniform?

R

8]
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__ Appendices

Table A3: Chi-squared Distribution *

Upper-tail probability

x2 Chisquared -

Upper Tail Probabilities

0.99 0.975 0.95 0.05 0.025 0.01
df Values of Chi-squared
1 0.0002 0.0010 0.004 3.84 5.02 6.63
2 0.020 0.051 0.103 5.99 738 9.21
3 0.11 022 035 1.3 9.35 11.34
4 0.30 0.48 071 9.49 11.14 13.28
5 0.55 083 1.15 11.07 12.83 15.09
6 0.87 - 1.24 1.64 12.59 14.45 16.81
7 1.24 1.69 217 14.07 16.01 18.48
8 1.65 218 273 15.51 17.53 20.08
9 2.09 2.70 333 16.92 19.02 21.67
10 2.56 325 3.94 18.31 2048 23.21
11 3.05 3.82 457 19.68 . 2192 24.73
12 357 440 ~ 523 21.03 23.34 26.22
13 411 5.01 5.89 22.36 24.74 27.69
14 4.66 563 . 6.57 23.68 26.12 29.14
15 8.23 626 726 25.00 27.48 30.58
16 5.81 6.91 7.96 26.30 28.85 32.00
17 6.41 7.55 867 27:59 30.19 33.41
18 7.01 823 939 28.87 31,53 3431
13 763 8.¢1 10.12 3014 32.85 36.18
20 8.26 959 10.85 314 3417 37.57
21 8.90 10.28 11.59 - 3267 35.48 38.93
22 9.54 10.98 12.34 33.92 36.78 40.29
23 1020 11.69 13.09 3517 38.08 41.64
24 10.86 12.40 13.85 36.42 39.36 42.98
25 11.52 13142 14.61 37.65 40.65 44.31
26 12.20 13.84 15.38 38.89 41.92 45.64
27 12.88 14.57 16.15 40.11 43.19 46.96
28 13.56 15.31 16.93 4134 44.45 4828
239 14.26 16.05 17.71 42,56 45.72 49.59
30 © 1495 16.79 18.49 4377 46.98 50.89
35 18.51 20.57 22.47 49.80 53.20 57.34
40 22.16 2443 26.51 55.76 59.34 ~ 63.69
45 25.90 28.37 30.61 61.66 65.41 69.96
50 29.71 32.36 34.76 67.50 71.42 76.15
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1. What are measures of central tendencies? Write- favorable pomts of each of them
: Calculate appmxnmate measures of central tendency from following data; [1+2+3)
Wages in Rs/ week | Less than 35 35-37 ] 3840 41-43 | Over 43
No. of wage eamed 14 82 .| 9 . 718 7

2. From a group of 4 Engineers, 3 Doctors and 2 Statistician a sub—group of 3 has to be
- made, what is the probablhty that sub-group consists of . .

a) .One from each profcssron

b) Atleastoneengmccr . : : S L R S 4]

3. Define discrete probability dxstnbutmn Wlth suitable example. Compare Neganve

‘Bmomxal and Bmo:mal probability dxstnbutxons o y SRR i [3.;.3]

- - 4. Aq qLahty coirtrol engmecrs inspects a random sample of 3 battenes from each Iot of 24 -
“ " car batteries that is ready to shipment. If such'a lot contain six- battcnes vmh slxght
L defects ‘what is the probabxlm&s that the mspector’s sample wrll contam .

© o -a). None of the battenes with-defect E
“b) .Only ¢ one of the batteries with defect

f".;‘c) Atleasttwoofthebattenesmthdefect : Lo . '_[6]-3 o

S ;:Wnte fnajor characteristics of normal dlstnbuuon. Dnscuss relatxon between Nomal
L dlstnbutmn andStandard Normal dlstnbutxon CoTe e —

O I OR
: What arc Gamma and Chx-squared dmnbt.txons‘7 Spemfy relatlonslnp behneen 1hem

S 6 The life of an electnc lrght bulbs follows Normal dls'lnbutlon with’ mean 800 hours aml a-‘-- .
s standard devxatxon of 50 hours Fmd thc probabxllty that a bulb bums g '

- -'exponennally distributed with an' ‘average of 60 hours Fmd the probablllty that 2 semx-- ol
cbnductor w1ll a) still workmg after-90 bours = -7 i : = IR
B o b) fall thhm 120 hours f

e 7 A populatxon consxsts of ﬁve numbers 2 4,6 and 8

'_':'a) Enumemtc all p0551blc sample of size two without replacement : R
b) Show ‘that the mean of the sampling dlStIlbllthl‘l of samplc mean is equal to A

popu]anonmean : SR : R [4] :

_:‘Deﬁne exponennal dnstnbunon Suppose that the service -life. of a semxconductor 1sf A S




. c) A]so test for consrstency of score

8. State central limit theorem. A random sample of ‘size 100 is taken from an infinite
population with mean 75 and variance 256. Assert the chances of sample mean between
67 and 83.

9. Whatis type Ist error? Describe the procedure of the for dlfference of two Mean for largc

- sample.

' 10. Define chi-square distribution. A book contaxmng 500 pages, was thoroughly checked .

" The distribution of number of error page was given belowas -
Numberoferrors: | 0 | 1.]2 {3 [ 415
Number of pages: {275 | 138 {75 }7 ( 411

- Using chx-square test of goodness of fit,: venfy whether the amvals follow a porson

" distribution at 5% level of significance.

11. Define hypothesis. Describe the proceduro'of testing of hypothesis of significant
diffcrence between two population means for large samples}

OR

Describe the typés of error in Hypothesrs Testing. Write the procedure testmg of
Hypothcsrs of single proportion.

12. Write the Decision criteria in test of Hypothws with dragram
-13. In trying to evaluate the effectiveness of antrbrotrcs in lolhng bacteria, a rescarch institute -

comprled the foliowmg information . L
Antibiotics (mg) 12115114 | 16 [ 17 [ 10
Bacteria - - | 517 5617286 6.2

Fmd strength. and drrcctxon of relatronshrp between thtm

- 14. Differentiate between Correlation and rcgressron ana.lysxs

1 5. Followmg data Tevels.the scores of. sxxty candrdates of IOE entrance cxammanon |

5143] 40 ]78.57]4643]51.43 [ 50.71]
42145071 | 42.86.] 55 [71.43]|64.29
{52.86 | 42.14 [ 57.14 [ 45.71 [ 43.57 |- 40 |
144295571 ] 40 148574857 [49.29
(514347145429 45 |s357] 50| -~
149291 60 |48.57.450.71.J 15014929 .
147.14 [ 53.57 [ 5857 | 43.57 | 47.14 |'53.57 | .

- [4786147.14 |40 [43.57 {52861 47.86) =i T
. 1492914929 [42.86 [47.14]48.57 [ 50 ) .- i

T [47.4]50.71 [ 52.86 ~47 86 {4704} 70 -} o0
a) Estrmate average score of candrdat&s S AR
" 'b) Find unbiased estimator of true standard dev1 no

d sandard e of vergoseore

jul

(61

6

6]

(4]

O
W




22 TRIBHUVAN UNIVERSITY Exam.

INSTITUTE OF ENGINEERING Level BE Full Marks |-80 C
Examination Control Division | Programme gakgnBBx’ BCTY Pass Marks | 32 :
2074 Ashwin Year/Part {11/ " | Time~ 3 brs.

Sub]ect Probabxhty and Statxstxcs (SH602)

Cand:dat&s are required to give their answm in their own words as far as pracncablc
Attempt All questions. ,
The figures in the margin indicate Full Marks.

Necessary tables are attached herewith.

Assume sw'table data if necessary. _

<\\\<

‘1. What is Box plot and what does it mcasure" Explain the meaning of its dlﬁ‘@rentparts _
' with diagram. : '

A civil engineering monitors water quahty by measuring the amount of suspendcd sohds
in a sample of river water. Over 11 weekdays, he observed 14, 12, 21, 28, 30, 63, 29, 65,

55, 19, 20 suspended solids (parts per million).
Find the third quartile and interpret its meaning. f ‘ [3+3]

. 2. Write sown the difference between the sample space and sample pomts, dependent and
independent events. Um A contains 2 white 1 black and 3 red balls. Um-B contain 3

* white 2 black and 4 red balls. Um C contain 4 white 3 black and 2 red balls. One Um is
- choosen at random and 2 balls are drawn. They happen to be red and black What is the

L probability that both come from Um B.. %]
A 3. What are the characteristics of Binomial Dlstnbutxon and how do&s it dnffer from = - - .
: - Negative Binominal Distribution? : . - [4] i

4L A quality control engineer inspects a random sample of 4 batteries from each lot of 24car
batteries that is ready.to shipment. If such a Jot contain six- battenes wﬁh shght defects PR
. What are the probabilities that the inspector’s sample will contain. - SRR (1 B

i) . None of the batteries with defect? -
=iy At least two of the batteries ath defects? :
‘iii) At most three of the batteriés with defects? -

o I; - 5. The breakdown voltage X of a randomly chosen diode of a particular tyne is known to be |
' normally distributed with mean 40 volts and variance 2 25 vo]ts What is the probabxhty

- that thebreakdownvoltage wiltbe ™ . 7 o o - B8]
)" Between 39 and 42 volts SR ’ ’
i) Lessthan 44 volts , o SR
isi) More than 43 volts . . S : -

The daily consumption of electric power in 2 certain city follow a gamma distribution
with o = 2 and B = 3. If the power plant of this city has daily capacity of 12 million
kilowatt hours, what is the probability that this power supply will be madequate onany
ngen day?
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6. A college professor never finishes his lecture before the bell rings to end the period and

9.

always finishes his lectures within one minute after the bell rings. Let X = the time which
elapses between the bell and the end of the lecture. Suppose that the pdfofX is
f(x)=kx’,0<x<1

=0, otherise
i) Find the value of k . B
i) What is the probability that the lecture ends with % minute of the bell ringing?

-

iil) What is the probability that the lecture continues beyond the bell for between 15 and
- 30 seconds? . : ' : :

50batches are independently prepared, what is the p;obabiliiy that th;"Sample average
amount of impurity is between 3.5 and 3.8 gm? o S

Define population. Sample parameter and statistic with suitable examples. A populéﬁoh..
consists of 3,7,11,15. Consider al! possible samples of size two which can be drawn’

without replacement from this population. Find population mean and Standard error’ of

What are the two regression coefficients and what do they represent when these two will
be same? Write any three properties of regression coefficient.

10. A sample of 8 values of three variables Xj, X2 and X; were obiai tas.

T X, =360 Xy =64 I X3=48
TXI=17172_ | =X =546 T X2=320 -
1%, X1=2845 X X3=2269 ZX)‘X3=396'.

Find: .
i) Partial correlation between X; and X3 eliminé’(ing the effect of Xz
ii) Multiple correlation between X, X2 and X3 assuming X3 as c_lependcm

11. Discuss difference between estimation and hypothesis test of significance of population

[663 | 43.5 ;649 |619 Te43 [647 [65.1 [645 684 [63.2 |
Find 99% confidence interval for true hardness of magnesium ailoy. T

12. An examination was given to 50 students at college A and 60 students at college B. ‘At a

. mean grade v22.75 with standard deviation of 9. At B mean grad»-was 79 with a standard

deviation of 7. Is these significant difference between the performance of students at A
and those at B, given that a = 0.057 ’

E OR
Three randomly selected groups of chickens are fed on three different diets. Each group

consists of five chickens. Their weight gains during a specified period of time are as
follows: '

Diet1 4 14 |7 17 |8
Dietil |3 |4 |5 16 |7
Dietlll |6 17 |7 {7 |8

Test the hypothesis that mean gains of weight due to the three diets are equal.

5]

‘Define Central Limit Theorem. The amount of impurity in.a batch of:;\ certain chexmcal
product is a random variable with mean value 4.0 gm and standard deviation 1.5 gm. If

(51

(6}

(3]
31

15

(6}
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DN N NN

. Describe the various measures of central tendency and its application. The following table

represents the marks of 100 students. _ ' (6]
Marks 0-20 [20-40 |40-60 |60-80 | 80-100
No. of students | 14 18 27 26 15

Find the mean, median and standard deviation of all 100 students.

2. Explain Baye's theorem. A chain of video stores sells three different brands of DVD
© players; Of its DVD players sales, 50% are brand 1 (the least expensive), 30% are brand
2, and 20% are brand 3. Each manufacturer offers a 1-year warranty on parts and labor. It
is known that 25% of brand 1's DVD players require warranty repair work, where as the
corresponding percentages for brands 2 and 3 are 20% and 10%, respectively. ’ [2+4]

a) What is the probability that a randomly selected purchaser has bought a brand 1 DVD .
players that will need repair while under warranty? :
b) What is the probability that a randomly selected purchaser has a DVD player that will
need repair while under warranty? '
3. Define negative binomial distribution with its important characteristics. - 51
4. If a publisher of nontechnical books takes great pains to ensure that its books are free of 4
typographical errors, so that the probability of any given page containing at least one such
error is 0.005 and errors are independent from page to page, what is the probability that
one of its 400-page novels will contain. [5]

S
.

a) Exactly one page with errors?
b) Atmost three pages with errors?

5. In a certain examination test 2000 students appeared in Statistics. The average marks | .
obtained were 50% and the standard deviation was 5%. How many students do you i
expect to obtain more than 60% marks? What are the minimum marks of the top 100 i
students? Assume that the marks are normally distributed. (5]

OR ‘ .
The daily consumption of water in a certain place follow a gamma distribution with
parameters o =2 and § = 3. If the daily capacity of this city is 9 million gallon of water,
what is the probability that on any given day the water supply is inadequate?

6. The distribution function of a random variable x is [5]
F(x)=1-¢2 for x>0
=0 for x<0

a) Find P(x>2)
b) Find mean and variance of the variable x.




What do you mean by central limit-theorem and discuss its applications.

8. An electrical firm manufactures light bulbs that have a length of life that is approximately
normally distributed with mean equal to 800 hours and standard deviation of 40 hours.
Find the probability that a random sample of 16 bulbs will have an average life of (a) less
than 850 hours (b) between 750 to 500.

9. Define partial and multiple conelation-v}ith suitable examples. Write down the properties
of pertial and multiple correlation. "

10. Raw material used in the production of a synthetic fiber is stored in a place which has no

humidity control. Measurements of the relative bumidity in the storage place and -

moisture content of sample of the raw material (both in percentage) on 12 days yielded
the following results:

Humidity, X 22 135 50 [43 [48 [62 |31 [36 |44 39 |55 {48

Moisture content, Y {12 |8 19 |11 {16 |7 |9 12 {10 {13 11

Verify that it is reasonable to fit a straight line. Fit the straight by the method of least
squares. :

11. Describe the procedure of the test of significance for difference of two properties for
large sample.

12. Six sample of each of four types of cereal grain grown in a ceriain region were analyzed
to determine thiamin content, resulting in the following data (mg/g):

Wheat |52 |45 [60 |61 |67 |58
Barley |65 {80 61 |75 59 |56
Maize |58 |47 |64 |49 |60 152
Oats 83 |61 |78 |70 |55 7.2

Does this data suggest that at least one of the grains differ with respect to true average
thiamin content? Use 0.05 level of significance. ’

OR

A liquid dietary product implies in its advertising that use of the product for one month
results in an average weight loss of at least 3 pounds. Eight subjects use the product for
one month, and the resulting weight loss data are reported below. Do the data support the
claim of the producer of the dietary product with the probability of a type I error set to
0.05?

-| Subjects 1 2 3 4 5 6 7 8

Weight () | 165 1201 [195 1108 1155 |143 1150 1187

Weight (Ib) | 161 | 195 192 |193 {150 |[141 {146 |[183

13. From the following data can you conclude that there is association between the purchase
of brand and geographical region?

- Region
Central | Eastem | Westem
Purchase brand 40 55 45
Do not purchase brand | 60 45 55

. }
Use 5% level of significance.

14. Two different areas of a city are being considered as sites for day-care centers. Of 200
" honseholds surveys in one section, the proportion in which the mother worked full-time
was 0.52. in another section, 40% of 150 households surveyed had mothers at full time
jobs. At 0.05 level of significance, is there a significant difference in the proportion of
working mothers in the two areas of the city?

[l
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In two companies A and B engaged in similar type of industry, the average weekly wage

b
.

_ and standard deviation are glven below ‘ _ 6]
Company A | Company B .
Average weekly wage (Rs) | 460 490
Standard deviation 50 40
No. of wage earners . 100 80

i) Which company pays larger amount as weekly wags?
ii) Which company show greater variability in the distribution weekly wages‘?
iii)What is the mean and standard deviation of all the workers in two companies taken

together?

2. State the law multiplication of probability. An Electronics company has an engineering
position open. The Probability that an applicant is capable is 0.7. Each applicant is given
written test and oral examination. A capable applicant passes with Probability 0.9 while
an incapable applicant passes with Probability of 0.4. Find (a) the probability that an
applicant passes the test (b) the probability that the applicant is. capable given he/she
‘passes the test. ' ) [61.

3. Define negative Binominal Distribution. If a boy is throwing stone at a target what is the
probability that his 10® throw is his 5™ hit, if the probability of hitting the target at any '
trial is 0.6. Also find the mean and variance of random variable. (51

4. Define hypergeometric probability distribution with an example. Describe the conditions

for the binomial approximation to hypergeometric distribution? - [51
5. Let X denote the amount of time for which a book on two hour reserve at a college library

is checked out by a randomly selected student and suppose that X has density function, (5]

f(x)=1/2x, 0<x<2 )

=0 otherwise

Calculate P(X <1) and P(0.5<X<1.5)

6. Define continuous random variable with suitable example. Describe the properties of

probability density function and distribution function. , [5]

7. State Central limit theorem with an example. Explain why it is xmportant in engineering
field? : . - [5]
" 8. A population consists of the four number 2,8,14, 20 [5]

i) Write down all possible sample size of two without replacement
i) Verify that the population mean is equal to the mean of the sample mean
ii1) Calculate the standard error of the sampling distribution of the sample mean

9. Define Karl Person coefficient of Correlation and coefficient of determination. What it is
input in analysis. : [5]
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10. A house survey on monthly expenditure on food yield following data:

Monthly ex diture (100 Rs.) | 10 15 120 [25 |30 |35 40

Monthly income 1000 Rs. 2 4 5 7 6 6 5

Size of the family |4 15 7 10 |8 11 |4

Obtam the multiple correlation coefficient.

1L There was a research on voliage supply by Ba Hries supplied by two companies. Both--

company claims that same. But researcher suspects that there is significance difference
between mean voltages between two companies. To test this, she selected independent

samples from both company and in lab test the result were as follows:

Company A |13 359V |03V

Company B_| 10 3.15V |04V

Mean | Sample Standard deviation:‘

Test the researcher suspect was correct at 5% level of significance.

12. Shyam and Co. produces three varieties of certain product: deluxe, find and ordinary. A
recent market survey is conducted for preference of products. The preference was found

as follow:
Product Production
Deluxe 15 114 |19 |1 8
Fine 17 112 120 | 16
Ordinary 16 118 [16 |17

Is there a significant difference in the preference of products test it using ANOVA test.

Use o =5%
OR.

The following are the average weekly losses of worker hours due to accidents in 10
industrial plan before and after a certain safety program was put into operation:

Before | 45 124 133 |57 |83 |34 |26

17

Afer 136 |60 (44 [119 |35 |51 77 29 |24

11

Use the 0.05 level of significance to test whether the safety program is effective.

13. Define critical value. A manufacturer claimed that at least 95% of

the water -pumps

supplied to the ABC Company confirmed to specification. However, the product manager
at ABC Company wasn't satisfied with the claim of the manufacturer. Hence, to test the
claim, the manager examined a sample of 250 water pumps supplied last' month and
found that 228 water pumps as per the specification. Can you conclude that the
production manager is right to doubt on the claim of the manufactures? (0=0.01)

14. Describe the Hypothesis testing procedure of Chi-square test of independence for

2x2 table.

administration of 2 certain anesthetic.

T (214 |8 17 [ 18 [5]
s 1 |1 |13 [10 |4
a5 > |8 17 1713 42 13
3 |13 |1 |7 |V 3 |4 |5 |5
311 |17 10 14 7 17 111 18 4

a) Find sample mean, sample variance and sample standard deviation

15. The following table shows the number of hours 45 hospital patients slept following the

b) Compare a value that measures the amount of variability relative to the value of mean

*% %

5]

]

3

Bl

]
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" 4. Tn certain factory ,
_ be defective. The lenses are supplied in packets of 10 each. What is the probability thata- "
packet will contain I ST -
i) No defective Jeos
ii) ‘At least one defective lenses
jii) At most two defective lenses
’ OR .
Define mathematical expectation of ‘a discrete random vasriable. A probability
distribution is given. .
: X=x 0 1 2 3 4 5
pX=x) |026 }0.25 0.11 1 0.02 025.(0.11"
Find (3) P(X 2 4); (b) p(0 < X <4); () mean and variance of X
5. Define standard normal distribution. Give the condition for normal approximation of
Poisson distribution. S o i51
6. The mean inside diameter of a sample of 200 washers produced by a machine is 0.502 cm
and the standard deviation as 0.005 cm. The purpose for these washers are interned allows
a maximum tolerance in the diameter of 0.496 to 0.508 cm, otherwise the washers are
considered defective. Determine the percentage of defective washers produced by the - )
machine. Assume the diameter is ncrmally distributed. . I (511
7. What do you mean by ‘sampling distribution of 2 sample mean and its Standard Error? .

' these three different suppliers, 60%

. Write t‘he.‘ dxﬁemnces -and
Distribution. Lo

22 TRIBHUVAN UNIVERSITY Exam, = S
- INSTITUTE OF ENGINEERING .~ {Level _ }BE______|FulMarks |80 |
Examination Control Division | programme gEk’;EX’ BCT, pass Marks |32 |
2072 Chaitra  [Year/Pat |W/1 | Time 3 hrs.
" Subject: - Probability and Statistics (SH602)
¥ Candidates are required to give thenanswers in their own words as far as précticable.

v Attempt Allquestions, ol o T :

" The figires in the margin indicate Full Marks.. . -

© v Necess ""tcblga‘dre-a(t@z‘c)’z’c&ke owith,. = .

¥ Assume suitable data if necessary.. —

L What arethedxﬁ'erences betweenmeasuresof _éhﬁélftehdency.aan&- measurcs 'of‘ : C
dispersion? The mean and standard. deviation of 20 tems is found to'be 10 and 2 . .
‘respectively. At the time of checking it was found that one iterh 8 was incorrect. Calculate .

.. themean and standard deviation if; (i) the wrong item is omitted (ii) it isreplaced by 12.  [6]

2. peﬁne'condi'ﬁonal'probabjlity:_'An-a‘ssemb}y plant receives its voltage regulators from ‘
‘ from supplier A, 30% from supplier B, and 10% form .. =

supplier C. It is also known that 95% of voltage regulators from A, 80% of these from B,

- "and 65% these from C perform according fo specifications. What is the probability that- ° - - -; [6] ;

. ) Aﬂybné voltage- re'gulat'or; received by the plant: will perform “according to
. specifications © . R T
iiy Avoltage regulator that perform according to specification came from B

similaities between- Binomial  and -Negative Binomial - .

turning out optical lenses, there is a small change, 1/500 for any lens to

Explains with example. What would be the variance of sampling distribution of mean, if

samiple is taken from finite population? ‘ o [51

8
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" deviation of 3 months. Assuming the data to be normally distributed by using Central

- Limit Theorem what percentage of battery ce_lls expected to have Average life?
i) Morethan 15 montbs (i) Less than 9 months :

© 9. Define partial and multiple correlations with examples. Write down the properties of
. partial and multiple correlation. - L ‘ S

- steel and il viscosity- Representative data follow,

- yolume (10 cubic. millimeters). , A o :
o ra (o [ 175 B
205 1330} -

.. . i) Fitthe sample linear reéression model using Jeast
] Predict fretting wear when viscosity X = 30 o
1. ‘Describe the procedure of the test of signiﬁcahce for difference of two populztién mean

_'fo;'largesarnplga'." L 3 : .
12. Ten objects were chosen at random’ from the large population and
- found to bem grams 63, 63, 64, 65, 66, 69, 65, 66.1, 64.5. In the light of above data,
. discuss the suggestion that the mean weight in the populatioz;‘is 65 gm. Use 0. = 0.05.

. "'13'.'D."e.fme chi-square dis'tributioﬁ.-Fréin the following data can you conclude ‘that there is”
.~ association between t_be.purchase; of brand and geographical region? (Use 5% level of

" significance). .

4. In a"pos!al'sﬁrvéy of 500 househol , 330 said that they thought they We'r_e“b_eiﬁg"‘

overcharged for the public services within their area. - - A
i) Calculate an approximate 99% confidence interval for the populaticn proportion, p, of
households who thought they were being overcharged for public services within their

area. - ,
ii) Estimate the size of sample required to estimate the value of p to be within 99%

confidence limits of £0.025.
15. Foilowing dat? gives the sample records of number of passenger take ticket at the counter

of Bus during oné hour period.

621 57| 25] 45 23| 37
1~ 2ol 63! 36426

T 43| 53 - 3645

58

w
o

3
]

S

AR

. 35! 38| 30
| 58| 42} - 62| 52 651 s8] St
I TS| 2| 47] 59

Find the :
- b Sample mean of Nurrber of pessenger i
.5 Samnle Standard ceviation and Ceeificient cf variation.
fi.- Standard error of the sample mean. . .
L Find the 95% and.99% @;onﬁdehce fimit of sample mean

o wear fVoL.152, 1992, PP- 171-181) presents data o the ~ffg&mg"wéé ofmid
with x = oil vi;cosity a‘:idy.—; weat - L

o

their weights were’ - ’

- “. ‘g Define the Central Limit Theorem: A sample of 100 mobile battéry cells tgstqd'td ﬁnd ' R
the length of life produced the following results as mean 13 months and standard -

(5]
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Candidates are required to give their answers in théir own words as far as practicable.
Attempt All questions. - : T '
The figures in the margin indicate Full Marks.

Necessary tables are attached herewith.

Assume suitable data if necessary.

following data of marks of students as:_ .
Marks - 10-20 | 20-30 *30-40 | 40-50 | 50-60

No. of students 2 6 22 13 7
State the law of addition of probability. In a training, the 70% of persons achieved a

rating of Satisfactory. Of those as rated as Satisfactory, 80% had Acceptable Scores on
the personality test. Of those rated as Unsatisfactory, 35% had Acceptable Scores. Find

the probability that an applicant would be a Satisfactory trainee given the Acceptable .

scores on personality test. - . :
Define Negative binomial distribution with its important characteristics.
A particulérly long traffic light on your moming commute is green 20% of the time that

you approach'it. Assume that each moming represents as independent trial.

.of regression coefficient.
Define Central Limit Theorem. An electronics company manufactures resistors that have
~ a mean resistance of 100 ohms and a standard deviation of 10 ohms. The distribution of -
- resistance is normal. Find the probability that a random sample of 25 resistors will have .-
an average resistance less than 95 ohms. o ' ' : C

i) Over ﬁveﬁ»mornings’, what is the probability that the light is green on exactly one day?
if) Over 20 mornings, what is the probability that the light is green on exactly four days?

The distribution function for a random variable X is

F(x)=1-¢™ forx20
=0  forx<0
i) Find P(X>2) :
ii) Find mean and variance of the variable X.
Define Standard Normal Distribution with their respective probability density function
and describe its properties. .
An article in Wear (Vol.152, 1992, pp.171-181) presents data on the fretting wear of mild

steel and oil viscosity. Representative data follow, with x = oil viscosity and y = wear

volume (104 cubic millimeters). .
y [240 | 181 } 193 | 155 | 172 110 [ 113 1 75 | 94
x 1 16 | 94 | 155200220 | 355 | 43.0 | 40.5 | 330

i) Fit the simpie linear regression modeli using least

' ii) Predict fretting wear when viscosity X = 30

What are the two regression coefficients and what do they represent? Write the properties -

What is absolute and relative Measure of Dispersion? Construct a Box plot from the ' ‘

[1+5]

2+
(5] :
517

51

151

[3}

0]




10. Deﬁné standard error of sample mean A populatidn consist of the four numbers 12, 19,

13, 16. . S - Bl
i) - Write down all possible sample size of two without replacement.
ii) Find standard error of the sample mean. o

T11. Describe the procedure of the test of sign_jﬁcanée for difference of two boﬁulaﬁon mean —
A for large sample. ‘ .

12. In the investigation of a citizens' committee complaint about the availability of fire
protection within the country, the distance in miles to the nearest fire station was
measured for each of five randomly selected residences in each of four areas. - 5

Aral | 715151618 ' ' ’ .
Area2 | 11431415
Arca3 | 7191817138
| Area4 4{6|3(715

Do these data provide sufficient evidence to indicate a difference in mean distance for the
four areas at the = 0.05 level of significance? A R

OR .
The diameter of steel rods ‘manufactured on two different extrusion machines is being
investigated. Two random samples of sizes m = 15-and ny = 17 are selected, and the
sample means and sample variances are X, = 8.73,5,” =0.35,%, =8.68, and s,” =040,
respectively. Assume that o = o,” and that the data are drawn from a normal
distribution. Is there evidence t0 support the claim that the two machines produce rods.
with different mean diameters? Use a=0.05 in arriving at this conclusion. '

15]

13. A random sample of 500 adult residents' of Maricopa County found that 385 were in
favor of increasing the highway speed limit to 75 mph, while another sample of 400 adult
residents of Pima County found that 267 were in favor of the increased speed limit.

Construct 95% confidence interval on the difference in the two proportions. [5]
14. Define chi-square distribution. From the following data can you conclude that there is
association between the purchase of brand and geographical region? (5]
Region 1
Central | Eastern | Western
& Purchase brand 40 55 45
[ Do not purchase brand_} 60 45 55

Use 5% level of significance.

15. The following table shows the number of hours 45 hospital patients slept following the
administration of a certain anesthetic. » ‘ (8]

71101214 8171318 5 ]
(1213811 11131014
Ca T s 15 8 7 71325
!,_s ! 311 (7 17131415153
173 | 1 |17 (10 4 (7| 7 | di]8]

i) Find sample mean, sample variance and sample standard deviation.
ii) Compute a value that measures the amount of variability relative to the value of mean.

K%k
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Attempt All questions. '
The figures in the margin indicate Full Marks.
Necessary tables are attached herewith.
Assume suitable data if necessary.

Two different sections of a statistics class take the same quiz and the scores arc recorded

below:

a) Find the range and standard deviation for each section

b) What do the range values lead you to conclude about the variation in the two sections?

c) Why is the range misleading in this case?

d) What do the standard deviation values lead you to conclude abom the vanatxon in two
sections?

Section] | 1120 20 |20 {20 20 2020|204 2020

Section2 | 2 | 3 415 6 (1415|1617 {1819

Define dependent and independent events with suitable examples. The—independent
probabilities that the three sections of a costing department will encounter a computer error

- [6] .

are 0.2, 0.3.and 0.1 per week respectively. What is the probability that there would be: [6]

i)- - At-least one computer error per week
i) One and only one computer error per week -

Write the differences and s:mlantxes bctween Binominal and Negatxve Binominal

Distribution. : —. B3] '

A quality control engineer inspects a random sample of 4 batteries from each lot of 24 car
batteries that is ready to shipment. 1f such a lot contain six batteries with slight defects. What

are the probabilities that the mspcctor's sample will contain: _ [5]

i) None of the batteries with defect?
ii) . At least two of the batteries with defects?
iii) At most three of the batteries with defect?

A random variable X has the following probability density function as- ' (5]

f(x)- kx*(4-x)%,0<x <1
0, otherwxsc
'Find the value of k, using this value of k find mean and variance of distribution.

The breakdown voltage X ofa random-ly chosen diode of a particular type is known to be
normally distributed with mean 40 volts and variance 2.25 volts. What is the probability that

the breakdown voltage will be: (5]

i) Between 39 and 42 volts

ii) Less than 44 volts

iii) More than 43 volts

The daily consumption of electric power in a certain city follow a gamma distribution with
=2 and B = 3. If the power plant of this city has daily capacity of 12 million kilowatt

hours, what is the probability that this power supply will be inadequate on.any given day?




7.

-deviation of 4 hours. Find the probability that a random sample of 16 bulbs will have an

10.

2.

State central limit theorem. An electrical firm rr}afmfactures light bulbs that have a length of
life that is approximately normally distributed with mean equal to 800 hours and standard

average life of less than 12775 hours.

[5)

What do you mean by sampling distribution of a sample mean and its standard Error? ‘What
would be the variance of sampling distribution of mean if sample is taken from finite

population? = ‘ - o » [3+1]
Define partial and multiple correlation with suitable examples. Write down the properties of
partial and multiple correlation. (51
The following data gives the number of twists required to break a certain kind of forged alloy
bar and percentage of alloying element A present in the metal. 51
Number of twists a1 |49 [69 |65 |40 | SO |58 {57 |31 |36
Percentageof element A ] 10 |12 | 14 15 |13 J12 |13 §i14 |13 |12

1) Fit the regression equation of number of twists on percentage of element A. Determine
the predicted number of twists required to break an alloy when percentage of element

is.20. o
ii) Find 99% confidence interval for the regression coefficient (i.e.slope)

_In a certain factory, there are two independent processes.manufacturing the same item. The

average weight in a sample of 250 items produced from one process is found to be 120 gram
with a standard deviation of 12 gram, while_the corresponding figures in a sample of 400
items from the other process are 124 and 14 respectively. Test whether the two mean weights

differ significantly or not at 5 percent level of significance. [51
Three trained operators work on production of new _product. The productivity of the
operators are recorded as below: (5]
Operators Production ‘
1 10| 12 | 14 {16
2 12 {1 {3716
3 14§15 {12111

Using ANOVA test whether the difference in average productivity due to the difference in
operators are significant. Use a = 5% :

OR

Define confidence level and significance level. A company claims that its light-bulbs-are

superior to those of its main competitor. If o study showed that asample cf 40 ofitsbulbs has
mean lifetime of 647 hours of continuous use with standard deviation of 27 hour. While a
sample of 40 bulbs made by its main competitor had mean lifetime of 638 hours of
continuous use with standard deviation of 31 hours. Does this substantiate claim at 1% level

of significance?

_Write down the steps for testing hypothesis on -difference between two population
propertions for the large sample size. (5]
1072 students were classified according to their intelligence and economic conditions. Test ~
whether there is any association between intelligence and economic condition. (6]
Economic Condition Intelligence '
i _Excellent | Good | Mediocre Dull
Good 48 199 | 181 82

Not good : ‘ 81 185 190 | 106




ot

3
15. The sample of length of life of bulbs from two companies are given below: - : (8]
' Length of life (hours) | Company
' Al B

500600 [ 10| 3

600-700 21| 8

700-800 6 |15

800-900 8 |12

900-1000 21 | 4
1000-1100 0[5

1100-1200 2 ]1s

1200-1300 1213

1300-1400 19| 7

1400-1500 {97

1500-1600 31 4

1600-1700 . 716

1700-1800 5|3

1800-1900 4 | 2

1900-2000 1 3]

i) Calculate mean length of life of bulbs for company A and company B.
itf) Calculate sample standard deviation and sample variance for given data.

i1i). Which company's bulbs are more uniform?
L2 23
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v" Candidates are required to give their answers in their own words as far as practicable.

v Attempt All questions. .

v’ The figures in.the margin indicate Full Marks.

v" Necessary tables are attached herewith.

¥ Assume suitable data if necessary.

1. Write difference between measure of central tendency and measure of dispersion and
their importance. The following table represents the marks of 100 students. [6]

Marks 0-20 | 20-40 | 40-60 | 60-80 | 80-100
No.of Students | 14 | ? 27 ? 15

If the mode value is 58, find the missing frequencies and the mean of all 100 students.

2. Define multiplication law of probability for dependent and independent events with
suitable examples. The independent probabilities that the three sections of a costmg
department will encounter a computer error 0.2, 0.3 and 0.1 per week respectively. What
is the probability that there would be: [61
i) At least one computer error per week?

ii) One and only one computer error per week?

3. Define Negative binomial distribution with an example. How does the negative binomial :
distribution differ from binomial distribution? : [2+3)

4. A heavy machinery manufacturer has 3840 large generators in the field that are under
warranty. If the probability is 1/1200 that any one will fail during the given year, find the
probability: [5]
1) That exactly 3 generators will fail during the given year?
it) That between 2 and 6 are fail during the given year?

5. Define the standard normal distribution. Give the condition for normal approximation of
Poisson distribution. [2+3]

6. The breakdown voltage X of a randomly chosen diode of a particular type is known to be
normally distributed with mean 40 volts and variance 2.25 volts. What is the p*obabthty
that the breakdown voltage will be: [5]
1} Between 39 and 42 volis
ii) Between 40 and 43 volts
iii) Less than 44 volts

OR
A probability density function is given by f{x)=Ax (6-x)* for0<x < 6
i) Find the value of A )
ii) Find the mean and variance of this distribution

7. Define sampling distribution of proportion with example. [4]

8. The monthly income of a particular group of retailer’s follows a normal distribution with
mean Rs.21,000.00 and standard deviation of Rs.9,487.00. A randem sample of size 10
retailers was taken and the mean income is calculated. Find the probabnht) that this
sample lies between Rs.18,000.00 and Rs.27,000.00. [61

S. Define partial correlation and multiple correlations with suitable cxamples Write down
properties of partial and multiple correlations. , {51

10. The following data gives the number of twists required to break a certain kind of forced

I51

alloy bar and percentage of ‘alloying element A present in the metal.

{ Number of twists 41 149 |69 {65

40 |50 158 157 [31 |36 |

[ Percentage of elementA |10 [12 |14 |15 |13 |12 |13

14 |13 |12

i) Fit the regression equation of number of twists on percentage of element A.
Determine the predicted number of twist required to break an alioy when per cemagn

of element is 20.



11. The mean weight loss of n= 16 grihding balls after a certain length of time in mill shury
is 3.42 grams with a standard deviation of 0.68 gram. Construct 2 99% confidence
interval for the true mean weight loss of such grinding balls under the stated conditions.

3 hrs.
12. Four trained operators works on production of new product. The productivity of the
operators are recorded as below: - .
Operators | . -Production
1 101214 | 16
2 12111113116
3 14 115] 12} 11
4 i6 11017117
Using ANOVA, test whether the difference in average productivity due to the difference
: in operators are significant. Use &= 5%
OR

The following are the average weekly losses of worker hours due to accidents in 10
industrial plants before and after 2 certain safety program was put into operation:

Before | 45 | 73 | 46 ] 124 {33 | 57 | 83 | 34 | 26 | 17
After | 36 | 60 | 44 { 119 |35 {51 | 77 | 29 | 24 | 11
Use the 0.05 level of significance to test whether the safety program is effective.

13. Define confidence level and significance level. A manufacturer claimed that at least 95%
of the cables supplied to the ABC Company confirmed to specifications. However, the

production manager at ABC Company wasn’t satisfied with the claim of the,

manufacturer. Hence, to test the claim, the manager examined a sample of 250 cables
supplied last month and found that 228 cables as per the specifications. Can you conclude
that the production manager is right to doubt on the claim of the manufacturer? (a=0.01)

14. Define chi-square distribution. A book containing 500 pages‘was thoroughly checked. .

The distribution of number of error page was given below as:

Number of errors 0 1 2 1314
Numberofpages | 275 { 138 | 75 {7 {4 | 1

Using chi-square test of goodness of fit, verify whether the arrivals -follow a Poisson
distribution at 5% level of significance. -

15. The sample of length of life of bulbs from two companies are given below:

Length of Life (hours) | Company

A | B
500-600 1043
600-700 21 | 8
700-800 6 | 15
800-900 8§ | 12
900-10G60 21 | 4
1000-1100 10 | 5
1100-1200 2 115
1200-1300 12 113
1300-1400 191 7
1460-1500 5 7
1500-1600 3 4
1600-1700 7 6
1700-1800 5 (-3
-1800-1900 4 2
1900-2000 1 3

i) Calculate mean length of life of bulbs for Company A and Comp‘any B.
ii) Calculate sample standard deviation and sample variance for given data.
i) Which Company’s bulbs are more uniform?

5

(4]

[6]

(3]

(3]

(8]

o
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_.ii) Compute P(1 <x<2)

2
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Calculate the standard deviation from the following data regarding marks obtained by
students in a test: :

Marks: 1 2 3 4 5 6 7 g8 9
No. of Students 32 | 41 | 57 ] 98 | 123 83 1 46 | 17} 3

[3+3]

s RO L s A A
of standard deviation if the marks obtained by each of the students’ = - R

are increased by one?
State Baye’s theorem. A manufacturer of air-conditioning umits purchases 70% of its

thermostats from company A, 20% from company B and the rest from company C. Past

experience shows that 0.5% of company A’s thermostats, 1% of company B’s thermostats

and 1.5% of company C’s thermostats are likely to be defective. An air-conditioning unit

randomly selected from this manufacturer’s production line was found to have a defective . :
thermostat. Find the probability that company A supplied the defective thermostat. e [244] S
Write the differences and similarities between Binomial probability Distribution :and - el
Negative Binomial Probability distribution. T [243)

The number of accident in 4 yéar attributes to taxi drivers in a city follows Poisson
distribution with mean 3. Out of 1000 taxi driver, find the approximately the numbet of
driver with: -

i) No accidents in a year ,

il) More than 3 accident in a year
Define normal distribution. Give the
distribution and Poisson distribution.

(51

e
=

condition for normal approximation of Binomial

(6]

“The time required to assemble a piece of machinery is a random varizble having
-approximately a'normal disfribution with mean 12.9 minutes and standard deviation of 2
minutes. What are the probabilities that the assembly of a piece of machinery of this kind. - e

will take (a) at least 11.5 minutes (b) between 11.0 to 14.8 minutes? ' _ 4]

. o S OR
The probability density function given by o
f(x)=cx’,0<x<3 . '

0, Otherwise
i) Find the value constant C?
ii) Find the distribution fanction
What do mean by central Timit theorem? Write its applicatidns. ' 4]
electric bulb may be considered a random vadiable

The lifetime of a certain brand of an

with meaa 1200 hours and sraridard deviatien 150 hours. Using central limit theorem, find

the probability that the samplé mean of the lifetime with a sample of size 34, is between
: [2+4]
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9. Define pactial correlation and maultiple correlations with suitable examples. Write two

properties of each.

10. Observation on the yield of a chemical reaction. taken at various temperatures was

recorded as follows:

- TX(C) 1150 150

206 1250 250 {300 |150

Y% [754 |8l

2 |85

5 |89 905 [96.7 [754

Fit a simple linear regression apd
i1. An ana!ysis for pH (acidity) in an random sample of wafer from 40 rainfalls sh()wedmthai .

mean is 6.7 and s.d. is 0.5. Find a 99% coufidence interval for the mean pH in rainfalls.

estimate value of yield at 200°C.

12. As a part of investigation of the collapse of the roof of a building, a testing laboratory is

given all the available bolts that connected the steel structure at three different positions -

on the roof. The forces required to shear each of these bolts (coded values) are as follows:

l Position 1 90, 82, 79, 98, 83, 91
Position 2. 105, 89, 93, 104, 89, 95, 86
| Position3 . 83, 89, 8094 _

. Performan ANOVA to test at the 0.05 level of significance whether the difference among
the sample means at the three positions are significant.

OR

The following are the average weekly losses of worker-hours due to accidents in 10
_industrial plants before and after a certain safety program was put into operation:

45 and 36, 73 and 60, 46 and 44, 124 and 119, 33 and ‘35, 57 and 51, 83 and 77,
34 and 29, 26 and 24, 17 and 11. Use tie 0.05 level of significance to test whether the

safety program is effective.

13. The results of polls conducted two weeks and four weeks before an election are shown in’

the following table:

‘ Undecided

Two weeks Four weeks
wefore election before election
For republican candidate 79 - 91
For democratic candidate 84 66
37 43

Use the 0.05 tevel of significance to test whether there has been change in opinion during

~11

the 2 weeks betwegii Lie poss.

14. A manufacturer 0f submersible p
within the first S years of operation.

umps claims that at most 30% of the pumps require
If a random sample of 120 of these pumps includes

47 which required repairs within the first 5 years, test the null hypothesis p = 0.30 against
the alternative hypothesis P> 0.30 at the 0.05 level of significance. '

15. The following data are the ages (in months) at which n = 50 children were first enrolled in

a preschool.
38 140 [30 135 |39
47 135 |34 (43 |4l
32 |34 |41 {30 {46
55 (39 |33 |32 |32
a2 130 137 139 133
20 148 |36 |31 [36 |
36 |41 |43 |48 |40
35 140 |30 146 }37
45 |42 |41 {36 |50
45 138 |46 136 |31

‘a) Find serapl

mean, sample variance and sample standard deviation

b) Compuie 2 value that measures the amount of variability relative to tae value of mean

sk

(6]

“1-

“

©
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. INSTITUIEOF EN GINEERING = Level 4BE ';euu‘sxam
e T TTRE X,
XA mi nafmﬁ Co? gi*al E}zvasmﬁ’% Drogﬁmme Bclf,gia{ Pass Mdﬂb 32 E
7678Ashad  {Year/Pam [DI/T T R EL e
Sa;;;ecf -Probahﬂry and Staﬁstrs /‘?mé’) - A

/ Candxdates are requ1r°d to gwe then' answers in; J;exr own WO‘GS as far as p-achable SR
v 4tzempt Al questzons . RIS
¥ Fhe ﬁgures irithe ,argm mdicare F ullﬁ!arks

’/ g ece.ssarv tables .t"e'aiiaclzed }zerewa}:.

1n statlsDCS papcr ffve canchdates obtam L’ne mad‘(s as 33 38 48 59 and 72. CaIculate the " .
- niean and Standard devianon of tbCSP rnarks If 10 marks are added for cach student, what B )
: ~m‘lbemmandstzndarddevxauon'7 IR {3.:.3}_.-,,. EECRET

S stnnngh bethen mumally excluswe and eqna.[ly hkcly cvents with examples Whax is .
. the use of Bayes theorem in theory of probability? In 2 college 45% students belong to . A e T
Civil, 30% Electronics and remaining to other faculties. The probavility of being top ] is. o
5%, 4% and 2% reSpccnvcly in civil, electronics and others. If this ycars result s

pubhshed, wbai is thepmbablhty that the toppcr is form electronics?” . e BOR ‘_ <
3. Define pcxsson probabﬂlty sttribunon Wnte the condmons for’ pozsson approx on :_ o
to Binomial sttn'bunon S . | ‘A‘“v nat!‘ O iy

A quahty trol engmcers mspects #tandom sample of 3 batteries from- cach lot of 24
-car - batteries that is ready to_s; h.rpment. " such a lot ¢ontain six batferies th shght

* defects, wbat is'the probablhtles that the mspector's samplc will contain. L ¢

i) Nonc of the battenes with defect? -
i) £ the batteries with defect?

iy Qm_y 0‘1\. ofthe

iii) At least two' of the batteries with dcfect”
Defmc 'standard‘normal msm'butmn w1th area property
" 6. The marks obtamed by IOE stadents in statistics are 50 on average thh vanancc 16 }f .
5000 students havé g;ven theexam,ﬁnd thefo.lowmg o _ R [4] S
a) The pumber of students ‘securing marks less than 402 ' o R
b)- menumberofsmdents secunngmarks between 35 to 60? - : TR AT S S
3 - 7 oR ' L '
Let X denotes the amount of time for which a book on two—hour reserve ai a college
h*‘*ary is checked out by a randomly selected smaents and suppose ihat X has’ density
function fxy=kx, 0<x<2 :
0, otherwise
a) Find the value of k
b) Calculate PGX < 1)
¢) Calculate P(0.3<X < 1.3)
@) Calculate P(1.5 <X)

7. Define sampling aistﬁb‘_[on cfmean. . ' S [4]
8. Define Central L‘n‘n Th=orem Ina sample of 36 observations from 2 normal distripuiion
with mean of 150 and a variance of 256, what is (2) D(x <160){b; P (x >142) . ijéﬂ

. What is-the difference bstween cor—clauon and ;eg,ressn:m‘7 Dlot the sample regression hn\, '

of Yoo Xl _ - : Ci7+4].

- [Speedx ' 30 ] 401 30 -] 60 170 | Sl
Stonping distance y | 160 | 248 1 330 | 435 | 500
ping :

P61



10. ‘Wm do you mean by wrelat:on coefficient? Show ihat corrsl_ation ccéfﬁgisnt lies -
bﬁ"‘?»tn -land +1. : e

1 1 Deun.be tm, mof‘edm‘c of th.. test of significance of r‘"’ Tence. bef’v\ap'a t\

diffe me:-zzxé fa-r
!7TE€)mp _p: -

whe& each orowth on 4 p]ot:. and state 1f th° vanety chffe'ences are

—cea- R

§ g o _Pldt oﬂand . Vanay of wheat
1 1 6 5 | 5
b 2 7 5] 4
b R 3 3 3 3
1} 4 8 7 4
% OR

"The - fillowing - random samples are measurement of the heat producmo capacxty :
(in miliions of calories per ton) of specimens of coal from two mines:

Minc1 18260 1 8130 | 8350 | 8070 [ &340 | - ] ~
Mioe 2 | 7950 | 7890 | 7900 | 8140 | 7920 | 7840

|

| ‘ S

; Usc the 0.01 level of 51grnﬁcance to test whether the difference between means of thesc

i two Samplesm mgmﬁcant . et L

{ g R
| 13. What dv s you mean by chi square dlstrlb!_mon? The following test gwcs thc mformaton .
“ - for’ the engineeri
x

i

students interest with ability in computer. Is there- any mgmﬁcant o
relatmnstup between interest in engineering and ability in computer?

| 5]
b | Interest in Engineering | Low | Average |High |- .. = N
+ Low . 6 12 VR o
“Average 33 61 | 18 o
14 Two different typcs of mjecnon—moldmo 'nachmes are used to fiom plastlc parts A part
.+ is considered defective if it has excessive shrinkage or is discolored. Two random.-
i samples, each of size 300, are selected and 15 defective parts are found in ‘the sa.mple
~_from machine 1 while 8 defective parts are found in the sample from machine 2. Is it
reasonable to conclude that both machines preduce the same fraction of defective parts,
using o =0.05? ' [3}
15. The following table shows thc number of hoirs 45 hospital pamnts slept zollowmo the :
administration of a certain anesthetic.- 18]
7w 2] 481731815
121114 3 18101 111153411044
4051518174171 312]3
8 11311 7117131415145
511 j17 0] 3 707 11i]s

‘C
I3

d sample mean, szmpie variance and sample sfand ior
mpute a vaiue that measures the amount of variahit! j\ .’-‘-".};‘{i_i\,‘f i

2)
b) €

*EE

oy

12 Sety an ANOV A table for The fo}lowma acre Droducnon of data for threc va.netzes of"f SR K
) Significant. Usé: . T

liseimra o hiebers 1 N A
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Cn TRIBHUVAN UNIVERSITY | Exam. SR Remta e, ;
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Ezammatmn Centrol Division | programme mh; ol  Pass Mariks | 32 :
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. Subjecs: - Probability and Statistics {(SH502)
v Candidatés are required to give theu answers in then o%n words s as fm as p-acncable
¥ Attempt All questions. . R
¥ The figures in the margin indicate F il Mtznss
v Necessary tables are attached herewr_!z.
v Assume suztable data if hecessary.
1 fn_!cwmg are data on the ::reakmg strength (in pounds) of 3 kinds cf aterial: [2x3}
‘ " [Materal 1 144 181 J200 [187 1165 777 - ‘
: Materia12 i% |194 [176 182 1133 183
Material 197. 1165 {180 |198 [175 | 164 ,
1) Calcv.ﬂay= the average breaking strength and the median breaking s{';trength for each

materjal. _ .
i) Calcu!ate standard deviation and variznce for each materia

2. Define m-:iependent and mutually exclusive events with an P\'au‘npi= An assembly plani
receives its voltage regulators from these three different suppgers §0% from supplier A,
30% from supplier B and 10% from supplier C. }t is also known that 95% of voliage
regulators. from A, 80% of these from B and 65% thess from C nﬁrform according to .
specifications. What is the probability that: , {2x2}

o1 Anyon\. ~voltage regulator received by the plant will perfom according to A
specifications.
it} A voltage regulator that perform according to specification came fron: Band C.

3. Write différence between binominal disiribution end negative bme‘n ial ﬁz.,:n'butmn .vd*

-suitable examples. : e e [ f2427
4. Among the 12 solar collectors on display 4 a trade show, 9 are flat-plais collectors and - —
the others are ¢ concentrating collectors. If a person visiting the show randomjy selects § of ;
the solar collectors to check out, what is the probability that ' [2+242]
1) Non of them will be flat-plate colleciors. '
i) At least 3 of them will be fi tiat-plate collectors. o T
i) At most 2 of them will be concentrating colleciors, o '
5. Define s.andard normal cnstnbunon Write down its importance in i engineering field. {4]
- The breakdown voltage X of randomly chosen diode of a particular type is known to ‘gc
nermally distributed with mean. 40 and standard deviation L5 volte: What is the
probatility that the breakdown voltage wilt be : 163

) Between 39 and 42 voits
i} Atmost 43 volis
i) At least 3.9 volts
V OF
Ifa far-dom variable X has a function
f(x) =2 forx>0
0 for x <¢

Find (i) Ver’fv that the ﬁmctm'x is probab’l ty density finction
(11}P[I<‘g<3‘ .
(iii} Find mezn and veriance



e

7. What do you mean by the sa.mplixig d_istribmion_of sample proportion?

3. A population consists of 5,6.9,12. Consider all possivle samples of size T7O which can be

drawn without replacement from this popuiation. Find
i) Population mean and population standard deviation.
ify Mean of sampling distribution of mean.

1) Standard error of sampling distribution of mean.

g. The simple correlation coefficient between fertilizer (X;),. seeds {X;) and productivity
{X;) are 112-0.69, 115=0.64 and 1,3=0.85. Caiculate the partial correlatipn Tiz3 and rvitiple
corre}atior.s Rizm . . - .

10. An article in Concreie Research presented data on compressive strength X and intrinsic
permeability, Y of various COnCrete mixes and cures. Summary quantities are b = i4,

Ty = 572, Ty’ = 23,530, 2x = 43, Tx* =157.42 and Txy = 1697.80. Assume that the two

variables are related according to the simpie linear regression model.

i) Calculate the least squares estimates of the slope and intercept
i) Use the equation of the fitted line to predict what permeability would be observed

when the compressive strength is x = 4.3.
\Vé following are the breaking strengih of three different brands of cables.
: Brand Breaking sirength
A 40 |30 | 50 ; 80 30 ) -
B 60 | 40 | 55165 | - -
C |0 |01 70]65]75]40

6}

o
[~}
[

Constmctieﬁ ANOVA table and test for the equality of the average breaking strength of |

cables at a=5%
©OR
\% rmanufacturing company the new modern manager is in & belief that music enhances
the productivity of workers. He made cbservations on 6 workers for a wéek and recorded
the production before and after the music was insialled. From the data given below, can
you conclude that the productivity has indeed changed due to music? (a=1%)
Week without usic | 219 | 205 | 226 | 198 209 | 216 |
{ Week with music 235 | 186 | 240 | 203 | 22} 205_!
\%& canidom sampie of size 16 showed a mean of 52 with 2 standard deviation 4. Obtain
56% and 95% cenfidence limits population mean.

— T,

~r

i 1. From ihe following data can jOu 0
prand and geographical region using Chi-square test at a=1%7?
Region
Central | Eastern | Western

| Purchase brand 40 55 . |45
i Do not purchasz brend - 45 55

1

Az that there association hetween the purchase of

60

14, What are the sieps in hyoothesis testing? A study shows that 16 of 200 compuicss
produced on one assembly need readjustment before shipping while seme happens on 14
out of 300 produced. Test atl 1% level of significance that the second assembly is superior

than first one?

15 Fnirance S6Ores of three engineering institutes is as follows: [1+2+243

— T ] : ~ T

535 1540 1860 1890 | 830 {930 |1070 t
975 (078 1989 | 1025 |950 | 980 |1100
=40 870 | 565 |978 1925 1950 1000 |

Calculate mean, standard deviation, coefficient of vartation and answer the following

i) Which instituie is geod?
iy Which institute is consistent/reliable?

F%E

il

-
wy
Vrd

{s
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o  Subject: - Control System (EE 509)

Candidates are required to give their answers in their own words as far as pracucable

Attempt All questions.
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a) Define control system. Draw the block diagram of closed loop control system and
explain the role of each block briefly.

b) Why closed loop system is faster than open loop control system? Explain.

¢) What is derivative feedback controller? Draw block diagram and find the transrer '

function and hence show its effect on transient performance of the system.

8,9
T(S)
below. Also draw the T-V and T-I analogy circuit of the system.

T(t) o 9,

b) Determine the transfer function C(s) / R(s) of the block diagram given below, using
block diagram reduction technique. ’

, for the mechanical rotational system of figure

a) Find the transfer function,

&

R(S)——(5X ' —{G1Gs} —C(S)
| —
=
Lo

a) Using R-H criteria, tell how many roots of polynomial is in right half s-plane, in left
half s-plane and on jw axis. Comment on stability.

S3+45° 425 + 887+ S +4=0
b) The open loop transfer function of a unity feedback system is given by:

7

GSH(S) = Sa+ST)

Where, K is gain constant and T is time constants. With the gain multiplied by a
factor K, the maximum overshoot of the system is increased from 25% to 50%.

Determine K.

[1+4] |

3]

(6]

(8] IE

ORS

(8]

(6]




. a)

b)

b)

Sketch the root locus of unity feedpack system with G(s) = __k(s—-4)
(s +6s+18)

the range of parameter k for stability of the closed loop system. Does the system
exhibit sustained oscillation for any value parameter k? (8]

, hence find

1+4s

s2(1+s)(1+2s)
Determine the stability of open and closed loop system using Nyquist Criterion. : (8]

The open loop transfer function of a system is G(s)H(s)=

A system is characterized by the equation
YY) 20(4s+2)
U©S) *+5s%+8s+2

Find its state and output equation and express in matrix form. [8]

The forward path transfer function of unity feedback system is given by

K
6= ss+10)(s+2)

Design a suitable location of pole zero pair for a lead

- compensating network so that phase margiu is at least 50° and velocity error constant

is maintained at least 800 sec™ [1’2]

* k%
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Sub]ect Control System ( EE 504 )

Candldatcs are requn-ed to give their answers in their own words as far as practlcable
Attempt All questions. ’
The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

DA N NN

. Define control system with its importance. State an example of close and open loop -
system that you see in everyday life with block diagram.

2. Find the transfer function of given mechanical system. Draw the analogous electrical
circuit of the mechanical system given below.

nd

3. Determine the transfer function Y(s)/R(s) for the block diagram below by reduction
method.

_
! 7
4. Construction Routh array and determine the stability of the system whose characteristics
equationis  s®+2s’+8s *+125*+20s+165+16
Comment on the location of the roots characteristics equation.

5. Sketch the root locus of following system and determine the range of k for which the
system will be stable. '

_K(s+2) )

"s2+2_sf3 -

5. Find the Gain crossover frequency, phase crossover frequency, gain and phase margin

using Bode plots for the following transfer function.
G(s) = 1000

(1+0.15)(1+0.001s)

[4+4]

[2+6]

(8]

8]

[6+2)

(8]




.,

-

. Sketch the polar plot of the given system. [8]
G(s)= s(su)(s+ 2)
. For a second order system given by the transfer function. Find the: rise time, peak time,
settling time and maximum overshoot. [8]
Gls)= S2+85+25 ,
. Write short notes on: - [2x4]

a) PID controllers in control system.
b) Lead and Lag Compensators.

10. Discuss the advantages and limitations of state space analysis of control systems. Find the

transfer function for the system represented by following state space model. - [2+6]
. _|-3 1 0],
X —LZ 0 x+ [l]‘l
= [t ok

*¥kk

i

b
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- Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions..
The figures in the margin indicate F ull Marks.
Semi log/ Graph paper will be provided.
Assume suitable data if necessary.

T NEEENRNEY

Pt

get constant speed. Which type of control system will you suggest and why?
b) Discuss the effect of feedback on time constant of a control system.

. a) As a control engineer, you are required to control the actuator of a rotating system to

c) Find Transfer function and deve10p F-V and F-I analogous circuits of the following

figure.

MA,

73
‘.

Bl

T 8 xo
ﬂm

//////////7////////////

M1

ARARNRNN

.
.

2. a) From the given block diagram, find thc transfer ratio — using block diagram

R(S)

reduction method. -

R(9)- —

b) A servomechanism as shown in bIock diagram below is designed to keep a radar
- antenna pointed at a flying aeroplane. If the aeroplane is flying with a velocity of

600 km/hr, at a range of 2 km and the maximum tracking error is to be within 0.1°,

~ determine the required velocxty error coefficient.

K cE
- SA+sD >

¢) A system has 25% overshoot and settling time of 6 seconds, for a unit step input.

' Determine the transfer function and Calculate peak time. Assume &g as 2%.

"

[s]
&

L1

(8]

4]

(4]
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3. a) The characteristic equation of the system is $ + 957 + sK + K = 0. Sketch the
- complete root locus and comment on stability. ’ :

b) A system is described by the following equations:

x(t) = ["01 __lzlx(t) + {é (1) | ﬂ u(t)
: -
y(®) = Li 0} x(t)
1 1

Find the transfer function of the system and identify if the system is stable.

4. a) What is relative and absolute stability? Check the stability of system with
characteristics equation: S° + 25° + 8S* + 128> + 208> + 168 + 16 = 0 using RH

criteria.
'b) Using Nyquist criteria, determine the stability of the feedback system whose OLTF is
. given by:
1
G(s)H(E) ="
¢ s2(1+ 2s)(1+5)

5. a) In response to unit ramp input, discuss rcie of derivative feedback controller for a
second order system. o

b) The open loop transfer function of type-Il system with unity feedback system is given

K . _ .
by G(S) = Sanny Design a lead compensator to meet the following
specifications.

(i) Acceleration error Constant (K,) = 10/sec
(ii) PM at least 35°

¥ k¥

(8]

8}

[2+6]

(8] .

4

n12)

g

S
.

ey
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Candidates are reqmred 1o give thelr answers in thexr own words as far as practlcable
Attempt All questions. :
The figures in the margin indicate Full Marks.

Semii log/ Graph paper will be provided.

Asswne suitable data if necessary '

SSSNSs

L

B

) Statmg an example of a system that you see in your field of smdy, explam what do -
you understand by closed loop system and its importance. - 5]
b) Why closed loop system is faster than open loop control system?’ Dmnbe with
necessary mathematical expressions.
- ¢) Find transfer function for the system as in figure. Also develop F-V and F-I analogy
circuits. B 4 - [4+2+2]
= ‘ 2
;"" .
2. a) Find overall transfer function of the ;ollowmg dlagram using block diagram reduction .
 technique. _ . (81
*o— .
g ; cs)
—
L _file
b) The system below in figure (a) when subjected to umt step mput the output response S
_is as shown in the figure (b). Detcrmme the value of K and T.. (8]

- U@

4

s
= /!\/\V,

R i+ K ~C (5} ' g, .
® smesy[ 1O |
St ’ 3 >t (sec.)

Figure: A(a) o ‘ _ Figure: (b)




e
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3. a) For a unmity feedback symem the OLTF of a control system is given by
‘G(S) = o Sketch the root locus for 0 < K < « and determine the

‘breakaway point, -the angle of departure from complex poles and the stability
‘conditions. : o

" b) Find state space representation of the system.

4Q ., _2H

O—

1 )
0—:1': -

4. a) The characteristics equation of a feedbaék contro! system is
$*+208° +158?+28+K =0 '

® Determine the range of K for the system to be stable.

(i) Can the system be marginally stable? If so, find the required value of K and the
frequency of sustained osciliation. o :

'b) Sketch polar plot, determine Gain Margin, phase margin and comment on stability fbr'

a unity feedback system with feed forward transfer function G(S) = s : ;:1)2.

5. a) There exists a permanent 'mismatc_h actually to track the reference by the actual
system. Suggest a wayout to follow your systcm as per reference and justify.

. e - ‘oY K
b) Design a suitabie phase lag compensating network for G(S) = Sar019ar025) to
meet the following specifications: K, = 30 sect PM>40° :

kKK

(10
(6]

(8]

®

M

{12]
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Assume suztable data i necessary

IEANENEANEN

: a) Why do youthmktmfﬁchght systemmKathmanduxsanopcn loop control system" N (4
© by Whahstheaﬂ'cctoffeedbackonsystemgamandspcedofresponseandhow? B “

. ¢) Consider chsplaccment of mass- M, as -output and find transfer ﬁmcnon of the o
mechamcal systemasmﬁgure AlsoﬁndF Iana]ogous cxrcmt o [6+2]

b
.

Mi'

T 1 x

N 4

V\\\\\\vm\
. N

//'/ 777 ///

/////////////

2 a) From the gwen block diagram, draw the signal flow graph and ﬁnd the transfer xano ‘ ,
C(S)IR(S)usmoMaSOngamsformula. T o 181

—> G,

R(S) - D/ G ¢ - _"Gz > G

-.b) For the system as in ﬁgure @, the umt step response isas in ﬁgurc (b), determine M,

- BandK. B o _ . L 18]
-y L |
23
.
"///f////////////////////,:' Y o)

Fig (a)

o




3. 2) Dfaw the block diagram of circuit shown below:
_ . of

"‘(\ﬁ

b) ’Ihc charactensnc oquanon of a feedback control systcm 1s glven by,

.S +205 +15s2+2s+K =0

" (i) Determine the range of K for the system to be stable. g
- (i) What value of K- wﬂl make the system margxnally stable? Also,

of sustained oscllkmon

o

fmqmeéequen'cy

c) braw thc root locus. for the system thh open loop n'ansfer function as - '

G(S)H(S)

s(s>+10s+24)

correspondmg natural frequency of oscillation when the damping

across 2F capacxtor as output. :

. 1H -

lv;.

_2F ey Vo

b) Find the open loop transfer ﬁﬁcﬁon with the help of foﬁéwing Bode plot.‘

. 4
@)

20 dBles .

-c For o nl unsf thum feedbacLG —_—
| ) pen loop transier Wl ty (S) e

5
N

s+2 .

determme gain margm and comment on stability. -

5. a) What kind of controller would you recommend to bnng chang&s

~ properties of a system. and how?

. b) The open loop transfer function of a umtv feedback control system is ngen by

' andhmeﬁomthemotlocus, find the gaing) aod

rahon is 0 7. ) [81
4. a) ‘Write the state space equation for the electrical network shown bclow Take voltage :

i

Bl

Sketda Nyquist ploi,

G

m transient

G( ) = . Desxgn a lead compensator such that the vclocxty error constant,

5(1+029)

K 10 sec” and phase margm 50°
) systcm ’ .

Also draw the bode dxagram for compensated

'f12]

e
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. a)

b)

b)
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G(SH()=

Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.
Assume suitable data if necessary. -

What is control system? “When feedback is added on a control system, it’s response
is faster.” Illustrate this statement mathematically. _ [2+6]

Find the transfer function, 6?2(%852, for the mechanical rotational system of figure

below. Also draw the T-V and T-I analogy circuit of the system. (8]

hﬂ@“ 1 R . Em

Determine the transfer function C/R for the block diagram below by signal flow graph
(SGF) techniques. 8]

l —1 Hz

H:

- Gs

The open loop TF a unity feedback control system is given as

T

G(S)= s

s(sZ +s+1)(s+2)+k

Determine the range of gain k for the system to be stable. Also determine the value of
k which will cause the sustained oscillation and corresponding oscillation frequency.  [5+43]

The open loop transfer function of a control system is given by
k
s(s+4)(s> +4s+20)

Sketch the root locus for 0 < X < o5 and determine the breakaway point, the angle of
departure from complex poles and the stability conditions. [10]
Write short notes on followings: N . [343]
(i) Characteristics of Pl and PD conirol actions

(ii) Nyquist stability criterion




4. a) Skeich the polar plot of the system whose open loop transfer function is given by

1

Aiso comment on stability.

b) Discuss the advantages and limitations of state space analysis of control systems. Find
the transfer function for the system represented by following state space model.

3 ok

y=[I ok

5. Design a suitable lead compensating network for G(S):T—~— to meet the
s“(1+0.25s)
following specification
K, =10 sec”!
P.M235°

Kk

(81

[2+6]

(16]
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v Attempt All questions. . .
v The figures in the margin indicate ull Marks.
-V Semilog graph paper will be provided.
v Assume suitable data if necessary.
1. a) Whatis control system? Draw the block diagram of a closed loop control system and
briefly explain the function of each block. .- (61

b) Find the transfer finction. )—;((—g)s-)-, for the mechanical system of figure below. Also

draw the F-V and F-1 analogy circuit of the sy stem. (10
K; ) KZ X
- : n ' n h h ﬂ ” L -
: . mi . . my
F(t)—>{ :
| B Ky
2. 2) Develop Signal Flow graph for the block diagram model below and find transfer
function using Mason's gain formula. _ ‘ [2+6]

b) Check stability for the system with open loop transfer  function

2 . ..
G(SH(S)= using R-H criterion. [4
g 285+3S4 -{»253-%52 +2s ]
¢) What is derivative controller? How and why it can be useful? [4] -

3. a) Determine values of a and b of the closed loop control system shown below, so that
maximum overshoot for unit step input is 25% and the peak time is 2 sec. Assume
that J=1 kglms. (6]
R(s) . . . C(s _
- = st ) ] '-'.: s

D




b) Skeétch Root locus plot for the system open loop transfer function -

K(6+2) | Diccuss the region for stability, unstability and
s(s+1)? +8s+64)

G!S)H(s) =

marginal stability. What s freqency of oscillation at the point of marginal stability? '

4. a) the open loop transfer function of closed loop system is G(s):.sfs:l—)_z(m' Using

- Niquist Criterion, detem_line closed loop stability of this system.

b) Consider a mechanical system shown in figure below. The external force u(t) is input
1o the system and displacement y(t) of the mass is the output. Obtain the state space
representation of the system. ' :

5. Why lead compenéator is required? Design a suitable lead compensating MOrk for

k
S)= ———
o6) s2(1+0.255)

%k

(10

i8]

8]

to meet the following specification K,=10 sec? PM>35° [2+14]
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Candidates are required to give their answers in their own words as far as practicable.

. Attempt All questions.

The figures in the margin indicate Full Marks.
Semilog graph paper will be provided.
Assume suitable data if necessary. B

-

a) Which of the system is more sensitive to the disturbance and prove it how? Also

discuss effect of gain on response of the system. [4+4]
b) Find the transfer function —(%((i))- for the mechanical system rotational system shown
s
below: Also develop T-I analysis circuit. ' [8]
0] !
- T}
- b,

, . . . . ; . CS)

a) Using block diagram reduction technique, find the tr. Function i—(és of the figure
given below. - (81
b) A system has 40% overshoot and requires a settling time of 4 seconds when given a

step input. Find peak time and rise time. : [8]
a) Using R-H criteria fin the range of K for system having characteristics equation

shown below, to be stable. R (61

) S42S H(4+K)S +95+25=0 :
b) Sketch Rout locus plot for the system with open loop trensfer function. {6}
-1 ,
GEHE = =
. s(s—1)
c) What sort of measures would you apply to track a reference from the actual output of
(4]

the systern?




determine the stability of the feedback system whose open

loop transfer function is given by G(s) H(s)=m

4. a) Using Nyquist criterion
and what is its gain margin? {1 0]

"b) - Develop state space model for circuit below. e . {6}

5. a) Consider a sysiem shown below. The open 10op transfer function is given by:

G(s)H(s) =—-—g—————. It is desired to compensate the system, so that the static
s(s+1)(s+2)

velocity error constant K, is 5 per second. The phase margin is at least 40° and gain

margin is at least 10dB. Determine transfer function of appropriate lag compensator. [12]

b) Consider a point P in s-plane which actually indicate dominant closed loop pole of the
system. How would you recognize that the root locus passes through the point P? (4]

k¥
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: Candldates are reqmred to gnve thexr answers in their own wor.ds as far as pracuca’b]e

Attempt All questions.
The figures in the margin indicate F ull Marks

Assume suztable data if 1 necessaly

R

a) Whatis eontro] system? Draw the block dxagram of a closed loop control system and .
briefly explain the function of each block. ' : [5} 5

b) ‘Show that the speed of response increases with the incredse of the gain of the system 3]

—
.

c) Find the transfer function VmES; of the system below by constructing the block j
81

a
diagram. .
L. 1,

I; S
Constant %

[ .
J, :

2 a) Determme the transfer function of the gwen system by reducmg blocks s "[3'] -

b) ; Cons:der a umty feedbacx comrol system wnh the closcd loop transfer funcuo

i -'C(s) Ks+b o Y e
:";.‘-R(S) (s +as+b)

S g Determme the open loop tra.nsfer funcnon Show that the steady state error m the umt:
Tl ramp mput response is gwen by : - : e o

o) How we can p'efﬁ)rm- relative stability Ehalysis’usihg RH-Cntena” o




B g e e e

3. a) For a unity feedback system the open loop transfer function of a control sysiem is
given by 10}

G(S) =

s(s+4)(s? +4s+20)

Sketch tlie root locus for 0 < K < « and determine the breakaway point, the angle of . . -
departure from complex poles and the stability conditions. )

T i)) Wnte the state equatxon for the circuit shown below!"Also wnte ‘0ut’phi’ét;uation.’ : B ()

4. a) Discuss workmo of Pl controller. - : . - (4]
b) Suppose that the step response of a first order svstem is C()=5(1-¢ o 5). What are
impulse and ramp responses? 41
¢) Sketch the Nyquist Plot of Unity feedback system navmg open ioop transfer function
and G(S)H S) __s+10 Commem on stablhlv W‘lat xs gam marmn" (8]
s=3)s+3) . '
5. a) stcuss the. purpose of lead and lag compensators. S S :' U 4 .
- b) Des:gn a sutablc phase lag compensatxm nctwork for (J(S) _k -
’ R o o S(l +O 15)\1 +0 />) _
mcet the fo]lowmo cpemﬁcatmn o S 2]
. K, =308ec ' R T

L PM240°

L L
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Candidates are required to nge their answers in their own words as far as practicable.
Attempt All questions. .

The figures in the margin  indicate _J_F’_u_Q_It_Ia_rk_s

Assume suitable data if mcessazy

RS

a) How would a closed loop system dxﬁ'er from open loop one on its steps responsc?
Give analytical explanation. ‘ » _ (6]

d
.

b) Find the transfer ﬁmct\on, );(( ) ,for the m\,chamml system of ﬁgure belew. Also

arav the -VandF-I analogy circuit of the system ' o - {5j
. X X2
B B,
[ [ e IO e

20}

V}—

7777 //// // 77777777 //1-///0/ /i // /7

c) Find transfer ﬁlnéﬁén of an op-amp model as below. 4}
o RS
14
D e |
Ty R, :
A .

AN~
' R,
2. a) Determine the ov erall transfer functions C(s)/R(s) of the given system by block
dlagram reductlon techmque [8]

> Gy

Cls)

Hz‘

b) Using R-H criteria, tell how many roots of polynomial given below is in right half
s-plane, in left half s-plane and on jw axis. Comment on stability. " [8]

s® +35° +4s° +65> +55" +35+2 =0




b)

b)

. a)

b)

The open loop transfer function of a control system is ) (81

Using Nqust criterion, determine the open loop and closed Joop stability of this
system.

The open loop transfer function of a umty feedback systcm is given by (8]

108
S* (s +4)s” +35+12)

G(S)=

That the stafic error coetficients and steady state error of'iiie System when sub)ected to
an input given by r(*) 2+ 5t+ 8t?

.

Drzv» Bode Plot Ior the systemr with tran. fer tun B nh(ﬂ— 20“'200
(s +4s+25)s’ +40s)

Determine gain margin, phase margin and comment on stability of the system

according to your plot. [8]
Given state equation and output equation, find transfer function E ) and determine
the poles and zeros. 8]

o 1 0] o
X=|{-1 -1 ofX+|1ju andy=[0 0 1K ;
1 o0 o] |o , _

State whether the. statement "Derivative controllers are always used with other
commllers is true or false and Justlfy your answer. [1+3]

Design a lead compensator for a system having open loop transfer function

G(s)H(s)= k so that the designed system should have PM 2 45°,
' s(l+0.ls)(1+0.0013) ,

K, =1000sec™ [12]

*k%
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v Candidates are required to give their answers in their own words as far as practicable..
v Attempt All questions. . X
v The figures in the margin indicate Full Marks.
v Assume suitable data if necessary.

1. a) What is contro] system? Draw the block diagram of a closed loop control system and
briefly explain the function of each block. Mention also the advantages of closed loop

system over open loop system. (81
b) Construct the free body diagram and write the differential equations for the
mechanical system given below and determine Xa(s)/F(s). Also draw F-V analogy of
the system below. [2+2+2+2]
: ) . C(S) :
2. a) Using Masons gain formula, find the tr, Function R(S) of the figure given below. [81
Gs(s)
Ris) - [—
- . - &s)
——@_ Gi(s) _.—-.<+ §§_L, Gs) X —
. 5 _-, - .
b) The system below in figure (2) when subjected to a unit step input, the output
(8]

response is as shown in figure (b). Determine the value of K and T.

o ‘ ot
Ris) X Cls) ' 3.254
—5G +5D) T Y A AN

Flga et o F}gb




. a)

- b)

b)

Construct Routh array and determine the stability of the system whose characteristic

equation iss® +2s° +8s’ +125° +20s? +165+16=0. Comment on the location of the
roots of characteristic equation. ’

“For a unity feedback system, the open joop transfer_funttion of a control system is

given by:

r

TS5+ 2 +65+25)

G(S)

Sketch the root locus for 0 < K <o and determine the breakaway point, the angle of
departure from complex poles and the stability conditions.

Using Nyquist criterion, determine the stability of the feedback system whose open
. .. 1 .
loop transfer functions is given by G(s H(s)=———
P & y G(s) Hes) s(1+2S)(1+S)

Develop state space equations for the following circuit considering voltage of 1F
capacitor as output. "I" is input to the system.

1.5 ohm

——1F 2H

_ What would happen if zero is added to left half s-plane? Design a lead compensator fora

unity feedback system with its feedforward transfer function as G(s)= ( 4
s(s

such that

its settling time would be 2 sec but without change in maximum percent overshoot of its
unit step response. Also velocity error constant should not be less than 2.5 per sec. [2+14]

%k

6}

{10

(3

(81
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v Attempt Al questions.
v The figuresin the margin indicate Full Marks.
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necessary blocks and variables.

'i) Govemer system of Hydropower Station
i) Traffic light system of Kathmandu

b) Find transfer function (consider displacement of mass M2 as outpul

mechanical system. Also develop force-current analogous circuit.

- -

'Fm ¥ x‘

- ——

I

IV I BRI

1<}

TTTT T

Fr7777

TTEIFT T 7

B,

¥ 7 'ﬁfllilltvliﬁlLVJK FTIFT 7T T 72577
B,

1. a) What kind of control system could have be.cn in the folloﬁng? .Illustrate with

[4x2]

) for the given

(8]

2. a) Determine the overall transfer functions C(S) / R(S) of the évm system by block

diagram reduction technique.

b) The system equations are given by: ).((t) = [_05 _1 6]x(t)+{(ﬂu(t); and
d

y)= [l O]x(t); Find transfer function of the system and also check stability.

{8

5 C(S

(8]




P

3. a) For aclosed loop sysiem presented by

R

Determine the range of controller gain (K,.K,)so that the PI controller ﬁrovides the

stable output. L .
b) A unity feedback control system has an open loop transfer function _
G(S)= ___Iz(_gS_t?)__ . Sketch the root locus and determine:
S(S* +48+11)

i) The range of 'K’ for system to be stable
ii) Undamped natural frequency of oscillation

R 2,
c) A closed loop servo is represented by the differential equation %t—zi+ 8% =64z where

'y' is the displacement of the output shaft and "o’ is the displacement of the input shaft
and z = uy. Determine frequency of sustained oscillation, damping ratio and
percentage maximum overshoot for unit step input.

4. a) Draw the region in S-plane that satisfies following requirements.
i) $>0707 (i)u<2 S
b) For a closed loop system given by

1"‘
s+ [ | ¥

i) Can the system track a step reference input 't' with zero steady state error

ji) Can the system reject a step disturbance '@'with zero steady state error?

iit) Compute the sensitivity of closed loop transfer function to change in the plant
poleat -2’

1+aTS

¢) How 2 controller with transfer function G (5=
1+TS

can be used as lead or lag
compensator, explain.

5. a) Design a suitable lead compensator for a system whose open loop transter funciion 1s

. K
given by G(S) = m
The system should meet the following criteria
i) K,>20sec”
i) P.M. > 44°

. . . dx
b) The dxfferentag! equations releied to a system ar¢ —(—i;‘- =-3x, +x,and %—2— =-2x, +ufor
) t

1> 0. lis output equation is given by y=X,. Derive the transfer function of the system
with these differential equation and owiput equation.

¥%¥

“

(8]

41
(4]

(8]

(4]

(10

1)

s
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] a) Deﬁne lmear tlme mVanant system. Just:fy the statenent "modern complex systems o ' »
. are merc pzonoanced thh closed loop control system”. B - 43
b) “The glven mecnamcal system has force f\t} as input and x; ‘and xz as dlspldcemept S

-~ outputs. Draw-equivilent Fv apalogous cxrcmt and determme the transfer finctions.
X;(S)/F(S)and XJ(S)/F(S‘ _ S . R L
. 25 - : . - 1
/f/ 7 77 7 /// A A A
Dl ) sl . : Dz R ) I

‘e). stcuss, how a. closed 'oop system has bette~ dxsturbana rejection and \,omnﬂand
mput tracking capabﬂxues m comparision to an open loop sy@tem

2. a) Fmd Transfer ﬁmctlon of the following system.

- -*/\/(\j
L

@
8]

L

R(s)- '

H;J

'b) Find the range bf "K' for stable operaticn using R H crit teria. [4] ' A
2 E/@ | g B »\‘ E S(S‘*S+)(ST2) sj'_ T** : g
z; m‘;:hor‘:i ;s uéed Ior qeé‘rﬁmmg rehtzve 5‘raml‘tv o {4}"_ o : ,

o \,) E\plam how Rd (R()uth -¥L Wi



o
«

3 a) Open loop polelzero plot of 2 unity feedback system are shown in ﬁu\.re below

. Determine mammum ovcrshoot and settmg time for its step response ST [6]

C by H desmd dampm"r atinis'l’, wh.ch ‘.onnoller do you su aest explam . - o 4[4]. ‘

| nc\ Deterrmne vau_x: of 'K’ and ‘*' .30 that the umty feedback system wrch open loop
: K{s+1). _ o .
tmnsfer mnctmn u{‘) ————————‘—— : - ) S N
' , » @ +bstA3sHlT o L T PR '{6] ‘
4 a). Develop state space equations for .the followmg cncmt consxdermg voltage ot 2H 4
* inductor as outpui. Tisinputto the aystem.i o S o (6]
‘ 1.5 c&un

L j

b) Draw Bode plot for the system with transfer functionG(s)= @

4s;40
45+ 25)(s’ +50s)

Determine gain margin, phase margin and comme1t on stability of mc SYSiCTiX

according to your piot. 10]
5. a) Compare the Lag and Lead compensato' apphcauons in control system. 4]
~ b) Design 2 suitable compensator for a unity feedback system with. its feed Iorward
‘wansfer function as G(s)= 612 such that its maximum percent overshoot 16.3%
and settling time 2 sec. for its step response Alse VClOC;t‘] eror consta'n shoulc not
‘be less than 2 per sec. ‘ {12}

&k %
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Candidates are required to give their answers in their own words as far as practicable.

- Attempt All questions. :

The figures in the margin indicate Full Marks. :
Necessary graph paper and semilog graph paper will be provided.
Assume suitable data if necessary. -

a) What is control system? Mention its type and explain them with example and block
diagram showing all necessary blocks and signals. '
b) Explain the role of PD controller on iransient and steady state performance
~ specifications. : ' '
¢) Explain why closed loop system has better disturbance rejection capability than o;;en
loop. ’ ' _ . '
a) Find transfer function of the system given below (take angular displacement of J; as
output). Also develop Torque-Voltage analogy circuit.
G;S
S
D 3

b) What are the static error constants? Explain how they are applied in measuring steady
state performance of given system. .
c¢) Use RH criteria to find the pesition of roots of characteristic equation given by

T()
K

j ‘ }HD,; { A?’ %:D RS

C(s) =5 +4s* +25° +85” +5+4; and hence determine the stability of the system.
: . . k(s+2)
a) Construct the root locus for unity feedback system with OPTF G(s) = TT) Hence
. o o ~ s(s—
show that the system is unstable for small value of gain and over damp at larger value
of gain.
b) Discuss how the poles and zeros affect system dynamics.

c) Following figure shows a mechanical system and the response when 10 N of force is.
applied to the system. Determine the value of M, D and K. The displacement x is

measured from the equilibrium position.
AN
=K .
oM |

o v Lip

*’«,ilw, 3 MXN:-* T Fram. . - 066 & . =
'INSTITUTE OF ENGINEERING Levl _ |BE ~ Full Marks | 80
Examination Control Division | Programme ; BEL, BEX, BME, BIE| Pass Marks 32
] 2072 Kal'ﬁk Year / Part 11921 . Time 3hrs. -

(8]
[4]
(LI

(8]

4]

(4]

(8]
[4]




. a)

b)

b)

Design a suitable compensator using root locus for-a UFS with G(s)= ._—-1.2——10
s(s+1)(s+4)

meet the specifications; - damping raﬁo = 05 and undamped natural
frequency = 2 rad/s. ) ) .
Define relative stability. Discuss how nqust plot is used to determine the stability of
a S}’Stem - ’ ‘r. ’
250k .. - . L,
For a unity feedback system vnth GE)=———————» select the value of 'k’ so that
s(s+50)(s+ 5)’

the steady state error for a ramp input is 10%. At this value of 'k', construct the Bode
plot. Hence. determine approximate gain -margin, phase margin, gain Cross over
frequency and phase cross over frequency.

Given state equation and output cqnatlon, determine the poles and zeros of given =

system.

o 1 0] [0
X=|-1 -1 0 H1fuandy=[o 0 1K

1! 0 0 10

*3k

(2]

(4]

18]

(8]
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words as far as practicable.

Construct a general block diagram of a control system showing the different blocks,

. ariables and hence briefly point out their meaning.
j/fi:ffect of disturbance in case of feedback control system can be suppressed by increasing
" the gain G(S) and / or H(S). 4]
c) Following figure shows a mec

force is applied to the system.
The displacement x is measured from-t

(4]

hanical vibratory system and the response when 10 b of
Determine the transfer function and value of M, D and K.

he equilibrium position. (8]

the velocity feedback techniques shown figure below damping ratio and

2 Show that using
steady state ervor are both increased. (8]
RSy o+ o Rer
s(s+24w,)
sk,
(6]




P R P e

e

sing R-H criteria, tell how many roots of polynomial is in right half s-plane, in left half
s-ptane and on jw axis and also comment on stability. [4]
¢ +38° +48' +68° +357 +35+2=0

3. g) For the unity feedback system with open loop transfer function (OLTF)

k . = .. .
G(s) = ————, use angle cateria o check-whether the root locus passes from point

(s+1)(s+3)

s, =-2+]j3.52 It yes, usé magnitude criteria to select the appropriate value of gain

parameter. - ’ (4]

F rem given by — sl [ -sfx +r; y=t 2]x°1 determine th

or a system given — = Uy = . t

| system g Y a sz L0 Ix, LO ) XJJ etermine the
‘/zeros and the poles of the system. (4]
c) The open loop transfer function of a control system is given by (81

s —2s+5

G(s)H(s =K-—,—"—'—"

OHE=R s

Sketch the root locus for 0 <K <~oand determine the breakaway -point, the angle of
departure from complex poles and the stability conditions. Also find value of K that gives
poles at (-0.354j0.6)

4. a)y’Design a suitable compensator for a unity feedback system with open loop transfer

s(s+2)
overShoot and velocity time constant will be 2 s f12]
P

) . s+t .. -
b)” For a compensator transfer function given by G (s)=——, give the condition of lead
s+at

such that the settling time will become 2 seconds without change in

G(s)=

. compensator. For the given value of 'a' what is the frequency that leads fo maximum

ase-angle-lead. _ ) (4]
S. State the Nyquist stability criteria for negative feedback control system. Using this

concept determine whether the following system represented by figure below is stable. {4]

Nyquist Diagram

Sy

j@

imaginary axls

Pole-zero plot _2t i HE
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Subject: - Control System (EE602)

v Ca:ndldates are required to give their answers in their own words as far as practicable.

Art-empt Al questions.
- Thefigures in the margin indicate Full Marks.

Assume suitable data if necessary.

AN

a) Whatis control system? Draw the block diagram of a closed loop control system ancf
briefly explain the function of each block. Mention also advantages of closed loop

" system over open loop system.

o
.

b) Find the transfer function, F(é)) for the mechanical system of figure below. Also

draw the F-V and F-I analogy circuit of the system.
| xi(®) Xp(t)
—>

2. a) Discuss how the dynamic responses of control system are affected by a feed back.

2
@y

b) ¥or an open loop transfer function with unity feedback G(S)=——2——where
s(s+28w,)

&< 1, derive an expression for output when unit step input is applied.

¢) Using R-H criteria, tell how many roots of polynomial is nght half s-plane, in left baIf
s-plane and on jw axis.
§¢ +2S° +8S* +125° + 208 +165+16=0
3. a) The open loop transfer function of a control system is given by
GEH(S) = =
s(s+6)(s” +4s+13)
Sketch the root locus for 0 < K < o and determine the breakaway point, the angle of
departure from complex poles and the stability conditions.
b) Discuss how a Bode plot can be used to determine transfer function of the system.

Explain with an example.

4. ay <Construct the polar plot of unity feedback system withG(S)= K
S(S+1)(0.18+1)

Then, upgrade the plot to make it. Nyquist plot. Hence find range of k for stable

Y(S)

b) For given state equation and output equation, find transfer function
ue

operation.

70 1 ey 10 | -
) }{-—-[0 6 11X +[0 v and y=1{1 0 ¢}X
-1 -2 -3 0

. I
Design a suitable lead compensating network for G(8) = —2——~— to meet the following
(1+0.25s) °

. e 7 in -1
speciiication Ka= 10 sec _
o T‘“ ~ ».-:;o
WV Z a2

................

(8]

(8]

(6]

(4]

[6]

[10]

(6]

[3+3+2]

8]
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SWers in their own words as far as practicable. L

v Candidates are required to give their an
Y Attempt All questions.

¢ The figures in the margin indicate Full Marks.
Y Assume suitable data if necessary. :

1. -{a) Find transfer function for the following mechanical system considering displacement

of mass M, as output of the system. Also develop force current analogous circuit.

] . | >
a :%ﬂ"’. . -JW&L_-—_——

1! 4
7 o] _——4:}—%”6\53—- M,
E

transfer function. [61

{b) Reduce the following block diagram model to obtain its overall

G4

E —»C(s)

‘JCT)-—> G2 G3 |
A H3

HI

L]

you characterize a control system in term of (i) Speed (ii) accuracy (iii) Stability
4 (4]

(c) How can

explain. _

2. {a) Fora second orde%system as below G(s) = S-(;f:—’z:‘;—n—) and H{s} =1, find expression
for maximum overshoot on its unit step response where w, is natural frequency of .

[71

oscillation and £ is damping ratio at underdamped situaticn.

4+
G
R—*{(s) —* {s)

i H{s} i

+((s)

(b) Discuss how a feed back control system reject the disturbance input. raj
{c} Find all static error constanticra unity feedback system with feedforward transfer
P 1000 .
iunction G Sy=—""T": Vi te ste a i ; is i 3t
(s} S(510){5+100) Evaluate steady state error if systemn is excited with

r{fj= 2+t



3..{p) Obtain Nyquist plot and comment cn stability using Nyquist Criterion for 2 unity

feedback system with feedforward transfer fu;'tction (s)= (—;(—z-—-;—)_—l—) .

(b Discuss bow Bode plot is used for determiniog relative stability: -

(c) Discuss the applicationv Qf a PI controller with suitable example. -
4. (2) Obtain characteristic equation for the system having given state model.
| B)=1z 2RI
r=t 2]

{b) Design series lag compensator for the unity feedback system with feedforward

. . K . . .
transfer function G (s)= m. The velocity error constant is 305 and phase

margin at least 33°.

5. (a)Draw Root Locus for the system that has open-loop pole/zero plot in s-plane as

- below in figure. Also estimate the system gain at the point where the system exhibits

critical damping. jw
ﬁ\
X
For¥ - _U;
Y >
¥
K(s+1)

{b} The open loop transfer function of a closed loop system is(s) = e find

maximum possible K for which the poles lie on left of point -0.5.

*¥¥

{8]
[4} -

(4}

[2j

(81
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

a) Explain different working environment of an instruments.
b) Sketch the block diagram of data acquisition system.
a) Explain the measurement of capacitance using Schering Bridge.

b) A moving coil ammeter has a uniform scale with 50 divisions and gives full scale reading
of 5A. The instrument can read upto one-fourth of the full scale division with a fair
degree of certainty. Determine the resolution of instrument in mA.

Describe loading effect in a potentiometer and discuss the methods to reduce loading effect in
a potentiometer. Also prove that linearity and sensitivity are two conflicting requirements in a

potentiometer.

What are the benefits of microprocessor based system?

5. The address captured by 8255 PPl are COCOH to COC3H. Sketch the interfacing circuit with

10.

1.
12.

13.

8085 microprocessor in memory mapped 1/O for same. What will be the control words for

[3]
(3]
[4]

[4]

(8]
[4]

following configurations of 8255 PP1? [24+242+1+1]

a) Port A: Mode 0 output
Port B: Mode 0 input
Port C: Mode 0 output

b) Port A: Mode 1 output
Port B: Mode 1 input
PC,, s: Output

c) Port A: Bidirectional
Port B: Mode 1 output

d) Set PCsin BSR mode

a) Describe the functions of R§232C signals used in handshaking.
b) What is Enumeration in USB protocol? Describe different types of packets used in USB

Protocol.
Explain how do you interface a 10-bit DAC with 8085 in detail.

Explain the different types of filtering mechanism used to reduce conductive noise coupling
based on frequency.
Explain reliability and fault tolerance in the context of circuit design.

Explain the general rules to follow while doing the component placement. List out the factors
that should be considered in routing the signal traces on printed circuit board (PCB).

Explain about spiral model of software development life cycle in detail.

Explain the construction and working principle of dynamometer type single phase power
factor meter.
Draw the complete block diagram of the industrial process control involved in your case

study. What are the critical factors affecting the production you have noticed in the visited
industry and what are the measures can you suggest for the same? Also mention advantages

and disadvantages of suggested system.

(4]

(4]
151

(5]
(3]

[3+2]
{51

(8]
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Subject: - Instrumentation ( EX 504 )

v" Candidates are required to give their answers in their own words as far as practicable.

V' Attempt All questions.

v The figures in the margin indicate Full Marks.

v Assume suitable data if necessary.

1. Define signal. Compare between analog and digital signals. Explain data compression

techniques.
2. Explain static characteristics of measurement system: Accuracy and Precision. Describe
the measurement of inductance using Maxwell Bridge.
3. a) Explain the working of a capacitance transducer based on change in distance between
plates.

b) The output of an LVDT is connected to 5 mV voltmeter through amplifier whose
amplification factor is 250. An output of 2mV appears across terminals of LVDT
when the core moves through a distance of 0.5 mm. Calculate the sensitivity of LVDT
and that of whole set up. The milli voltmeter scale has 100 divisions. The scale can be
1/5 of the division. Calculate the resolution of the instrument in mm.

4. Define microprocessor-based instrumentation system. Mention its advantages and
disadvantages.
5. Port A is designed as input for a keyboard with interrupt /O and port B as output port for

[2+242]

[3+5]

4]

[4]

(4]

a printer with status check I/0 of 8255 in mode 1 and I/0 mapped /0. [2+1+1+1+142]

a) Draw the block diagram representation for the given statement with appropriate logic

for CS' of 8255.

b) Find the port addresses.
c¢) Determine the control word to set up port A as input and port B as output.

d) Determine the BSR word to enable INTE,.
e) Determine the masking byte to verify OBFp' line for port B.
f) Write initialization instructions and a printer subroutine to output characters that are

stored in memory.
6. Mention the advantages of serial interface over parallel interface. Compare among RS

232, RS 422 and RS 423. [3+5]

7. Explain the interfacing of 8-bit DAC with 8085 MPU.

8. Describe the different mechanism of energy coupling.

9. Discuss about reliability and fault tolerance in the context of circuit diagram.

10. Explain common impedance and trace density in routing signal traces.

11. Describe prototyping model of software development with advantages and disadvantages.

12. Explain the working principle of Electrodynamometer Wattmeter.

13. Diiscuss the current mechanism of the industrial process control system involved in your
case study with its block diagram. Draw the new instrumentation system that you have
designed for betterment and explain it. Also mention advantages and disadvantages of
implementing this new control system.

a5 %k X

[3]
(3]
[5]
(5]
(5]
(5]

(8]
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v’ Candidates are required to give their answers m thelr own words as far as practrcable

v Attempt All questions.
v' The figures in the margin indicate Full Marks
Y Assume suztable data zf necessary.

| 1. a) Define analog and digital signals. Differentiate between ana]og and drgltal systems. [1+3]
b) What is a data logger? What are its applications? ' - [2]
a) Distinguish between static and dynamlc characteristics of a measurement system '
Describe various parameters used to study these characteristics. [4]
b) Explain quality factor in Maxwell’s bridge? Why is it not suitable to use a Maxwell o
bridge for measuring the inductance of a large quality factor (Q>10)? - [4]
a) Explain the working principle of LVDT for the measurement of displacement. v [4]

b) A capacitive transducer is made up of two concentric cylindrical electrodes. The outer
~diameter of inner electrode is 5 mm and the dielectric medium is air. The inner
diameter of outer electrode is 5.1 mm. Calculate the dielectric stress when a voltage of
120V is applied across the’ electrode. Is it within the safe limit? The length of
electrode is 20mm. Calculate the change in capacxtance if electrode is moved through
adistance of 2 mm. The breakdown strength of air is 4 kV/mm. - [4]

4. Design an interface arrangement for 8085 microprocessor to map output ports in address
‘space 85 H and input ports in address space 89 H. - 4]

5. A dairy factory uses an 8255 PPI card at base address 5000 H.
a) Explain how port address 1s changed with the change in address lines of 8085

N

(98]

- connected with 8255. o [2]
b) How do you initialize a control word for 82557 S . ’ {21
¢) Write a program to read data from port B and drsplay at port A and also, data from
port Cy to Cp. . - [4]
6. a) Describe the various error detection techniques used in data commumcatlon [4]

, b) Discuss the types of data packets used in USB protocol. : [4]
7. -How can you interface 10 bit DAC with 8085? Explain. - : | [5]
8. What is the general principle of grounding? Explain the capacmve noise couphng

mechanisms in electronic circuits. , [1+4]
9. During circuit design process, what are some general technical dilemmas faced by ’
engineers? Explain how an engineer can arrive at an optimal solution orven the
. requirements of a customer. - [5]
- 10. Define impedance matching and ground bounce? What are the different ways of reducmg )
. [2+3]

crosstalk when routing signal traces on a PCB?
' 11. Explain spiral software development model with its advantages and disadvantages. [5]

12. Explain the constructional detail and working principle of electrical resonance type

frequency meter. [5]
13. Discuss the current control system and methodology of the instrumentation system
involved in your case study with necessary block diagram. What are the suggestions and
recommendations you would provide to enhance the current system.- Explain with
(8]

necessary reasons why your recommendations should be implemented.
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v’ Attempt All questions.
v The figures in the margin indicate Full Marks.
v’ Assume suitable data if necessary.
1. Sketch the block diagram of generalized measurement system. [3]
2. a) If Voltmeter having accuracy of 1% and full scale range of 100v is used to measure
(1) 80 v and (ii) 12 v. How accurate will the reading be? Comment your answer. - - . [4] .

b) Explain the method used to measure inductance of coil with circuit diagram. . 4}~
3. Explain in detail about Optical Pyrometer with its advantages and limitations. [8]
4. Draw and explain the block diagram of microprocessor based instrumentation system. [4]
5. The addresses captured by 8255A PPI are DODOH to DOD3H. What are the addresses

captured by the card? Sketch the interfacing circuit with 8085 microprocessor in memory
mapped 1/O. Write the control word for following configuration. [1+2+2+1+2]

a) Port A: Mode 1 input
Port B: Mode 1 input
Port Cg, 7: output

b) Set PC2 in BSR mode

c) Port A: Bidirectional Port
Port B: Mode 1 I/P

6. What are errors in serial data transmission? Explain error detection techniques in serial

transmission. Explain USB-OTG in brief. ‘ [3+3+2]
7. Explain the operation of Flash type ADC with suitable example. : [5]
8. Explain the Bluetooth network topology. 3]
9. Explain the various corrective strategies for different energy coupling mechanisms. [5]
10. What are the factors that describe reliability of an electronic system? Describe the

working principle of decoupling capacitors in short. [3+2]
11. Write about the factors we should considered while doing component placement. How do

you reduce crosstalk when routing signal traces on PCB? ' [3+2]
12. Explain the process of software development using Spiral model. [5]
13. Explain in detail about Induction type single-phase Energy meter. [5]

14. Explain the existing system involved in your case study with necessary block diagram.
Recommend the changes that you deem necessary in the visited industry during your case
study. ‘ . (8]

K%k
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v’ Candidates are required to give their answers in their own words as far as practicable.
v’ Attempt All questions.

v' The figures in the margin indicate Full Marks.

v’ Assume suitable data if necessary.

. a)

b)

©)

2. a)

b)

b)

<)

Explain the function of different stage of measuring system with the help of block
diagram.

A voltmeter whose accuracy is 2% of the full scale reading is used on its 0-150V
scale. It is used to measure a voltage of 75V and 37.5V. Calculate the maximum
possible error of both readings. Comment on your answer.

How do you define error in a measurement system? How the Gaussian curves can be
used to explain the normal distribution of random errors in a measurement?

Which bridge is used for the measurement of unknown inductance of a coil having
high quality factor? Explain how the measurement is done with the help of selected
bridge and also explain the reasons behind the selection.

Define capacitive transducer. Explain how by using a differential arrangement a
capacitive transducer which works on the principle of variation of capacitance with
displacement between two plates the response can be made linear. : ~
A capacitive transducer is made up of two concentric cylindrical electrodes. The outer
diameter of the inner electrode is 3mm and the dielectric medium is air. The inner
diameter of the-outer electrode is 3.1 mm. Calculate the dielectric stress when a
voltage of 100V is applied across the electrode. Is it within the safe limit? The length
of the electrode is 20mm. Calculate the change in capacitance if the electrode is
moved through a distance of 2mm. The breakdown strength of air is 3K V/mm.

What is piezo electric transducer? What are the materials used in such transducer?
Define voltage sensitivity, charge sensitivity and derive the expression for the output
voltage developed due to applied force.

What are the ideal characteristics of an Op-amp? Derive the expression for close-loop
gain in non-inverting mode of an Op-amp.

In a resistive potentiometer the maximum percentage error is 15 R, / Ry, where R; and
R are respectively the resistance of the potentiometer and the load respectively. A
position measurement may have a maximum non-linearity of 0.5% when driving a
load of 10 kQ resistance. Find out the maximum value of resistance of potentiometer.

Draw the block diagram of optical fiber communication system and write advantages

of it.

Consider a 6-bit DAC with a resistance of 320 kQ in LSB position. The converter is
design with weighted resistor network. The reference voltage is 10V. The output of
the resistive network is connected to an operational amplifier with a feedback

resistance of 5 KQ. What is the analog output for a binary input of 111010?

Describe the working principle of-Successive Approximation ADC in detail with-

flowchart and diagram.

Explain the working principle of dynamometer type wattmeter and prove that the

deflection torque s directly proportion to power consumed by the load in both ac and

dc circuit.

Show how the instrument transformers are used to measure high voltage and current.

Also explam why secondary winding of CT should never be kept open circuited while

primary is energized?

State and explain sampling theorem and define term analog s1gnal and discrete signal.
* %k ok

[6]

[4]
(61

(6]

(6]

[4]
[6]

[6]1

[4]
[6]

[4]
[6]
(6]

(6]
[4]
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Candidates are required to give their answers in their own ‘words as far as practicable.
Attempt All questions. _ '

The figures in the margin indicate Full Marks.

Assume suitable data if necessary. ,

. a)

b)

.

b)

Define Instrumentation system with example. Explain the main elements of

i) Frequency meter

ii) Instrument transformer

[8‘}“,:'

measurement system with the help of block diagram. S
Differentiate between static and dynamic performance parameter with describing each
parameter in brief. : [4]
A 1000 Hz bridge has the following constants: [6]
Arm AB: R=1000Q in parallel with C=0.5pF
Arm BC: R=1000%Q in parallel with C=0.5pF
Arm CD: R=200Q in parallel with L=30mH
Find the constants of Arm DA to balance the bridge express the result as a pure R in
parallel with a pure C or L. ’ :
Explain how magnitude & direction of displacement can be measured using inductive -
sensor. (6]
Explain working principle of capacitive sensor. Also explain how linear relation
between output & input can be obtained in the case of capacitive sensor working on
the principle of change in separation distance. . [6]
A strain gauge is bonded to a beam which is 12cm long & has a cross-sectional area
of 3.8cm>. The unstrained resistance & gauge factor of the strain gauge are 220Q &
2.2 respectively. On the application of load, the resistance of the gauge changes by
0.0159. If the modulus of elasticity for steel is 207 GN/m’, calculate (i) the change in .
length of the steel beam. (ii) the amount of force applied to the beam. [4]
Explain the ideal characteristics of operational amplifier & derive the expression for
closed loop gain in non-inverting mode. [6]
Explain the "loading effect” on input-output relationship in measurement made by a
potentiometer. How can the error due to loading be minimized? [6]
A capacitive transducer is made up of two concentric cylindrical electrodes. The outer
diameter of inner cylindrical electrode is 3 mm and the dielectric medium is air. The

inner radius of the outer electrode is 3.1mm. Calculate the dielectric stress when a
voltage of 100V is applied across the electrodes. Is it within safe limit? The length of
electrode is 20mm. Calculate the change in capacitance if the inner electrode is moved

 through a distance of 2mm. the breakdown strength of air is 3KV/mm. [4]

Explain the method of Digital-Analog conversion using R-2R ladder network. Why

do we prefer to use this DAC instead of WRN type, explain. ’ [6]
What is data acquisition system. Explain function of the different components of
digital data acquisition system. ’ : [6]
An 8 bit DAC has maximum supply voltage 12V. Find

i) What voltage change does LSB represent?

ii) What voltage change does MSB represent?

iii) What voltage does 10111100 represent? [4]
State and explain Sampling theorem. What is aliasing? Define the terms analog signal

and discrete signal. - C ,
Write short notes on: | - 2x4
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Attempt All questions.
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Assume suitable data if necessary.

a) Explain how probable error can be calculated with the help of statistical analysis in a
measurement system.

b) Explain the difference between static and dynamic characteristics of measurement
system. Also explain following static performance parameter.

(i) Accuracy
(i1) Precision
(iii)Sensitivity

¢) Following readling were obtained in respect of a capacitor: 1.003pF, 0.998uF,
1.001pF, 1.009pF, 1.005pF, 0.991pF, 0.996uF, 0.997pF, 1.008pF, & 0.994pF.
Calculate: :

(i) Arithmetic mean
(ii) Deviation from mean
(iil)Standard deviation

a) . Explain how the liquid level-can be measured by using capacitive sensor.

b) Define transducer with example. Explain the working principle of strain gauge and
derive the expression for the gauge factor.

c) A linear resistance potentiometer is 50mm long and is uniformly wound with a wire
of total resistance of 20k€). Under normal conditions, the slider is at the center of the
potentiometer. Determine the linear displacement when the resistance of the
potentiometer, as measured by wheatstone bridge are 1550Q and 5600Q. Are the two
displacements in the same direction? If it is possible to measure a minimum value of
10kQ resistance with the above arrangement, determine the ‘resolution of the
potentiometer in mm. ; ‘

a) Explain how both direction & magnitude of the displacement can be measured with
help of linear variable differential transformer. '

b) Describe the circuit of 3 amplifier configuration of an instrumentation amplifier. Also
derive the expression for output voltage in terms of two input voltage.

¢) Hall effect element is used for the measurement of magnetic flux of 0.8Wb/m’. The
thickness of element is 2.5mm. If the current passed through the element is S5A,

 caleulate the Hall emf developed. Given that Ky=5%107". ,

a) Explain how analog to digital conversion is gQMCved, by using ramp ADC.

b) What are the drawbacks of weighted resistor network? With suitable diagram explain
the R-2R ladder digital to analog converter.

¢) Given 12-bits, 10v successive approximation ADC that has 20ps conversion time and
s used without sample and hold circuit. Find the maximum rate of change of input
signal and its maximum frequency that can be applied.

a) Explain the working principle of dynamometer type wattmeter and also prove that the

|

deflection torque is directly proportion to power consumed by the load in both a.c.

and d.c. circuit.
\WThat e Piata Acquisition system? Also explain the different component of analog

f6]
[6]

(4]
[6]

6]

(4]
(6]
(6]
(4]
(6]
(6]

(4]
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1. a) What are the essential components of Data Acquisition System? Explain it with the

help of a block diagram. [4]
b) What are th: reasons to prefer pneumatic systems over hydraulic and electrical
system? (2]
2. Obtain the balanced equation of an ac bridge and explain with diagram how Schering
ridge can be used to measure unknown capacitance. [8]
3. What do you mean by piezoelectric effect? What are the different types of piezoelectric
materials? Explain piezoelectric sensors in detail. (8]
4. Explain the types of microprocessor —based instrumentation system. (4]
5. Interizce a printer and a kevboard in mode 1. Port A is designed as output for printer with
sictus check /0 and port B is designed as input for keyboard with interrupt 1/0.
2y Diaw the mapping circuit in /O mapped I/0. (2]
b)Y VWhat are the port addresses captured by the PPI card. [2]
¢) Generate required control words. [1]
d) Write initializing instructions and subroutines to read characters from keyboard and to
send them to the printer. [3]

6. What are the errors in data communication? Compare and contrast Rs 252, Rs 422, and

Rs 423 interfaces. 13+5]
7. Explain the working principle of successive approximation type of ADC. (5]
8. What do you understand by decoupling capacitor? Explain the capacitive shielding
mechanism. [2+3]
2. What is fauit tolerant system? Explain how careful design, testable functions and
recundant architecture can avo:d many failures in electronic circuits. [1+4]
10. Peer circuit layout arnd signal propagating principle may cause many problems in the
circuit operation, manvfacturing ease and probabiiity of design errors. What factors wiil
you consider while routing the signal traces on PCB. [5]
11. How does protyping model overcomes the short comings of waterfall modei? Explain. [5]
12. What 1s wattmeter? Explain the working principle of induction wattmeter with diagram. (5]
13 Explam the existing system involved i your case study with the nec ssary block '
cdiagrem. What was your recommendation over the existing system in terms of cost,
manpower and plant automaiion? _ [8]
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Candidates are required to give their answers in their own words as far as practicable.
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Assume suitable data if necessary.

. a)

b)

<)

b)

¢) Explam

b)

<)
a)

)

Sketch basic blocks of a generalized measurement system. Write function of each
block.

Explain analog and di
popular now?

An AC bridge circuit is working at 1000 Hz. Arm AB has 0.2 uF pure capacitance,
arm BC has 500 Q pure resistance, arm CD contains an unknown impedance and arm
DA has 300 Q resistance in parallel with 0.1 pF capacitor. Find the constant of amm
CD considering it as a series circuit.

‘What are the different parameters to define the static performance of an instrument?
Distinguish between accuracy and precision of an nstrument with a suitable example.

A strain gange is bonded to a beam which is 12 cm long and has a cross sectional area
of 3.8 cm’. The unstrained resistance and gange factor of the strain gauge are 220Q

and 2.2 respectively. On the application of load the resistance of the gauge changes by
0.015Q. If the modulus of elasticity for steel is 207 GN/m’, calculate -

gital modes of operation. Why digital instruments are becoming

(1) the cbange in length of the steel beam
(i1) the amount of force applied to the beam.

in the working principle of a thermocouple for measuring temperature. State

different laws associated with it.
Explain the principles of operation of capacitive. sensor. Also explain how linear
relation between output and input can be obtained when capacitive sensor works on
the principle of change in separation distance.

Explain the features of instrumentation amplifier and derive the expression for its
Gain. ' :

State and explain sampling theorem.

A 6 bit DAC has a reference voltage of 11 volts if it uses

(i) R-2R ladder network.
(ii) Weighted resistive network.

Find the minimum value of resistance in both cases such that the output current does

pot exceed 10mA. A
What.are the drawbacks of weighted resistor network? With suitable diagram explain
the R-2R ladder digital to analog converter.

What is the purpose of using a2 S/H circuit in A/D conversion system. Explain its |

operation along with basic circuit and characteristic waveform.

(sl

4]

(6]

[6}

4

(6}

(6}

[6]
(41

(4]

e

6]



5. a) Describe the construction and working principle of a single phase induction type

energy meter. Show that the total number of revolution made by disc during particular
time is proportional to the energy consumed.

b) Explain the working principle of instrument transformer. Also explain why the
secondary winding of current transformer should never be kept open circuited while

P.124
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(8]
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.]a)

What do you understand by an instrumentation system, explain the functlon of each of

o tts component with the help of a block diagram?
b)
o apphcatton of a force the wire length increases by 0. l mm and resmance mcreases by
1 0.21Q, determine the gauge factor of the device. - :

The wire in a strain gauge is 0.1 m long and has an mmal resistance of IZOQ On

How do you define error in a measurement system? How the Gaussxan curves can be
used to explain the normal distribution of random etrors in a measurement Also state

the properties of the curve.

y Explain how magmtude and direction of displacement can be measured thh the help

-~ of inductive sensor.

“What do you mean by piezoelectric effect? Explain how this eﬂ’ect can be the desxgn
"basis of piezoelectric pressure transducer. Define voltage sensitivity and charge

sensitivity. Give its equivalent circuit and derive the expressxon for the output voltage

by making suitable assumptions.

A linear resistance potentiometer is 50 mm long and is uniformly wound w1th a wire
‘of total resistance 5000€2. Under normal conditions, the slider is at the centre of the

potentiometer. Determine the linear displacement when the resistance of the pot as
measured by a wheatstone bridge is 1850 Q. If it is possible to measure a minimumn
value of 5 Q resistence with the above arrangement determine the resolution of the

pot in mm.

' Why signal conditioning is done in instrumentation system? Derive the expression for

- closed loop gain of op-amp in inverting mode. Also explatn ideal charactenstlcs of
) operatxonal amplifier. : o

A Desngn an integrator circuit which will produce a ramp voltage of -20 V/msec

Draw the block diagram of optlcal fiber communication system and write advantages

-of it.
"Explain how analog to digital conversion is achieved by using Dual Ramp' ADC.

Explain the operation of sample and hold circuit. Also explam aperture time and
acquisition tlme of the circuit. :

What will be a 4-bit successive approximation digital output for an analog input of
4.287V if full range of converter (ER) is 5V?

What is wattmeter? Write is types. Explain the wattmeter Wthh can measure ac as
well as dc power with the help of construction and working principle.

What is data acquisition system? Explain the function of different component of
digital data acquisition system.

(6]
[4]
[6]
(6]

(6]

[4]
(6]
(4]

(6]
(6]

(6]

(4]

(8]
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AR N NN

a) What is an instrumentation system? Explain its different components with the help of
a block diagram. [6)
b) What is random error? Which method do you think is the most appropriate to find its
distribution among a given set of data, make a complete analysis and hence deﬁne
probable error. [6]
c) The output of an LVDT is connected to 2 5V voltmeter through an amplifier whose :
amplification factor is 250. An output of 2 m V appears across the terminals of LVDT
when core moves through a distance of 0.5 mm. calculate the sensitivity of LVDT and
that of whole set-up. The milli-voltmeter scale has 100 divisions. The scale can be
reads to 1/5 of divisions. Calculate the resolution of the instrument in mm. [4]

2. a) Explain the principle of operation of an inductive transducer used for the
measurement of linear displacement. Why differential arrangement of such a
‘transducer is required? [8]

b) "Maxwell's bridge is not suitable for the measurement of high Q-coils", verify the
statement and draw and explain the modified bridge which can measure the

[ )
.

inductance of high Q-coils. ' , [8]

3. a) Explain the construction and working of 2 megger used for the measurement of high
resistance. [4]

b) Describe how digital to analog conversion is achieved by using the R-2R ladder
network. How this DAC over comes the limitations of WRN type of DAC? [8]
¢) An analog to digital converter having an input of (0-8)V is able to distinguish a '
change of 10.3 mv in its input signal, calculate: [4]

i) The number of bits
ii) What voltage change does each LSB represent

iii) What voltage does IMSB represent

4. a) ‘Explain the working principle of dy-nanometer type, wattmeter and also prove that
the deflection torque is directly proportion to power consumed by the load in both a.c.

and d.c. circuit. (8]

b) What do you understand by a Data Acqmsmon system? Explain with a neat sketch,
the role of multiplexer in a DAS. ‘ (8]

5. a) What do you understand by sample and hold circuit. Explain its functioning with the
help of circuit diagram. . [6]
b) Explain the working and application of OP-amp as : [6]

i) an integrator
ii) a differentiator and
1ii) a substractor

¢) A piezoelectric pressure transducer having unknown charge sensitivity is connected to
a charge amplifier, the gain being set to 5 mv/PC. The amplifier output is connected
to an ultraviolet chart recorder, whose sensitivity is set to 25 mm/volt. Determine the

LU« % ISR PRI PRSUUI. SRR UGN REDRSE. oIpk JUFs PRSP SNIY o ISP SRS JUNE 17 Vo SRS
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v All questions carry equal marks.
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1. a) Distinguish between static and dynamic characteristic of a measurement system.

Define the various parameter used to study these characteristics.

b How an unknown inductance can be measured from Maxwell's Bridge circuit and
Hay's Bridge circuit. Why these different bridge circuits are used for measurement of
unknown inductance instead of using single Bridge circuit, Explain. '

2. a) Define transducer with example. Explain the working principle of strain gauge and

" derive the expression for the gauge factor.

b) A barium titanate pickup has the dimensions of Smm>5mmx1.25mm. The force
acting on it is SN. The charge sensitivity of barium titanate is 150pC/N and its
permittivity is 12.5x10° F/m. if the modulus of elasticity of barium titanate is
12x 10°N/m?, calculate the strain. Also calculate the charge and the capacitance.

3. a) Explain ideal characteristics of operation amplifier. Also explain different application
of operational amplifier in measurement system.

b) Explain how data can be transferred by Optical Fiber Cable and write advantages of
optical fiber communication. :

4. a) What are the advantages of inverted R-2R DAC over others DAC? Derive its output

expression for
R-2R DAC.

b) What will be 6 bit successive approximation digital output of the analog input 6.127
Vif Vg is 8V?

5. a) Explain the operating principle of electrical resonance type frequenéy meter in detail.

b) Show how the instrument transformers are used to measure high voltage and current.
And also explain why the secondary of current transformer should not be kept open
circuited while primary is energized.

%k 4k
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e Assume suitaple data if, necessary. -

L. ) Point out the difference betweey analog and digita Measurement systery, Explain the :
functiona} elements of 4y, InStrum@tation System-with block diagram o [6]
- b) Explain different types of EITOTS in measuremeny Wwith their remedjes; [6]

;" S S S

, . N/mz, When‘.applfed to the top dlaphragm‘w e
causes a deflectiop of 0.5 mm. The Capacitance 'is 4¢ x102 g when no pressure g - -

s

applied to the diaphragm ‘Determine the value of Capacitance after the application of

$x10°Nfm? ST
2. a) Explain how can the ‘response of cépaciﬁve transducer, which works on the principle
of Variation of capacitance with displacerhent between twq plates, pe made linear,. b
- Also givethe'sensitiyityofsuchanaqangement. SN IR {61
" b) Show that Hay's Brigge can be used to.measure the yajpe of unhxown-indﬁctancé ofa .7
- c_bi_lvhavmg high quality factor, : : LA I

o AR [6]
¢)' Detérmine the thermo eleetiic-sensiﬁvify and emf developed i 5 thermocouple made -
- of copper angd »QWorfa-temperamre' of 50°C between jts Junctj iv o
" thermo electric. emf of ‘copper and_constantap against platinym,
=344 pypec Tespectively. . o o

-3 2 Derive voltage gain of 3 Op-Amp Instrumentation amplifiers

" fiber optical cqm'inuuicatidn.': ' L
- b) Explain how A/Dvconve{sion can be achjeveq by using dgial slope analog to digitaI. e
comverter. - - A w[6]
-c) The basic step of a9 bit DAC is 103 mV (OOQOOOOOO) Tepresents 0V, what OPis .
 produced if the input s (10110117 n? o 4]
4. 2) Describe the constructional detals ang Working Ot a ferro dynamje type of frequency
meter for the measurement.of frequency, - o (8]
b) Draw the block diagram . of Digital Data Acquisition § stem (DAS) Explain each = ,
block bn’eﬂy. Differentiate analog DAS and digital DAS in terms of their scope, [6+2]
3. a) Explain ‘Lhe,requlremen_t of as ple and holg circuit, Explain its Operation and = -
discuss its characteristic Waveform to illustrate jtg Specifications, [8]

application of Operationa] amplifier jp Measurement syster,. [8]

[6] o
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Attempt AU questions.
All questions carry equal marks.

As.

. a)
b)

-9

sume suitable data if necessary. B IR

Discuss different errors in measmemént sysxem
Differentiate between analog and digital measurement system. - co.

and the methb‘ds:tb’ mmmuze ﬂlem;. '

2% ¢ ing is used on its 0-50V scale.

A voltmeter whose accuracy is 2% cf the full scale readin
Jt'is used to measure a voltage of 15V and 42 V. Calculate the possible error of both

- readings. Comment on YOur answer. o A

. a) Whatis piezoelectric transducer? Define the voltage sensitivity and charge sensitivity. g

" - outpuit voltage by making suitable assuniptions.
b '

“." Jength of electrodes i

-+ .is4.2 mm and the outer

Give the equivalent cireuit for piezoelectric transducer: Derive the expression for the

" medium. Deterrine the change in capacitance for a displacement of the: inner -

electrode of 0.0025 m. Determine also the electric stress. when é}.voltgge,qf 150 Vis

: 'a_ppgied across the electrodes.

).

b)

. Exp}ain the loa ] _ _
" on the Linearity of the potentiometer. Also show that the error occurs at the mid-point

"6f the potentiometer. -

What is Lipear variable differential trans
demerits. » . .
ding effect on a potentiometer and explain the effect of load resistance

shown in figure below. Find the

A strain gauge is connected in the bridge circuit
detector has a sensitivity

deflection in the detector for a applied strain of 0.5%, if the
of 10 mov/pA and an internal resistance is 500 Q. The guage factor of strain guage

is 2.

10000

A capéciﬁve transducer is made ‘up of two concentric cylihdribalf electrodes. The
s 0:025 m, the inner diameter of the outer cylindrical electrode - X

diameter of inner cylindrical electrode is 4.0 mm. Assume air. '

SC
e

(4]

SR

: | I
former (LVDT). Point out its merits and ..

8]

(8]




4 ;1)
b)

b).

.Describe at least twe m_ethbds of aﬁalog 1o digital 'conv'e:’sidn.

Derive maximum aliowable rate of change of mput and maximum allbwablé
frequency to the n bit ADC. : : C
The basic step of a 9 bit DAC is 10.3 mV. If (000000000) represent OV, what output
is produced if the input is(101101111)?7 .

What is meant by sampling? Define the terms analog signal, discrete signal, discrete
pulse in instrumentation system. Discuss data acquisition system in brief. = _

'Deséribe the construction—and working principle of a singic ‘phase induction type.
- energy meter. Show that the total number of revolutions made by its disc during a .

particular time is proportional to the energy g:onsumed'. .

L2 2

(4]

]

(8]
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a) What do you understand by an instrumentation system? Explam the different
[8]

components the sysiem possesses, in detail. )
What are the different parameters to define the static characteristics of . an

b~

b)
- instrumentation system, explain establish a co-relation between linearity and
sensitivity of an instroment with suitable example. . (8]
2. a) Explain how the non-linear characteristics of a capacitive transducer, used for the
measurement of displacement using the principle of change in capacitance due to
change in distance between plates can be made linear. [8]
b) Obtain the balance equation for an ac bridge and explain with diagram how Schermg
bridge can be used to measure unknown capacitance. {831
3. a) Explain how flow rate of conducting fluid can be measured by using electromagnetic
flow meter. Also explain disadvantage of d.c. excition used init. - - I8
b) A strain gauge of resistance 200Q and gauge factor 2 is connected in the arm.AB of
[8]

the bridge as shown below.

The resistance of arms CD and DA are 1002 each. R; is adjusted. fi for balance under
- unstrained condition. The supply voltage to the bridge is 10V comnected across BD.
Determm:. th° output voltage when a detector of infinite resxstapce is cormﬁaed

VL4,



b)

. a)

b)

State and explain samplmg theorem. What is “aliasing” and how can it be avoided?

Explam how A/D convers:on can be achleved by using dual slope analog to digital
analog. i

Bxplam the method of D/A conversion using R-2R ladder network. Why do we prefer
to.use this DAC instead of WRN type, explain.

Explain the worlong principle of dynamometer type wattmeter and also prove that the
deflection torque is directly proportion to power consumed by the load in both ac.
and d.c. c1rcu1t. )

K%k

NoE

(8]
{8}

(8]
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Discuss the analog and digital measurement system with the help of their respective
block diagrams.

An ac bridge circuit is working at 1000 Hz. Arm AB has 0.2 pF pure capacitance, arm
BC has 500 © pure resistance, arm CD contains an unknown impedance and arm DA
has 300 Q resistance in parallel with 0.1 uF capacitor. Find the constant of atrm CD
considering it as a series circuit.

What is loading effect of a potentiometer? Show that the error will be maximum when
the slider of the potentiometer is at midpoint of the potentiometer.

Determine the thermoelectric sensitivity and emf developed in a thermocouple made
of copper and constantan for a temperature of 50°C between its junction. Given that

thermo electric emf of copper and constantan against platenium are 7.4 pV/°C and
—34.4 nV/°C respectively. -

Explain how the flow of fluid can be measured by using Hot Wire Anemonmeters.
Prove that “Linear relationship between capacitance and separation distance between
two plates can be achieved by using differential arrangement”.

Describe the construction and working of linear variable differential transformer for
the measurement of displacement. '
Show how can an R-2R ladder network be used to generate a binary weighted
sequence of current. 4

Highlight the advantages of optical fiber transmission over conventional data
transmission system.

What is an instrumentation amplifier? Derive the expression for its gain.

Explain the constructional detail and operating principle of a single phase induction
type energy meter. ,

A 3-bit DAC has a voltage range of (0 - 12) V. Calculate the

1) weight of LSB

ii) weight of MSB

iii) exact range of the converter

iv) percentage error

If now, the bit of the converter is increased to 6, show by how much amount the error

is increased or decreased? Justify your answer. -
* k%

(6]

[10]
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1.

wh

a)
b)

Explaiﬁ different component of measurement system with suitable examples.
A balanced AC bridge has the following constants

am AB: R = 1000 Q in parallel with C = 0.5 pF

arm BC: R = 1000 Q in series with € = 0.5 uF

am CD: R =200 Q in series with L =30 mH

#nd the conswzni of arm: CD. Sxpress the result as a pure R in paratiel wapure Cor L.

Using statistical analysis of random error of data measurement, explain how probable error in
measurement can be obtained.

Fxplain how can the response of capacitive transducer, which works on the pnnclplc of
variation of capacitance with displacement between two plates, be made linear. Also gjve the

»sensmvxty of such an arrangement.

Explain ideal characteristics of operation amplifier. Also explain different apphcanon of

' opexatxorxal amplifier in measurement system.

A piezo-electric pressure transducer having sensitivity of 4 x 1072 C/N is connected to a
charge amplifier, the gain being set to 10 mV/pc The amplifier output is connected to a ultra-
violet chart recorder whose sensitivity is set in such a way that the deflection of the chart

. recorder due to a force of 400 N is 100 mm. Find the overall sensmwty of the device and the

sensitivity of the chart recorder.
Explain how analog to digital conversion can be obtained by using flash ADC.

State and explain Nyquist criterion. Also explain the phenomenon of aliasing and the way to

eliminate it.

Censider a 6-bit digital to analog converter with a resistance of 20 KQ in MSB posxtxon The
converter is desxgned with welghted resistive network. The reference voltage is 12 V. The
output of the resistive n»twork is connected to an operational amplifier with a feedback

reststance of 10 KQ. What is t2e-znalog ouiput for a binary input of 101011?

Describe the construction and working of a single phase induction type energy meter. Show
that the total aumber of revolutions made by its disc during a particular time is proportlonal o

the epergy consumed.

Show how the instrument transformers are used to measure hxgh voltaoe and current.
The basic step of a 9 bit DAC is 10.3 mV. If (000000000} represents 0 V, what O/" is
produce if the input is (101 101111)? Write the advantages of R-2R ladder type DAC over
WRN type. ) .

List out different types of frequency meter. Explain the constructional dew2il and working
principl" of any one of them to measure ﬁ-equency

What do vou understand by communication of f data in an instrumentation sycem? E
principle of optical fibre dara communication system and higniight its =dvantages over

xplain the

conveational data communicaiion svstem.

£k%

[4]
L6]

[6]

[6]

[6]

(4]
[6]
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1. a) Draw the functional block diagram of an instrumentation system. Explain each block
briefly. - ‘
b) Explain how inductance of a coil can be measured using Hay’s Bridge. Also explain
why this bridge is suitable for the measurement of inductance of coil having high
quality factor.

¢) Show how the capaciior transducer can be used to measure the liquid level.

What is an electrical transducer? How can it be classified? Also explain how direction
and magnitude of displacement can be measured with Linear variable differentiai
transformer [LVDT].

b) In order to measure the strain .in a cantilever beam a single strain guage of resistance
1000 Q and gaunge factor 2 is mounted on the beam and connected to arm AB of the
bridge circuit. The other arms BC, CD and DA of the bridge have a resistance of 1000
Q each. A d.c. voltage of 10V is applied to terminal AC. Find:

i) The output voltage across terminal BD for 0.1 percent strain.
i1) The output yoltage across BD for the same strain if a voltmeter having iniernal
resistance 2000 Q is connected across BD. '

[S8]
[sM]
<

¢) An operation amplifier is used as in integrator to produce a ramp signal of -10 V/ms.
Design the circuit for this.

3. a) Explain the loading effect on the accuracy of a resistance potent{ometer transducer
when used for the measurement of displacement. Also show that maximum error
occurs at the mid-point of the potentiometer.

b) Explain the purpose and operation of Dual slope ADC with necessary figures.

¢) What is a Data Acquisiion system? Draw the block diagram of Digital Data
Acquisition System. Explain its operation.

How can ac power be measured using dynamometer type watimeter? Explain with the
heip if its construction and operation in detail.

L
&,

b) Explain the purpose of using instrument transformers in measurement.

¢) An analog voltage signal whose highest significant frequency is 1 KHZ is o be

digitally coded with 2 cesolution of 0.01% covering a voltage range of 0-10 V. .

Determine: :

i) Minimum pumber of bits in the digital code
ii} Analog vaiue of LS8

iii) Minimum sampling rate

iv) Arcerture time required for the A/D converter

Expinin the purpose and use of S/H circuit with necessary ci

T
its ve-ious charzcteristics with the help of waveform associated

th
I
e’

by Define precision and resclution in measurement. Explain the work
ez oor
Meg o or. P.136
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. a)

Distinguish between analog and digital system of measurement.

b) A 0-150V voltmeter has guaranteed accuracy of 1% of full scale reading. The volt

b)

measured by this instrument is 75V and 37.5V. Calculate the possible percentage
error of both readings. Comment upon the result.

A balanced AC bridge has the following constants:

arm AB, R =2000Q in parallel with C = 0.047pF

arm BC, R = 1000Q in series with C = 0.47uF

arm CD, unknown R

arm DA, C = 0.5pF

The frequency of oscillator is 1000Hz. Find the constant of arm CD.

Obtain the balance equation for Hay’s bridge and explain why it is most suitable for
thé measurement of inductance of a coil having high quality factor.

- Show how “Loading effect” causes a non linear relationship between the input and

output in a measurement made by a potentiometer. Also prove that the maximum
error occurs at the mid-point of the pot wire.

A capacitive transducer is made up of two concentric cylindrical electrodes. The outer
diameter of the inner electrode is 4mm and the dielectric medium is air. The inner

diameter of the outer electrode is 4.1lmm. Calculate the dielectric stress when a
voltage of 100V is applied across the electrode. Is it within safe limit? The length of

electrode is 20mm. Calculate the change in capacitance if the electrode is moved-

through a distance of 2mm.

- Describe the circuit of 3 amplifier configuration of an instrumentation amplifier. Also

derive the expression for output voltage in terms of two input voltage.

In order to measure the strain in a cantilever beam, a single strain gauge of resistance
2KQ and gauge factor 2 is mounted on the beam and connected to one arm of the
bridge circuit. The other arms of the bridge have a resistance of 2KQ each. Calculate
the detector deflection for 1000 micro-strain if the detector Osensitivity is 10mm/pA
and its internal resistance is: (1) 100Q2 (ii) 2009. the supply to the bridge is 10V.

Explain how digital to analog conversion can be achieved by using R-2R ladder
network DAC. Discuss its advantages over WRN type of DAC.

[6]

4]
[6]

6]

[6]

[4]
[6]

[4]

‘[6]



4. a) Describe in detail the successive approximation method of analog to digital (A/D)

b)

conversion taking an example of 4-bit converter having full range of 5V and input of
3.215V.

An 11-bit ADC has conversion time of 20uS and full scale voltage of 10V. Find the
maximum rate of change of input signal and maximum input frequency that the
analog input signal may have in order that the converter can resolve the input signal
into 11-bit number in a signal conversion.

What is data acquisition system? Explain the function and objective of each
component of an analog data acquisition system.

Explain the construction and working principle of a single phase electro-dynamometer
type of wattmeter and derive the expression of deflection for both ac and dc operation.

What do you understand by sample and hold circuit. Explain its functioning with the
help of circuit diagram and also discuss about its characteristics to define its
specification.

$xok
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. a) Define piezo-resistive effect and gauge factor of a resistance strain gauge and derive

the expressior for the gauge factor.

b) A barium titanate piezo-electric pick-up has dimensions of 12mmx12mmx3mm and a

b)

voltage sensitivity of 0.015 Vm/N. Relative permittivity of barium titanate is 1400
and modulus of elasticity of barium titanate is 10 x 10'® N/m?. If the force applied is
20N, determine (i) the output voltage (ii) charge sensitivity (iii) strain (iv) charge
generated (v) the capacitance of the pick up.

Explain different applications of operational amplifier in measurement system. Also
show that if a d.c. voltage is applied to an integrator it will produce a ramp voltage.

A 6-bit DAC has 20 K< resistance in MSB position. The converter is designed with
weighted resistive network. The reference voltage is 12V. The output of the resistive
network is connected to an operation amplifier with a feedback resistance of 5KQ.
What will be analog output for a binary input of 1011017

Describe the construction details and working of a single phase electro-dynamometer
type of wattmeter. Also derive the expression for deflection for ac operation.

A-10 bit, 10V successive approximation ADC has 20uS conversion time. Find the
maximum rate of change of input signal and maximum input frequency.
Fkk
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. a)

b)
a)

b)

b)

Define static and dynamic characteristics of a measurement system and explain the
terms — accuracy, sensitivity and resolution with refer to indicating instruments.

Define probable errors and explain how are they analysed statistically.

Describe how Schering bridge can be used for measurement of an unknown
capacitance. Derive the condition for balance.

A moving coil voltmeter has a uniform scale with 100 divisions and gives full scale
reading of 200V. The instrument can read upto 1/5™ of a scale division with fair

degree of certainty. Determine the resolution of the instrument in volts.

What is a piezo-electric transducer? Give its equivalent circuit. Derive an expression
for the output voltage by making suitable simplifying assumptions.
A strain guage having a resistance .of 800Q and a guage factor 5 is bonded on to a

member of a structures under tensile stress. Determine the percentage strain suffered
by the member if the change in the resistance of the guage is accurately measured as

2.4Q.

Explain the effect of the input resistance of the output device on the output voltage of
a potentiometer. Also show that linearity and sensitivity of a potentiometer are two
conflicting requirement.

A poteniometer has a resistance of 1000Q and is related as 5W. What is the maximum
allowable excitation voltage? Calculate the sensitivity and resolution if the length of
poteniometer is 0.5m and there are 500 turns. Also calculate percentage loading error
at 0.87 of the travel if a voltmeter of 5000Q2 is connected across the potentiometer.

Explain briefly how digital to analog conversion can be achieved by weighted resistor
network DAC. ' }

An 8-bit DAC has reference voltage of 10V. It uses R-2R ladder network. Find the
minimum value of resistance R such that the analog output voltage of operational
amplifier having feedback resistance 10KQ does not exceed 9.5V.

Describe the construction and working of a single phase induction type energy meter.
Show that the total number of revolutions made by its disc during a particular time is
proportional to the energy consumed.

What is data-acquisition system? Explain different components of digital data
acquisition system.

ok
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2)
b)

©)
2)

b)

c)

Explain the function of different components of a measurement system with example.  [6]
Explain the construction and working principle of a linear variable differential transformer.[6]

Obtain the balanced condition for Schering’s Bridge and Also explain how this can be used
to measure unknown capacitance. [4]
What is_piezo-electric transducer? What are the materials used in such transducer? Also
derive the expression for the out-put voltage developed due to applied force. [6]
A piezo-electric pressure transducer having unknown sensitivity is connected to a charge
amplifier, the gain being set to 10mV/pc. The amplifier output is connected to a ultraviolet
chart recorder, whose sensitivity is set to 50 mm/V. Determine the sensitivity..of piezo-
electric pressure transducer if a deflection of 100 mm occurs in the chart recorder due to a

force of 200N applied to the piezo-electric pressure transducer. 4]
What are the characteristics of an ideal operational amplifier? Derive the expwssmn for
close loop gain of operational amplifier in inverting and non-inverting mode. - [6]

a) Explain the principle of operation of capacitive displacement transducers. Also explain how

b)

can the response of the capacitive transducer, which works on the principle of variation of
capacitance with the displacement between two plates, be made linear. Also give the

sensitivity of such arrangement. [6]
A voltage dividing potentiometer is used to measure an angular displacement. The angle of

displacement is 120° and total angle of travel is 355°. Calculate the voltage out-put on open
circuit if the potentiometer is excited by 120V source. Calculate the actual value of the out-

~ put voltage at this setting of a voltmeter of 2 MQ is connected across the output. The

b)

c)

- proportional to the power consumed by the load.

resistance of the potentiometer is 2 kQ. Also calculate the percentage error. [4]
State and explain sampling theorem in digital instrumentation system. . 6]
Explain the special feature of instrumentation amplifier and also derive the expression for
its gain. [6]
Describe with the help of block diagram and flowchart, the method of conversion of analog

signal 1o digital using successive approximation ADC. e e - [6]

An analog voltage signal whose highest significant frequency is 1 KHZ is to be digitally
coded with a resolution of 0.01% covering a voltage range of 0-10V. Determine: (i)
Minimum number of bits in the digital code (ii) Analog value of LSB (iii) Minimum

sampling rate (iv) Aperture time required for the : [4]
Explain the features and working principle of sample and hold circuit. {6]
Mention the different types of energy meter. Also show that the deflection torque is directly

(6]

What 1s data acquisition system? Also explain different component of digital data
acguisition system. o 43
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. a)

b)

b)

b)

Define measurement and measurement system. Also explain various types of errors
encountered in electrical measurement.

The value of power consumed was determined by measuring current “I” flowing
through the resistance with an error of £1.5 percent and resistance “R” with an error
of £1 percent. Determine the maxunum possible relative error to be expected on
measuring power “P” from formula P = I’R.

The AC bridge shown in the figure is used to measure the unknown induction (Lx) of
a coil having quality factor greater than 10. Show that Ly = R,R;3C;, when the bridge
is balanced.

Explain how low-Tesistance can be measured with the help of ammeter-voltmeter
method. '

Explain the working principle of current transformer along with its connection in a
circuit. What will happen if the secondary circuit of the current transformer is open
circuited while the primary carries current? Explain.

The output of a potentiometer is to be read by a recorder of 10 K< input resistance.
Non-linearity must be held to 1 percent. A family of poteniometers having a thermal
rating of 5W and resistances ranging from 100Q to 10,000Q in 1002 steps are

~ available. Choose, from this family, the potentiometer that has the greatest possible

sensitivity and meets other requirements. What is the sensitivity if the potentiometer
are single turn (360°) unit? '
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