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1. TRANSFER FUNCTION

e The input known as excitation or cause (denoted as r) for any control system which operates

through a transfer operation is termed as transfer function (denoted as g).

« Transfer function produces an effect resulting in output or response ter as controlled
variable (denoted as c). Thus the cause and effect relationship between.th input
is related to each other through a transfer function.

* The relationship between the output and input is represente m kngwn as block

diagram as shown in Fig.

Input or Excitation

Function, r Transfer
Function, g

correspondi aplace transforms, the transfer function is also expressed as a ratio of

transform of output to Laplace transform of input.
Thus if,

R (s) = Laplace transform of the input function
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C(s) = Laplace transform of the output function
then the block diagram for a control system is drawn as per Fig.1

The transfer function is expressed as,
G(s)=@ (2
R(s)
While taking Laplace transformation for determining the transfer f jon co stem,
it is assumed that all the initial conditions concerning the differefitial e ion argrzero.
Hence the transfer function is,
Lc(t)
G(s)=—= ..(3
® =T ®3)
“The transfer function of a control system is d s the#@tio of the Laplace transform of
the output variable to the Laplace transform he“input variable assuming all initial
conditions as zero".

. Poles and Zeros of a Transfe

ion
The transfer function of a linear control system can be expressed in the form of a quotient of

polynomials in the following f

_a,s"+a st +a,s" i+ +a,
bys™ +b,s" t+b,s" " ?+...+b

(4

enominator can be factored into n and m terms respectively. With
above expression for the transfer function can be expressed as,

_ A(s) _ K(s—s,)(s—s,)...(s—s,)

G(s)
B(s) (s—5,)(5-S,)..(S-5,)

.(5)

where K = % is known as the gain factor of the transfer function.
0
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In the transfer function expression (5), if the numerator is equated to zero, then n roots of

the equation are sy, s, s3, ..., S, Where as equating the denominator to zero, the m roots

an be determined as Sg Shr Sg -+ ' Sy
. Poles of the transfer function :  In the transfer function expression (5), ifis is put equal to
Sar Sp - Sm it is noted that the value of the transfer function is infiniteghe - Sm

are called the Poles of the transfer function.

. Zeros of the transfer function : In the transfer function e

So, -1 Spy it is noted that the value of the transfer function i €54, S, ..., S, are

called the Zeros of the transfer function.

. The poles s, sp,..., S, Or the zeros s;, sg real or complex and the

m

to the presence of repetitive factor in the

ction expression.

. The graphical symb pole is X and for a zero O. The said symbols are used when

the value of the transfer function is found to be infinity for s = . Hence, it is
d that there exists a pole of the transfer function at infinity (s = «) and the

multiplicity (order) of such a pole being (n —m).
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2. If n < m, then the value of the transfer function is found to be zero for s = . Hence it is
concluded that there exists a zero of the transfer function at infinity (s = «) and the

multiplicity (order) of such a zero is (m — n).

Therefore, in addition to finite poles and zeros of a transfer function, if and zeros

located at zero and infinity are considered, then for a rational function th ber of
zeros is found to be equal to total number of poles.
For example, consider the following transfer function:
G(s) = (s+2)(s+ {1) .
S(s+3)(s+5)(s+2—j4) (sh2t j4
For the above transfer function, the poles are at (1) b=—3 () sc=(-2+]4),
(4) sq=(-2-j4) and (5) s, = - 5. The zeros t(1) s 5527 (2)sp=-4.

As the number of zeros should be equal to num

of poles, the remaining three zeros are

located at s = .

The pole-zero locations are plotted in s— shown in Fig.

Atjo
X +-j4

1 -4

v
—Jo

Fig.2 Poles-zeros in s-plane.

In the transfer function expression of a control system the highest power of s in the
numerator A (s) is either equal to or less than that of the denominator B (s). The transfer
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function of a system is completely specified in terms of its poles and zeros and the gain

factor.
. Transfer Function and its Relationship with Impul se Response
In a control system the output is related to the input by a transfer function efined earlier,
ie.
10
R (s)
or C(s) =R(s)G(s) ...(6)

The output time response can be determined by takidg inverse Laplacg transform of relation

(6). If the input is specified as unit impulse at t = ) = 1 and the transformed

expression for the system output, is,
C(s) =1.G(s)

or C (s G (s) - (7)

.(8)

re for determining the transfer function o f a control system

The following steps give a procedure for determining the transfer function of a control

system:
1. Formulate the equations for the system.
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2. Take the Laplace transform of the system equations, assuming initial conditions as zero.
3. Specify the system output and the input.
4, Take the ratio of the Laplace transform of the output and the Laplace transform of the input.

The ratio as obtained in step (4) is the required transfer function.

Ex.1 The pole-zero configuration of a transfer function is given below (Fig. ,
The value of the transfer function at s = 1 is found to be 3.2. Deter e trafsfer function
and gain factor K.

A+

| A

v —jo
guration for example.

Sol. i hree poles and one zero, therefore, the transfer function consists

K(s+3)

GO = e 2)s+a)

Itis given that at s = 1, the value of G (s) is 3.2

Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114
Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vypmclasses@yahoo.com /info@vpmclasses.com
Page 7




\""BVPM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

0 G(1)=32 K@+3) _ Kx4
11+2)1+4) 1x3x5
0 K:3.2><1><3><5:12
4
0 G(s) = 12(s +3)
s(s+2)(s+4)
2. X-RAYS
. X-rays are electromagnetic waves whose wavelength is mor

region of electromagnetic spectrum.

. X-rays are emitted in the form of photons.
. Their wavelength is of the order of 1A wh their ngth range is from 0.1A to
100A.
. X-rays are of two types

(i) Soft X-rays  (ii) Hard X
. Difference between two types of X-ray

lel

a

Hard )\ Soft X-rays
Th {mo er is high. Their penetrating power is low.

@ avew is less (0.1A - 10A). | ' Their wavelength is more  (10A - 100A).

\Their energy is high (10* eV) Their energy is low (10% eV)

equency is high (10” Hz) Their frequency is low (10"°Hz)

. X-rays were discovered by Roentgen, hence these are also known as Roentgen rays.

Properties of X-rays

Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114
Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vypmclasses@yahoo.com /info@vpmclasses.com
Page 8




\""BVPM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

(A)

X-rays are uncharged, invisible electromagnetic waves which are emitted in the form of

photons.

Their velocity is equal to that of light (i.e. 3 x 108 m/s)

These are not affected by electric and magnetic fields.

They obey all the laws of light and exhibit the phenomena lik lection, refraction,
diffraction, interference and polarization etc.
After traversing x distance through matter their intensity redéices'to

— —pX
I=1e

For X-ray photography of human body parts, BaSO, absorber.

X-rays are diffracted by crystals according to w.

X-ray spectra and related features
Continuous X-ray spectrum
Production
hv

X-rays photon

L

When high energy electrons pass close to the nucleus of target atom then these get
decelerated due to Coulomb attractive force of nucleus, then X-rays of continuous

frequency and energy are emitted.
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. Accelerated or decelerated charges emit electromagnetic radiations which are known as

Bremsstrahlung radiations.

. The minimum wavelength of continuous X-rays depends on the applied potential difference

oA =hC 12400 4
ev V

(B) Characteristic X-ray spectrum ,
Production
e incident (ﬂ\ei[fvn K - electron ‘

are emitted. In this process photons of energy equal

to the difference of ies of initial and final shells are emitted.

. The energ ese X-rays is a line spectrum in which series of various

fre

=

elengths are obtained.
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n=4
N shell
n=3 Mo y
M shell
L
n= 2 * \'4 Lﬁ \'A
- 5 L shell
L series
ch Kﬁ K'Y
K
n= 1 Y \'4 \'4
<>
K series
Fig.5
. (i) K-series :- When electron makes transiti from n = 2, 3, 4.. to n = 1 state, then K-

series of X-rays is emitted.

(ii) L-series :-When electron makeg’ transitions ftom n = 3, 4, 5... to n

2 state, then L-
series is emitted.

Mosley's law

(@) The frequency of racteristic X-ray spectral line is directly proportional to the
square of ato

umber o t element i.e.
Z? or \/V Uz

Jv = a(Z —0) For K, line 0, =1

e dffraction of X-rays is possible by the crystals and not by ordinary grating, because the
mic spacing in a crystal lattice is of the order of wavelength of X-rays whereas the
size of grating element is much larger than the wavelength of X-rays.

2dsinB® =nA
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The reverse phenomenon of X-rays is known as photoelectric effect.
3. LASERS

. Laser is a powerful source of light having extraordinary properties. The unique property of

. In laser, the light waves are exactly in step with each oth

relationship (Fig. 6b).

. This coherency makes the laser light very narrow, jpowerful ang easy to focus on a given
object.
k .
CRDINARY
LIGHT
SOURCE

r o2 £
Fig.6(a)
L
LASER LIGHT
SOURCE
Fig.6(b)
. i le of Laser Action
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(2) (b)
HIGHER ENERGY LEVEL Ez

STIMULATED
f_\rﬁ‘ m EMISSION
= OF PHOTON
2",::—5?,.05 PHOTONS
-
- "': * = °* GROUND STATE E:
ATOMS

(<)
e

Every atom, according to the quantum theor ergies only in certain discrete

states or energy levels. Normally, t the fowest energy state or ground state.

When light from a powerful soutce p or a mercury arc falls on a substance,
the atoms in the ground st go to one of the higher levels. This process
is called absorption . After vel for a very short duration (of the order of 10°®

round state, emitting a photon in the process. This

by the excited atom, Moreover, both the photons are released from the same
state in the same phase, This process, called stimulated emission , is
fundamental for laser action (Fig.6c¢). Thus, the atom is stimulated or induced to give up its

photon earlier than it would have done ordinarily under spontaneous emission.
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. LASERS IN MEDICINE

Clinical use of lasers.

Dermatology Pulsed dye Ar, CO,, Nd : YAG, ruby
ENT CO,, Nd : YAG

Ophthalmology Ar, kV, Nd : YAG (Pulsed), Exci , dy
Urology Na: YAG, Sapphire

Plastic surgery CO,,

Stone fragmentation Pulsed dye, pulsed Nd: YAG e

® In medicine : The lasers are used primaril energy to tissues. The laser

wavelength used should be strongly absorbed'by tissues. The laser energy directed at

human tissue causes a rapid rige i peratuge and can destroy the tissues. The amount

(ii)

(iii)
and Nd : YAG lasers.

(iv)

In urology: Treatment of tumors of bladder and contractures or structures of urethra is
done through YAG lasers. The fiber is inserted through a urethroscope.
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v)

(vi)

(Vi)

In orthopedics: Argon laser is used for photocoagulation of bleeding vessels near spinal

chord. Injuries to cartilages of the knee are repaired using arthroscopes and YAG lasers.

In dermatology-phastic surgery: Laser is used in the treatment of Portwine strains

(PWS), removing tattoos, and removing Telangiectasis (small red spots on

In obstetrics-gynecology: In traepithelial cancers vulva or ski

premaliagnant and malignant conditions of Cervix and Vagina

pre-malignant area can be visualized and observed
procedure.
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