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	Learning Objectives
Students will learn  basic concepts of different type of signals and transients response. 
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INTRODUCTION:-




TYPES OF TRANSIENTS-
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IMPORTANT EQUATIONS:-
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TRANSIENTS IN RL CIRCUITS(DC):-
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TRANSIENTS IN RL CIRCUITS(AC):-
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TRANSIENTS IN RC CIRCUITS(dc):-
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TRANSIENTS IN RC CIRCUITS(ac):-
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Beyond syllabus 
Steps, Impulses and Ramps

 The unit step function u[n] is defined as: 
u[n] = 0, n < 0 
u[n] = 1, n ≥ 0 
This signal plays a valuable role in the analysis and testing of digital signals and processors. 
Another basic signal which is even more important than the unit step, is the unit impulse function δ[n], and is defined as: 
δ[n] = 0, n ≠ 0 
δ[n] = 1, n = 0
    
        [image: ]
                                      the unit step function                                              the unit impulse function

One further signal is the digital ramp which rises or falls linearly with the variable n. The unit ramp function r[n] is defined as: 
r[n] = n u[n] 


[image: ]
                           The unit ramp function

Since u[n] is zero for n<0, so is the ramp function

The Unit Impulse Response 
The unit impulse was described above as: 
δ[n] = 0, n ≠ 0 
δ[n] = 1, n = 0 
This is also sometimes known as the Kronecker delta function 

	n 
	-2 
	-1 
	0 
	1 
	2 
	3 
	4 
	5 
	6 

	δ[n] 
	0 
	0 
	0 
	1 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	δ[n-2] 
	0 
	0 
	0 
	0 
	0 
	1 
	0 
	0 
	0 
	0 
	0 





[image: ]

	                          Shifted impulse sequence, δ[n – 2]

A shifted impulse such as δ[n – 2] is non-zero when its argument is zero, i.e. n – 2 = 0, or equivalently n = 2. 
2 
The third row of table 1 gives the values of the shifted impulse δ[n – 2] and Figure  shows a plot of the sequence. 
Now consider the following signal: 
x[n] = 2δ[n ] + 4δ[n – 1] + 6δ[n – 2] + 4δ[n – 3] + 2δ[n – 4] 

shows the individual sequences and their sum
	n 
	-2 
	-1 
	0 
	1 
	2 
	3 
	4 
	5 
	6 

	2δ[n] 
	0 
	0 
	0 
	2 
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	4δ[n-1] 
	0 
	0 
	0 
	0 
	4 
	0 
	0 
	0 
	0 
	0 
	0 

	6δ[n-2] 
	0 
	0 
	0 
	0 
	6 
	0 
	0 
	0 
	0 
	0 

	4δ[n-3] 
	0 
	0 
	0 
	0 
	0 
	0 
	4 
	0 
	0 
	0 
	0 

	2δ[n-4] 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	2 
	0 
	0 
	0 

	x[n] 
	0 
	0 
	0 
	2 
	4 
	6 
	4 
	2 
	0 
	0 
	0 



Hence any sequence can be represented by the equation: 
Σ−=kknkxnx][][][δ 
= + x[-1]δ[n + 1] + x[0]δ[n] + x[1]δ[n - 1] + x[2]δ[n - 2] +……. 
When the input to an FIR filter is a unit impulse sequence, x[n] = δ[n], the output is known as the unit impulse response, which is normally donated as h[n].
[image: ]
Substituting x[n] = δ[n] gives the output y[n] = h[n]. 
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The complementary function is given by

(i ]

¥a :k,e“" +.i:1ier'iL“t where A, :-%'— GT—b

The compiete solution for the above equation is vy = Yptw
Further treatment is the same as for case 2 (i) above.

~aa e @ x oe o owm e - —

Ir i, I and i be the resultant current, find steady-state current and transient current respec—
tively in &L circuil of Fig. .1 (@), then by superimposition, the equation for the resultant cur-
rent, for the duration of initiation transient, is

. " i
—O

1y = MR

1 T
fewd A
Fig, 22.1
Pi= o ir o
Since the applied voltage V drives the steady-stage current, hence
I, = VIR
L]
Since the transient current i is not associated with any voliage.
. o, =
- I,R+L?;=(I - LEF)
i, R
: S
or i T (i)
i R
or j dl =— f—[ dt logh § = _-"_J +Hw K= e (W)
(‘ L. L.
where K is the constant of integration whose value may be found from the imitial conditions.
Now when ¢ =0, i =1 (say), Then from Eq. (iv} above we get, logh L,=0+K
Putting this value of K mm Eq. (iv). we have
R R =k
loghi, —logh £, = bk logh ¢ /1, =— Sl ALy ate )

where 3 = £/ R is called the ¢ime-constans of the circuil. Its reciprocal &/ is called the damping

coeffictens of the circuil. The curmrent decreases exponentially as shown in Fig. 22,1 (b) From Eq
[y and {v). we have

=, 4 L% e wed)

If the time is reckoned when the valtage V is applied, so that when r = 0, § = (0, then from
squation (vil, we get

v

T=I dy e

0=1, +ige™
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In that case, Eq. (vi) becomes

. o .

nzﬁ-—ﬂs i oo (v}
V N

7“_’ oot ... {viid)

Curves for I and i have been plotied in Fig. 22.1 (b). The curve for resultant current has

been oblained by the superposition of steady-state current / (= VIR) and transient current
V=LR i =Ee"”‘

Theoretically, the transient current | takes infinite lime
to die off but, in practice, it disappears in a very shont
time.

The values of resultant, steady-state and transient
voltages across the resistor can be found by multiplying
Eq. {vit) by R and are shown in Fig. 22.2. The em.f. of
self-induction-Ldi [df 1s only transient in nature and equals
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225, Short Circuit Current

After some time, the transient current would disappear and the only current flowing in the
circuit would be the steady-state current / = VR, Let the R-L circuit be closed upon itself fe. be
short-circuited by shifting the swiatch ['Flg 221 (a)] o posmtion 2. Since the voltage V has been
excluded from the circuit, the rapped curremt / will immediately cease o be a steady-state cur-
rent, but on the other hand, will become the initial value [, of a new subsidence transient current
i. If time is measured at the instant of short-circuit, so that when t = 0, the current is
[, = VR. then Eq. (v} becomes

i = %l‘_ﬁl e (XD

This eguation has been plotted in Fig. 22.3. The only
voltage acting in the circuit is that due to self-induction fe.
= L difdt which equals i R.
22.6. Time Constant

The ume constant of a circuit 15 defined as the ome it 0
would take for the transient current to decrease to zero, if the
decrease were linear instead of being exponential.

In other words, it is the time during which the transient current woukd have decreased to
zero. had it maintained its initial rawe of decrease.

The mitial rate of decrease can be found by differentating Eq. (vi) and putting ¢ = 0

.S (d_f] i,
di U dt oy A
If the rate of decrease were constant throughout and equal w —/, /&, then the straight line
showing the relation between { and s would be given by
Ill

£=—"9¢

=+ (luirrent

A
The time-period would be equal to the sub-tangent OF drawn o the exponential curve of
Fig. 223 ar { = ] L« @ the beginning of the curve.
If we put r =2 in Eq. (v), then i =1 & = Ife=1J2718 =037 1,

Let a voltage given by v=V_ sin (o +'¥) be suddenly applied across an K-L circuit [Fig,
225 (a)] at a tme when ¢ = 0. It means that the voliage 1s applied when it is passing through the
value V_sin . Since the contact may be closed at any point of the cycle, angle v may have any
value lying between zero and 2 radians. The resultant current, as before, is given by
=1+
(]
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Fig. 225
‘The value of steady-state current is found by the normal circuit theory. The peak steady-stute
current is given by

kX,

where JR?+ X, is the impedance of the circuit This current lags behind the applicd voltage by
anangle & such that tan 6 = X, /R = or ¢ =t (X/R)

Hence, the equation for (hé instantuneous value Gf the stcady-state current becomes
sin(r-+ ¥ -0)
As before, the transient current is given by

-

=ty =1, sin(r+ Y= g)+ g i)
Now, when ( 0, hence putting these values in Eq. (i above, we get

0 F-0vHly  n dy=-l,sinP-0)
Henee Fq. (i) can be writen as

i= 1, sin(ot + ¥ —-0)- 1, sin¥ —g)e " 0

From the above. it is seen that e e of J, and hence the size of the transient current
depends on angle \p L. it depends on the instant if the cycle at which the circuit i closed. We
will consider the following three cases |
Case 1
When 1= 0, lef the voliage pass through its zero value and become positive i.e. let =0 In
case. putting this value of W in Eq. (i), we get
(=1, sin(or—¢)—1,, sin(—pye " = 1, [sin(ox ~ )+ singe ™ |
“This is shown in Fig. 2.5 (b). Tt is seen that maximum instantaneous peak current OF is
larger than the normal peak current O
Case 2
Let 1= 0 when voltage is passing through ifs value V, sin 1 so that ¥ = ¢ or ¥~ =0
In that, £, = 0, there is no transient current at the time of switching on (ie. I, = 0). It

corresponds 1o the contacts closing at the instant when the steady state curreat itseelf is zero
Case 3
When

0. et the voltage be passing through

Vi nn[mt%)u W=+ T and W-o=tn/2
In this case, the transient [as found from Eq. (if)] would be given by
). =g,

Under these conditions, the transient would have its maximum possible initial value

W=
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When a d.c. voliage V is suddently applied to an R-C series circut (Fig. 22.6). the voltage

cross the capacitor rises from zero value o the steady-state value V. If v,_is the voltage across

apacitor, v, the transient voltage, then LS R c
vo=Vey, @ 2 5 it

The charging current is maximunm at the beginning but then 2

5 reduced 10 7ero 50 that there s no Steady-state current but 3

ransient one.

ince the transient current is not associated with any

pplied voltage, hence

iRev, =0 G
Now, capacitor voltage v, = ¢,/C
. Eq. (i) becomes T
iR+ =0
€
di __ 1 dg
\r o Gu__Lda_
@ CRdr

As before i, = loe 'R = et

where CR = ), = time constant. The reciprocal J/CR is known as damping coefficient
(1) Charging Current

o=}

@

®

@
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fo=VIR

. il ¥ _
:r=!r)ﬂ r."!.=_f ik

Tius is plotied in Fig. 22.7 (a)
The transient voltage across the resistor K is given by

v
LR= Ee_”h = R

= Ve t'* ... Fig. 19.7 (b)
From Eqg. (i) the value of transient voltage across the capacitor is v, = —{ R
Hence. Eq. (i) becomes
v, =V—iR=V—Ve ™

= V{I—f“'“‘} {1 5]

The voltage across the capacitor v which is the sum of the transient voltage v and steady-
ate V' has been plotted in Fig. 227 (¢}

The charge across the capacitor s given by

g=v, =CV(l—e"™1org=0(-¢

(i) Discharge Current

When the capacitor bas become fully charged so that charging current has ceased, then the
-C circuit is shorn-circuited by shifiing the swiich § from position | o position 2 (Fig. 22.6). On
ung so, 4 transient discharge current will start flowing mmmediately. If tme is recokned from the
stant of short-circuit, then when r = (), :'f = J'u, hence from Eg. (i} above v = - !0. K. Muoreover.
hen + =0, v = V. However, since there is no steady-state voltage across the capacitor, from Eg.

a

o we get v = v . Combining these results, we get

=tk y (-, P =0CV)

—_—r

o
——1

PG Y-012 |1 W94 PG UO[Sq [PIT [B6 DUjh AOIRE 10 (PG CILCm @ n aynep odmipe 'y
obberir 0 [ 0 smpicp e cpmEIIUE COusup [Jose |0 R PR 6 COLAG 92 pEGU LI pEjom,
11 12 byouse w0 RI% 5358 (8) [p6 uekanse au gpome (P qreepuie CALGU [ome 101 qiuecnon

K
| —"E—‘h_lﬂ,
P=-k\B
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In this case. the resultant currents can be determined in the same way as for an R-L circuit
(AL 2270, 181 given by

27 Vol

Fig. 211

i = sy o)+ e where Vi R + X
(L sin(or + )
isgivenhy =1 sin (yi+0)

and
“The value of £, s Found from initial known conditions (r=0. i
Hence, the resultant current hecomes

i

1 SinGor+ i+ 9)

1 sinty+ e

As shown in Fig. 22.11. the resultant current at the momeat of switch closing 1s OA and is
made up of steady-state current OC and transient current OB,
2210, Double Energy Transients

In an £-L-C circuit, hoth electromagnetic and electrostatic energies are invalved, hence any
sudden change in the conditions of the circuit involves the redistribution of these twh forms of
energy The transient currents prodduced due to this redistribution are known as double-cricrey
transients. The transient current produced may be unidirectional or a decaying oscillatory current.

T an B-L-C circunt, the transient voltages across the three circuit parameters are

R, ey and g€ . Henee, the equation of the transient voltage is

0
Differentiating the bove equation and putting i, for dg,/di, we get
& Rdi, 1 .
L iy
LaiLC

dr

This is o linear differeatial equation of the second order with constant coefficient like 2 ()
given in A No, 22,3 1ts solution 1s given by
R i)
where k and k_ are constants whose values are found from the boundary conditions. The values of
A and A, are given by

o we

four different conditions of the circuit are distin-
rions in the case of an R-L-C cireuit

oscfree Cireuit, & = 0 i, Undamped

[1

Vi

Hence, Eq, (iii) given above hecomes

Depending on the value of A, and h
guishable We will now examine these four
Case 1.

In this case. A, -ie

o and A,
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Ik (cosar + jsinen) + Ay(cos - |
= (ky + ks eosan + jiky — ky siner

or cosa + Bsinor v
where A=k +ky and B= jik —ks)
(i) can be stll further simplified to
L sin(or-+6) )

where ;
As seen from Eg. (1

B and ¢ =tan~' (41 B)
. the ransient current in this case is sinusoidal wave of constant §

J2nJLC as shown in Fig. 22,12 (). The values of two constant terms

value and frequency 1=

1, -and & can be determined from any v known initial circuit conditions which are (1) the inial
current in the induetance and (i) the initial valtage across the capacitor
2 B
Case 2. Low-doss Circuits -~ < . e, Under-damped

In this case, &y and A, would be conjugate complex numbers because the term under the
square st sign in each case would he negative

—at jo and b

Putting these values in equation (1), we get
P

) e 4 ke
This equation can be reduced. as hefore. (0 the form

Lo ™ sinfar +6) (i)
Where [, and & ure constants as before. Equation (vi) represents damped trnsient oscillatory
curtent as shown in Fig. 22,12 (b)

- - — ]
at (4 Coslyt + B sinhet)
Y f Overdamped
I LS ot )
L
Crdamped o
4\ @

In
A TN
. 3

etk ke

Capital

Démpine

i~y e Sing o1+ 4) 2
Ulrdarped
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The exponential term - which accounts for the decay of oscillations, s called the decay
or damping factor or merely decrement. It makes each current peak a definite fraction less than
that preceding it. The Jogarithm 1o the Naperian base “c” of the ratio of peaks one cycle apan in
time is @/ {=RI2/L and is referred 1o as fogarithmic decrement, The frequency of dumped
uscillations is given by

Case 3. High-lss Circuit: —

ayand y3=-a-7

Kl TV = g (k¥ ke

Now
and = coshpr = sinhr

T (Uky kY eosh -+ by Ky ) sinh 1)
or i, = Acoshr + Bsinhyr)

A typical curve of this equation is shown in Fig. 22.12(¢)

T is u case of critical damping because current is reduced to almost zero in the shortest
possible tme. The above equation has been plotted in Fig. 22.12 (d) :

Hence, we can summanize as follows:

1. Transient current 15 an undamped sine wave if R

)

2 Transient current s non-oscillatory if R < 2JL/C

Transient current is non-oscillatary if &2 2J27C

Critical damping oceurs it R=2VL/C
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Example 22.9. A 5 WF capacitor ix discharged wiedifenly throgeh a eoll having an indu
tanee of 2H and g vesustance of X600 L2 . The coapacitor o aitially charged o a veltage of 10}
Fined

(i) wry expression for the curreny

thi the additonal resistionoe wperrid fo give grii ol |.fumpir.l;;

Solution. Since there is oo batlery or generator in the circuil (Fig. 22.13), the steady-state
current must be zeroo 18 means that resultant current is simply the transient current.

Current

fand

Value of 2070 =242/ 5x 107
= 1365 2

Since R< 24000 . the circunt s originally oscillaiory.,
L) the expression for the wransient current, therefore, s

= 0" sin (o + dy

f‘, "
where H=R/ZL=200r2%x2 =50
| R-’ i S
w o= 1.}— - = 100,000 — 2500 = 312.3 radis
LC AL?

i= e ™ S 3123+ ) = . LE)

Twwis imtial conditions wre known from which [ and © can be found (a) a0 =00 ¢ = 0 and
(hyat =4k v = 10 Y. Applyving condition (a) W Eg. (7)), we get

O=1,sind. hence 9 =0 = i=1,e " sin3123r e i

Now, @ 1 = [, the voltage across the inductance must be' 10V because the current in the

resistance is Fero.

i (Ledi ity = IOV oo Ldidddry =100 L =5 Afs e LEEED
Maww, from equation (7). we have
'T“ = S0, e 5in 31230+ 31237,,¢ ™ cos 3123 o i
ot

Putting r = {b, #l becomes (e dfy o, = 31231

From equation (4], we have
Mz23f,=5 o4, = 53123 = 0016 A

" "
Hence, the general expression for the current becomes
i = 0.006 ¢ sim 3120
It is roughly ploted (the first Few cycles only) in Fig, 22,13 (&)

(b Criticnd damping s achieved when 8 = 2/ 7
2
R=2+42/5%107" = (2652

- Additional resistunce regd. = 1265 — 200 = 1065 02
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It is quite an easy job to calculate the sieady current, which flows in a circuit, when it is
connected 10 a d.c. generator or a battery. Similarly, the alternating current which flows in a circuit
when connected 1o an alternator can also be calculate by the various method discussed in Chapers
13 and 14, These currents are known as steady curments because in such cases, it is assumed that
{i) the circuit components are constant and (if) the circuit has been connected to the generator long
enough for any disturbance produced on initial switching, 1o resolve itself.

In general, transients disturbances are produced whenever

{a) an apparatus or circuil is suddenfy connected 1o or disconnected from the supply,

(k) 4 circuil s shorted and

{¢) there is a sudden change in the applied veliage from one finite value to another.

We will now discuss the transients produced whenever different circuits are suddenly switched
on or off from the supply voltage. In each case, we will assume that the resultant current consists
of two parts (i) & final steady-stage or normal current and () a transient current superimposed on
the steady-stage current,

It is essential to remember that the transient currents are not driven by any part of the applied
voltage but are entirely associated with the changes in the stored energy in inductors and capucitors.
Since there is no stored encrgy in resistors, there are ne (ANSIENTS 1 PUEE FESISHVe CICWIEs.

There are single-energy transients and double-energy TANSICAIS.  SIMBIe-SNErgy FANSIENS

are those in which only one form of energy, either electromagnetic or electrostatic is involved as in
ER-L and R-C circuits,

However, double-energy transients are those in which both clectromagnetic or electrostatic

is mvolved as in R-L-C circuits Transient disturbances may be further classified as follows :

(o) Initimtion Transients ¢ These are produced when a circuit, which is originally dead,
is energised.
(b1 Subsidence Transients :  These are produced when an energised circuit is rapidly

de-energised and reaches an eventual sieady-stage of zero
current or voltage, as in the case of short-circuiting an B-L
or R-C circuit suddenly,

() Trumsition Transieats ©  These are due (o sudden but energiic changes from one
steady state to another,
{d) Complex Transients : These are produced i a circuli which is simuliancously

subjected to two transients duc o two independent distur-
bances or when the disturbing force producimg the fran-
sients is itself variable.
(¢) Relaxation Transients - In these ransients, the wransition occurs cyclically wwards
states, which when reached, become unstable themselves.
A distinction may also be made between free and forced iransients which are produced duc

o the applied voltage being itself trunsient.
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Some of the important differential equations, used in the treatment of single and double
encrgy transients, are given below. We will consider both first-order and second-order differential
equations.

1. F

irst Order Equations

& i
(0 Les I’m =0 where a is a constant

x

Tis solution s y = k ¢ where k i the constant of integration whose value can be found from
the boundary conditions i.e. conditions prevalent at the instant when the voltage o a ¢
applied or excluded.

dy . b
i) 1f =-+ay=b where a and b are constants, then solution is y= +ke

The value of k can again be found from boundary conditions.

B

where A and B are not constanis but are functions of <, then the solution is given by
B 1 [

constant, then the above equation simplifies to

e[ e patke

2. Second Order Equations

dy
i) I -+ A
e

(i) Suppose by =0 where a and b are constants, then the solution is

Aix

y=het 4 ket

where A and A, are constants of integration and whose values are,

x.:—%—\/ﬂ and 2, g*‘j@

(@) If a4 > b, the roots are real and the sbove solution can be applied without any difficulty
(b) If 0l < b, the radicals contain a negative quanity. In that-case, the solution is given by

y=e 2" (kysindgx-+ &, coskox)
where k, and &, are the new constants of iniegration and

(©) If a'rd
Hence, in

b, then both roots are equal and each al2.
is case, the solution becomes ¥ = ks e +kgt.e¥

d

Gy Let 73

where a, b and ¢ are constant. In this case also, the solution will again depend on the root as
ussed above.

) M s kyehyx el
i) (@) Let the differential equation be given by

where a, b are ¢ are constants but u is a particular function of the variable . The solution of such
an equation consists of & particular integral and a complementary function.
(b Let'y be a sinusoidal function of x, then





