5 - Concepts Of Stability And Root Locys

1 r - m
%l’ AT 10 9 .Rowl
' ' ‘
. L 20X10-(x9 -20x(H)=(C10)x9
?J e : 9.55 : 135 i i b o o
. | =12,
913’ R : ... Row-3 s 955 -135
- -1
+ls | | 0 . ROW-4 2.955% (=)~ (-13.9 x (-20) 955x(-10)
s' :"16-3 : «. ROW-§ . 935 e
it 110 o . ROW-6 s
| . Ol | {1, =293 % (~135) - (~10) x 955
By examining the elements of I* column i
of routh 1
array it is observed.that there are three sign changes and Ll
so three roots are lying on t'hc right half of s-plane and the 0.~168 x (~10)
remaining two roots are lying on the left half of s-plane. i -168
RESULT % ~10

1. The system is unstable.

2. Three roots are lying on right half of s-plane and two roots are lying on left half of s-plane.
EXAMPLE 5.5

The characteristic polynomial of a system is, s™+9s+24s*+24s*+24s’+24s2+23s+15=0. Determine the
location of roots on s-plane and hence the stability of the system.

SOLUTION
METHOD-I
The characteristic equation is, s’+9s%+24s%+24s'+24s’+24s2+23s+15=0.

The given characteristic polynomial is 7* order equation and so it has 7 roots. Since the highest
power of s is odd number, form the first row of array using the coefficients of odd powers of s and form

the second row using the coefficients of even powers of s as shown below.

s? 1 24 24 23 ....Row-Il s e e i
s : 9 24 24 15 ..Row2 : 3 3 -
% . S .
Divide s® row by 3 to simplify the computations. ¥ 2133 21.33 2133
g - Divide by 21.33
s? SN B B oL Rowd g : _l
] I .
s¢ : 3 : 8 8 5 ... Row-2 o ToR 13 1<81x3 Intth
s? : 1 : 1y 1 ... ROW-3 ! 1 ] L
g4 [l 2§ 1 .... Row-4 o 3 5 5
' ' . *
S ' o __Row-$ Divide by 5
1 ' : £: 1 1 1
b ... ROW-5 :
¥’ : M ' o, Ixi-1x1 1x1-1x]
THE & s 051 1 .... Row-6 : " 1
+l ?1 'l : _3 : sose ROW'7 ’3: 0 0
g | |
| §° : ] ,' o RO% -8
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Zontry
5.17 — N
the first column elements of routh The auxiliary polm
On examining Hence A=g'+g24
array it is found that there are two sign e 8§+
two roots are lying on the right half of s-plane and so D}ﬁcreﬂtiate A with respecy 3
system is unstable. ~ 45’ +2s ‘
The row of all zeros indicate the possibility of roots 5 4
on imaginary axis. This can be tested by evaluating the * 3 4
roots of auxiliary polynomial. D:J"id‘ by
' " . 2 l
2 =() M
The auxiliary equation is, s*+ s’ + 1 2, 2x1=1x1 2x1-(x]
Put, s? = x in the auxiliary equation, § s 2 5
Lsthsiel=xtexe1=0 -5 k £ 08 1
-1vV1-4 1 3 S5x1-1x2 s
The roots of quadratic are, x-—lz-i——-—;:tj-z— s: P-T—
=1£120° or 1£-120° b
Buts’=x, ~s=1J/x =+/12120° or +/1£-120° .0, =31 3
=+1212002  or  +41£-120°2 3 2
=+1260° or +1£-60° <
=+(05+ j0.866) or +(05- j0.866)

Two roots of auxiliary polynomial are lying on the right half of s-plane and the remaining two -
left half of s-plane. The roots of auxiliary equation are also the roots of characteristic polynomial. T
roots lying on the right half of s-plane are indicated by two sign changes in the first column of rout» :~
The remaining five roots are lying on the left half of s-plane. No roots are lying on imaginary axis

RESULT

I. The system is unstable.
2. Two roots are lying on right half of s-plane and five roots are lying on left half of s-planc.

METHOD-II
' The characteristic equation is, s’ +9s®+24s’ +24s* + 245> + 245? + 235+ 15= 0
The given characteristic polynomial is 7* order ——

equation and so it has 7 roots. Since the highest power of s 23-5
is odd number, form the first row of array using the $: 3XZ43~8“ 3X243~8“ 3#;'5
coFﬂ'lc:cMs of odd powers of s and form the second row s :21.33 21.33
using the coefficients of even powers of s as shown below. w5 s
Divide by 21.33
7 .
s ’ 1 24 24 23 esse ROW"l Ss - 1 1 ]
ot 9 U B P K I1x8-1x3 1x8-1x3 l_’ff_si.'_q
Divide s° row by 3 to simplify the computations. Mgt 1 I
4.
B I M U2 LRl £ B3 5 ’
Divide by 5
o 3 8 8 3 ... ROW-2 G855 oy 4 " l
- I ; 4
‘ S - Row-3 & Ix1-1x1 Ix1-1x1
g g 1 | ... ROW-4 ' 1 1
s’ ¥ -4 wr. ROW-5 2 b g
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' " Since we get a row of zeros, there exists an even

 polynomial, the even polynomial is nothing but, the auxiliary ¥ 181
‘ﬂ- B * > + o+
The auxiliary polynomial is, g 8 14 (4
$#+s41=0 & -
] Divide the characteristic equation b i 2 E ? B 2 %
quation by auxiliary + > NP g g
Mblﬂﬁ\equoﬁmtpolymw. 'g |y o %
'[hehu.acteﬁsticpol.ynomialcmbeew”, 3 BT R
product of quotient polynomial and auxiliary polynomial. ot ), :,! f 2 438 °
2. of 4 e Ry + &
8! +95% 4 245° + 245" + 246 + 2457 + 2354+ 15 = W W
U e g ?i 'ﬁ‘ra a o~
S K z
(*+2+1) (5 +957 +235+15) =0 % 3. X
Even Quotient polynomial " .-: ._“3 &
The routh array is constructed for quotient polynomial o)
as shown below. “ 5
3 - y v+ 5
s . 1 23 s‘: 3x23-5x1 méé
i 9 15 3
| e
Divide s* row by 3, s: 2133
s? : ¢ 1B 0. 21.33x5-0x3
B 315 o 2133
1 1 R
s' ;12133 e
1
Rty 5. ¢
L—Column—l

polynomial are all positive and there is no sign change. Hence

elements -1 of quotient
Me s A  the left half of s-plane. To determine the stability the roots

all the roots of quotient polynomial are lying ©

polynomial should be evaluated.
‘The auxiliary equation is, s*+s’+1=0-
"-8’=xinthcauxiliaryeqmtion. sst+si+l=xt+x+170
; D) Lhia 4 “"4=--'-:j£ =1£120° or 1£-120°
The roots of quadradic are, X="—"" 2+
" Butg=x, s=tVx = +1£120° or t1£-120°
= +/1£120°/2 or +J1£-120°2
= +1£60° or £1£-60°
= +(0.5+ j0866) or *(05- j0866)

4 b e complex and has quadrantal symmetry. Two roots of auxiliary

.. ¢-;h'.motl of ;ﬁl?ﬂﬂhﬁ??’? ::lane ,':ld the other on the left half of s-plane,

x _;j'-! hl ving . . wauation are given by the roots of auxiliary polynomial and the roots of
QR tots “cmmc‘;‘. conclude that two roots of characteristic equation are lying on the

Wb of 5 ptane . Hence we o¥  table. Thé emaiing five oot are 0§ 08 et haf o -plae.
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=28 5.‘+9s’+9¢‘+45’+20¢’+36s+36=0. Deter,

.
The characteristic polynomial of a system is s + .
the location of roots on the s-plane and hence the stability of the system

SOLUTION i
The characteristic equation is, l7+5l°+9l’+9l‘+4|’+20l2+36"+ =0,
uation and so it has 7 roots. Since the h,

The given characteristic polynomial is 7" order eq
power of s E‘:Ind number, Ibnnmy?lm row of array using the coefficients of zt;klio&owers of sand,
the second row of array using the coefficients of even powers of s as shown ] E

g Ix9-18x1 1x4-4x1 1x36-17;

s : 1 9 4 3 ..Rowl s l I —
S‘ -+ 5 9 m -~ “ snee RW-Z ; . 7.2 0 28.8
Divide s* row by 5 to simplify the computations. ‘Divide by 7.2

' : 1 9 4 36 ..Rowl W 0 4
g % AN 72, aROWwa :

s I1x18-0x1 I1x4-4x] 1x72-0,
s 3 10 4 ... ROW-3 & I | o
i Rl (SRS .... Row-4 s*:1.8 0 .
a9 ... ROW-5 Divide by 1.8

f 0 4

The row of all zeros indicate the existence of even | S
polynomial, which is also the auxiliary polynomial. The 4
auxiliary polynomial is, s*+ 4 = 0. Divide the characteristic 5 I1x0-0x1 1x4-4x]|
equation by auxiliary equation to get the quotient polynomial. ’ 1

The characteristic equation can be expressed asa | S : 0 , 0 L
product of quotient polynomial and auxiliary equation. 3 8 © o ¢
. + B g
=8 +58 498 4 95" 4 45 + 2057 + 365+ 36 =0 % 2 |83
(s* +4) (c’+5¢2+9s+9)=0 ‘& .% ...§ 7 |
Even ial ~ i
Quotient polynom ": i
"W
2 T o .
Tl-!e routh array is constructed for quotient ], B . -
polynomial as shown below. ol & R 2 S
g7 d: 5x9-9x1 +i.r n+ “*’ 1
i i 8 17 (k7Y
| .
2 4 85N s: 72 ®| % %2 %
: 7.2' s -—————_.7'2’(9‘-0“5 +' --+ -
- S oo i A
s’ ! | $: 9 3
"7 Column-1 "o

There-is no sign change in the elements of first colum : : om*
Hence all the roots of quotient polynomial ‘are lying on the left :al(;‘fort?:-t:l::y Jient oL

To determine the stability, the roots of auxiliary polynomial should be evaluated
The auxiliary polynomial is, s* + 4 = 0, B
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5 - Concepts Of Stability And Root Locus =
put, s*= X in the auxiliary equation, . s*+4=x2 + 4 = ( |
Lxi=4 = x =3/ 4 =22=2,90° or 2.£-90°
But,s'!h[-'i 2£90°  or +2Z-90° = +J2£90°2 of ++2 £L-90°12
=+V2245°  or £+42.2£-45 = 2(14jl) or £(1-j)

. The rool.s of auxilia!'y equation are complex and has quadrantal symmetry. Two roots of auxiliary
quﬂon are ]ymg an the right half of s-plane and the other two on the left half of s-plane.

The roots of characteristic equation are given by roots of quotient polynomial and auxiliary
ial. Hence we can conclude that two roots of characteristic equation are lying on the right half of
s-plane and so the system is unstable. The remaining five roots are lying on the left half of s-plane.

RESULT
.f. :
|. The system is unstable.
2. Two roots are lying on the right half of s-pline and five roots are lying on the left half of é-plane.

EXAMPLE 5.7

—————— ——

Use the routh stability criterion to determine the location of roots on the s-plane and hence the
 stability for the system represented by the characteristic equation s* + 4s* + 85> + 8s? + 7s + 4 = 0.

SOLUTION
The characteristic equation of the system is. s*+ 4s' +8s’ + 852+ Ts +4 =0,

The given characteristic polynomial is 5" order equation and so it has 5 roots. Since the highest
power of s is odd number, form the first row of routh array using the _coeﬁicients of odd powers of s and

form the second row using the coefficients of even powers of s.

2 1x8-2x1 1x7-1x1

] 8 7 ... Row-1 : l :
B 4 8 4 .... Row-2 e 6

Divide s* row by 4 to simplify the calculations. Divide by 6
B 108 7 ..Rowl $: 1 &
# o142 | .. ROW-2 ‘ ,2;"‘2;"" 1x1-0x1
s? :: 1 : | vee ROW=3 e 1 :
s? :E 1 E 1 .... Row-4 i1, 1x1-1x1
e ... Row-5 “u 1
R ...Row-6 Boo i

| Column-l. 45
§$ . E

When € — 0, there is no sign change in the first

%lumn of routh array. But we have a row of all zeros (s' . Exl-0x1
"W or row-5) and so there is a possibility of roots on =
Maginary axis. This can be found from the roots of $:1
Wiliary potynomial, Here the auxiliary polynomial is given
LT :
0; oog=-1 ors=':h/:l-=:tjl

The auxiliary polynomial is, s’+ 1=
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Contry

The roots of auxiliary polynomial WO
polynomial are also roots of characteristic equation. He:';?rgina"
on imaginary axis and so the system is limitedly or

characteristic equation are lying on the left half of s-plane.
RESULT
1. The system is limitedly or marginally stable.

on i
are +j1, and =j1, lying roots of characteristic equatiop,

y stable. The remaining three

is and three roots are lying on left half of s-plane.

maginary axis. The mg

are | |
oo |

—

2. Two roots are lying on imaginary ax
EXAMPLE 5.8

Use the routh stability criterion to dete
stability for the system represented by the characte

SOLUTION

The characteristic polynomial of the system is, sé+ s3+ 3s'

The given characteristic polynomial is 6" order equation
and so it has 6 roots. Since the highest power of s is even number,
form the first row of routh array using the coefficients of even

rmine the location of roots on the s-plane and hep, ,
ristic equation, s®+ s’ + 3s'+ 357+ 352425 +1 =,

+ 357+ 3s? +2s +1 =0.

¢ 1%x3-3x1 1x3-2x1 Ixl-0s
g 1 I I

powers of s and form the second row using the coefficients of yo I 1
odd powers of s as shown below. v
s® 1 3 3 b o-Rowel 36 o ! |
WPt 1 S .... Row-2 3. ] ex2-1x1
st € i 4 w.. ROW-3 ; € €
- T e L 10 . 3e-1 2e-1
ofed 3 = 2 «.. ROW-4 € €
P Jeul 2e-1 _ 3l
. =2€ H4e-l 3
e e i 5 A € - £
. Bt 1 ... ROW-5 s? | Tel
4 -¢ € .
] —_— ’
s 5 ez . | ... ROW-6 32 : — 61 +4 e-1 ]
3 w. ROW-7 el
(znlettmge—ro,weget, —2é+4€—lx2e—l__§f__‘_l‘1
s 1 3 3 1 ..Rowl . - TPl T | &
s* 1 7 3 . Row-2 -2¢& +e-l
g 4 0 R | . ROw-3 de-l V(3¢
g . (€ He-1)2e-)-0 >
] : —0 -0 e ROW=4 : )|
e(-2& He
; d.! ; | 1 e ROW-§ 1 —4¢’+e’( 4 -€
. 0 we ROW-6 R €(~2 é +4e-1) 2 é —4 E:_v_
- 3 ] v ROWS7 |
Since there is a row of all i 4e-¢ 245
eisaro zeros (s' row) there is a A x1-0x—7_|
possibility of roots on imaginary axis. The auxiliary g @__——/”
polynomial is s + 1 = 0, ‘ . A -e)/(4e €t
iyl R e
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1
|
]

The roots of aux

Chapter 5 - Comonpts Of Stability And oot Locus

The roots of auxiliarypolynomial are,
polynomial are also roots of characteristic equation. Hence two roots are

= 4/o1 = 4l

mummwdmummw auxiliary equation and construct
hmm”mmm»mmmmmmmmw.

The characteristic polynomial can be expressed as a product of auxiliary polynomial and quotient

polynomial

Even

e e 43 40 241 =0 o (P41) (454257 42541)=0
Quoticnt polynomial

, polynomial
The routh array for quotient polynomial is constructed as shown below.

B 5 1 - DN
.2 1 2

L ]
|
4
—_—

1%

- 3 o - -

U -

weee ROW-1
e ROW-2

e ROW-3

i
s

ining the first column of the routh array of

On examining
quotient polynomial, we found

Hence two roots are lying on

s-plane and other two roots of
lying on the left half of s-plane.

that there are two sign
the right half of

quotient polynomial are

The roots of characteristic equation are given by
roots of suxiliary polynomial and quotient forom

two roots are lying on imaginary

axis, two roots are lying
remaining two roots are

the
on right half of s-plane and T3¢ TELCC e m is unstable

|

4 ( Quoten
s+ 4268 42541 polynomal)

Per+3 430 4368 + 2541

4
’:-) &S =
S+26' +38 + 3% +25+1
oS Gts
2s‘+2s’+332+23+l
c-)_z__si l-)+251
h]+sz+2s+l
1-123, =t 2s
s’ +1
l-l’z gt ]
0

CIx2-2x1 Ix1-0x]
#: 1x2 :
$:0 1
let 0 —e&
$:e |
. exa-Ixl
§ | —

€
.|: 2e€-]
©
2.-lxl-°'.
0
2e-e

P

roots are lying on right half of s-plane and two Toots are
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523 — \c"'\"ﬂs,,
EXAMPLE 5.9

Determine the range of K for stability of unity feedback system whose open logp transf, o
K

S(s+1)(s42) :
SOLUTION

i’ G*(’)-

K

e Q) GO MDY . K
mcw WMfﬂ s R(‘) |+0(’) I+____K_ '('4.')(;:5_)_:_;
s(s+1)(s+2)

The characteristic equation is, s(s+1)(s+2)+K=0
L8(P43542)4K=0 =  £4+32+2s+K=0
The routh array is constructed as shown below.

The highest power of s in the characteristic polynomial is odd number. Hence form the fiy,
using the coefficients of odd powers of s and form the second row using the coefficients of even pow

of s. e 4. 3*2-K1|‘
s’ e 4 3
' '
» s b .3 ¢ el
1 ) 3
o oK) 6-K . .
$ A A 0 s
' ' | p
s® I i (G-KJ:
| SE— - o.
LColum—l :______,

For the system to be stable there should not be any sign change i -
ge in the elements of first co
Hence choose the value of K so that the first column elements are positive.

From s° row, fOrtbesystemtobestable,l(>0

From s' mw.forﬂ\esystuntobestgble, *6;3]-(->0

6-K '
For —T->o.thevalue of K should be Jess than 6.

. The range of K for the system to be stable is 0<K<6.
RESULT

The value of K is in the range 0<K <6 for the system to be stable. B
EXAMPLE 5.10

The open loop tm:fer function of a unity feedback control system is given by,

§) =
(5+2) (s44) (5" + 634 25) *
m‘ﬂl T L
ay mlmu;lxmwl :::uwil 'OIH 1, dIICUIl the mbllhy Ofthﬂ ClO“d-loop system as a fum;'[lt:';; »
corresponding oscillating frequencies? sustained oscillations in the closed-loop system.
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[ Chapter 5 - Concepts Of Stability And Root Locus 524
~ SOLUTION |

K
11u=c:?losecll<>fm}C(s)= G(s) __(s+2)(s+4) (s’ +65+25) _ =
transfer function| R(s) ~ 1+Ggs) £y K (s+2) (s+4) (" +6s+25)+ K
(s42) (s+4) (s +65+25)

The characteristic equation is given by the denominator polynomial of closed loop transfer function.
The characteristic equation is, (5+2) (s+4) (s* +65+25)+K=0.
A +6548) (465425 +K=0 o 504125 +6957 419854200+ K =0

The routh array is constructed as shown below. The highest power of s in the characteristic
equation is even number. Hence form the first row using the coefficients of even powers of s and form

the second row using the coefficients of odd powers of s,
4 @2 . 1x69-165x1 1x(200+K)
s : 1 69 200+K vere ROW-1 g 1 1
B s Mg nd Row-2 s :52.5 200+K
Divide s’ row by 12 to simplify the calculations |
% ; Ty e LR 52.5x165—(200+K) x 1
| i 825
i : 1 : 163 " d deeE Row-2 oy 666.25-K
s? ' s25  12004K ... ROW-3 323
1 I
66625-K 66625—- K
1 I 1
s ‘ 525 o AR - g < Row-4 30 . "—553— x (200 + K)
s SR Row-$ (66625-K)/525
o fhagl i v, B WO ™ s”: 200+K

For the system to be stable there should not be any sign change in the elements of first column.
Hence choose the value of K so that the first column elements are positive.

From s' row, for the system to be stable, (666.25-K) > 0.
Since (666.25-K) > 0, should be less than 666.25.
From s° row, for the system to be stable, (200+K) > 0

Since (200+K) > 0, K should be greaterthan —200, but practical values of K starts from 0. Hence K
should be greater than 0.
. The range of K for the system to be stable is 0<K<666.25.

When K= 666.25 the s' row becomes :'acro,_which ipdicates the possibility of roots on imaginary
axis. A system will oscillate if it has roots on imaginary axis and no roots on right half of s-plane.

When K=666.25, the coefficients of auxiliary equation are given by the s? row.
. The auxiliary equation is, 52.5s+200+K=0
52557 +200+66625=0
< -200- 66625 _ ~165
525

s=1/-165 = j:leG.S = + j4.06
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Contry
it oscillates.
roots on imaginary axis and s0 The frequ%

5.25
When K = 666.25, the system has axis,
oscillation is given by the value of root on imaginary

“. The frequency of oscillation, ® = 4,06 rad/sec.

RESULT

1. The range of K for stability is 0<K<666.25
2. The system oscillates when K = 666.25

= 666.25).
3. The frequency of oscillation, ® = 4.06 rad/sec. (When K ) N
EXAMPLE 5.11
i v feedback system is given by, G(s)= Sad)
The open loop transfer function of a unity ack sy T

Determine the value of K and a so that the system oscillates at a frequency of 2 rad/sec.
SOLUTION

K(s+1)
Theclosedloop | C(s)  G(s) _ S+as?+2s+1 - K(s+1)
transfer function| R(s) 1+G(s) ;,__ K(+1) s> +as? +2s+1+K(s+1)
s +as’ +2s+1

The characteristic equation is, s> +as? +2s+1+K(s+1)=0.
s’+as’+2s+1+Ks+K=0 = s’+as?+ (2+K)s +1+K =0

The routh array of characteristic polynomial is constructed as shown below. The maxim. -
of s is odd, hence the first row of routh array is formed using coefficients of odd powers of =
second row of routh array is formed using coefficients of even powers of s.

If the elements of s' row are all zeros then there exist an even polynomial (or auxiliary poi'™
If the roots of the auxiliary polynomial are purely imaginary then the roots are lying on imaginary -
the system oscillates. The frequency of oscillation is the root of auxiliary polynomial.

Routh array
¢z 1 2+K
| a 1+K
" a(2+K)-(1+K)

a
#: 8

From s row, the auxitiary polynomial is,
as’ +(14K) =0 = as’ = ~(14K)

= =] 1+K
Given that, s=%j2, -'-J-E.—?--Z = -!.'!';.....4 - :(_4..-1
From s' row, .(2+K):(|+K)'° = MK (1 +K) =0 = 20+ Ka— 1 -K=0
2a~1+ K(a=1)=0
Put, K = 4a -1
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-
¥,

ada=1+(Ma-D@-D=0 = 2a-i44g-a4g-a+1=0 = 4a-3a=0 (or) a(4a-3)=0
St.m‘ ano, da-3=0, ".'.I-Sfl.
Whena=(3/4), K=da-1=4x(3/4)-1=2

RESULT

- mngysunoscillutesataﬁequmcyofzwm. K=2 and a=3/4

EXAMPLE 5.12

—

A feedback system has open loop transfer function of G(s) = — - . Determine the maximurm
value of K for stability of closed loop system, oS +3849)
SOLUTION
Oellu'lll'yoontrplsystemshavevexylowbuﬂwidﬂuwhich»implinthatithuverylowﬁeqmy
mange of operation. Hence for low frequency ranges the term e* can be replaced by, 1-s, (i.¢., € 1-5T).
Ke® __K{-9
(7 +5549) (s’ +55+9)

~G(s)=

K(1-5)
Tlndosedloop}C(s)g G(s) __s(s+55+9) _ K(1-5)
transfer function| R(s) 1+G(s) ;, K(=5)  g(s*+55+9)+K(1-5)

s(s? + 55+ 9) ;

The characteristic equation is given by the denominator polynomial of closed loop transfer function.

* The characteristic equation is, s (s*+ 5s+9) + K(1-5) =0
's(s’+5s+9)+x(l-—s)=s’+Ss’+9s+K—Ks=o = ’+58+(9-K)s+K=0

The routh array of characteristic polynomial is constructed as shown below.
in the characteristic polynomial is odd, hence form the first row of routh

The maximum power of s . ‘
amay using coefficients of odd powers of s and second row of routh array using coefficients of even
: g 5x(9-K)-Kx1
e 2 1 9-K - :
.’ . 5 K sl : 45_55K_ K
s' : 9-1.2K i 45-6!(‘9_121(
B 3 K '
ili -1.2
From s' row, for stability of the system, (9-1 K)>0 = F i3
K<sm " (9-12K)
If (9-12Kp0 then 12K ZReeni . 12K)
ili K>0
From &° row, for stability of the system,
| M: we can conclude that for stability of the system K should be in the range of 0<K<7.5

\&Lﬂbﬂnyofd\csymml(shouldbeinmmcof. 0<K<75.
m K should be 10"
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