EQUATIONS OF FIRST ORDEg
AND FIRST DEGRE

2-1. Introduction. There are two standard forms of dlfferenua[_

equations of first order and first degree, namely,
(i) dy/dx=Lfx,y) (&) M(x,y) dx+N(x, y) dy=0.

. _ In what follows we shall see that an equation in one of these formg
may readily be written in the other form. It will be assumed that the
necessary conditions for the existence of solutions are satisfied. We now
discuss various methods to solve such equations.

2:2. Separation of variables. If a differential equation of the first

order and first degree is of the form
! fil0) dx=£0) dy, ' (1)

where f,(x)_‘is a function of x only and f,(y) is a function of y only, then

we say that the variables are separable in the given differential equation.

" Such equations are solved by integrating both sides of (1) and adding
_ an arbitrary constant of integration to any one of the two sides. Thus,

solution of (1) is

[rwa=lnma+c o)
= Remark To simplify the solution (2), the constant of integration C
ican be selected in any sunablc form. For example, C can be replaced by
{,‘C/3 log C, tan C, tan” I'c, e etc.

Examples of Type 1 based on Art. 2.2
Ex. 1. Solve dy/dx=¢""7 + %", (Vikram 93 ; ‘Rajpur 91 ;
Jodhpur 92 ; Lucknow 98 ; Meerut 88 ; Punjab 94 ; Agra 95)
Sol. For separating variables, we re-write given equation as
dy/dx=e* (& + ) or & dy = (& + ") dx.
Integrating, € =(1/3) P+ +e.
Ex. 2. Solve log (dy/dx) = ax + by.

(Berhampur 96 ; Allahabad 93 ; Bihar 94 ; Magadh 98)5'
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[ Equations of First Order and First Degree 13

Sol. Re-writing the given equation, we get
dy/dx =™ *P = ¢¥eb or ¢ dy = ¢ dx.
Integrating, —(1/b)e = (1/a)e™ +c.
. Ex. 3. Solve y—x%:a y +§f) (Meerut 93 ; Bilaspur 88 ;
Delhi B.Sc.(G) 94 ; Rajasthan 95 ; Agra 93 ; Indore 93)
Sol. The g’iven equation can be re-written as

(a+x)—2—y ayor oy

x+a y(l-ay)
: dx a 1
or = o
: x+a [1-—ay+y]dy'
Integrating, log (x+a) -—log (1 —ay) +logy+logc,
or log(x+a)=log[——cLJ or x+a-———'L‘
: l-ay ' —ay

or ° (x+a) (1 —ay)=cy, which is the required solution.

Ex. 4. Solve 3¢*tany dx+ (I - €") sec’ y dy=0. (Delhi B.Sc, (G) 86;
_ Kanpur 97 ; Andhra 91 ; Vikram 91 ; Banaras 91 ; Indore 89)
Sol. Separating the varxab]es, we get
—=—dx+ _SE_X dy=
1 - tany
Integrating, — 3 log (1 —¢") +log (tany) = logc.
or log (tan y) = log (1 -&) +loge, or tany=c(l-¢ %),
Ex. 5. Solve \/—l+x +y +x2y2)+xy(dy/dx) 0.
Sol. Re-writing the given differential =quation, we have
V(142D (1 +Y %)] + xy (dy/dx)=0 or N1+ V(1 +y %) + xy (dy/dx) =0
‘I—§1+x)dx Yy -0 o (l+xL_Jr ydy _,
= T+ A+ N+

xdx y dy
Integrating, -['«/71_:; J\/—+x +J’*[—l+y) C. (1)

(= /r)dt il _1
Now, | —=— \/(H} j(1/: el PR

=—1log {1+ (F+1))

dt
j\ftﬂ)
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. Equations of First Order and Firs Degre, .
=logx—log {1+ V(1 +2)).
xdr (180 iingl 4 2=y 3
Agam, '[\rl+1’) N' P S -

L (12, _ a2 Z3

= =t""= 1+X2 .
: [ ar (1+x) -03)

Similarly, J-J—-éj——) (1+H)" (4)

Using (2), (3) and (4), (1) gives the required solution as
logx—log {1+ V(1 +5)} +(1 +A)2+1+)%=C
Ex. 6. Solve dy/dx=¢"* +.2 ¢ *7.
Sol. From given equanon, dy/dx=¢€ (e R ).
or eV dy=(+2¢ )dx A1)
Integrating (1), Ie” dy= J.e dx + Ixzé‘ dx

or —er=€e"+(1/3) Ie' dr+ ¢, putting =t

or —eV=+(1/3) e +c=€+(1/3) ex1+c.
Ex. 7. If dy/dx=€""" and it is given that for x=1,y=1; find y
when x=—1.
Sol. Given equation is e’ dy=¢"dx.

Integrating it, —e V=€t (1)
Putting x=1,y=1 in (1), —¢'=e+csothatc=—e"-e

Hence (1) becomes —eV=-¢'-e (2
T Putting x=-1 in (2), we obtain -
. B |
—e?=¢'-¢'—esothat y=-1. .. Ans, 4
Exercise 2(A)
L (¢"+1)ydy=(y+1) ¢ dx. (Agra 96) Ans. (¢° +1)(y+l) =ce
2. (dy/dx)- Y‘anx—-yscczx Ans. ycosx=ce e :
3. xV(+ ) de+y V(1 + A dy =0, (Bangalore 96) i
4 Qarerd Ans, Na+Ada+H=C
L +X7) (dy/dx) = a* + 2ax. 3 (ly/a)
s, & _x2logx+1) (Kanpur 96)  Aus. xte+ 20 =Ce ,*

" dx siny+ycosy” (Kanpur 93 ; Agl‘lv% Meerut 83 . Vikram 75)

’ Mo Ans xlogx+c=ysiny |

g = 4(Lllclinow 92)  Anms. (sinx)(@+D=¢
= (Rohilklund 95 ; Agra 91 ; Bundelkhnud 98)é
A yy(2/3) (v-20) @+ )20
" (Dibrugarh 96'; Bangu!ore 96)
" Ans, sin” 'y =sin” it
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Equations of First Order and First Degree : 15

8. (P-yDdy+ P+ dx=0. Ans. log (x/y) - (x+ )/ (D) =¢
9. (o +x)dx+ (2P +y) dy=0. » Ans. (P+ )07+ 1) =¢
10. seczxtanydx*+ls¢c2ytanxdv 0. : Ans. tanxtany=c
11. (1 +x)yde+(1+y)xdy=0. Ans. x+y+log(y)=¢
12. Find the function ‘f’ which satisfies the equation df/dx = 2f, given that
- fo=2. R Ans. f=e**’
13. (1-2) (1~y) dx=xy (1 +y)dy. "
Za (Agra 92 ; Meerut 95 ; Jabalpur 93 ; Guwahati 96 ; Vikram 92)
Ans.log[x(l—-y)]"(«‘-} Y)-2+e
14. 2 (+1)dr+)? (x-1)dy=0. ' (Agra 94 ; Meerut 85)
Ans. 2+ +2(x—y)+2log (x-1) o+ D} =¢

15. (dy/dx)tany =sin (x +y) + sin (x—y). Ans. 2cosx+secy=c
16. cosccxlogyvdy+fy2dx=0. '
Ans. (2-x%)cosx+2xsinx—(1/y) (1 +logy)=c¢

d .
17. y—xi=3 1+£%}. Ans. (y-3)(1+39)=cx

18. cosy log (sec x + tax x) dx = cos x log (sec y + tan y) dy. (Kanpur 94)
secx+lanx

Ans. log m log {(sec x +tanx) (secy +tany)} =c¢

2.3. Transformation of some equations in the form in which

variables are separable. Equations of the form _ [Nagpur 2003]

dy/dx =f(ax+ by +¢) or dy/dx=f(ax+ by)

can be reduced to an equation in which variables can be separated. For

this purpose we use the substitution ax+ by+c=vorax+by=v.

Examples of Type 2 based on Art. 2. 3

/EX/ 1. Solve dy/dx=(4x+y+ T (Jiwaji 93 ; Vikram 90 ;
Agra 91 ; Raj. 92 ; Lucknow 93 ; Rav:shankar 93)
Sol. Let 4x+y+1l=v. (1)

leferentlatmg (1) with respect to x, we get
—=——or —=_--4. (2)

Using (1) and (2), the given equation becomes

dv 42
dx—4-—v ordx—4+v.
Now separating variables x and v, dx= dv 5
; 4+

Integrating, x + ¢ = (1/2) tan™ ! (v/2), where ¢ is an arbitrary constant.
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£ £ _ Y Eguations-of First Order ang ,""-’L'!'bégw

or o 2e=tan ! (v/2) or v=2 tan (2x 4 2¢)

o 4;( 4y ok | o= 2 tan (2x + 2¢), using (1) : e
Ex, 2. Solve (x + y)2 (dy/dx)maz. (Meerut 97 4 Indore 98 } E‘f
LA, (Preliminary) 94 5 Delhi B.Sc. (G) 97 ; Ravishanyg, 92, 5
8ol Let i Xty=v, : _‘“”;.

A dy dy dy dv e
Differentiating, ] .‘”(41}:7/; oF - o Ees 1 .

' Using (1) and (2), the given equation becomes

coy(dy v dv 2
V2 “l'l"“-l =a* or V= =dt+y
| dx

: v : d
or ?":.Ix=~-2m--5du or dx=| | ~=== |dv.
o 58 vt a a+v

, I v 2 ; : 5
Inegrating, x+c=v -a*x -(; tan~" ; where ¢ i arbitrary constant

- ,t+ S X+r
or. Xte=x+y-—alan '(—-;‘X) or y-—atan l("*ilzc,
S U ! P

© Ex. 3. Solve dy/dx = sec (x+y) (Meerut 89, 91)

or . cos(x+y)dy=dx. (Meerut 89 ; Kanpur 92)
"~ sol. Let X+y=v, :
50 that dy/dx=(dv/dx)— 1. (1)
“Using (1), the given equation becomes T
-(‘I~L'-l=sccv or -‘Q=l+ 1
dx dx cosv
el
or  dy=-—22Y Ae0F v | dv or dx=(1 —%scc2 vdv.

I +cosv l+2cos%v—l

Integrating, x+ ¢ =v —tan Zlv or- y—tan 21 (x+y)=c.

Ex. 4. Solve dydx = sin (x + y) + cos (x + y). (Garhwal 94)
Sol. Let x+y=y, ot
Differentiating, ] +(—IX= dv or d_y=£1£~ Gi(2)
dx  dx dx dx R
Using (1) and (2), the given equation becomes
er - L= sin v+ cosy o dv ; 3
dx ’ SVoOor == g sin v+ cos v, --*(3).

dx

¥ 28I (v/2) cos (v/2) + 2 cos® (v/2) - 1
)

2,
T COsT(W2) 1 4 tan v/2].

But I +sinv+cosy=|
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Equations of First Order and First Degree 17

By (3l o T ;"‘“ sy
2 co8’ (v/?)ll ' mn(v/i)] 1+tan (v/2)

: Inieumin}z X4 e =log {1+ 1an (v/2)]
or i “.og.,ll +1an {(x 4+ y)/2})), on using N}
l*.x. 5. Solve (x4 y) (dx ~ dy) = dx + dy. - {Cabeuita 95 ;
A . Agra 87 ; Vikeam 92 ; Kumaun 9% ; Ravishankar 92
Sol. Rc-wmmg the gwcn cquation, we get

(x+v-—l :iv- X+ r+l g av «L?:VN.! T

) (ty+dy or o T Lol Y
Let Xty=v, i A2Y
So that as uﬁual o dy/dx = (dv/dsy - 1. (3

Using (2) and (3), (1) becomes
1! 4 - T ¥ ]
Ay ya Yol g L I S S 1y,

dx vl dx v+l
Integrating, 2x+c=v+logy or x=y+ec=log(x+y).
dy qx+6y+5
E 68‘1’——~—~—-—1—-— Raj. 95 ; Meerut 90 ;
* O dx 3y+2x+ 4 (Ra

Calcutta 95 : Delhi B.Sc. (H) 97, 2002; Karnataka 95)
Sol. The given equation may be re-written as

dy 2(2x+30)+5 “}
dx (2c+3y)+4

We take 2x+3y=v. A2y
dy v b fdy
Differentiating, 2+ 3 :1-; = :l; or oy | g4 p 3 ....{3)

1/{ dv 2v+S f!!_‘ _3Qv+es) o Bv+l3
( 2)" 4 LT vid v+ 4

3 dx v+
i 23
—-(8v+23)+ 4= 3
de vid 8 M1, 9 1.
o cf) = Bv+ 23 8v+ 23 8 B8(8v+23) A

Q '
Separating variables, dx “l : + QH(S-;N)T 23) JS‘I"'"
Integraung, & + ¢ ={v/8) + (9764) log (8v + 113}
be+ Be=204 3y v (9/8) log (Mha + 24y + 24)
fusing (1) andd multiplying by 3
ty -~ b & {9/8) fog {16y + Zdy ¢ 23} = 8¢
5 y - 24+ (3/8) log (1ea & 24y + 23) = ¢,

where ¢ (= 80/3) s an arbubasy constant.

Scanned with CamScanner



tquations of First Order ang First Deg

Exercise 2(1%)

b dy/iv e (v i ) (Nugpur 2"“1) Ans, 5 b ¢y

("*y

Dodvsda v )= et (Caleuttn 96) Ans, x g olivy

A ey Ddet (et 2y - Ny dy =0, Ans, 2y4 x4 log (2x by ;},,r
& ey Q- y - By =0, Ans, x -y ~log (x~y.. ;)«r
E ey e 1y llyde) e, (Meerut 95 ; Jiwaji 81 ; Rohilkhang 51,

Deibl B.Se. (G) 91 ¢ Dibrugarh 95 ; i Rohilkhang 'ﬂ)
Ans. t4y 4 L py!

6, sin"! {dy/dxy=x +y, (Meerut 96) Ans, - 2/(x te)=1+tant (e ¥

T2 Ay 3) (dy/dx) = 2y 4 x 41, Ans. 4y 4 8y + 5 = M- In
g_ ﬁ{j‘hbjiﬁ' 1 f’«y @ ]
Iy 42044 dx

: ‘ Ans. (2/7) (2x + 3y) = (9749) log (14x Py + 2 =x+e
Y. dv/dx s (x - Y43/ (2x - 2y 4 5), Ans. x -2y +log (x~y+ 2=

M0, w2y Ndy~(xay+s )de=0 or dy/dx = (e +y+ 1)/(2e+ 2y + 3),
(Lurknow 98 3 Agra 95 Bihar 88 ; Kanpur 86 ; Meerut 94)
ADS. X4y 4 (470 2 ool D)
: 1 (x- y) (dy/ dx) = o’ (Delhi PIAnS. y + ¢ = (a’2) log {(x - y - a}/(_r -y +a)}

XAty~a ay xiyta i 2. 9 i
12, e h = x4y4h Ans. (b a) log [(uy) abl =2 {(x~y)+¢

VY dy/dx < cos (x 4 y). Ans. xkc=tan ((x+y)/2)

M. W dy/dy =" and it is given that for x = 1, y = |, find y when v = |,

Ans, -1
18, dy/ds = (x4 y4 1)/ (x+y~1)ywheny=(1/3)atx=(2/3),

Ans. log (v+v vy =y~ x-(1/3)
16, (x4 y - Ijdy~(x+4y)dr Ans, 2(y—-x)-log(2e+ 2y~ =¢
VI, dyZdx s (x - y+4 3)/(2x - 2y 4 5). Ans. x—y + 2= et F
24, Homogeneous equations. Definition. A differential equation of
fiest order and first degree is said 10 be homogencous if it cas, be pui in o

the form :
dy ¥ 3
dx WI(I } : L
25, Working rule for solving homogeneous equations.
Lﬂ the gm‘n mummn be lm;u%wmms Then, by definition, the

‘uh smpfcﬂ oA, (2} ghm

dyldx sy & (dvs ;A{)_.,.
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g'ﬁc
SRR A L ¢ 1 :
Integraﬁ“g’ logx= v ogv+10gc or log(c)‘ i &
=l or log (y/¢) = - -v
. nog(*")=m 0/~ &,

& gothat y=ce

or y/e=
: Exercise 2(C)
! 58 =0. (Delhi Hons. 92; Vikra § '
1 @ +y)dr 2y dy=0 m 62 Uty
Ans. 2 2
dy dy i
2. y2+x2-d—;_x)dx A"S-)’=ce"’x
3. (x2 +xy)dy = (x =+ yz) dx. Ans. (x- y)2 =cxe Vs
4. dy/dx=y/x+sin (y/x). Ans. tan (y/2) o i
5. 2+ (dy/d¥) =xy. (Kerala 2001) Ao o |
6. (> —y*)dy="2xydx. . Ans. y=c(x ¢ A
7. (P -y} dx+2xydy=0. Ans. 2oyeer |
8. y2dr+(xy+x") dy=0. Ans. 2y +r=cyf |
9. x(dy/dx)+(y%/x) = v. (Delhi 96, 97 ; Dibrugarh 96) Ans. x=cd? |

10. x’ydx-(x’+y’) dy=0. (Andhra 2003 ; Bangalore 95) Ans. = ¢’
11. (x+y)dy+(x—y)dx=0 or y-x(dy/dx)=x+y (ay/dx)

or y-xp=x+yp,p=dy/dx. (Delhi Hons. 94 ; Rajpur %)

Ans. tan™ ! (y/%) + (1/2) log (@ +y)=¢

12. x(x-y)dy+y*dx=0. Al‘ls.y=c3y/Jr

13. x(x-y)dy=y (x+y) dx. (Dibrugarh 95) Ans. xy=cé ”!
14. “cos (y/1)

xsin (y/x) (dy/dx)=ysin (y/x) -x. (Nagpur 2002)  Ans. x=ce

115 # dy+)'(x+y)dx 0. 1 Ans y+2! ny
16. (@-30%dr=07-32)dy, Ans. 2oyl er)2
17. 2dy/dn)=[y (x+y)/x*) or 2 (dy/dx) - (y/x) = y/x* Ans. (0= -9 ’m»
18.. -2y )dx+3xy dy=0. Ans. X ” ‘a-f
19. dy/dx= (5% - oy) 3 T e x)“co"‘"

2:6. Equations reducibl

i e to homogeneous form.
Equations of the form :

S ”'.,‘fﬁwh‘?“ex and Y are new Vanahl::\’f a‘nd i Y+k
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Equations of First Ovder and First Degree 23

it the resulting equation in terms of X and ¥ may become homogeneous.
from (1), dv=dXanddy=dY .. dy/dx=dY/dX. .(3)
Using (2) nnd (3), (1) becomes g
Y aXAamrb(Y+k)ve  aX+bY+(ah+bk+c)
dx @ XA A0 (Y4 h)+ TAdXABY +(dh+ bkt C) Pa 4
In order 1o make (4) homogeneous, choose h and k so as to satisfy
e following two equations

ah+bk+c=0 and dh+b'k+c =0. =)
0 b = be '
Solving (5), h=——>- _cd =ca
g () TR and k e .(6)

Given that a/a’ # b/b’ .. (ab’ - a'b) #0. Hence h and k given by (6)
are meaningful, i.e, h and k will exist.
Now h and k are known, So from (2), we get
X=x—~handY=y-k. (7
In view of (5), (4) reduces to
dY _aX+bY _ a+b(¥/X)
X~ X+ BT d+b (/%)
which is surely homogeneous equation in X and Y and can be solved by
putting Y/X = v as usual, After getting solution in terms of X and Y, we
remove X and Y by using (7) and obtaif solution in terms of the original
variables x and y.
Examples of Type 4 based on Art. 2.6

d %
Ex. 1. Solve % =§—;—%:% .(Agra 96 ; Bangalore 96 ; Kiwali 92 ;

Delhi B.Sc. (G) 93 ; Gorakhpur 91 ; Lucknow 93)

Sol. Take x=X+hy= Y+k so that dy/dx=dY/dX. (1)
, dY X+2Y+(h+2k-3)

Given equatxgn becomes =% v+ (2h + k—3) . (2

Choose h, k so that A+ 2k-3=0and2h+k—-3=0. (3

Solving (3) we get h=1,k=1 so that from (1), we have

x=x-1Y=y-1L (4
Using (3) in (2), we get
dy _X+2Y 1+ @Y/X) . -6)
XXy 2+(Y/X%)
Take 3’%:: v, ie Y=vX. So %= v +X% . .(6)
dv 1+2v dv 1+2v 1-v
From (5) and (6), v+X;l*)Z==—é-—:; or —(K:——————Zh' —v=y

or !!XN,,@;*:J’)J_‘L_z[l(_L 4_9.(_.1,)]4‘.,

o4 L2\ Ty 2\ I-v )
IRcsolving into pnmul fractions]
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€8res
m:egmtlng log X +logc= =(1/2) Erl:g(1+v) 3l°g(l~v)] e
: 2 log (cX) =log or Aoy pptinn |
sn sy ® Kty

3
7k T ¥
or chz( -——) =1+X asv=1
3 PP =+ ¥ or & =10 DY =x-Tay
or A =Ly

' or ¢ (x- y) =x+y-2, takingc' =c%
Ex. 2. Solve dy/dx + (x =y -2)/(x=2y-3)=0. (Ravishankgy w
Sol. Given equation is dy/dx=—(x-y-2)/(x-2y-3). |
Taking x=X+h,y= Y+ k sothat dy/dx=dY/dX, A
The gi ti nbccomesﬂ,—— ol ol Ll it
e given equatio - X2Vt h-2k-3 0 |
Choose &, k so that h—k—2=0andh—2k-3=0. .0) ‘:
Solving (3), we get h=1,k=—1s0 that from (1), we have
X=x-landY=y+1. ()
dy  Xx-v __1-(X/X) ]
and (2) becomes ——= - X—2r = 2(1/X) "f(s), ’.'
' . dy _ dv e
TakeX—v,l.e.Y vX. S dX—v+XdX- ...,(6)‘
dav 1-v dv. 1 —2v !
From (5) and(6),v+XdX——l_2vo XdX 21]_ldv : E
d¥ 2v-1 ax [ 1 (-4v) ]
or —= d == =5 - dv ‘
X 122 T X 21—2v2 l-mr) g;
Integrating logX—-——lo (1- 2v) lo +0V2 llog(«' fr
’ 2 T B1_w2 2
1 +vr
or 2 log X +log (1 - 2v?) + log c = — TIOg(_——v_VZ-)
12 '
or log {eX*(1-2 ( "\/2—)
( S e : 1/»5 |
2 1\2 SRR \fz‘ g
XZ( : Y) 1- (/X2 (X=F )
or - oX| it 2X2 1+ (Y/X) \2 or c‘(Xz_—-2Y.2),-= m

or  c¢{(x- 1)? 2(y+1)} { -:—(y+1)\[{}
—l+@+1)\2

‘.,-f":?x—-‘4y—1) ( BRI La N
& e

olve(2x2+3y 7)xdx (3x +2y S)ydy 0
(
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> /de=(y—x—1)/@+x+5) [Delhi BSe . -

2 cCatd Ans). 1og(x2+y2+4:|:+6y+13)+2tan‘l {(y"'3)/(xl+(;:;;‘33]

3. dy/de=(2x+2y-2/Gx+y=5). Ans. 0’“"+3)4=c(2x+y\3°) 1

4. dy/dx=(7.r-y+1)/(x+2y—3)- ;

Ans. (5y—-7) +(5x—l)(5y—7)._'(5x__1)2=é

5. (x+2y-2)de+@2x-y+3)dy=0. Ans; x2+4,g;_y2_4x+6y..=c
6. (2x+3y-5)(d/dx)+(Bx+2y—5)=0. Ans. 3x) +4xy +3)° - 10x - 10y,

7. (x—y)ajf=(x+y+l)dx. : o
Ans. log {c(2+y2+x+y+1/2)} =2tan™ " {2y +1)/(2x 4 0

8. (6x+2y-10)(d/dx)-2x-9+20=0.  Ans. (y-2x)2=c(x+2y_5)'
9. (6x—2y—7)dr=(2x+3y—6)dy. _
Ans. 3y% +4xy - 6x° + 14x - 12y~ (9/2) =
10. By-Tx+7)dx+(Ty—3x+3)dy=0. [Delhi B.Sc. (H) 95)
Ans. (y—x+1)2(y+x—.1)5=c

11. (xt-y— ) dx+ 4y +x— l)’dyv= 0.

Ans. log {4)° + (x— 1)*} +tan™ ' (2p/(x- )} =c
12. 2x+3y+4)dy=(x+2y+3)dx. ¥ G
Ans. {c-1)+@+2) B2 P oc{c-1)-@p+2)BH"
13. Show that if the function 1/ {t— f(t)} can be integrated (w.r.t. ‘'), then one
can solve dy/dx =f(y/x), for any given f. Hence or otherwise solve
(@y/dx) + (x -3y +2)/(Bx-v+6)=0 - (LA.S. 1990)
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