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Buckling of columns is considered as a phenomenon of unstability. Its occurrence
depends on the slenderness of the column (1) which can be defined as the ratio of

column effective length to its radius of gyration as follows:
(7-24)

L. = column effective length = KL, in which K = effective length factor

r = radius of gyration = \/% in which | = moment of inertia of the column section,

and A = the column cross-sectional area.

The value of effective length factor depends on the method of column ends supports.
Figure (7-13), which was quoted from American Institute for Steel Construction
AISC 360-05 Specification Table C-C2.2, shows this value for different column end
conditions

TABLE C-C2.2
Approximate Values of Effective Length Factor, K

Buckled shape of column is (b) (c) (d)
shown by dashed line. I i l

Y

L]

-

=

Theoretical K valua

Recommended design
value when ideal conditions
are approximated

End condition code

e
n

“4“  Rotation fixed and translation fixed
'?' Rotation free and translation fixed
B Rotation fixed and translation free
T Rotation free and translation free

Figure (7-13) Values of Effective length factor for different column end conditions
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Figure (7-14) shows a pined-pined axially-loaded member
(column) subject to the axial load (P) in its longitudinal
direction x and buckled in y-direction with a maximum
value of (8) at column mid-length. The governing
differential equation for this buckling can be derived from
the equation of moment that induced by existence the force
(P) and the buckling displacement (y). So that:

Figure (7-14) Pined-pined column

(7 — 25)
Equation (7-25) is classified as: Homogeneous 2™ Order D.E. It can be solved by the
method of undetermined coefficients using the characteristic equation as follows:
m?+k*=0->m?*=—-k*>m,, = +ki (Where i = imajinary root = v—1
Accordingly the solution is:

x) = Asink cosk
To find the arbitrary constants A and B apply the following boundary conditions:

Y@ y(0) =0 »B=0
() y() =0 - 0= Asinkl —sinkl =0 -kl = nxz
By squaring both sides:

P P n’m?
2 - 272 & ]2 = n2q2% 5 — =
@ nint - o 't = z

= -—
P = is the critical axial load at which buckling is occurred. It is also referred as Euler's
Load.

n = represent number of ripples in the buckled shape of the column.

| = effective length of the column = K x actual length of the column. In this problem (i.e:

pined-pined column; K = 1 then, effective length = actual length = |
—_—
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7.3.2 Fixed-Fixed column ASSt Lect. Haider Qais

Figure (7-15) shows a fixed-fixed axid o%%ylﬁ% Ripates /Brigear lectures Al 2022)
(column) subject to the axial load (P) in |ts longitudinal ';0 —

direction x and buckled in y-direction with a maximum S %
value of (8) at column mid-length. The governing
differential equation for this buckling can be derived from
the equation of moment that induced by existence the force
(P) and the buckling displacement (y). So that:
M(x) = —Py + M, i t
Where, M, = is the fixed end moment P ¥

Ely"=-Py + M,—y" fg y (a) (b)
P Figure (7-15) Fixed-fixed column
v' K

l

},u /,—Af —y T

Let — =k? th
etEI k<, then:

Equation (7-26) is classified as: Non-homogeneous 2" Order D.E. It can be solved for the
complementary solution by the method of undetermined coefficients using the characteristic

equation as follows:

m?+k2=0->m?=—k*> m,, = ki (Where i = imajinary root = v—1

Accordingly the complementary solution is:

ﬂyc (x) = Asinkx + gcoskx
The partlc!‘.llar solutioh for the non-homogeneous part of Equation (7-26) can be assumed as:
yp(x)=C (con§tant) and should be identify the govern differential equation (Equation (7-

26)), then- 'ﬁ-f' y 4o
M, e ' 1/‘\
J eyl

4 Y 1\
3

Then the total solution is obtained b
solutions:

superposition of both complementary and particular

y(x) = 3. () + 7, () 'ﬁ oh‘ - Ak coskx - kst ke

y(x) =[Abinkx +[Brodib + —

Y4

To find the arbitrary constants A and B apply the following boundary conditions:
(@) y'(0) =Q —» 0 = Ak cos(0) — Bk sin(0) —)A 0

(b)ygE)) 0—-»0= Bcos(0)+—_)|3___

P

y(x) = —?coskx + ?
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y(x) = % (1 — coskx)

To find the critical axial load at which buckling is occurred (Euler's Load) apply the third
boundary condition, which is:

y() =0= % (1 — coskl) This is can be achieved when

kl=2nx
By squaring both sides:
P An’m?
k21?2 = 4n’n? > Elz = 4n?n? > FTARE
2
_ 4m°El ¢

cler — lz

Which is four times of the critical axial load of buckling for pined-pined column.

7.3.3 Fixed-pined column

Figure (7-16) shows a fixed-pined axially-loaded member
(column) subject to the axial load (P) in its longitudinal
direction x and buckled in y-direction with a maximum value of
(6) at column mid-length. The governing differential equation
for this buckling can be derived from the equation of moment
that induced by existence the force (P) and the buckling
displacement (y) in addition to lateral force (F) at the pin
support. So that:

Where, F = is the lateral (or shear force at pin support) >

Ely"= —Py+4Fx —>y" |!£|y :@ Figure (7-16) Fixed-fixed column
P

Let i k?, then:

(7 —27)

Equation (7-27)—is classified as: Non-homogeneous 2" Order D.E. It can be solved for the
complementary solution by the method of undetermined coefficients using the characteristic
equation as follows:
m? +k* =0 »>m? = —k?*—> my, = Fki (Where i = imajinary root = V-1
Accordingly the complementary solution is:
y.(x) = Asinkx + Bcoskx
The particular solution for the non-homogeneous part of Equation (7-27) can be assumed as:
\yp (x) = C + Dx and should be identify the govern differential equation (Equation (7-27)),

then:
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=0 Engineering Mathematics /3rd year lectures (2021-2022)
=

Fx

0+ k*(C+Dx) =—

( xX) =4

P Px Fx

P Fx . .
—(C + Dx) = 7 — CE +D i 0+ 7 Mathematically this leads to:

@dDPx Fx D F
p—l —_—=— —_ —
ST T E P

Then the total solution is obtained by superposition of both complementary and particular
solutions:

—y(x) = y.(x) + y,(x)
y(x) = Asinkx + Bcoskx + Tx
I\ a3 P

To find the arbitrary constants A and B apply the following boundary conditions:
Y @y0)=0-B=0

(b)y'(0) = 0, (x) = Acoskx + - y'(I) =0 -0 = Ak cos(kl)+ = > A = - d

kPcoskl

sinkx + —x

sy = - kPcoskl P

Or:

() = E(x sinkx)

P\" " kcoskl
To find the critical axial load at which buckling is occurred (Euler's Load) apply the third

boundary condition, which is:

y()=0= %(l — m:kl) This is can be achieved when:
tankl = kI

Which can be solved by trial and error to get:
kl = 4.493 rad
By squaring both sides:
20.19 m? P w2

K212 = 2019 — k% = T2 _ "
~ iz "7z T Bl (070)2

p - mT2E]
e T 072 (€

Which i1s about two times of the critical axial load of buckling for pined-pined column.
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7.3.4 Fixed-free column Asst. Lect. Haider Qais

Figure (7-17) shows a fixed-free axiall@':'l%ig'geeding Mathematics /3rd year lectures (2021-2022)
member (column) subject to the axial load (P) in i d

its longitudinal direction x and buckled in y-
direction with a maximum value of () at
column mid-length. The governing differential
equation for this buckling can be derived from
the equation of moment that induced by
existence the force (P) and the buckling
displacement (y) in addition to lateral force (F)
at the pin support. So that: {“'
M(x) = —Py

P Figure (7-17) Fixed-free column
Ely"= — Py > y" iV = 0

LtP—thh-
e T en:

y'+k?y =0 (7 — 28)

Equation (7-28) is classified as: Homogeneous 2" Order D.E. It can be solved by the
method of undetermined coefficients using the characteristic equation as follows:

m? + k* =0 »m? = —k?*—> my, = Fki (Where i = imajinary root = V-1
Accordingly the solution is:

y(x) = Asinkx + Bcoskx

To find the arbitrary constants A and B apply the following boundary conditions:
@y(0)=0—-»B=0
(b)y'()=0—,y'(x) = Acoskx — 0 = Acoskl — coskl = 0 This is can be achieved

when:

kl_TlT[
2

By squaring both sides:
2.2 2.2

kzlzznznz P, n’m i n’m

- —[? = - ==
4 EIl 4 El (20)?

7T2EI ?_
o = ane

Which is one quarter of the critical axial load of buckling for pined-pined column.
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APP/;'Ca,i‘fon 2. Da'schqree of the TanKs

o‘l‘twc purpose \S to <F’.no\ ‘H’\e \'\e'\ahlﬂ o@ uua\‘ﬁr- at omj ’cime Aue to
enhrj of water to the tanK or exit From it due to 3rav{|:j.

QTLC J.I'SCF\QFSG exferior lIS

Coup=Cya|2iu
CA =* O\GC)MLS& CC)QQQ'\QGJ\{
QL =Cross sect{on o} e holé. uniks (rnm2 ” rr"lz)

g =acceleration of 3rav{€j.
0 =l\ei31-\£ of column of water abeve the LwoleJ Qe

st
where dis the distance hetween the hole .ch. bottom of the tanK.

Note: If the hole at the bottom of the tank,i.e (d.=0).

® TL‘e CL\anatoF VOlume 0¥ wa.Eelf in Hﬁe tank at’ omj JCu'me'.

Cl’\ahje oF VOlume oF = AI.Squrgf r'mterior._oL{sckav’ge C"xtﬂ'io!’

water at any time
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%—-—-Z Gin “‘Z qout

dv =AY dy

but

where: ACY) 1s the horizontal cross section area at distance Y

Fr'om the I’.‘)OH:Om oF ’CL\e ‘t-.anK.

Therelore

ACY) —ji—:XQ;h — >: Qi
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Frample 1: &) \f\
A @ /:'ncih'ca] tanK  with \r‘acl{u\; O( 2™ ch ‘16[3]—:[ 6r<m)

s jn:’éwmai(‘eh At the botbom of the kaplX there

is a ‘qole of CZr;—m) in dl'ag\ilfek- ’th‘ousb w‘m'c_‘a w.@(’er‘ ch'.ainS:.

under the influence oﬁgravi Lj’ Fincl.:

1) Tt\e cie‘ou-. of waker af any Ei;l*{)e %‘8""

) T‘we t('mt"z)fok wabc.r‘ to l"eaclwée““) n "\elj")t-
C3) T"\e l:im"c‘ \"Cqu[md to emp j\F‘(:Tag tanl.,

Sofqtfon: A A t
= 0SS Sellion
) A( 9y = TC R = 4 1T <oi‘?2reqzsw;§f£mf)
. P
2 2 Ot _
aet oo (SRS

.
= (1) T (o.01) 3/(2)("1-8) J

[449_%9_ = 0 _cxy}/e’<o.oa>2\/cz)<q.sw 1 L TC

d 442115 Y b
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I .L
180610.92 /4 - _o+cC
. C=36141,84 &«
The gehera! _ecfuo.ti.on will be: |

% g070.92YY = ~t 4 36 141.84 /

(2> y=1" ey - 50\&

180%06.92 Y 1 = _tg 141,84

ot = 186%0.92 " (t-502 he)
(3) To em‘a’fj ‘H‘\g tank, Y =0

I8070.92 /0 ~_1t . 36 141.84

oot=36141.84>° (t=10.04 hr)

N\ B oX Ao
L) E‘xa,m e 2 Loy
\P g T—fj/(u*P-’

%"s" A hemispherical tank ovl: radius (R) is iaitia ly Fitled with water. Al

jQ the bottom of the tank there is a hele of radius +) thrsugh which |
the water crains under the influence of gravi l:j Find the .c}.ePHw
of water al any Z’.'me and cle-('@rminc the time r‘Cqufi'red. to em‘pfj
the bank .

2.0


Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil


Asst. Lect. Haider Qais
Engineering Mathematics /3rd.yearlectures (2021-2022)

Radius of
hale ¢r) Vertical section

So‘u{:{an:

Fr‘am H\e vert.‘c.qf section«' )

2 2 2
R o= x +<R-‘j)
X <2RY_ g

—ﬂ'\e lﬂor.'z'anf“q‘ Cross sec.h'on areq lS Cl'.r'c(g .oF rac{.ius (x):

ACY) =TT %
- (2RY_Y)
Q =10 l"‘2 : (qrea of the k‘\c‘e)

Qo G ay29Y
=C T [299

dﬂ .

A<5) ZQ”\ Zcht kjé\,/‘(yb(l/.
y 2 == i~

T(2RY *g‘) dy -0 _ CcL__-T!'-“(k‘) J28 | 4 J gt

dt Ty

/<2.R\H/l_. ‘;/2)&5 :/"CA rzfé—S— (.J..t
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2K J ¢, ri29 t +C

312 902

‘A’(’Plﬂ Baunclarg Co‘nd-i&ian:
At t=o — ‘j= R

32 5
4 RY ___2._‘3/2 =_CArQ-VZ9 t.c
3 5
572 5/2
4 R _2 R -_c fV23 @ 4c
3 5 d
7P
c=14 R

Tfae 36}18!@‘ Eﬂuati—oh wi ll ‘365

3/2 2

2 RY _._.5__35/2___.__c J——’c,,_

Ts é’m,afg the tank =—> Y =0

o_o_._crf_—’f

. 4 R
15 CA rzw/29

/—\
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Example3: N
-)) Flnc]. an e?uafzon L'o Fe'a"c #73 CiePH'\ o[ wo."Cr i éanK \mHn-

%y respect to time .

Solution: 3
2 2 m =g
Q=TF 2T (0.05) =0.0025TC . 13, },3“‘
g | : |
1.2
th,Caa.\/ 233 e :1;
: -:a.f""
= (1) (o.OOZ'ETC)_\/(D(q-%)ﬂ Cyet
=0.01M1 T+ Y |
Case: For y > 1.27
2 2
A(Y) =TT R =TT (1.2) 21.44TC
dy
Aca)T ZQ'” _EQM
B C:I.‘J ] )
.44 TC =0 _ oot /Y = 1.44TC
L T i
_‘11_ = _0.01tV Y
dt
0. oTh/‘:j
129, 87 g -t ¢
112
259.7VY <_t 4c — e Eq )
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APP‘j BGW’ICJQ"S- Concil't‘fd-h'.

At teo =5 y=2.57 B @ oo

259.172.5 = -0 4+ C
S C o= 4i0.6865

Tf—\e general c.q.ug.!ﬁ.fon .'Fok' case ¢1) will be:

25‘1.7{ Yy = Yt 1 40.685

Case2: for Yy < 427

2 3 2
o X = ZR-‘j.... ‘jz \ R“'j

%
AY) 21T % = Tt(2RY ‘§) =T (2.4 :uj) =

dy
A(t\? aqF —"Z_Qin "ZQG«J&
[Tr(z.qj_;) j_z =0 _.o.onﬂtﬁj LT

(24j - j?.) —j%- = _o0,011 *j_ﬂ_.

2
2.49 - 94 oLy._.,,.cH
o.0111 'y~

2
2.4 Y d Y |
/ 0.0t y_/0.0111[3_ = —/‘—dJc

2.4
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/216.2 'S dy ﬂ/qow sjan dy =/_CLE

32 512
26,2 _ 9 _ 90 _3 = E G
3/2 512
Y 2
1441 9" _36.04 97 S _t ¢ e Eqc2)
‘-A-Pp’j :BGW’CLO@ Condition :
From the general e?uabbn of case 1), find.:
i’:’c. at j=1.2m (.Lan.J.:s‘-:l.Zm )
2591712 = _t, 0685 7 Tyt
oot = 1261 5%€ LT
Now; the bquncl.arfrj Cond-ition for case <2) is:
At t=126.1%% —= y=1.2" Fq2) 3 Loga

2 572
1441 (1.2)  _ 36.04 (1.2) = _-(126.1) 4 ¢
189.424 _56.851 = _126.1 +C

S C =258.673

—nﬁc acner'ql eciuq,t{on 'For case ¢2) will ‘361

1441 [ ¢ _36.04 [ 4¥ =_t 258673
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V4 ;_E'qua le 4: A =0 Q

An inverted right circ for cone fank with radius of (2™) and
’1613 ht of ¢3™) s /m/:/q” F“gf i bn wa‘:ehaA% the botbom of
the tan there /s o “wle with o radius of (0.05™) ﬂnrough which
ﬂ"t‘-’ wa‘?tk‘ c}-VD\InS uhcler ‘f‘ae /n”unce oFam\/. j Il H«c L).o’c (s‘
opened at (t=0), Find. the flm.i i’?crulree[ ts Fill o (lml

[Find the time required if the water reach to 1.5m

as Sl")owl") ‘foouo. O‘l

= OQJ

o “ﬂ\{%
T %

VEssel

SOIu(Tu'on:

Step 1t Find. the 9enem\ solubion tor CLePH-\ sf wakr af any

tlme F’:Qm
T
240 e
3 y >
2 \“:Bm
*e ;
ACY) =TT X R ) k1
2
=)

2
Q=T K =T (6.05)
—0.002% TU

2.6
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Q.7 0

I

qoul-,: Cc]_ QJZS Y

(h (0.0025T07) (2)(q 2)Y

]

Aﬁ;fa Bounciaﬂj Cancl.f l:‘l.-on'.

AL t:O.-%- \j‘:sm
\/3 '=—-—_-t +C

27


Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Pencil

Haider Qais
Rectangle

Haider Qais
Pencil

Haider Qais
Pencil


Asst. Lect. Haider Qais
Engineering Mathematics /3rd year lectures (2021-2022)

’qu 9encr’a‘ Equat{an will Be:

—

1 .t.’:t
5 =__ f_ 56 |2
Ly "5 T =
Stcf: ks Fincl fAe Ac[slné c[ waécr So ‘H'\O:;(: H’)e \/o/ume of wQEcr—
y n H\( k‘an {< cj.ecr‘ea.scs l’Dj l\b:m .
\</esse\= \/t;l-.a| ~Val:3 =4, _,.__=.-?i_h_ﬂ__1
1';5’ NN E) : TE‘<29;- Sw
/.g = 47-[—- — _4_.TC- 33
21 .
3
12,56 4 = (1.06) (27)
g . _2%8.62
"7 12.5¢
oy :3)/ 23,115 =2.813"
-
Stcp oF [:incl Hﬁ: JC‘lrm: \"equfl’fcl. to ﬂ.u 1.‘5:‘3 = Yessel, e
atb Y= 2.8137
C \ D a\a)l
14.027% - _0.06251 1156
ot =25, 168°°°
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" o ." o A% Y = éc 4___“)/. i
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| \ plodl sas) 9MQ3L)Q\)>\MJI > e \«Aauu
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n

X + %

J (1) = &
J 9(+ 9,

, So\ve chL\o. complete solution of x(i) cmcl. 3&) f-ar-I:A@
Fonowmg S.js{-em of diffevential ecjued:nons Y/

3% — X =2;%+§ £ !<"’

.
| N 6 d
_ Solution: ‘K‘_/
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97 Exomple 2
|e+e SO‘U{'IOh oF“H'\e Pollowmg Sﬂs'*'em of

© Determine a Comp
di Fperentlal ec‘uahcsns

C[Z .1-?.2 =4wW 4+ X

J cba
Clz Z =2W
LE =
dx
. Solu,-t}.On | _
Step. )t
3 oo d3s
o A e - 22 = X e (1)
d x &l
2w 4+ 8L L F =0 _--(2)
dx

U53n3 Ci[ffekent‘[.al O\'Demfdr"

d - &£ 5
E PR .

3 | |
Dw_Aw +DZE 4 2Z =X ()
—_2Ww +DZ +Z =0 ——-CZ‘):
Step 2. | ’ | t
(D-4a)w + (D 4£2)% =% e 1)
2w +(D+ |>Z =0 T (2)
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D-4q D+2 \
Det. = =[<D_4>(D+;.)]_ [(-2).(9_+2;:I_
L =~ D+l 3 2
= AR 2o D) S
3
% D42 |
Det, W = = X<D+.l>._o
o D_\_\ = DX + X
= 1+ X
D-4 %
Det. Z= =0 ~(-2%)
2 0 -2 %
]
s Det. w - I+ X
Det. 2D +D -3D

(233 +1§-—3D)w = %X+

i Det. Z = 2X
Det. 2D+ D' -3D
© (2D +D -3D)Z =2X
f NS
‘Jo* Step 5t

s (%) R

P

Z(X) = Zh + ZP

—ré) ‘FEHC[ U\.)\_\ CLF\C_[ Z‘—-\:
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3 2
2D + D -3D =0

2
D(ZD +D..3):0
D (2D43)(D-1) =0
D=0 D=1 D=L

3
3
£ 50
Wy =C 4 G e + Gge ©
Anc[ 3

Let L»\)P: (AXr-l-'B)X/ = A7z_ —|-B'X.
mP:ZAx+B

&P:zA
&P:o
Sub. in Eq- (3):

2(0) 42A - 3(2A%4+B) = X + |
2A _6 AX-—3B = X +1

% ¥k, _BAX =X

AN

S8 A::—l—
6

Q&‘JI\B.:AJ' 2A~BB - |
\
—_—) — =l
2 (- =) 38
_ =4
q
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Let ZPH(Cx+E)x Cﬁ-&Ex

P_ZCxﬁ+E

. A
o S

%, =0

Sub. in Eqn.C4):

2(0) 4 2C -3 (2cx +E) = 2x

x oMk, _6CX =2X

=)

3

s
_

Y : % 2
Z(W=C, 4+C € 4 (€ — % =X

To Find a relation SHP belween the Constaf\fS, substitute .

in. the original diffevential ec‘.ua‘tion (2), so thats
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Ve ( _
"P Example 3. :.
Find a solutiorn of X () for the f:o”owing s‘dsrtem of Clincrénb:cvl

eciua (71' ons

=% 4y -+t

i

dy _

o I
_d_zt'.,f = 2.3_1. 7A +.€

Solution:
S.t.,ep I
= dx 4
N VR = R D
-t J
2% ____iz _ﬁ._,iao . ——2)
. S
vl T .
U.5l'nq Ai“er‘enf‘/a( o,aer‘cz,l'ori
__.A' -:'D
dt
Dx % —Y =t f- ——— )
—2Y 4+ DE_Z .=_.@l_t Y el B
S'teEZ' |
(D—-QX .-8 :'t ___(O%
~2X 4 (D-NYy -Z=0 )t ---(2)
~2Y +(D-)Z-=e - --(3)
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2
= -2t 44t

2
. Det. X _ ‘—7——t+€
X: ; - - 3 ._2 >
Det. D” 3D =D +3

t
(D_3D _D 43) % =¢ _t_2

Step 5. |
X (t) =% T X"P .

3 2
From Eq.cayt (D _3D -D +3)% =0
; D?B _35 “D4+d =0
(-1 (D -2D-F)=0
(D) (D) (D) =0
L D= 322_1 D3=3

t g 3t
Xh'zcm@ +CG e +QGe

Let Xo=AZ 4Bt ,c
/623 = 4 A e,
%, =8A¢€

Sub. in Ecr (2

Q0

X %0
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8/'\? _3(4AE) _ (22 4 B) L3 (A8 L BtL0)

2t 2+ 2t
E BA?éJc 12 Aé' _2Ae 13Ac
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_3 A8 - &

.—BA = | :> /—\:'_:_—__3‘__

3Bl - _t |
|

IB = | éB:T

=B 4 BC =

s T
-1 2t 1 E!
Moo = = - ___7¥_
- . TR 3 = 2o e
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APP\‘\CQ{:(OHS of Simultanocus Linear

T ronGiey Equo_tiorns

.APP\;G&h‘oﬂ 11 Salt Concentration in TTanKs

l/ éEy.amplc |1 | |
Two taniKs ave Corn‘mec.te::L as shown in F:nguVE’, Jt\ne ?msl:

tanK cortains (100 9%) of pure water while the secomd tank
contains (1002™) of brine water with (279*) of salt.
dissolved init. :

The solution is circulated between the two tanks ot «
rate of (SSQ”m‘m),I¥ the mixture in both tanks i3 KGPJ[
‘uniforme by Sti\ﬂrihgj find the amaunt of salts in eac}-\
tankK with time -

al al
Vy=100 |6=520] y,=lo0
._
S I /ga!
Co= O o Co=2
TenK (1) TanK (2)

Soluﬂohg

: i:D:\ct_<c.Hd.h5.e In mass of salts with fime in. [‘c(hl-<\

Cliwl ' :foﬁ Cir\ “‘XGOUV C;)ulf

Let % < the amount of salts in TankK (0

\\-jz'H-»e O.mouht OF salts in TankK (2)
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Tan“( (D
al /min
' = G t =5 d
G mTOnkm ov TankK )
C N =z WTQDKCZ) = g
Te (@) - 00
ank l VTOnKCZ) \
Cout MWrank () = X
_ouwl . = =
100
Tank M Nk
— %
. dX RS (.j_) N < )
) clJ( o0 loo
['_A.&_: LN \ 20
20 dx = Y X )
dt .
TanK (2)!
| gal/min
. outrankq) N
o WoTanK )Y . X%
B ‘ r,‘.. . . = e - :'. - — — ————
e - 100
antK (2) \/TanK N @)
- o Wk (9
(2) o JeYel
Tk \/“rgml-( (2)

[%:—2%—" go] x 20
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20%2 X Y = (2)

P11 bl SR8 Tus (209 (1) Sovoladdl oy

ten 11
Step F o o |
N ji.LprJl/Mll Ac U_‘,a\)ld,‘adl,o

20 dox 4+X -4 =0 - ==y
ot

20 c(J:l.EJ +Y —x =0 o C2)
A |

e
=7

200X 4+ %X —-4Y=0 - (V)

20DY 4+ 9 —xX =0 __-{2)

Step 2 22 L0 il RS S Sl sl 2

(20D 4+ 1)%X Y =0 ()

—)(,__‘_(ZO_D—H)H =0 (2}

| | e 2 : '
step 3t Ad gaan St Syl qias
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Step 4: Crommers RU|er"_»\:lC..j\). 2\_95‘_.A;\JIJ_->
20D 41 ] N
Det. =| = (20D4)) — | |
_ 20D+t | = [400D" 4 40D 4 oX | 340
= (10D* 1 D)ds
o |
e} 20D 4!

X""’ Det')( _ O
Det. do(10D" + D)

S (10D 4 D)X =0

- (B)

20D 4 O

- O

Dety _ o
Det. (oD +D)

. 2
o (10D 4+D)VY =o ———(4)
Steps:t Y@) g W)LV (4) 5(3) EValaal! o -
To {:Inc\.'}ékand Yy,

l-j:.

From Ec.‘c. €3) (10D2 +D)X =0 X 2O
10D +D =0 |
D (10D +1) z0

D=0 D, =l_=_ ol
o

o
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LX(tY=C,€ 4+ G ¢
= + <, e—oﬁlt

From Eq- ()1 (10D +-D) Y50 Y= O

1OD2 +D =0
D .(I.O.D'-.-H.): )
|

Dizo Dzz;:~0-1
| O

~0.1t
G PN TN SR

To find. o relabicnship between the constanls, subskitule .in
'H'\G.O\"'ug{ nal cliq:erenh&‘ @quaHon (1Y in Q“c‘p 1 So H‘\o,)f

~0.1t
dx . _o1 ¢y e

—olt _o.lt T =oeity
20 (=0l Coe | Vo (G2 é )= (CarCye =D

(26 4G )€ AHG—G) =0 i

Nouw
0.t —o.¢t
(~2C9_+C7_..C4)e =G e . F=0
~ N —ZCQ_ —\-Cv)_-—c4 =@ A
CI"C?)"O _— CB.,C\
-0+t
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Step 6! APP.\“:) nbal Corwcl.\']dons

For TanK )y

AL t=o —> X =0

—0o-1¢
X ) = C|+C2€
o = C + &y

‘?-l _C‘ = .__.C,?-.

For TankK ¢2):

4
At 0 —> C°:T
tb/qal
oy =277 (oo
—-?_c)or
o —0-1t
200 :'.C_“ ..__C2
200 = —Cqy —Cy
2_00 :‘_—ZC?_ :é sz 2
C =100
Therefove:
7o)
X(t\: oo —loo € .
= 100 (\ — -_ >
"‘O""l',
Y (t) =loo+lcoe

- tc)o < ‘+ e——DJt)

89
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f‘XC\mple 2 | | .
For the @C‘ut‘“‘.’:ar‘;un'\ sljsl‘e.m SL\O‘wr\ T L"SU-V‘C’-, e “Ciulc‘.hl_s

Civrculated belween tHhe two tanlks. If the volume of Tank¢n

and TanK (2) are 250 Litters and. 200 Litters k@...sl'gect;.v_el_ﬂ_,i

-ﬁincl.:

1. The cLisc"\ane of “cvxicL _Q‘ ar\cj. Q?.' |

2 The. differential ..e.C\M.at,fi@..m.s of the system in o e |

1 e the mass of salks. at any time.

| which .is. Keo,u.}ved o dete
~ wher Kis cons fant.

=65 Qgl/se
C=Kt -1—29:“”- Af&l i I\h C:Bg /
‘é/sec
) L/SE‘C _L-.
R e — >0,
C;nglt —‘I ) ——a—me
Q2 ‘

TankK ) TanK(2)

Solubion:

Z Qi = Z € P

For ol system

: L/sec
648 4+8=1240, == Q=0 ¢

Fot- TanK )

L/sec

64+8 4+ Qy =12+ @QZ:Z

qo
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2. The CL\qr\SG in mass of salts with time in tanK:

LY =) Qi Lin =2 Coue Cout
Let % = the amount of salts in Tank <1

Y =the amount of salts in Tank (2)

TankK 1

jj; :[6’(Kf+?.) + 8 (2) +®2(-§3)J | le(%_o (Z%)]

=6Kt 12 2 —_— 12- 4
+12 416 + 2 (55) — 12 - o
. dx - 6Kt (6 .
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dt f o 250 x So0 9 ---(2)

S{e.p\ ! u;flqjl}..‘(i, \:.JJJ\:;J\JJ i—r‘.—cﬂ\’j d,J’J( Ve St (2) 5 (1) Yol Y

dx 16 ,
It Tt \ooH GKJC‘QB == G
_fli +,L2_,-\:j . X =24 ()

dt 200 250



Asst. Lect. Haider Qais
Engineering Mathematics /3rd year lectures (2021-2022)

P Cag sl L1 JLi)l U ST A Lot

1 -7
dt
16 ' y=6Kt. )
Dy 250 * ~es I 6Kt .28 ———U)I
D oy _ 4 )
I 206 3 T 250 o= ek
loe
Step 2! tL“;JJ /tile AS Sall 59zl
6 ! ' :
@,f._z_b__ayxm_lgay:ekng )
4 ] 6 \y - oy
o %+ (D5 =24 ——(2)
e i = e |
250 s | | * ekt +28
_ 6 :*
250 D+W_ J =4

92



Asst. Lect. Haider Qais
Engineering Mathematics /3rd year lectures (2021-2022)

E‘xam{;/e SL
chl I%ed Herenf/a €qua£zohs o[ #'e Sysl:cm SL-ot,un Ig) F‘l uhz

ln ma.fh% ﬁc("m w‘m cfﬂ s re u/r‘eci lLo cle{'e(fm(nc ‘H')e mMQsSsS cf sall:s
af dna (’:.,me.An.cl wite '% S iml:\a_ Conc:l« l‘.lohs

q =10 gal/min szﬂal/min Q__zgcd/ml'n G-logallmzn

 Cagiblee JL+J_L+[_ -rjll_._]}.l_[_ _rllt__.LlL R
| \/z 5'090“ : V ‘OOSOJ _\(_-:509&‘ .
C,=0 T C =25
i -H'-{r"—ﬁ{ - y
Q= 12 9T (= 129N
Tank (1) Tank) . TankK @)

Selution:
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