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1- Advanced Matrices

(1)Show that the following matrices are symmetric:

- S 10 3 1 0 3
A{ },B:{ '},C=o 2 5/ D=0 0 -4

1 2 1 3
35 4 3 _4 8

Also, find the eigenvalues of A and show that its eigenvectors are orthogonal.

(2)Determine the symmetric and skew symmetric matrices among the following:

T - 10 3 10 3
A{ },B{_ '},czz 2 5| D=|0 3 4
4 2 2i 3
35 4 3 4 1
0 2 -3 0 -2 3 1 4 -2 2
E-|-2 0 4|F=|2 0 1lG=l4 2 1 o0
3 _4 0 3 _1 0 21 3 1

(3)Write each of the following matrices as a sum of two matrices, one is symmetric

and the second is skew symmetric:

3 1 0 3 2 0 4
A:{O 2}, B=|2 -1 5[,C=/0 3 4
4 -2 4 3 21

(4)Determine the hermitain and skew hermitain matrices among the following:

. - 10 3 1 0 3i
A:{ },B{_ I},C: 2 2 5/ D=l 0 3 4
4 2 21 ) )

3 5 4 —31 4 1+1

1 1+i 3 0 2i 3 0 i -2 2
E-|-1+i 2 Ol F=|2 o0 il Gc=|i o -1 0
3 0 4 3 i 0 2 1 0 1
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(5)Show that the following matrices are unitary:

- o . 1 0 —i
—1 l | —
A= , B=— ,C=—/—/0 1 0
{i i} JEL —i} J2|
I 0 -1
(6)Show that the following matrices are orthogonal:
J2 0 0
11v3 -1 11 -1 1
A=— , B=— ,C=—/— 0 1 -1
2{1 \@} JEL 1} J2
0 1 1
. 10 -1 . 3 -1 0
D=ﬁ010,E:—1 V3 0
1 0 1 0O 0 2

(7)Find the eigenvalues and the eigenvectors of each of the following matrices and

write the diagonal form, if possible:

S L A R S T

(8)Find the eigenvalues and eigenvectors of the following matrices :

A I I I

(9)Find the eigenvalues and eigenvectors of the matrix and find f(A) = A2A—21 ;
1 0 1
A=10 2 0] eigenvalues : 0, 2, 2
1 0 1
(10)Find the eigenvalues and eigenvectors of the matrix and find f(A) = 24:
2 1 1
A=12 1 —2] eigenvalues : 3,-1,-1
-1 0 =2
(11)Find the eigenvalues and eigenvectors of the matrix and find f(A) = Ai-l-l:
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8 5 16
A=|4 1 8 eigenvalues : 1, — 3, -3
—4 —4 -11

(12)Write the following expressions in matrix form and determine the type :
(@) P = 3x% + 4y? + 22% + 2xy — 2xz + yz
(b) P = 2xy + 4xz — 2yz — 3x? — 2y% — 272
(C) P = 2xy + 6xz — 2yz + 3x% + y? + z?
(d) P = 4x? + 3y? + 222 + 2xy — 2xz + yz
(€) P = 4xy + 2xz — 2yz — 2x% — 3y? — 2z°
(f) P = 2xy — 6xz + 2yz + x? + 2y? + 322
(13)Write the Hessian matrix of the functions:
(@) f(x,y) = xe¥ + 3y cosx (b) f(x,y) = yInx + xsiny.
) fx,y) =x+y+39Y (d) f(x,y) =tan ' x + tanh !y .
(e) f(x,y,2) = xye® + cosy + x> Inz
(f) f(x,y,z) = ye?®* + cos3y + x3 sin z°
(9) f(x,y,z) = 2Y* + ycoshx + xsinh z
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2- Laplace Transformations

I-Find F(s) of each of the following functions:

D) f@®)=t3+3t2-2

(3) f(t) = t*(2 + t)*

(5) f(t) = sin 2t + 3t? + cosht
(7) f(t) = sin®2t + cos?t

(9) f(t) =sin3t.cost

(11) f(t) = t%.sin 2t

(13) f(t) = (t +sint)(3 — cos 2t)

(15) f(t) = sin 2t.cosh 3t
(17) f(t) =t + sinh?t
(19) f(t) = t.e3.cos 2t
(21) f(t) =3t .cos2t

23) f(t) =(t—2)*, t>2

(25 f() =2+t t=3

enfo={ "={Z]
sin 2t

(29) f(t) = "
et — e—Zt

(B1) f(t) = n

(B3)f(®) =0y +t
(35) f(t) = 0;.€7"

(2 f@®) =Vt + (2 +t)t?
(4) (&) = e’ —¢?

(6) f(t) = e + cos 3t — 2sinht
(8) f(t) = 3 + cos32t
(10) f(t) = sin3t.sin 2t
(12) f(t) = 2 + e3¢ cos 4t
(14) f(t) = e tsinh 3t
(16) f(t) = cost.sinh 2t
(18) f(t) = cosh?t.sin 3t
(20) f(t) = e *t.t.sin2t
(22) f(t) =2t.t —sin 2t

_ T T
(24) f(t) = sin(t _Z)' t> 2

(26) F(t) = sin(t — %)

eoro={p "3
cos 2t —cost
(30) f(6) = n
cost — cos 3t
(32) f(o) = n

(34) f(t) = 03.t
(36) f(t) = U(t —3)
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I1- Find the inverse Laplace transform of each of the following:

(1) F(s) =2+§

s+1
sz +1

(4 F(s) =

S

DE®=a 577

AOFE) =75 +2

(13) F(s) = SGZ+ 1)
(16)F(s) =tan~!s

1
(20)F(s) = 5—26_35

I11- Solve the following differential equations:

Dy -2y=0,

(2)y" +4y -5y =0,
3y +5y +6y=0,
4y " +2y +5y=0,

G)y +3y=1+t,

6)y +4y +3y=e"f,

(7)) y" =3y + 2y = 6e?t

3 1 1 3
(2)F(S)=S_—2+S—3 (S)F(S)=SZ—4+SZ+4
1 1 —4 3
(S)F(s)=5+2+(8—2)3 (6)F(S)=SSZ—4+SZ-IS-4
4 3
®F© =gz OFO =55y
1
(11) F(s) = SG_D° ADF() = 3=
s+1
(14) F(s) = 5’2(52—+1) (15)F(s) = lnS e
(17)F(s) = tan"*(1+s)  (18)F(s) = e~ 2
2 1 2 _ 4
(20)F(s) = ; :4 QDF(s) = jz )
y(0) =2 y = 2e*

y(0) =1, y(0)=0

y(0) =y'(0) =1

2
y = (cosh 3t + gsinh 3t)e2t

y = 4e7%t — 373t

y(0)=y(0) =1
y(0) =0

y(0)=y'(0) =1

y(0) =y(0) =3

y = (sin 2t + cos 2t)e™"

212
Y=973" 79

1 7 3
y=§te_t+ze_t—ze_3t

y = 9e’ — 6e?t + 6te?
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3- Partial Differential Equations (PDE)
(1)Solve the following PDE :

(i) ux +3uy—2u=0 (i) 2ux +3uy—4u=0
(i) ux —uy=4u (iv) 2ux+uy—3x=0
(v) 3uy +4uy—5u =10y (Vi) 4uy+3uy—10u=5

(2)Find the solution of each of the following PDE :
(i)ZUx+3Uy—U =0, U(X,O):4

(i)3ux—uy+u=0,  u(x,0)=2e>*+3 =3

(i) 3ux —uy+u=0, u(0y)=3

(iv) 2ux +uy+U=0, u(x,0)=4e >
(3)Classify and solve the following PDE :

(1) uxx —Suxy +6uyy =0 (ii) Uxx_5ny+Uyy=ezx+3y
(1) uxx — 2uxy —3uyy =0 (IV) usx —Suxy +Buyy =e>*Y
(V) uxx —ux—2u=0 (Vi) uyy—5uy+6u=0

(Vi) uxx —ux —2u RN (viii) Uyy_4Uy+4u =2y
(iv) uxx—4uxy+4uyy=xy2 (X) uxx —4uxy = Ccos(2x +3y)
(xi) uXX+3uW:3x+y2 (Xii) Uk — 4uxy = SIN(4X +Y)

(4)Solve the following PDE :
(i)Uxx_ny_ZUyy+2Ux+ uy—5u =0 (ii)uxx+3uxy+2uyy+ ux—uy+6u =0
(iii) uxx —4uxy +ux —4uy—u=0 (V) uyx —Ouyy —2uy +4u =0
(5)By Laplace transform, solve the following PDE :
i) u,+u =x, u(0,t) =0, t=0, u(x,0) =0, x=0.
(i) ugy +uc=¢€*, u(0,t)=0, t=>0, u(x,0)=0, x=0.
(i) uy+u,=t, u@t)=0t=0, ux0)=u(x0)=1, x=>0.
(iv) uy+ug =1, u(0,t)=0,t=>0, ux0)=u(x0)=0 x=>0.




