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CHAPTER

Signals & Systems

Continuous Time Signal & System

IEX For the given signal x(#) as shown below, sketch the following signals.

x(t)

(@) y,(t) =x(2t)  (b) y,(f) =x(2t+4)  (c) ys(t) = x(é.;. 2)

Solution:

(a) We have to sketch, y,(1) = x(2t) since, y,(f) is a 2 times slowed or compressed version of x(f) in time

domain. So, the curve is;

y4(t)

S

0.5

1.0

1.5 20 25 t

(b) We have to sketch, y,(f) = x(2t + 4) i.e. y,(1) = x[2(t + 2)].
So, we can say y,() is the 2 times compressed version in time of a signal which is an advance shift of 2

unit of x(t).
At first we sketch the following:

T T
-1.0 -05 O

T T T T
05 10 15 20 25 t
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Again, we have to sketch this x(21) for an advance shift of 2 units means shift the above curve 2 unit in left

side as below:

Yo(t) = x(2t + 4)

T T
-3 25 -2 -15 -1 -05

(c) We have to sketch, y,(1) = x(t/2 + 2). For this firstly, we shift 2 unit in advance shift of x(f) and then
expanded this signal x(t + 2), by 1/(1/2) = 2 units of the signal.

x(t+2)

t
Now finally we have to sketch, y,(1) = x(g*‘ 2] as below:

y3(t)= x(é + 2)

6 -5 -4 -3 -2 -1

For the signals y,(f) and y,(f) shown below. Draw the differentiation of the signals and find the equations

of differentiated signals.

y4()
6f------ ¥o(t)
F s s .
i 1
1 ! ! : :
S VA N
0 1 2 3 t 2 1 0 1 2 t

Fig. (a)

Fig. (b)
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Solution:
For figure (a), we have to differentiated the signal y,(1).

Let, dé_;(t) = x,(8 (i)
Given, yy(t) = u(t) + Su(t-1) - 2u(t-2) - 4u(t-3)
So, from equation (i), x (1) = d)(/j—;(t) =08(f) + 58(t— 1) —28(t—2) — 48(t— 3)

x4(t)

1
0

Al

For figure (b), we have to differentiate the signal y,(1).

dy,(l) ,

Let, TZ;‘ = x,(1) (i)
Given, Vo(t) = r(t+2) = r(t+ 1) = r(t=1) + r(t-2)

(where r(f) represents the ramp function)
So, from equation (ii), x,(1) = d)?th(f) =u(t+2)—u(t+ 1) —u(t—1) + u(t-2)

Xz(t)
------- 1
1 2
-2 -1 0 t
-

Show that the signal, S(t) = t'/4 u(t- 1) is neither an energy nor a power signal.

Solution:
For an arbitrary continuous-time signal s(1), the normalized energy content 'E’ of S(f) is defined as,

E= [ISQ)f at ()
or E= Ht‘1/4u(t—1)‘2 at
i 1 t>1
Since, u(t-1) = {O, f <

=

£ T‘tqu gt - T[r]’”2 dt=[2[t]"% ]
1 1

. E=oc
Now, the normalized average power ‘P’ of S(t) is defined as,

T T
1 2
P= Lim — 2 — |im -1/4 _
Lim — [[S([ dt = Lim o ﬂr ut-1)[ at
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T T
1 a2 U B TP
= Lim — = Lim — |t at
Tl_To 2T J;(t )t Toe 2T -[
T 1/2 _ _

P= Um-l[z”ﬂ - Um | = 2 Um 1= =0

Toe 2T 1 T—eo T T—oo J?
P=0

Here average power P— 0, when total energy £ — oo, which means that the condition 0 < E < = is not satisfied.
Hence signal, S(t) = t 4 u(t- 1) is not an energy signal. Also, when E — oo, the value of P— 0 which means
that the condition 0 < P < = is not satisfied. Therefore, signal S(f) = 4 u(t— 1) is not a power signal.

Thus, we can say that the given signal, S(f) = t 4 u(t - 1) is neither an energy signal nor a power signal.

Proved.
XY Consider a continuous-time system with input x() and output y(f) given by

¥(t) = x(1) cos(f)
Check whether the is

(a) linear (b) time-invariant
Solution:
Wt) = x(t) cos(t)
(a) To check linearity, y,(t) = x,(t) cos(1) [v4(t) is output for x,(1)]
V() = x,(1) cos(f) [v,(1) is output for x,(1)]

H1) = [xy(1) + xy()] cos(t)
= y3(0) + ¥o(1)
So the system is linear to check time invariance.
(b) The delayed output, Wt—t;) = x(t~t,)) cos (- t))
The output for delayed input,
WL, 1)) = x(t— 1) cos(t)
Since, Wt—1t)) # Wt 1)
System is time varying.

[FXJ Find out whether the system is stable/causal. If the impulse response is given by, h(f) = e8!1!.

Solution:
As given that,
h(t) = ol
. h(t) = e 8t u(t) + €8t u(-1) ()
Here we see that, h(t) # 0 for t < 0 so, the given system is not causal.

h(t)

eBly(—t) e Stu(t)

0 t

For checking the system to be “BIBO stable”, we know that,

i h(t)dt < ..(i)

f=—oco
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L.H.S of equation (i) = Y h() at

f=—co

6 6
1
L.H.S of equation (ii) = 3 < oo
So, the system is “BIBO Stable”.
X)) A continuous time LTI system is described by:
y(t) == [ x(x)de
t-T/2

Find the impulse response of the system. Is the system casual?

Solution:

t+—
15t Method: ) = %j () de )
T
2
Let the impulse response be h(t),
y(t) = [ x(vh(t-1)dr (ii)
Comparing equation (i) and (ii) we get, ht)
1 -T T T
- —<t<—=
h(ty=|T 2 2
0 Otherwise
2"9method: -T2 0 712 t
t—
y
h(t) = = | S(tat
e xt)=80) —=| A |yt = (o
2
T T
= /’)(Z‘) = U(f+5)—u(f—§J

The system is not causal as we can clearly see from equation (i) that for calculation of y(t) at any time t, we
require future values of input x(t).
Another way to see this is that h(t) is not zero for t < 0, which is the basic requirement for any causal system.

Show that the following properties holds good for the derivative of §(t).

(a) [ o(t)8(t) dt = - ¢°(0)

, ao(t)
where, ¢’(0) = ——=
dt oo

(b) t&'(t) = —8(1)
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Communication Systems

Theory of Random Variable
CHAPTER and Noise

m Define PDF and summarise its important properties. Also calculate the probability of outcome of a
Random Variable (RV) X having X< 1 for the following PDF curve of RV as shown.

fy(x)

Solution:
Probability density function specifies the probability of a random variable taking a particular value.

The Probability Density Function (PDF) which is generally denoted by f(x) or P,(x) or p (x) is defined in terms
of the Cumulative Distribution Function (CDF) F(x) as,

POF = () = () ()

The PDF has the following properties:

(i) fx)=0forall x
This results from the fact that probability cannot be negative. Also, F,(x) increases monotonically, as x
increases, more outcomes are included in the prob. of occurrence represented by F(x).

(i) Area under the PDF curve is always equal to unity.

ie. J.:fx(x) dx = 1
(i) The CDF is obtained by the result

COF = [ fi(x)dx

(iv) Probability of occurrence of the value of random variable between the limits of x, and x, is given by,
X2
Pix, < X<x,) = [f(x)dx
X4

Now consider the given PDF curve, since we have to find PAx < 1) so,
Equation for the PDF curve forx <1 s,

ffx) = (%x + %)
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(1,0.25)
0.25
(-2,0) (1,0)
| 3 |
Now, P(x< 1)
(11 12 1] 3
= —2<x<1):"‘_2(§x+g)dx:{E?+—x}_2=§
3
< — -
Axs1) = 2
’
Find the cumulative distribution function F(x) corresponding to the PDF f(x) = I o< X < oo,
T X
Solution:
Given f(x) = ! 5o, < X <o
1+ x°)

= ]i,f(X)dx =%j: dx2 =l[tan’1 x]; = %(2+tan x)

A BSC (Binary Symmetric Channel) error probability is P,. The probability of transmitting ‘1 is Q, and that of
transmitting ‘0’ is (1 — Q) as in figure below. Calculate the probabilities of receiving 1 and 0 at the receiver?

(1-pe)

=1 y=1

Q)

Transmitter End Receiver end

x=0 y=0
(1-Q) (1-pe)
Solution:
If x and y are the transmitted digit and the received digit respectively, then for a BSC,
P, (O11) = P, (110) =
Py (0|0) = P)4 (1) = 1 P
Also, P(1) Qand P (0) =

0)="7
P(0) P, (110) + P(1) P, (111) = (1 - QP + Q1 = )
P(0)P,,(0I0) + P(1) P, (O11) = (1 - Q)(1 - P,) + QP,

We have to find, Py( )and P
' P1)
) =

also, (

IIAII

m For the triangular distribution

X, O0<x<1
f(x)=412-x, 1<x<2
0, otherwise

Find the mean and variance.
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1 2 1 2
xf (x)dx = Ix-xdx+fx(2—x)dx = fx2 dx+_[(2x—x2)dx
0 0 1

Solution:

Mean = E(X) =

I
g —38

I I
w| -
+ wl w
| R —
7~/ N O —
- +
: N
| oo /)
| N|><I\J
T I
|
wla w|*,
— —
I
[ —
+
|
|
wln
I
—

o 2
E(X?) = J. x2f(x)dx= x2xdx+fx2(2—x)dx
— oo 0 1

1 s 2 , 4 4 1 BY) 44 2
= J.x dx+'|.(2x -x°)dx = {TL*[Q[EJ—I}

0
1 [(16 16] (2 1)} 1 16 o 1 7
=+ ||z F|l=7t5 45+, =%
4 (3 4)1(3 4)] 4 3 3 4 6
Var (X) = E(X?) - E(X)? = o)==

m The joint density function of two continuous random variables is given by

fx, y) = xy/8, O0<x<2 1<y<3
RO 0, otherwise

Find (a) E(X), (b) E(Y) and (c) E(2X + 2Y).

Solution:
o oo 2 3 4
(a) = | [xf(xy)dxdy= | fx(xy/8)o’xdy=§
—o0  —oo x=0 y=1
o oo 2 3 13
(b) EM = | jy (v, y)dxdy= [ [ y(xy/®) ddy ==
—oo x=0 y=1
T z 2 55
(c) E(2X +3Y) = [H{ (2x +3y)dxdy = j J;1(2x+3y)(xy/8)dxo’y=€

m A WSS random process x(t) is applied to the input of an LTI system with impulse response
h(t) = 3e2t u(t)
Find the mean value of the output y(t) of the system, if E[x(#)] = 2. Here E [-] denotes the expectation
operator.

Solution:
The output y(f) is the convolution of the input x(t) and the impulse response h(t).

OE Th('c)-x(z‘—'c)-dr

ElN()] = T h(t) - E[x(t - 1)]- dt

E[y(1)] = H(O)x Elx(1)]
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| Ely(H)]= Elx(t)]- HO) |

where, H(0) = H(m)|w:0 and H(w) = Fourier transform of h(t)

Given E[x(1)] = 2, h(t) = 3e2Lu(t)
Taking Fourier transform, H(w) = 3, = H(0)=
2+ jo

_oy3_
Ely(n)] = 2x5=3

Suppose that two signals s,(f) and s,(t) are orthogonal over the interval (0, T). A sample function n(t)

of a zero-mean white noise process is correlated with s,(f) and s,(f) separately, to yield the following
variables:

T T
ny = [s(t)n(t)dt and n, = [s,(t)n(t) dt
0 0

Prove that n, and n, are orthogonal.

Solution:
T T
Elmnel = E| [suynu)au [s(v)n(v)av
0 0

TT
= | [siu)s:(v)Elnw)n(v)] cduav
00
n(t) is a white noise process.

So, Rr) = —28(1)
() (V] = 28 -v)

Hence, Elnn,] =

S1(U)so(u)du

=0 ~.* s,(f) and s,(1) are orthogonal over (O, T)
E[n,n,] = 0. So, n, and n, are also orthogonal.

m Find the time autocorrelation function of the signal g(f) = e u(t) and from this obtain the energy
spectral density (ESD) of g(f).

Solution:
Auto correlation function,

R = | g gt-vdt = [~ e ut)e " ut - )t

ar ar —art
« ~2at jar at [ ,-2at € ogt7° €7 _om €
= | e~eTdi=e g“ldt = ——| ¢ == ¢ - £
L L —Za[ ]r 2a 2a
Similar process is valid for negative side because for real g(1), R (1) is even function of time
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1 Vector Analysis

CHAPTER

IE3H For a vector field A, show explicitly that v - v x 4 = 0; that is, the divergence of the curl of any vector

field is zero.
Solution:
a a, a,
7-9.4549.5,9 53]9 0 9
VXA = 50 STy Y Tz 4 oy oz
A Ay A,
0 . 3 (0A, 0A. . 0A, 9A,
= —-a,+— a, —| ==-=>14 +| ==
ox 8 ox 0z ox ay
_ 0 [0A, 0A, 0 (0A, +aaian
~ ox| ay az ay ox az 0z| dx 9y
_PA A PA A PA A _
© oxdy ox0Z Oyox 0ydz 0Zox 0z0y
2 2
Because 3){?}/ ?9)/8; and so on.

If vx(VxA) =v(V-A) - v2A4, then show that the vector A=xza,+2%4, +yza, satisfy this vector

identity.
Solution:
We have to verify, Vx(VxA) = v(v-A)-v?A ()
a a a
Taking L.H.S. VxA = |9 9 9
ox dy 09z
xz 22 yz
S (92 9, &, + i(yz)—i(z2) a, - iyz—ixz a
Ox oy dy 0z T | ox 0z Y
= (z-22)a, +xa, =-za, + x4, ..(ii)
a, a, a,
i A
Vx(VxA) = x> 9y oz
-z x O
= 0-4,-(+04,+a, = -a,+a, ....(iiii)
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sooxpackace A
now considering R.H.S

SO ORI

A=29 A+ A
VAT R ey e
VA= 2 )+%<22)+a—yz=z+y
A= v Aa +2 v Aa+ v Aa - %
V(V-A)—g( : )x+@( : )y+8_Z( )&, —a—(Z+Y)ax
= a, +a,

VZA = VPAL, +VPA 4, +VPAE,

2 2 2 82

and V24 = a—(xZ)+a—(xZ)+a—(xZ) a + i(z)2+—(z)2+i(z)2 a
o° ay° 0z° ox° 0z° Y

ay

-

VA =

From equation (iv) and (v), we get,
V-(V-Z\')—VZZ\' = éy +éz _Zéy= &Z_Ely

From equation (iii) and (vi),
RHS

Il
—
T
w
1l
QD

N

|

Q>

Hence Proved.
If F = x°ya, - 274, +(32° + xy)&, , find v x[V.(V.F)].

Solution:

Given F = x°ya, -2za,+(32° + xy)a,

Let us calculate V x [V.(V.F)] step by step.

VE = 36500+ 5B 1Y) - 2uy v 62
V.V.F) =V . (2xy + 62)
= i(2xy+ 62)a +i(2xy+ 62)a +i(2xy+ 62)a
Ox Yoy Yoz
VX[V.(V.F)] = Vx(2y4, +2x4, +63,)
a &, &
o2 0 (@
“lox oy 9z| \dy 0z ox 0z
2y 2x 6

=04, -03, +(2-2)3, =0

Notethat yxv.F =0

MmMBDE ERSYH

0° 2 0° R
+| —=(2)+ —=Wy2)+ —=(y2) | a
Lxg(y) ayg(y) aZg(y) ,

(V)

... (vi)

, = 2ya, +2xa, +64a,

_M)é _(@_3(2)/))@ +(M_a(2y)Jé
X y z

ox oy

m E and F are vector fields given by E=2x 4, +4,+yz&, and F = xy &, - y?a, + xy za,. Determine

(a) |El at (1, 2,3)
(b) The component of E along Fat (1, 2, 3)

(c) A vector perpendicular to both E and F at (0, 1, -3) whose magnitude is unity.
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Solution:
(a) E =2xa +a,+yza,; Atpoint(1,2,3)=E = 24 +4a,+6a,
Bl = V22 + £ +62 = J41=6.403
(b) F=xya -y &, +xyza, ; At(1,23) F =24 -44,+64,

. The component of E along F

E‘ all
| |

F=2"(24,-44,+6a,) = 12864, -2.5714,+3.8574,

(c) At (0, 1,-3)

mL o ml
|
=
<

ml
X
i

H+
I
H+
Q>

ey =

mi

X

L
=

EXA Lot H =5psing 4, — pzcos 03, +2pa, Alm. At point P(2, 30°, -1) find:

(a) a unit vector along H. (b) the component of H parallel to &,.

(c) the component of H normal to p = 2. (d) the component of H tangential to ¢ = 30°.
Solution:

AtP, =2 ¢=30°z=-1

Y
H = 10sin30 &, +2c0s30°4, +44, = 53, +1.732 4, + 43, AIm
(a) Unitvector along H,
54, +1.732 4, + 4a . . .
5, = 2> %G 0.75384,+0.26114, +0.6034,
V52 +1.7322 4 42

(b) The relation between Cartesian coordinates (A , A, A,) and cylindrical coordinates (Ap, Ay A))is given as:

Ay cos¢p sing O] A, A, cosd -sing O] A
Ay | = |-sing coso O A, and A, | =|sino cos¢ O] A
A 0 0 1][A, A, 0 0 1]la,
H =

Hp Ccoso — H¢ sing
= 5p sing cosd — pzcoso sind

X

At P, p=5 ¢=30° z=-1
H = H.a, =(25sin30°cos30° + 5sin30°c0s30°) &, = 134, A/m
(c) Normaltop = 2is H, = Hp a,
ie. Hp, = 0.7538 4, Alm
(d) Tangentialto ¢ = 30°

H,= H,-&,+H,a, = 0.7538 &4,+0.6034, A/m
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m Find the rate at which the scalar function, V = r2 sin 2¢, in cylindrical co-ordinates, increases in the

direction of the vector A = &, + &, at the point having co-ordinates (2, n/4, 0).

Solution:
As we know that, Gradient is a vector that represents both the magnitude and the direction of maximum space

rate of the increase of the scalar function i.e.

grad V= VV= %é ()

n

But in cylindrical coordinate system, the grad V can be defined as,

vVV= ﬂé +1ﬂA +ﬂ/é
BT G T R P

For the case under consideration, the quantity required is,

(i)

—

VV.a, = vy A a2 w4, 0)

A

From equation (i) we have,

VV= %(r2 Sin2¢)a, +;a%(r2 sin20)a, +%(r23in 20)a,.
or, V V= 2rsin2¢ & + 2rcos 20 é¢
Now, VV-A = (2rsin2¢ & +2rcos2y ,)-(& +a,)
or, VV- A = 2rsin2¢ + 2rcos2¢ -..(iii)
Also, A = N+ =2

. VV.A 1 .

VV-a, = ——— = —=[2rsin2¢ + 2rcos2¢
= (V2 rsin2¢ +~/2 rcos2¢)

Now, (VV'éA)at(z,n/4,0) = \@xesin(Zx%} 2x2xcos(2xgj =22

Write down the Divergence theorem. An electric field at point P, expressed in cylindrical co-ordinate
system is given by,

E =3r?sin¢4, +2r? cos 04,

Find the value of divergence of the field if the location of point ‘P’ is given by (9, 9, 9) in Cartesian co-
ordinate system.

Solution:
Divergence Theorem: The divergence theorem states that, the volume integral of the divergence of a vector
field ‘A’, taken over any volume V'is equal to the surface integral of A, taken over the closed surface that is

[v-Aav = $A-ds
S

v
Given that,
E = 3r’sinog, +2r’cos¢a,
In cylindrical coordinate system,
= 19 10E, OE 10 3. 10 10
V-E = ——(rE,))+——+—% = ——(3r’sin¢g)+ ——(2r° cos
Far BT e Tr T rar s )
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;(9r2 sing) + ;(2r2(—sin¢)) =9rsin¢ — 2rsing

V.-E = 7rsino
Converting into Cartesian co-ordinates
r= Jx2+ y2
and sing = y
X2+ y?

VE = 7Ix2+y2 (LJ =7 92+92.L:7X9:63

V.-E = 63
EX) (a) Given vector F = x?ya, + 2xy2a,, find circulation of F along a closed path OABC as shown in
figure below:
y
c0.1) B(1, 1)
0(0, 0)
A(1,0) x

(b) Check the above result using Stoke’s theorem. According to Stoke’s theorem
gﬁl—f- ai = I(Vx ﬁ)%

Solution:

(a) In aclosed path the circulation of vector £ is given as
<j§?-c7i = _[+_[+_[+_[/?-c_ﬂ'
OA AB BC CO
Given F = x?ya, +2xy%a, ;di=dxa, +dya, ; and F -di = F,dx + F,dy = x’ydx + 2xydy
For path OA, dy=0,y=0,F=0

and, ‘[Fa = J.xzydx=0
OA OA

For path AB, dx = 0,x =1, F= y&, +2y°4,

and IF.dz - J.2y2dy=2L=§(1_O)=g

AB 0 3 3 3

For path BC, dy=0, y=1, F=x%4 +2x4,
- — 9 ¥ -
and, F.dl = .[x2dx:_:_
1 3 3
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1 Number Systems and Codes

CHAPTER

E3H (i) Convert octal 756 to decimal.
(ii) Convert hexadecimal 3B2 to decimal.
(iii) Convert the long binary number 1001001101010001 to octal and to hexadecimal.

Solution:

(i) (756)g
= 7x82+5x8"+6x80=1448 + 40 + 6 = (494),,

(i) (3B2),
= 3x 162+ 11 x 167 + 2 x 167 (putB = 11)
= 768+ 176 + 2 = (946),,

(i) 00100100110101000 1
1 1 1 5 2 1
= (111521),
1001001101010 0 0O 1

and 9 3 5 1

= (9351),

Show the value of all bits of a 12-bit register that holds the number equivalent to decimal 215 in
(a) binary (b) binary coded octal (c) binary coded hexadecimaland (d) binary coded decimal.

Solution:
(a) Binary 2| 215
(215),, = (11010111), 2| 107 4
In a 12-bit register, it will be stored as: “000011010111” % 22 1
(b) Binary Coded Octal —
(215),, = (0327),=000 011 010 111 2B o
(c) Binary Coded Hexadecimal i 6 1
(215),, = (0D7),;=0000 1101 0111 2| 3 ¢
(d) Binary Coded Decimal 1 1

In binary coded decimal, each decimal (0 to 9) digit is represented by 4-bit binary code.
(215),, = 0010 0001 0101

(Xl Consider the addition of numbers with different bases
()7 + Vg + (W)1g + (2)5 = (K)g
Ifx=236,y=67, w=98and k= 241, then z is

Solution:
(36); = (27)1 5 (67)g=(85)15 5 (98)15=1(98)y

(2)s =

(241)4

[
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(2)5 = (199)5 = (27)15=(85)1o~ (98)yg : 139 :
(2)5 = (19)10
(2)s = (34)

z =234

m (a) Represent the 8620 into following codes:
(i) BCD (ii) Excess-3 (iii) 2421
(b) Find 7's complement of the given number (2365),

Solution:
(a) (i) Write binary equivalent of each decimal
8620 = 1000 0110 0010 0000

(ii) Excess-3: For excess 3, add 3 (binary 0011) to each BCD part.
Hence,
1000 0110 0010 0000
+0011 +0011 +0011 +0011
1011 1001 0101 00

(iii) 2421: It is a weighted binary code

There codes are minor image from the given dotted line. DeCImgll digt g g é (1)

As (4),,and (5),, make complementary pair. 1 000 1
Similarly (3),,and (6),g ......... make the complementary pair. 5 00 10

Hence, 1110 1100 0010 0000. 3 00 1 1

(b) For avalue/number having a base of r, 4 0100
then r's complement = (r—1)’'s complement + 1 5 | 1011
Hence, 7's complement of (2365), = 6's complement + 1 6 1100

_ g g g g 7 110 1

4301 6'scomplement 8 1110

+1 9 11 11

4302 7'scomplement

[EX} Perform the following conversions:
(i) (3287.5100098),, into octal (i) (675.625),, into hexadecimal (i) (A72E),q into octal

Solution:
(i) To convert (3287.5100098),, into octal:
e Integer part conversion,
8| 3287
81410-7
8|51-2 (3287),, = (6327),
8| 6-3
0-6
e Fractional part conversion,
0.5100098 x 8 = 4.0800784 — 4
0.0800784 x 8 = 0.6406272 — 0
0.6406272 x 8 = 5.1250176 — 5
0.1250176 x 8 = 1.0001408 — 1
(0.5100098),, = (0.4051...)4
So, (8287.5100098),, = (6327.4051...)4
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(i) To convert (675.625),, into hexadecimal:
e Integer part conversion,

16 | 675

16 |42-3
16[2-A (675), = (2A3),4

e Fractional part conversion,
0.625x 16 = 10.000 —» A

(0.625),, = (0.A)q
So, (675.625),, = (2A3.A) 4

(ii) To convert (A72E),, into octal:
e Hexadecimal to binary conversion,
(A72E),5 = (101001110010 1110),
e Binaryto octal conversion,
(101001110010 1110), = (001010011 100 101 110),
= (123456),
So, (A72E), = (1234506),

-Y

KX} if x=111.101 and Y = 101.110 calculate X + Y and if x} by 2's complement method.

Solution:
Given X = 111.101
Y = 101.110
Now X+Y = 111101
101.110
1101.001
For X—-Y = X+ 2scomplement of Y
= 111.101 +010.010
Discard the carry = d001 111 a5 number will be positive
= 001.111
= 1.111
For Y- X = Y+ 2s complement of X

101.110 + 000.011
110.001

*. There is no carry generated its a negative number.

.. Difference = — (2's complement of 110.001) =—1.111

Perform the following addition and subtraction of excess-3 numbers:
(i) 0100 1000 + 0101 1000 (ii) 1100 1011 — 0100 1001
Check the results obtained, by performing the above operations in decimal format.
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0100 1000 + 0101 1000 in excess-3 format:

0100 1000
(+)0101 1000

1001(1) 0000 There is a carry from lower
1+ nibble, which is to be propagated

1010 0000 Add "0011" to lower nibble
(-)0011 (+)0011 Subtract "0011" from higher nibble

0111 0011 —=— Final result in excess-3 format
Checking the above result in decimal format:

0100 1000—28421E0_, 0p010101—29ecmal_y(q5), |

01011000—1284218C0 ;010 0101—2decmal_y o5y

(15)10 + (25)10 = (40)10
(40);p —>2*#1EL_50100 0000—22*2 ;01110011

1100 1011 -= 0100 1001 in excess-3 format:

1100 1011
(-) 0100 1001

1000 0010 Add “0011” to both the nibbles
(+) 0011 (+)0011

1011 0101 =— Final result in excess-3 format

Checking the above result in decimal format:

1100 1011—284218CD_ 40011000 —29cmal_y(98),

0100 1001—284218C0_,00010110—12dcmal_y(16),

(98)15=(16)15 = (82)49

(82);—2#21B 1000 0010223 10110101

Each of the following arithmetic operations is correct in atleast one number system. Calculate the
minimum non-zero base for which the following operations are true.

54 302
1. =13 2. Ja1=5 3. 55 =121 4. 3x11=33
Calculate the minimum non-zero base of x which satisfies the quadratic equation x2—-11x+ 22 =0,

whose roots are x = 3 and x = 6.

1. Letthe base of the expression be ‘x'.

(54)
thus, = = (13),
(4),
- 5x+4 43
4
= 5x+4 =4x+ 12
x=28

Hence, the minimum non-zero base is equal to ‘8’.
2. Letthe base of the expression be equal to ‘x'.
J@, =),
Jax+1 =5





