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Third Semes
Transform ¢

Module-1
Find the Laplace transform of
. i 2 i
i) e cos 3t 11) 't cos t (06 Marks)
o -
A periodic function ofperiod == s defined by
: @) s
s
{ sinwt -, 0<t< = :
fit)= 7} Sy &' where E and @ are constants.
l ' Ao g BN
@ (@]
FEo
Show that  L{f(t)} = ———— (07 Marks)
(‘S_' r\‘) )\ e ! )
Find the Inverse Laplace transform of
2s—1 e (g2 ) -
S D) oy T (07 Marks)
s*+2s+17 A\s(s+1))

OR
Expxm the muu.\ 1 1{(t) in terms of umt step fununon and’ ﬁnd its Laplace transform, where

(06 Marks)

ing the convolution theorem, obtain inverse Laplace transform of Y

- (s+D{"+ 1
(67 Marks)
Solve the equation v + 3v' - ¢y =¢' under the condition y(0)=0, y(®)=0 (07 Marks)

Module-2
P s 5 . o D . 5

Find the Fourier scries of the function f{x) =x" in (-7, ). (08 Marks)
Define halfrange sinc and cosine series in the interval (0, / ). (04 Marks)

Find the constant tcrm and the first two harmonics in the fourier series for f{x) given by the
following table.

X 0 |n/A3|2n/3 \ T 4n/3 | Sn/3 | 2w
fx) 1014719 | 15 112 1.0

(08 Marks)
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OR
Obtain the fourier series of the saw-tooth function

flx) = %)i for0<x<T giventhat f{x+1)=f{x) forallx>0. (06 Marks)

Obtain the Fourier series expansion of

nx in 0<x<1 N Ay :
%) = ) over the interval (0, 2)
n(2-x) in 1<x<2

2
n~ 1 1 1
Deduce that —=—+—+—+ (07 Marks)
g 1 3 5
Expand f(x) = sin x in half range cosine series over the interval (0, 7). (07 Marks)

——= ..if Fourier transform of f(x) is F(u). (06 Marks)

otherwise

‘Fourier sine transform of f{(x) =c¢ " and hence

~ Fxsinmx ,
evaluate j~——~—— dx, m>0. , = (07 Marks)
o 1+x° [ <
: gome  (nn m ' .
Find z-transform of 5n” +4 sm(T + ZJ ; . (07 Marks)

ROR
Find the fourier cosine transform of
(“x for 0<x<l.
9 (07 Marks)
47° =27
g N (07 Marks)
(z-D(z=2) ‘
=3", givenup="0, u, = 1, using z-transform. (06 Marks)
Module-4
Use Taylor’s series method to find the value of v at x = 0.1, given that dy/dx = X +y,
y(0) = 1. Consider upto 4™ degree term. (06 Marks)
. . .. o L d
By using modified Euler’s method, solve the iital value problem —11 =log(x+y) ,
ax
y(l)= =1.2. Take h =0.2 and camryout two modifications. {07 Marks)

Given y(0) = 1, y(0.1) = 11169, y(02) = 12773, y(0.3) = 1.5049.

orrect to three decimal places using Milne’s predictor — corresctor method.
tor formula once. (67 Marks)

2 0f3
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OR
Using modified Euler’s method compute y(1.1) co o'five decimal places taking h = 0.1,
. ly v 1
given that E{Y_+ e (06 Marks)
ax X X"

Use fourth order Runge-Kutta method to find'y at x = 0.1, given that SX: 3e* +2y,
: v X %

y(0)=0and h=0.1. By (07 Marks)
Apply Adam’s — Bashforth method to solve the equation (y* + Ddy - x*dx=0 atx=1
given y(0) = 1, v(0.25) = 1.0026, y(0.5) = 1.0206, y(0.75 .0679. Apply corrector
formula once. & { (07 Marks)

Module-5
2
By Runge-Kutta method solyve y” = xy'™ - y2 for.

.2 correct to four deciral places,

using initial conditions y = | and y’ =0 when x ke step length h=0.2, {35 Marks)

: o o . of dfef ]
Derive the Buler’s cquation in the form  —»— —|=0. (47 Marks)
; oy ~dx\ 8y
Prove that geodesics on a planc are straight line. {07 Marks)
OR

Using Runge-Kutta method solve the differential equation at x = 0.1 under the given
. - :
conditions:

dﬁ}; = >;3(y+%{l J , y(0)=1, y'(0)=0.5. Tak@ s

{056 Mazxks)
dx odx )

Apply Milne’s method to compute y(0.8) giv and the following

table of initial values.
x | 0 0.2 0.47%,]
y 0 0.02 | 0.0795
vy [0 | 0.199% | 03937
Apply corrector formula once. ‘

{07 Marks)

b

Find the extremal of the functional {(xzy"2 +2y” +2xy)dx (07 Marks)

30f3
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USN 18MATDIP31
Third Semester B.E. Degree Examination, June/July 2024
Additional Mathematics -1
Time: 3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1
Show that (1+cos6+1isin0)" +(1+cosO—isinh)" = 2“*% cos” (g) : cos{%e) (07 Marks)
Express J3+i in the polar form and hence find its modulus and amplitude. (07 Marks)
Find the argument of 1+iv3 (06 Marks)
1-iv3
‘ OR
If A=i+2j+3k , B=-i+2j+k and C=3i+j , find P such that A+PB is
perpendicular to C. . | (07 Marks)
Find the area of the parallelogram whose adjacent sides are the vectors A=2i+4 ]
and B=i+2j+3k. - i (06 Marks)
If A=4i+ 3j+k and B=2i —j+2k, find aunitvector N form a right handed system.
~ (07 Marks)
Module-2
Obtain the Maclaurin’s series expansion of sinx up to term containing x" . (07 Marks)
2 2
If U=sin™ e , prove that x@ + y@ =tan U. (07 Marks)
X—y ’ 0x oy .
If U=f(x-y,y-z z—x) prove that 8_[{+5_U+@ =0. (06 Marks)
; ' 0x oy Oz
OR
X2 X3 4
Prove that log(l+x)=x— 5 + oy T by using Maclaurin’s series notation.
(07 Marks)
Using Euler’s theorem prove that
du  ou <7 (35
X—+y—=4ulogu; ifu=e (07 Marks)
ox "0y
Ifu=x+y, v=y+z and w=z+x then find J[Mj (06 Marks)
‘ : X,Y,Z
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Module-3
A particle moves along a curve x =e ',y = 2cos3t and z = 2sin3t , where t is the time
variable. Determine the components of velocity and acceleration vectors at t = 0 in the

direction of i+j+k. (07 Marks)
Find the unit normal to the surface xzy +2xz=4 at (2,-2,3). ; (06 Marks)
Show that the vector field F = (4xy —2z*)i+(2x%)j— (3xz*)k is irrotational. (07 Marks)
" OR
Find divF and curlF where F = V(x*+y’ +2° -3xyz) . ~ (07 Marks)
If F=03x’y-2)i+(xz’+y")j-2x*2’k, find grad(divF) at(2,-1,0). (07 Marks)
Find the value ‘a’ such that the vector field F= (x+3y)i+(y-22)j+(x+az)k is
Solenoidal. X (06 Marks)
Module-4
b % /2
Obtain the reduction formula for Jcos“ xdx, n>0. (07 Marks)
-4 0 E
[Rqf 9
Evaluate dx (06 Marks)
, '0[ V1-x?
Evaluate _U xy(x +y)dxdy over the area between y = x* andy =x. (07 Marks)
C
OR
Obtain the reduction formula for
n/2
jsin“ xdx, n>0 : (07 Marks)
) ; ,
Tox
Evaluate I‘:m dx (06 Marks)
LoVl iexiey?
Evaluate J. J j dXdde - (07 Marks)
0 0 0 \/l X -y -z
o Module-5
" Solve (4xy + 3y’ = x) dx +x(x + 2y) dy 0 (07 Marks)
Solve fil p/. y X : (06 Marks)
dx x ;
Obtain the solution of the differential equation
(1 +e™ydx + e (1 —i)dy: 0 (07 Marks)
b4
OR
Solve : tany dy = (cosy cos’x — tanx)dx (07 Marks)
Solve : {y[l + —i—j +cos y} dx + (x +logx —xsin y)dy =0 (07 Marks)
Solve : (1 + y*)dx = (tan'y — x) dy (06 Marks)
'EEEE
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Third Semester B.E. Degree Examinat’ion, June/July 2024
Network Theory

Time: 3 hrs. ‘ Max. Marks: 100

Note: Answer any FIVE full questions, choosing ONE Sull question from each module.

1 a
b.
2 a
b.

Module-1
Derive the expression for, o
(1) A to Y transformation :
(i)  Yto A transformation ; (10 Marks)
Determine the equivalent resistance between A and B of the network shown in F 1g. Q1 (b).
' 1 ‘ (10 Marks)
L% oSt
Z
4
FEAN
e ﬂ,) AN /m\/\ D)
s g YN
159\ JUEST
Fig. Q1 (b)
Determine the current I and voltage v, for"“"the circuit shown in Fig. Q2 (a). (10 Marks)
3,1 v St
e MW e
o
LMWMMM’*WM“M; ,,,,, S T—
i
- Fig. Q2 (a)
Determine the value of V,, such that current through 4 Q resistor is zero, using mesh current
analysis method for the network shown in Fig.Q2 (b). (10 Marks)
‘ N on L 9N

4i o

T T

_ +
(};‘} T g o) Vy.
Fig. Q2 (b)
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Module-2 -
3 a. State Super position theorem. Using superposition theorem, "fmkd the voltage V| across 3Q

resistor for the Network shown in Fig. Q3 (a). (10 Marks)
iy

2.5
gl A
i N A L
" '«'f & o
J,»\)‘ 3
S S 4
\w F“f\m \

 Fie Q3@ oy
b. Evaluate the current through theylo‘dd"resistor R, for the circui‘t‘ shown in Fig. Q3 (b) using

Millman’s Theorem. (10 Marks)

;WL lf{u@ éAfﬁM j

S P =10
< [
lov ‘j
) OR

4 a. Explain the procedure to find Norton’s equivalent resistance in a network which has both
dependent and independent sources with an example. (06 Marks)
b. Find the value of Z,, for which maximum power 1ra;15’fer occurs in the circuit shown in
Fig. Q4 (b). ' T e (04 Marks)

olus'v

_ua T . Fron

N, Fig.Q4 (b)
c. Determine the current flowing through the 6 Q resistor for the circuit shown in Fig. Q4 (¢)
’fu;s,ing Thevenin’s theorem. 9 (10 Marks)

Fig. Q4 (c)

Module-3

5 a. Explain the transient behavior of R, L and C. Also explain the procedure for evaluating
transient behavio”r. (10 Marks)
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b. In the circuit shown in Fig. Q5 (b) the switch ‘S’ is moved ﬁom ato b at t = 0. Evaluate the

d2

di
values of i, -d—i, i att=0".1fR=1Q,L=1H,C = 0,.1 puF and V = 100 V. Assume

steady state is achieved when K is at ‘a’. P n (10 Marks)

v A
Fig. QS (b)
OR
di d2je
6 2. Evaluate i, — and 8—; at t = 0" for the circuit shown in Fig. Q6 (a), when switch K 1s

changed from posnlon 1 to 2 at t = 0, the steady state having been reached before switching.
- (10 Marks)

b. Find the values of iy lg, = == = (0" for the circuit shown in Fig. Q6 (b).

(10 Marks)
Fig. Q6 (b)
: “ Module-4
7 a. Obtain Laplace transform of, :
(1) ‘Step function
(11) Ramp function
(1)  Impulse ﬁmction. (10 Marks)
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b. Find the Laplace transform of the pel iodic waveform shown in F1g Q7 (b). (10 Marks)

Fig. Q7 (b)
Ny - OR
8 a. Deduce the Laplace transform of the following :
(1) Sin“t '
(i) Cos’t -
(1i1) bm(nt - (10 Marks)
b. State and prove Initial and Final Value theorem% (10 Marks)
Module

9 a Express Z-parameters in terms of h-parameters and what are hybrid parameters. (10 Marks)
b. Determine the transmission parameters for the network shown in Fig. Q9 (b).
i , T ;

9 z

s {;@i;ﬂ,f"v\/\” ..... M] : | \ &WW ~~~~~~ ;
) ( 51 A0 "‘5

v, 3, G 53, T i
v | N e S
#Fig. Q9 (b) .4 e (10 Marks)
; ; OR
10 a. Define the followings : g
(1)  Resonance =
(i)  Q-factor
(1)  Band width N
(1v) Selectmty (08 Marks)
b. Prove that the resonating frcquency in a R-L-C series circuit is geometrical mean of half
power irequenues is £, =1, (12 Marks)
’ sk osk ok ok o3k
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Third Semester B.E. Degree Examination, June/July 2024
Electronic Devices

Time: 3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1

With neat diagrams, explain the different types of bonding forces in solids. (06 Marks)
Write explanatory notes on Intrinsic material with respect to electron hole pairs creation,
generation rate and recombination rate. (06 Marks)
With a neat diagram, explain Hall effect and Hall voltage with necessary equations. Explain
how Hall effect can be used to detect whether a given unknown sample of semi-conductor is
p-type of n-type. (08 Marks)

OR
Explain the energy band structure of solids for insulator, semi-conductor and metal with neat
diagram. (04 Marks)
With neat energy band diagrams and chemical bond model of dopants, explain the formation
of n-type and p-type semi-conductors. (08 Marks)
Derive the expression for drift velocity of electrons with applied electric field. (08 Marks)

Module-2
With neat diagram, explain the effect of Forward bias of a p-n junction, with respect to
transition width, clectric field, electrostatic potential barrier, energy band diagram and
particle flow and current direction within transition region “W~, (08 Marks)
Explain Zener Breakdown with neat energy band diagram. Explain the significance of
impact ionizatien in Avalanche Breakdown with neat diagrams. Derive the expression for
Electron multiplication factor M. (08 Marks)
Draw the Piecewise-Linear approximations of a junction diode and explain how a diode can
be used as rectifier. (04 Marks)

OR
What are Photodiodes? Explain the significance of current in an illumiated junction and
derive the equation for photodiode current and open circuit voltage Voc. (09 Marks)
What are the necessary requirements to utilize maximum amount of optical energy to design
a solar cell, with neat diagrams. (05 Marks)
Explain the principle of operation of Light Emitting Diode (LED) with necessary biasing
and requirement of energy band gap energy. (06 Marks)

Module-3
With neat diagrams of normal biasing and 1-V characteristics, explain the working of a p-n-p
transistor. (06 Marks)
Derive the expression for ‘o’ and ‘B’ of a transistor in terms of base transport factor ‘B’ and
emitter injection efficiency “y’. (06 Marks)
Starting from the current component of emitter current Igy collects current Ien in normal
mode and I and I in inverted mode with hole coneentrations Apg and Apc, derive the
Ebers Moll equations. (08 Marks)
| of2
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- OR
With a neat equivalent circuit diagram, explain the coupled-diode property of Ebers Moll
equations. (08 Marks)
With a neat switching circuit of BJT in common-emitter configuration, explain the switching
operation. (08 Marks)
With a neat waveform of collector current during transient define the terms delay time (tq),
rise time (t;) and fall time t. (04 Marks)

Module-4

With neat cross sectional diagrams, I-V characteristics and zero gate voltage, explain the
effect of drain voltage on drain current. (06 Marks)
With a neat diagram, explain the small signal equivalent circuit of JFET, Arriving at ideal
small-signal equivalent circuit derive the expression for the drain current . (08 Marks)
What are the two frequency limitation factors in a JFET? With small signal equivalent
circuit with capacitance, derive the expression for cutoff frequency fr. (06 Marks)

OR

With a cross section diagrams and circuit symbols, explain the operation of
1) an-channel enhancement mode MOSFET

1) a-n-channel depletion mode MOSFET. (06 Marks)
Explain the energy band diagrams of the MOS capacitor with a n-type substrate for various
Gate biases. (06 Marks)

With neat cross section diagram and Ip versus Vps curve when Vgs > Vr, explain the
operation of the MOS structure for :

1) a small Vpg 11) a ]arger Vs 1) Vps = VDS(W) 1v) Vpg > VDS(saL)~ (08 Marks)
, Module-5
With a neat Schematic diagram, explain Rapid Thermal Processing. (06 Marks)
Explain about lon implantation with a neat Schematic diagram. (08 Marks)
With a neat diagram, explain Low Chemical Vapor Deposition (LPCVD). (06 Marks)
OR
Discuss the advantages of Integration of circuits. (08 Marks)
With a neat diagram of simplified description to steps describe the fabrication of p-n diodes
on a wafer. (08 Marks)
Describe the types of Integrated circuits. (04 Marks)
k ok ok ok sk
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USN 18EC34
Third Semester B.E. Degree Examination, June/July 2024
Digital System Design
Time: 3 hrs. Max. Marks: 100
Note: Answer any FIVE full questions, choosing ONE full question from each module.
Module-1
1 Design a combinational logic mrcult so that an output 1s generated indicating when a
majority of four inputs 1s true. ... - () (06 Marks)
Place the following equations into the proper canonical form
i) filw, x,y,2)= wx+yz i) (A, B,C,D)= A+B + C)(A +D) (06 Marks)
Using K-map determine minimal sum of product expressions and implement the simplified
equation using only NAND gates flw, x, y, z) = Zm(1, 2, 3, 4, 9) + Zd (10, 11, 12, 13, 14,
15) (08 Marks)
OR

2 Define the following terms literal, canonical sum of products, Karnaugh Map, Prime
implicatns. (04 Marks)
Find the minimal sum of the following Boolean function using Quine McClusky method
filw,x,y,z) = 2(1, 3, 13, 15) + Xd(8; 9,10, 11) (08 Marks)
Using K—rmp dctelmme minimal product of sum expressmn and implement the simplified
equation using only NOR gates f(a, b, ¢, d) =nM(0,4,5,7,8,9, 11, 12, 13, 15). (08 Marks)

Module-2

3 Implement following multiple output hmctlon using 74LS138 decoder
Fi (A B, C)=2m(1,4,5,7) : ~
Fa(A, B, C)=mm(2, 3,6, 7) (06 Marks)
Explain 4-bit carry look ahead adder w1th necessary diagram and relevant expression.

(10 Marks)
Implement f(a, b, ¢, d) = Xm(0, 1,5,6,7,9, 10, 15) uSmg
8:1 MUX with a, b, ¢ as select hnes (04 Marks)
OR

4 Implement full adder usmg 74138 decodcr (06 Marks)
Design a 2-bit Magnitude comparator. (08 Marks)
Design 4-line to 2 line priority uncoder which gives MSB the highest priority and LSB least
priority. ; (06 Marks)

© Module-3

5 What is race around condition? Explain JK master slave flip-flop with diagram function

table and timing diagram. .~ (08 Marks)

Explain the working of 4-bit Johnson counter using necessary diagram and waveform.

(06 Marks)
Explain with a neat diagram and truth table, a 4-bit SIPO shift register to store binary
number 1010. (06 Marks)
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OR
Explain the operation of switch debouncer using SR latch with the help of circuit and
waveform. (06 Marks)
Explain the working of 3-bit Asynchronous up- down counter with necessary waveform and
truth table. (10 Marks)
Write the difference between combinational circuits and sequential circuits. (04 Marks)
Module-4
Design a synchronous Mod -6 counter using clocked D- Flip-Flop. (10 Marks)

Design a Moore type sequence detector to detect a serial input sequence of 101. (10 Marks)

OR
Construct the exmtann table transition table and state diagram for the sequential circuit
shown in Fig Q8(a).

X X @0 4
T G
|8
N Hp—
ant
Fig Q8(a) (10 Marks)
Design a synchronous decade counter using T-flip flop and draw the logic diagram.
(10 Marks)
" Module-5
List the guidelines for construction of state graphs. (10 Marks)
Design a sequential circuit to convert BCD to excess — 3 code with state table state graph
and transition table. ‘ (10 Marks)
. OR
~Explain with block diagram design of serial Adder with accumulator. (10 Marks)
Explain with block diagram design of Binary multiplier. (10 Marks)
k %k %k ok Xk
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Third Semester B.E. Degree Examination, June/July 2024
Computer Organization and Architecture

Time: 3 hrs. ; Max. Marks: 100

Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1
1 a Explain the operation of a computer with neat block diagram. (10 Marks)
. Explain system software functions in detail. (05 Marks)
c. Explain bus structures. (05 Marks)
OR
2 a. Define byte addressability, Big-endian and Little-endian assignment (06 Marks)
b. Explain following registers :
) PC 1) IR 1) MAR. (06 Marks)
¢. Explain basic performance equation. (08 Marks)
Module-2
3 a List and explain the generic addressing modes with assembler syntax and addressing
function. (10 Marks)
b. What are assembler directives? Explain any five assembler directives. (10 Marks)
- OR
4 a. Explain stack concepts with diagram. (08 Marks)
b. Explain shift and rotate operations with examples. (06 Marks)
c. List the stepsinvolved in ‘CALL’ and ‘RETURN’ instructions. (06 Marks)
Module-3
5 a. Explain memory mapped I/O access. (10 Marks)
b. What is an interrupt? With an example explain the concept of interrupt. (10 Marks)
OR
6 a. Explain Daisy chain method used for handling simultaneous interrupt request. (08 Marks)
. Explain the use of DMA controller in computer system. (06 Marks)
c. Explain the concept of vectored mterrupt. (06 Marks)
Module-4
7 a. Explain the internal organization of 2M x 8 dynamic memory chip. (10 Marks)
b. Explain virtual memory organization. (10 Marks)

1 of2
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OR
Explain secondary storage device.
Explain cache memory and its relevant terms.
Explain different types of non volatile memory.

Module-5

Discuss the single bus organization of data path inside a processor.

Draw and explain multiple bus organization of CPU.
OR
Explain block diagram of a complete processor.

Explain micro programmed control concept.
Discuss the organization of hardwired controlled unit.

* % ok ok ok

20f2
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(08 Marks)
(06 Marks)
(06 Marks)

(10 Marks)
(10 Marks)

(08 Marks)
(06 Marks)
(06 Marks)
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Note: Answer any FIVE full questions

Third Semester B.E. Degree Examin"éiitiyon June/July 2024
Power Electronics and lnstrumentatlon

de Marks: 100

-hoosing ONE full question from each module.

| Module-1

Explain the V.. characteristics of SCR by clearly. mdlcatlng different states on
characteristic. Also explain dlfferent modes of operation.. (10 Marks)
Explain the UJT Relaxatlon oscillator circuit Workmg w1th circuit diagram and waveforms.
. (10 Marks)

OR

Explain class A - self commutation by esonating the load with proper circuit and
waveforms. ‘ (10 Marks)
What are the gate triggering schemcs" Explain the operation of resistor-capacitor firing
mrcmt thh appropriate waveforms.. (10 Marks)

Module-Z
Explain the effect of freewheeling diode with a neat circuit diagram and waveform for single
phase half wave controlled rcctlﬁcr with RL load , (10 Marks)
Explain the prmmplc of step up chopper Wxth a neat circuit dlagram and waveforms. Also
derive the cxprcssmn for output voltage. - (10 Marks)

| factor (iii) Ripple factor

(iv) T

(v) PIV (10 Marks)
Explain the principle of step up / down chopper Wlth a neat circuit diagram and waveforms.
_ Also derive the expressions for output Volkt&agg (10 Marks)
; Module-3
Explain the wcnkmg of single phase half bridge inverter connected to RL load with the help
of necessary circuit diagram and waveforms. (10 Marks)
Explain the working of continuous ‘mode fly back converter with necessary circuit diagram
and waveform. - (10 Marks)
OR
Define the following terms as applied to an electronic instrument:
(1) Instrument  (ii) Measurement (iii) Accuracy  (iv) Resolution
(v) Precision ~ (vi) Expected value (vii) Error (viii) Sensitivity (10 Marks)

Sketch and explam the operation of a multirange voltmeter. (10 Marks)
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Module-4

Discuss the operation of dual slope integrating type DVM w1th the help of block diagram.

! (10 Marks)
Explain the operation of the Wein’s bridge " a neat circuit diagram. Derive the
expression for the frequency. (10 Marks)
Explain the operation of a function generator with the help of block diagram. (10 Marks)
With the aid of diagram, explain the working of balanced wheat stone bridge and derive for
a galvanometer current expression (10 Marks)

" Module-5

Explain the constructi working principle and operation of LVDT. Show the
characteristics curve. ; (10 Marks)
Explain the constructi temperature indicators using thermistor. (10 Marks)

Explain the con -uction and working of in umentatlon amplifier using transducer bridge.
(10 Marks)
ructure and operation of programmable logic con'uoller (10 Marks)

Explain tt s
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