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HYERID ADDER AND MULTIPLIER BASED FIR FILTER DESIGN FOR

COMMUNIC

ION APPLICATIONS_~

PIRUMALASETTIFAVANSAL "G SEKHAR REDDY

M. Tech Seholar, Dept of ECE, Vilas Group vl Institullons,
Lyssistant Professor, Dept of ECE, Vilas Group of istitutions,

ABSTRACT: In this project hybrid ndder and
multipller  based FIR filter  design  for
communication applications Is Implemented. The
adaptive filter has high throughput whose filter
coefficlents changes during runtime. The maln
advantage of FIR Filter is its high computational
efficiency, Initially input data Is given to D-Flip
flop, after that data Is shifted in row format. next
H-adder and H-Multiplier - will perform the
addition and multiplication operations. To saye
this outcome of the system memory controlled
filter coefficlent Is used, PRPG is used to arrange

the data In pseudo random pattern-and because of ! w3

this there speed of operation will increases. Hence
this project will Improve the efficlency in effective
way. SRR

KEY WORDS: Analog Filier, Digitul Filters,
Adaptive Filter, Reconfigurable: FIR filter,

Memory _
{Pseudo Random Pattern Generator) |

b

LINTRODUCTION
Each filter in DSP has its own characteristics
such as low-pass and ~high-pass have
different type of frequency responses. The
parameters like gain, stop-band attenuation,
roll-off and oscillations in the résponses are
different for each filter. All these parameters
do not match perfectly ‘with the ideal
response  characteristics like infinite
attenuation in stop-band, faster roll-off and

unity pass band gain [1]. In order to obtain

ideal characteristics filters optimized using

approximation functions - in "'designing of
analog lincar filter. Thls_;se.:_;ippmximatiqg :
functions use statistical methods to optimize

the transfer function of  thesfilter being
designed. The remarkabl¢ Characteristics of
digital filters in their performiance lead to

controlled ﬁlterj.f‘-}"_qéll"rig_n‘ient, PRPG - .\

Nunna, Vijuynwada AP, Indin
Nunnn, Vijayawada AP, Indin

The two main functions performed by filters
'in DSP are signal separation and restoration.

If a signal mixed up with interference from

other signals or noise, signal separation

* would be better choice [2]. For instance, a

" idevice recording heart beat of a fetus in the

~‘Womb. The actual signal interfered by the
" heartbeat or air inhalation of the mother. In

his: case, a filter is employed to separate
Yoriginal  signals from interfered signals.

i ; Thn._éi_‘gforrz, they can be processed separately.

mefimes signals may lost or distorted due
Unusual reasons, In this case, a filter is
“"used 'to restore the lost signals. Some
. examples of signal distortion are sounds
" recorded from a voice recorder of poor
" standard, blurring of images captured due to
imperfect focusing of lens or shaking. The
-+ signals distorted in these cases would have
. been .improved using signal restoration
Tfilters.  Any one of the filter types either
analog or digital filters can address this
problem [3].

)

Som

~“There are many ways for designing of digital

filters. Each filter design is suitable for
- particular application in time-domain or irf
i i-frequency domain. Filters for the time-
ﬁumf{m applications are gpecially designed
¢ lo conserve the signal shape because the
" information is encoded in the signal by the
. ;s0urce; Therefore, filters in this domain are

widespread use of them in_ digital signal J“Eﬁ'ﬂp“—‘}’ﬂd to preserve the shape of
processing units. o vaveforms  like signal  restoration,
o e . suppressing of DC components and
. smoothing.
I:II;. v --JI- ’ -_-"'I.: L
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Development and validation of a RP-HPLC Method for the Estimation of Remdesivir
in Bulk and Pharmaceutical Formulation

Polarcddy Ra jli;tkllil r Reddy, Lokireddy h-l.'u"ld:m Krishna*, Y. Vinay Kumars""
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A simple. reproducible and efficient reversed phase high performance liquid  chromatographic (RP-HPLC) method has been
developed for estimution of the broad-specirum antiviral prodrug, Remdesivir in.raw material and ils Injection dosage form.
Separution was done by using mobile phase consisting of Acetonitrile : 0.1% Tricthylamine, TEA (70:30). The separations were
carried out on o Column X-Bridge phenyl (150x4,6mm, 3.54) at a flow rate o'l mlJ/min. The injection volume was 10 pl and the
peaks were detected ut 235 nm. The linear dynumic response was found to be in the concentration range of S0pg/ml-
3N0pg/mL and coefficient of correlution Was found to be 0.9989. The %RSD value was below 2.0 pg/mL for intraday and
interday precision indicated that the method was highly precise. The LOD and LOQ were found to be 6.0 pg/mL and 20
pg/ml. respectively which reveuled that the method was highly sensitive. The percentage recovery value was higher than 100 %,
indicating the sceurucy of the method and absence of interference af the excipients present in the formulation. The proposed method
was simple, Fast, securate, previse and reproducible und henee con be applied for roatine quality control analysis of Remdesivir in

btk s pharmaceutical formulution.

INTRODUCTION €' gnd was subsequently investigated for Ebeln virus
disease and Marburg virus Infections'™ before being studicd
as & posteinfection treatment for COVID- 191", Remdesivir I8

Remdesivir is u broad-spectrum antiviral medication. It is :
a prodrug thut is intended 1o allow intrucellular delivery

adminisiered via injection into @ vein, During the COVID-19

pundemic, Remdesivir was approved or authorized for D‘fGE’*ﬂf‘H mmupl]lusph.ul: and ! subsequent
emergency use to treat COVID-19 in numerous countries, biotransformation  into G5-441324 wiphosphate,  a
Remdesivir was originally developed o treat hepatitis ggmﬂflﬁﬂg? unalogue inhibiter  .of  viral  RNA
ymerase' ",
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Abstract; Multipliers are wtal wmpuments of &nf processor or computing machine. More often

than not, performance of mlcmcnntmllers and Dlgnml signal processors are evaluatedon the basis of
number of multi plications perfarmed in unit time:;; Henue hetter multiplier architectures are bound to
increase the efficiency uf the system Vedic muinpher is ‘one such promising solution, Its simple
architecture coupled with mcreased speed forms an unparallcltd combination for serving any complex

11

multiplication cumputancn Taggcd with these h1ghﬂrghts, implementing this with reversible logic

further reduces power dasg.j;q hqﬁqPBWﬁi‘ dlsupat:-;m ls a:n-:uther important constraint in an embedded
system which cannot be neg >
1!.']1 as "Urdhva Tiryakbhayam" meaning
Gg'i"c‘-l'_j.?:i_:!i_ch is the first of its kind. This multiplier
nd -_ptl}e: applications of DSP like imaging,
arithimetic multiplication, various Vedic
Jkﬁilhm and Anurupye has been thoroughly
utrﬁ 15 most efficient Sutra (Algorithm), giving
_rs;:enher small or large.Further, the Verilog

. bits multiplication and their FPGA
llfl__vq been done.

Keywords- Urdhva Ti:yukb_haya‘iu,ﬁ‘mr Fourier
m*':“m e;?,

; 3%5_:‘:@1&;;%;111;?-
ol ent a dxguul [ quniglh I "mgltul cireuits multiplying to binary
iy it quf111nn using f t‘uli deers m}d hntt‘adders A multiplier is used in many
el i e Jal AF
applications such as tmngi;qg % ?lng. Slgnﬂl prncﬁﬁmg, micmprnnﬂssm and microcontrollers, ete.
'|" ! L by 2

el
At

Tb‘fi fﬁ&ﬁ&-f?‘ﬂ‘s}, Vedic multiplier..

L.Introduction: A Multl
g, .

multiply two binary nq%L 4 __vanaty of computer arithmetic

techniques cun be used [

numbers is done using rep
Pape | 893 ‘il,"l-‘;'l;r.
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ABSTRACT: As the: lac]mu]ug}- scales ann
emerging  tmemorics strugg]mg with  reduced
reliability, As & solution error-corecting code ECE,
and its decoder tmulls,hnvg,_b:m applll::d To*
correct two (or) three err-urs' IS,!Z‘H code iy w:dely

adopted. We have double; error nerecting and triple ~q'
' ;r ” [JL [%] Astechnology scales down, these emerging
A8 “ymemories. arealso struggling with reduced reliability,

'rpwﬂﬁ,“i a‘s«u]utmn. error-correcting code (ECC) and

error-detecting (DEC- TED .
Hoequenghem (BCH) ch.

i hivse-Chaudhuri-
g e::uder with' high

decoding efficiency and:. 1:&:&, pawer for qrrur'.

correction in :mrrgmg memones "Here cweare.

im pf:mmtl ngtriple bit ermrn:crn‘enting{TEC] d:codcf
to increase the decoding efficiency, we prupuaq an v

adaptive error correction teehfique for the BCH
eodethat detects the number nf;u'ruts in & codeward
immediately after syndmmn gq\qerﬂnun and applies
a different error correction) aiguh!hm depending on
the error conditions, With ‘the adaptive error
correction lechmique, the wcmgw: decoding latency
and power consumption ate significantly reduced
owing to the increased decoding efficiency. To
further reduce the power consumption, an invalid-
transition-inhibition technigue is proposed to remove
the invalid wransitionscaused hj" glitches of s*pndmm:
veclors in the error- finding hlﬂﬂk

Keywords: adaptive error;; correction, buﬂe-
Chaudhuri-Hoeguenghem {HCH} code, t!uuhh:

correcting (DECjand triple error detectmg &,
correcting (TED -TEC), emerging. memories, error |

correcting  code{ECC),LUT- . based d':LDdtrS.
invelid-transition- mhlhlilun tcc%mquc it g

TR b

. INTRODUCTION o5

Emerging memaories,: ;u{:lj #s phase chunge: .
memory, spin-trensfer jorgue. magneto  resistive, .
random accessmemary (ST‘I‘-MJM M), phase change .
RAM (PRAM), andresistive randnm access meniogy
{ReRAM) have been in'.r:sugated ta fill the gaps in -

terms of performence and rlen;uy between DRAM
and NAND flash memory, refemed to us storage closs
memories (SCMs), They ere.of interest for their
flexible and efficient memory hicrarchy, owing to

DOI: 10.35629/5252-0312336346, | Impaet Faca value ? 429 t lSU ':JU'Lil 2008 Certified Journal  Page 336

-.lh-m,r nmw!am:, hlgh density, and [ow-latency
":Hﬁrﬂntenstlcs [1]. In addition to SChs,
dme: emerging memories, such as STT-MRAM, are
Tgo onsidered promising cendidate embedded

.J-'-i.i'

. wa.urJ J1'|'|;|--||35|:|u|e t their fast read and write [atemcies,

‘leaknize power, and logic-friendly compatibility

Hilsi.enc 'f:lecnder circuits have been applied.
! "'ﬁjle“N.ﬁ.ND flash requires s powerful ECC
i qsipab[r: of ¢urr:cung up to 100 erors, most of the
Lmargmg memories can reach the rcqurrad chip

l._-jd usmg an ECC capable of carrnctmg two ar
thege errors bevauseof new developments in storage

L phystcs {2]-[8). In addition to simply inceeasing the
¢ rrfemﬂr_v vyield, ECC can e used to optimize
_ -ml:':ncn} performance regarding density [9], [10] and
energy consumption [11], [12]. In this manner, ECC

., hag, become an essential part of emerging memories,
To correct two or three errors, the Bose-Chaudhuri-
Hocquenghem (BCH) code is widely adopted for
« emerging memories (2]-{8], However, the standard

..rcqmr: mu]tnpic oyeles, are not compatible with
-:rnurgmg ‘memories, This is becouse the latency of
‘i'the BCH code decoder should bea few nanoseconds,
mna:dmng the short read or write access time in

Uemerging miemories, To achieve a double-error-

grrecting (DEC) BCH code decoder withlatency of

.'twtn,musnmnds n fully parallel decoder structure
ﬂm‘: HiEI combinatorial logic gates has beenpropesed

f! BT [LE]-v[l?] However, it continues to have 50%—

Hﬂfiﬁ lul:n&}' penalty and consumes 6-8 times more

e quwl.r (Lo the single-emror-gorrecting and double-
vr'tLIL.lF-l' 11tt:.|.nng, (SEC-DED) decoder, As non- or
f‘" :-!'nu,l:-hil errors ae considerably more likely than
i muin bit (double-bit or triple bit) erors despite the
JiiLreuml raw  bit-error  mate  (RBER) in
hgm|:nt|.|:hn'::llag:4-'r it is inefficient to deal with non- or
._u:,;,ln'. bit rrors with & DEC-TED decoder in terms

R
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ABSTRACT: In this pap’ér, design  and
implementation of high efficient delay utillzation
of (n/21) parallel multiplier is done. Basieally,
multipliers are key arlthmetic circuits in many of
these applications Including digltal  slgnal
processing (DSP), This n/2 parallel multiplier uses
adder that llmits {ts earry propagation. First the
alignment of partlal products gencrator will be
done, After that partial products takes this
registers and generates " the?
generate signnls After this mfz

&

nz multiplimunu:. :

addition operation anli Eiws i
Hence this paper redunes_th,g., ¢¢!n‘y in L-ITEHWE.-- '
way, ey h

e

Key Wards: VLS, Dlgitu.i ';gnn] prnﬁes!tng
(DSF), Partial pruducts, Multiph.-xerﬁud Adder.

L. INTROD UCTI‘DN

|_.||_ L3

Basically, in cnmmunmahun systems like:

error correction codes ﬂa;ui cryptogmph}r,
finite field is most widely’ "used Anthmetic
operations are performed- usmg the field
elements. Two basis are nurmaliy used to
implement a system that is normal basis and
polynomial basis. Normal basis is used to
implement the hardware and perform the
low cost squaring operations, In the same
way, polynomial basis is used to implement
the software and in the saﬂw way this also ..

performs the low cost squaring nperahnns"

[1]. Accuracy could be compromised to'a "

defined extent in most of.the. present -day . |
applications like image ! fecognition ‘and’’
processing. Multiplier is the: buau. hulldm;,'
block of such appht:atmns whlch involve a
lot of mathematical processing. This leads to
a win-win balancing betwsen the energy
consumed by the circuit anr;l the required’
accuracy. y

|. -*..
vy
oy

T rlll:il

'Whpugat& nnd. 4

h'e ﬁnal pru&ugﬂt_- u

| ";ﬂlchl.ﬁ:‘!-"hd using different adder sub module

The energy consumed by any system is
d1recﬂy ‘proportional to the multiplication
: accura,c},r of those systems. If a system
‘requires high accuracy then it consumes
‘more energy and vice versa. Also, there
“eould be section or module of that systems
. '_whmh needs lesser accuracy than other parts
‘_.the‘ system. If the accuracy is kept
nnstani amss all such modules it greatly

& rea "nmpact in reduclng the amount of
: ’hm‘g,),{ wnsu.med by the system [2].

fL the _multiplier module to characterize the
“accuracy based on the approximation
'ftechmque There should be reconfigurable
.mu[nphers in various program stages or
_applications [3]. So, in this paper we
desngm:d a multiplier whlch has an accuracy
Elemdt,d on the go based on the requirement
“'_I_lthc applmauun

"-f}t[ﬂntgnmﬂr}r s multiplier is classified into
hirge: Ij.-'pt‘ﬂ they are bit-serial, bit-parallel,
f‘aﬂ { dlgtt serial architectures. Bit-parallel
l[wpt‘: is” rapid; however it's far steeply-
.pneed .1“ phrases of vicinity., Bit-serial

515Llf.iurt'-15 region efficient, but it's far too
% ‘&"mbi,mh" for plenty packages. The digit-
ﬁfi‘ﬁﬁ] structure is flexible which may change

th-.: z-.pa::u and velocity, consequently, 1
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ABSTRACT: In this research paper the tﬂchmque fﬂi‘ thc dcslgn of a fast multiplier is prnpnsed by
using two different tuchmques ﬁ 4t2 cumpn:ssur s, used for pnwer«aﬁ' cient row compression in the

Keywords— ALU, Dudda-mu.!‘np!mr, 4:2 mmpremﬁ'
Wallace-multipliers, half ndder, fuﬂ adders

o nmmnutTmN
Multiplier is one of the rnnst Lmjpnmt circuits for demgmng computers and computing devices. The

Dadda technique for partial muduggmductlun is basr;d nn the idea of ‘avoid use of full adder.” But the
use of full adder is more regular ma;%thar Wallace tr:e muihphcrs This paper presents a modified Dadda
technique based on the idea of p:a,fer the use. :af Al addermver the use of half adder.’ Only the last
stage that is 'three to two rcdur:tmns; is the exceptm his idea used in the modified technique makes it
more regular and simple. Herice, bﬂged on the idea; lSz‘TlE[%'IEd a.'s ‘Full-Dadda.’ The fact behind saying
this technique an allernative, ﬁpprmfch is that this® tﬂ?i;l_l'{l ¢ -I‘GSHLTS in same number of full adders, half
adders, same size of final carr;.f p;ﬂpagation adde:r and me fnimber of compressors (adders) at each
stage as required in the Dadda tﬂE‘,hj'ltquE Thcrefuur%_ the. pmpnscd multiplier can be used in place of
Dadda multiplier in all its apphcatfans This paper _m;us u. 2 cﬂmparahve performance analysis of the
proposed multiplier with the Dadda multiplier, F-:n: _.thiSfcumpansun each multiplier with different

Ty q'e.t'm:t adder, carry propagate adder,

operand sizes is taken. The main dlsadvantagf:s nf rhc Daddp multiplier are: (i) it is less regular, (i) ¢

more complex and (iii) it reduccs Iasb number of. hJE§ fg:a_rly'stagcs of reductions, The proposed ‘Full-
"”Enmnher of bits at early stages of summand

Dadda’ multiplier is more rcgular,ﬁjmpIe and rf:duceg '*Epu

reduction. In section 2, lhurc is bncf overview of Iltemtu}é}nd'm section 3; there are general rules and
equations for reduction scheme apd number of hurdwgm,%nmpunents respectively. The comparison
between multipliers is arranged in f‘ Iye sub-sections 'under' sectmn
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DESIGN A HIGH SPEED EFFICIENTY1:SI ARCHITECTURE OF ER
JYBRID ADDER © "
WALLURD PRAGATIL AU SERIAR REDDY
0 Tech Scholue, Dept of ECI, Viksis Groug o Lustitutions, Vijayayada, A.P, India
S Assistant Professor, Dept of ECE, Viks Group gf Institutions, Vijayawada, A.P, [ndln

ABSTRACT! In this paper the Design a high
speed efficlent VLSI architecture of E.R Hybrid
adder is implemented. Basleally, ndders are
most commonly used in the applleations of
digital signal processing's, Microprocessors ete.
Hybrid adder performed in three stages, they
are propagator and generator stage, Internal
carry generation stege and flnal sum stage. In
this propagator and generator sigonals are
generated by using propagation stage. Infernal
Carry gencration stage will generate the carry.
If any errors are occurred then error detection
stage will detect the errors and error recovery
stage will recover those output values, Final sum
stage will take the output of hybrid adder and
performs the operation and gives sum as output.
At last from results il can observe thal the
propose system glves effective results.

KEY WORDS: Hybrid Adder, Internal Carry
generation Stage, Final Sum Stage, propagator,
Generator, VLSL #

I. INTRODUCTION

Fastest technologies are developed in
present days. In present days, reduction of
device size, fast operation and low power
consumption are required. The designing
of low power VLSI system has more
demand in mobile communication. Due to
the device designed by designer with high
speed, low power consumption and small
silicon area, the device is available with
low power.

ALU (Arithmetic logic unit) and FU
(Floating point unit) are the main parts in
computations [1]. Logical computations
are addition, subtraction, multiplication,
division and logical operations are AND,
OR, INV and comparison which are
processed by Arithmetic logic unit (ALU).
Data path has an important role in digitul
signal processors and microprocessors
because of some characteristics such as
power consumption, speed of operation
and die-area.

Data path contains complex operations are
‘sublraction, addition, ~division and
multiplication [2]. The main important
‘factor is data path performance which is
“affected by efficient hardware units of
‘complex computations. In the data path
addition is the important executed
operation, addition operation contains
binary adder to add given numbers. In

- .complex computations such as decimal

operations, multiplication and division,

-adders has important task [3]. To get data

‘’path efficiently, the implementation of

!

ol fljj;:'m_r;.._f adder should be efficient.

central processing unit (CPU) crucial

e

'.-_'.‘"iell_grriént is ALU (Arithmetic logic unit).
;7. ;An"adder has important function in ALU
“ ‘and ‘an adder performs not only addition

. but  also

performs  multiplication,
subtraction and decrement/increment. In
ALU and general processors to get better
performance, efficient adder is needed.
From 1950s, for hardware implementation
of VLS| arithmetic circuits, research
started on efficient adder implementation,
In. control systems and digital signal
processing main operation is the addition.

The properties of system or processor like
accuracy and speed depends upon the
performance of adder. To execute the
addition of numbers, adder is used which is
a digital circuit. Different processors and
computers contains ALU in which adder is

" used. To reduce different parameters,

different designs have been implemented
based on parallel and serial structures.
f_nur elementary operations are performed
i binary addition.

The adders can be represented in many
forms like BCD (binary coded decimal)

v
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DESIGN A HIGH SPEED RIFFA BASED HOMOMORPHIC

ENCRYPTION/DECRY.PTION
'E(.ll(fﬂi,'{:ﬁl‘:lillhl DNy
M. Tech Schalar, Dept of ECE, Vikas Group of lnstitutions, Nunna, Vijayawada, Andhra Pradesh, India
Lssistant Prafessor, Dept of ECE, Vikns Granp of Tustitutions, Nunna, Vijayawada, Andhra Pradesh, India

ADBSTRACT: In this project, deslgn and
implementation of high speed and high secure
BFC based Homomorphie encryption Is done,
This system will provide better securlty and
resource  efflclency  compared to  existing
standards. RIFFA based homomorphic encryption
technique guarantee both privacy and Integrity,
The main intent Is to Increase the speed of
operation. Initially, input bits and ley Is expunded
serial by using PCle. Next, bits are substituted
using S-Box, After substltution of bytes, the bits
will be revsable using RIFFA. After reusable
procedure shifting operation Is performed. Now
these bits are encrypted. Similarly, decryption
process Is reverse to this operation.. Henee RIFFA
based homomorphic encryption and deeryption ls

implemented and it gives better securlty compared
to exist one.

KEY WORDS: Homomorphic encryption, Large
Integer Multiplication, Operand Reduction, VLSI
Architecture, 5-Box, FPerlpheral Component
Interconnect express (PCIe), Reusable Integration
Framework for FPGA Accelerators (RIFFA),

L INTRODUCTION
Fully Homomorphic Encryption is for the
most part utilized in the database of the
board frameworks (DMBS). One of the
present issues related with the utilization of
databases is the test of verifying and
securely pufting away the legitimate
treatment of classified information in the
remote database. Privacy of touchy data can
be guaranteed using cryptography.
It may, be the utilization of industrious
encryption calculations to store the data in
remote  databases can fundamentally
decrease the presentation of the framework
without interpreting. To take care of the
issue, in MIT examines exhibited Crypto
system,

Utilizing additively homomorphic crypto
framework ecnables the server to execute
SUM, AVG, and Count Questions over
encoded information; the other SQL
inquiries utilize the distinctive encryption
calculations with the vital usefulness, The
adjustment of completely homomorphic
cryptosystem will keep the capacity to
perform run of the mill database tasks on

-encoded information without decoding the
. .nformation in a confided condition. In any
i f.'r:',_a'ﬁlsa, such a cryptesystem must fulfill certain
“prerequisites for practical qualities and
- ‘computational unpredictability, which is

significant.

Fully Homomorphic Encryption (FHE) is a
huge achievement in cryptographic research
in recent years. A FHE plan can be utilized
to elective perform calculations on figure
content without trading off the substance of
relating the plain text [1]. Therefore, a
practical FHE plan will open the way to
various new security advances and
protection related to the applications, for

example, security safeguarding pursuit and

- cloud-based processing. For the most part,

FHE can be ordered into three

- classifications: cross section based, number
. . based, and leamning with mistakes,

- One of the fundamental difficulties in the
Amprovement of FHE applications is to
" -moderate the amazingly high-computational
intricacy and asset necessities [2-4]. For

e

instance, programming usage of FHE in
superior PCs still expend. the critical
calculation time, especially to achieve the
vast whole number duplication which more
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Abstract:  The nnnlyslﬁ: "’gr aren  efficlent
conventional  blnary-welghtad and  switched-
capacitor DAC with the sp ‘topology capacitor
for adaptive SARADC toglimprove the power
lincarity of power nptimizutf it Is presented in this
paper. Even though the red tu;m of DAC's area
will be the major cause fof! ie usage of the split-
capacitor topologies whlc'n presented In the
analysis that, It is not al the case since the
lincarity parameters o 1,: i In-giu of split

redistribution of the ﬁ Untiondl: charge, 2

aduptive successive appmx i tiun registers (SAR) ¢

convertery} (ADC)  linearity
+ ucturg,cls presented

il nonlinearity and

analog-to-digital
analysis using a split DAC
in this paper. The inte
differential nonlinearity 3 called as statie
linearity, The analysis ofiperformance on the
static linearity and split DA E t" ith pnmsi:kz effects
are considered here, So -i
measirement are speed 'T'"
that clearly shows the ady
based switching.

as ?ell linearity
ges %Eusing Vem -

o

Key words: Switched ca
SARADC, Linearity annly *r_li spll Gk g

Successive app:ommat i
to-digital converters
widely used in low
resolution application
implant  devices  [2
networks, [3] etc. One
of every adaptive SARLL
analog converter (DAC)3

DE) [1] are

{:h s medicaf"

-{ltmlyu ical and prl.nm::ntal mudsr.l analysis

: j‘ ‘ -current

-I Dﬁt, adnpﬂval:;

reglster analog-

| w r ar 1d medium-
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‘iu “The DAC in SARADC is usually based on
ﬂ t  the SWllchﬂd resistors network, switched
‘sources network or switched
m capamtnrs network. The latter is convenient
!9 for Jow pinwer applications since it does not

K ""m consume:static power like the former ones.
4 P

4‘[

s

-'}'*‘ '_ Also, thaf swm:hn:d capacitor DAC network
capacitors are more seng ‘1 to j‘:‘ha parasitic .
effects. Depending on twp 'u ethodsyof switching i
mechanism, such as V. 'm d sfltnhlug and . : '.

--can be u?&d as the sample and hold circuit in
realizations of

of tﬁ: results of

i This paaf:r anai;.lzes the conversion non-
'lmean@,guduccd by supply noise, switching
“methods;=and paramtm effects in adaptive
ifSARADgs The static nonlinearities based
“on the ﬁunmmmnal and Vem-based [4]
“swltchmg“ methods are theoretically
: ,*'analyzed# ‘and the mathematical models are
: "'-dwelnpgg to verify the effectiveness of the
'V en-based: approach. SARADC with Vem-
“based ‘émlchmg demonstrates  the
gperfunm%;ae profits in terms of speed,
ipower, and linearity by using Vem-based

‘capacitor -array topologies, and switching
dyialgorithms [6], [7] that discuss converter’s

' hncnnty tn-:rg}r efﬁmqs_:my, area . problems :
‘The ' SARADC's R

RS sithchm%[S] There are multiple studies on



- International Journal nt‘Mmmgaﬁgﬁﬁt,i;r';:';-linnlngy__hatd Engl.qqurl_pg ISSN NO : 2249-7455

Ay
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A ;E,rr, :fet thcse codes require more area, power,

ABSTRACT: Moadern I'E'j -j lﬁ: Ell.l]rmﬂl.lsh"
complicated due to decrense. In deviee size, For ..,JE ‘and dEIﬂF U"Erhﬂads Since the enr:udmg and

high-speed memaory app!l:uﬂuns such ns cache, o _
SRAM Is often used. In this, ‘paper SRAM Is : (:onjuunded codes [1-2].
designed with pre charge bg& ushlg error check i
bits. The memarles can Iu'prutr.eted with check
bits to detect errors. Single-bit errors corrected

when memorles are prntmzed. wlth .check bit. by lpnder location and adjustment is to include
employing the gated pull down’ path and boosting. - *Sj}m“ excess (ie, some additional
scheme, search speed will: hei’ increased. By iiti nfannatmn) to a message, which recipient
g‘_& considering the number . >n!‘ rmsmutr:h. and - G ""an use to, check cun.sistency of thc

. ;E’réﬁlwd be degenerate,  Mistake

/ 1tlbnt1ﬁcat1on and redress plan can be either

;?.:methndrca[ or non-efficient. In a deliberate *'_
pf“" the transmitter sends the interesting

; frmatu:n‘: and connects a fixed number of

yeck: bits (or equality information), which

; ejéntten ﬁam the mfarmanun bits by some

proposed system glves eﬁ‘eetl
speed and delay. =

.-.;'.5-.“"
KEY WORDS: SRAM (sfif cjrandom acce
memory), pre churge umt‘«‘n‘l{cckzrhits conte
uddressable - memaory, r.rru siicorrection Cal
location schemes. o s L
LINTROD Ut
As CMOS mnﬂvatmna
scale and requlactmns“‘ i
expanding . number % :
frameworks, the: delicate ke: rate” in}
memory cells s qum Wy i’expandm
particularly when reco Eﬂtl % work
space conditions due to {onizi gumpactf

: EZEE TJ'.'I ﬂﬂl'lq._ #
“joined with? ans i g%aﬂ Lust the mistake d1ﬂcuvcrry is required, a
ﬁ%%"".;{:f?;gwgﬂa Lt _mpmnbwuuld -mmple be able to apply a
ﬁatxs\awnd contrast ﬂs yleld ﬂnd the get check
iy L

;,%E?ﬁif ‘the, qualities don't coordinate, a
under ‘has happened sooner or later all

& barometrical neutron, alp ]:ra mcﬁc:uIn, and - (S gh_the trausmusamn [3]
;_; enormous beams. Albeit’. [ngla:;pmue upset”': %’ﬁ k.
is a noteworthy wnn’:ﬁ Qi’cli .memory =.-"'“"'i3rmf-¢m°hﬂg Wdﬂﬁ are nﬂﬂﬂﬂll}’ utilized

unwavering quality, mu]];lpla.«.ce}l upsets - lﬂiﬂwaﬁ]ﬁ}'ﬂf cuntﬂspnndence, As well with
have tumed into a gcnuu*e;;dependablhty % ect to solid stockpiling in media, for
ar ' Eﬂ lﬂ.. .CDs, DVDs, hard plates and

." ic. RAM based Field-
Gate Arrays (FPGAs) are

cﬂuld reasonably be e§ uttllzed e
EII v:n 0

correclion cudcﬂ* {E g }f@“
genemli}; used T

.@.L ' -E\‘," Iﬂs'g}‘;."ﬁ mnunale ] c&l]s \ hn‘ﬂngﬂmﬁnt

fagti .snn;m. in tha static memory composed

-
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e
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employed d

lite material properties largely dependent on thr pmmmg methods and the parameters
l'!|-| ng their manufacturing. Inthe preﬂntstug theeffect of B4C and BN nanoparticles on

tensile strength and microhardness of Al7010 h-,fbnd metal matrix nnnncnmpum: ismmugawd. The

compositei '_!15, epared using uhrasnmc usmied stJI cas
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‘Inmodern i the pm:lur:bﬂn ofaltiminturh fm:ta.{ matrix cof
ceramic particles into aluminum end itsalloys. The AMMCs

high ﬂlfﬁmsi!

Thulumlm

it ,:«t:rs, the wt36 of B,C and BN is most sigr
drg _'.- Iollowcd l)'f othet parameters. Furthier, th%ﬂﬂﬁmunn of aptimal experimental results
2800 tests was conducted sndaim-apercenta ERIIOriS fr:rl.md

n:v:h.nu:lua:1 and the effect of processing
i:i‘*qurrin g time and temperature on ultimate
hE ys&suf‘u"manue technique. The

}bbased on the L;s orthogonal array. In all
cant on ultfma{e tensile atrength and

sites Eﬁhﬂd{::} inw lvcs ﬂ'l.t add:liun of
|t many winsome mechanical properties like

oor density, low ductility, poor fracture toughne ‘exce]]:nt strength and berter corrosion
resistance. 'i‘l!l:L a I Cs are extensively used in marine, mili

a:nﬂmspm:e and sutomobile industries ete [ 1],

mietal matrix nanocomposites reinforced with cg_lamlc nanoparticles into the aluminium

mianrix :mpr% the ductility, fracture toughness and increased me:chnnical strength, The ceramic hard particles

like B,C, TiB

particles, By
{2.52gem”

u
I

: iLsiCand 41,0, 12,

--sl!'mgtljmdr slit ce of|

N s

gumpm:lﬂ {ﬁMMN Cs) and

1 'ndmas 351 EPE&. atand Im [Prq;'eqli_ toghr

undr&n ﬂu

i8iC, WC, ZrB., BN, etc,, are used as remfarcum:'t‘:ﬁ s in AMMCs. Among these reinforcement
arl:clu possess outstanding bonding characteris

ccellent strength, good wear resistance and ha

raggwnh alumninum and havelow density
gz, high meitlng pointand is used as

::?.mn nitride pano pa:ﬂcl:aiu potent
Hlm;ur‘ljf:[ituncq lnd ectsosa self-

MNCs WI'th nanoslzed B,Cand BN as .

i asslsted stir casting, The tensile strength of the

.' 4C nanocomposite addition with 6 wi% B,C
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? ABSTRACT &

1sorb shocks and to prevent the vibrations, Even though various types of springs are
available in the market, Leaf’springs are plays 2 major role in the automabile industry. The objective of this present
work is to estimate deflectiontstress and mode frequency induced in the fmano leaf spring of a lorry . The Leaf was
modeled and analysis were carfied out on Steel and Composite materials (E glass cpoxy and carbon epoxy) for both.
The results show that by ukig the composite Leaf, We can reduce. the:stresses induced in the member. After
comparing Results Composi{&iLeaf has'less stresses and ‘will 'been ‘added advantage to use leaf springs in
Automabile industrics, ‘:?J.-plg;r ig of conventicnal springs with cmnpm{lé'rcdum the tatal weight of the body and

In generel springs are used 13

henee power consumption caujff be reduced and Life is Increases, 3
Keywords: Leaf Spr:'rrg.P‘m :'
¥ 4L :
I i A I 5 MF &
k: % \ X e,

A spring is defined as un e]‘g‘: gic body, whose functien is to distart wherj loaded and to recovers its original shape
when the Joad is removed, Siiiik- elliptic leaf springs arc almost universally used for suspension in light and heavy
commercial vehicles. For cafilso, these are widely used in rear suspension. The spring consists of a number of
leaves called blades. The blides are varying in length. The bledes arc. us usually given an initial curvature or
cambered so thot they will teisdilo straighten under the load. The leaf spring is based upon the theory of & beam of
uniform strength. The I:ngl!ﬁ blade has eyes on its ends, This blade is called main or master leaf, the remaining
blades are called gradusted Idives, All the blades ere bound logether by means of stee] straps. The spring is meunted
efentire vehicle rests on the leaf spring. The front end of the spring is connected 1o thep

on the axle of the vehicle. Th
frame with a simple pin juinﬁ rile the rear end of the spring is connected, with a shackle as show in figl.1
2 £

e 10 SRS T

. Figure 1: Leaf Spring
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EXPERIMENTAL MALYS[S OF DOUBLE PIPE HE ; T EXCHANGER BY USING
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ABSTMCT
In this research wark f‘urccd :nnvccmun flows of Nano-fluids cuns:stmg of water with Nanoparticles AL;0;and
SIqin a horizontal tube u:zth constant wall temperature are m'-reshgilwd. numerically. A single-phase model
having two- dimensional equations is employed with either cnnstangﬁor temperature dependent properties to
study the hydrodynamics and thermal behaviors of the Nano-fluid ﬂu;;ir'lhc velocity and temperature vectors
are presented in the r:ntrancf and fully developed region. The vmatigm of the fluid temperature, local heat
transfer coefficient and pr:?su:e drop along tube length are shown in the paper, Numerical results shows that
the heat transfer enhnnc:mgt due to presence of the Nanoparticles in fi e fluid in accordance with the results of
the experimentzl study us:%fur the validation process of the numerica mu-dcl

¥ "\-\.

S

Keywords: CSTR-PID-ZN- ny ~-MRAM-MATLAB,

I. NANOFLUID E;I%.EPERATI{]N METHOD

1.1 Two-Step Method % e

This is the most widely ugl:‘l mzthud for p:cparm,g Nano ﬂunis I~f 5 amc es, Nann ﬁhers, Nanutubu, and
other Nano-materials used ifi this method are first prodiced s dry poWders by chemical or physicel methads.
Adfter that the Nano sized pm-.rd:;r iz ta be disp:racd into & fluid in the] :und processing step with the help of
intensive magnetic force agitation, ultrasonic egitation, high-shear miix mg, homogenizing, and ball milling.
Two-step method is the mgst ecanomic.method to produce-Nano, ﬂu m !arg;-. goale ‘because Nano pnwder
synthesis technigues heve g'gtad}r h:cn scalac} Llp to mdusi:rial prac Dije ta f

and surface getivity, Nano E.rlll'.‘iﬂ‘hﬂ.‘.ft e tendenc;r fo aggr:g
stability of Nannpam:lcs in‘fluids is the uy: -E!f surfaciants However,

importent tmhnlque to enhance the -
ﬁincﬁunuht}r of the surfactants under

EEFIEJ' 1.1 Two-Step Mixing Procedure Diagr:

Due to the dilTiculty in prep;
to produce Nano fulds, in onk

g stable Nono fluids by two- stcp method, 38y

= . 39 il
s i) [ ‘.r' 1 i i ] LARL LT i P " h:'-l ::I “HEL ] 1
HESR”"{‘.F i PRy (ChGlobalJoul " J Ad esearches .
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VIBRATION mmfsxs OF c.mnnn NANOTUBE REINFORCED COMPOSITE

SING ANSYS
‘f;j: V. Ees\ ri' & Md.Shiffeef’
3' i '"Department of Mechanical Engineering
i ABSTRACT

The energy crisis and g!uba1 iniclination to reduce green house gas emissions have been eatalytic in directing the

attention of research :::l:nuglts to look for light weight materials with high strength .Composites are the ones with
this kind of exceplional pir?pm:cs The emergence of Carbon Nanotubes has created new uppnmmnir.s for
fabrication of polymer composites that possess strong potential for a wide spectrum of the applications .The ane-
dimensional structure of cafBan neno tubes has a'very high anisotroplc. nature and unusual mechanical properties,

which made them ns pq-c-mw:}ng nano filler for the composite structures, The primary focus currently is to develcp
new generation of Nano- ::uﬁpusne matedals ‘capable of exhibiting good combination of properties .The present
regearch work is focused org;,the evaluation of mechanical properties like Yoling's modulus and also to investigate
the natural frequency of nangiparticle f:quurued composites Ihrnuph Fi p{t: Element, fmnlysls The Vibration test is
carried out fo get fhe informgfior of the. ﬁrstm-:rda shape of hisidiscl etanNann mm ite, and this i used to further

i the fcamposlie for ditferent’ end" conditions - and 'alsa, to check .this composites

estimate ‘tie mode! shapes e
performance in real time sngunns u.smg the probable culs in the mad:i and this prnmdurc is done by using ANSYS

Pack.

R‘eyumrn‘r Cumpnsfrc' anurrm! maa’e ﬁam muurmﬂre mdmfuena materfu!s s Stk et

Il 3
AR xJ BT fi."'??‘- bt el

I INTRODUCTIGS H*F; Et"ﬂ*gmag* SRR ’..f' o r‘tﬂg 2

o~ Sme] RO IR AT s
Composite comes from n .-- wurd commaner-means lo put to g.alhar A :::umpnaliu matr.:nal :unsms of two or
more constituent materials vﬁh significantly different properties combined m;cm:r ota mnﬂm:up{c scale with =
recognizable interfoce between them, to produce & material with characteristics different from its constituents.
Nature itself has a number. %Cumpnmtc materials like Wood, human bone, Bamboo etc. The Composites are
classified into different lype sed on the matrix and reinforcement matmu]s.

IL. PROBLEMDBJECI‘WE 4
;

The objective of the prr.',sm}’frwork is to aual:,'ze the vibration of ::urbuu nano tube reinforced composite using

ANSYS to utilize it in {ndusqtpts First we hawe to find the Elastic’ prup:m:s of the CNT. mni'um:d composite which

is having spherical shape parficlest of nilcrop diafnetet nsteinfnmemuni ithe :irdxjr:rum a3 matrix..And to find the

first Natural frequency o?aﬁ:e SWCNTIFelfiforoed’ composite’ Noiw 'we " hiave'tomodel and ‘stmulate for different

boundary end conditions end see the vibrational behaviour of the 1,2 and 3 wi% CNT reinforced composite at these

conditions .And finally we 1I'l ye 1o fu::d the Natural ﬁequmcy of 'tim SWCNI' reliforced wmpmltq whlch ia ha'vmg
a irregularity In lisshape, 3 4 R e o [

i 4j.|.l' ¥ ...'.:ll : :1 F .. B ; ] L . ¢ ¥ s 'I o ‘.‘IU':, - i b
"*Hjﬂsﬂiﬂsw‘ﬁbl' ONUE: §1 0 R g BT IRI s e

sm;nt utufurced cnmpuiile i

:?i' g A Wyl e ray!

oL | RO ey Y

The Elasti¢ prup-::rll:s of cdily j:alllfgs é'r: wfil :! ﬁ‘:ctifre b)’ c{n tlhg chr:s:ntaﬂw Volume Element (RVE)
that conslst of d single sphies ?HF' tigl) ! by{ h[E IH_E!FI portion s considered for
analysis as shown in Flgurels, Hﬂ e jo!theish ﬂ'}t‘-q | npq,u 5* tﬂq,i h'ﬂ ﬂhlﬂ unit Gﬂll is Gﬂnﬂldﬂﬂd
for the nnnl;-sls 5 T LF? a%?‘ .,J, I:.'* L e |
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THERMO ELASTIC BEHAVIOUR OF A THIN HYBRID FOUR-LAYERED FRP

SKEW CIIUSS,PLY LAMINATES WITH CIRCULAR CUTOUT
K. Diirga™? & 1. Seinlvasn Rao’ & D.Gofl Chand’
N EME!n.rﬂ1rlt'c:-:1'|l -;}f Mechanical Lnglnr:r:ring, Vikas Umu]f f Institutions, Nunna, India

J P 1 ﬁllST[U\.CT ]

The present paper deals witli the prediction of thermo elastic behaviour uf the thin four-layered Cross-ply Hybrid
Fibre Reinforced Plostic {Fff-..'l"]l skew laminated comiposite plate with cieéular cut out by considering two composite
materinls Graphite- Epony :md Horan- Ep-c:ax}* materials whl::h are subjected to unlform pressura load and thermal
loading, The problem is modeled by using ANSYS software based on the Classical Lamination Theory (CLT) which
is suitubde for the analysis ofthin laminates with circularigut-out, The cffﬁ.‘-l of size of the circular cut out and skew
angle on the stresses are sh :['ur Crdsa d Angle- p{jl !Hmma:t' 'I11,F prln{:lp!ﬂ stresses and shear stresses are
evuluated for dilferent cros ections! The rase:ul analgsfs m.lunﬂll t‘cri.thc gafe and effective d:s:gn of the skew
laminates with circular, cut ::-ﬁfundar tfqlfurrE pressure lnad'ﬂhd thermat load cundlt[uns

 graded plnms (FG plates), ¥

wl iy "I f f '.r i ] '. q'_.
Keywards: Jybrid FRP S&g'w I'umm e ﬁ'mfre efzmer rrmn.'yﬂ.v, cra: -pfy, m’amcai‘ theory, thermal stresses,
Circular ciet out, .'I-u SRR 5
% -?-'.':f g | '-““
L. INTRDDUCTIDN & -
2 i

A composite material is mdghy ::mnbmmg two or mnr-umm:mals - nﬂm anes that have very different properties.
Thn: two materials work mg:thur to gﬁ_rg the cnmpusnr. lqu: pmpl:mu :However, within the composite you can
just two materials, One is th& matrix 6F binder. It surrounds and binds: togelhz: ﬂbm or fragments of the other
material, which is called Hieiremfnrceman: The first mnd:em cumpnsltéfnwmia! was fibreglass. It is still widely
used tuduy for. boat. hulls, spdns aaqmpmmf building pmﬂs and many car bodies, The matrix is a plastic and the
reinforcement is glass that h:fs" been made into fine threads and often ww.n into a'sort of cloth, On its own the glass
is very strong but brittle andgl will I:rr:nk if bent sharpiy“:’l'he plastic 1 mﬂtmi holds the glass fibres together and also
protects them from damage by shanngmui the forces achng on them, Sum: advanced composites are now made
using carbon fibres II'I!:IEJ.d %ﬁlms esa matunals nr lghl:r and strn%gnr, than ﬂbr:glass but mote expensive to

pmduct ] i T n .".' r.'- ..n;ﬂ'r' ifi ke

il e by
2 ,f ||'ma-4' 15T il i ek ?’,*ﬁ.%lw 't,,', ? ."' ._' et
Thc}r arc us::ni lumrr:.rnﬁ r:h'u bitos ind Bxp' :g]ve pc;r_ts, *q‘jl]"?le:ﬁ%ﬂ?%?gﬁffduhs RN el

] et K ,f-‘

'-_is

______ umpnmh: 1am;nah:s mth different shapes Based on the
classical laminated plate, ;hem?y [y Tné.rmai bijckling aﬁ@ysas of s:m:mgup ‘and ﬂmis;,rplmat{lc cross-ply laminated
hyorid compusile nl s Withian ch.qad mck stbjected o a Unilform t:pfg‘mm rise [2] 3 ‘buckling of functionally

P el t[.}t out vindeR combined theimial dnd mhm’{cal loads! | investigated

Statical and dynumical beha or of ti-nm fibie ramfﬁrca ;"::

-—-

pi.'J ratJnn a.r:ar 5 nf Inm}nat: cpmpm;f ﬁaw plateu with delamination
around a centrally’ located ajeutout s EEJ‘!Iﬁd' at. based oficthe high-order shear deformation theary

(MSDT) [4] the prediction ot lnter[ammu.r stresses in’ tsm-11:|13.r supp-uriﬁ'- aminated FRP composite plate with a
circular cut-out under transverse lond v, ing 1-D !lnl!u ele ‘unl Hnu]y.r;[s E,‘Sl !.ha free vibration analysis of a thin Fibre
Reinforced PMlastic (FRP) sk !,ammni:d composite, p e, with a carcu m__; cut-out at the geometric centre [6] the
inferlaminer siresses nre prﬁ;[!clcd for,jn bidirectional :ﬁaw laminated qunidirectional continuous fibre reinforced
plastic (FRP) composite witlia circulat cut out at the ~g§umcmc c:mim 'dm plate using three dimensional finite
element method with geome ¢ nonlinear option ['?]
The present investigation mtﬂds to appsy the finite f.lem%nt t:c}m{qum a:d on classical lamination theory, for the
enalysis of symmetric and anil;symmel thin laminates; d=r wniform pfessure load and thermal Inadmg

i :_ AR ::_-' 1.|| 24 .., "'_""!. i.‘ ;

‘I- Iﬂ Il" || !'. 4l

using Finlte Element’ Metho
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FLOW nwnl AT T'mmrn,u ON ;y?‘ OHOL, TN MICRO-CHANNEL
!FEEII I{umnr , T.Mastinn Hil & R Rathnasam
purm}{tnt of Mechanical Erfgincering;; Vikas College of Engineering &

- hnhnu]ugy, Numm, ‘{ }nwudu, AP,
? Assistant Professor, Dr.- 0 rtmcg:t of Mechanical Eng{ m‘fng, 'gﬂm Grauf) Of Institutions, Nunna,

! Assistant meessur Ig

VIJn}raw la, ol
*Professor, Depnrtmcni of Mechanical Engmeermg ! namaim University, Annamalai Nagar, TN
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0 ABSTRAGT B
The chjective of the current:e m‘ tal progrem is to ,'gf.n' dutu for;liquid flow through micro-channels. The

channel dimensions are 1.5 mideep:0,75 mm width, Rectaniular 47 ngu -channels were cut on a stainless steel
substrate (230 mm x 160 oiniiby Ei.:rm Discharge: M&ch 110 {EDhﬂx.‘tEch:ﬁqwi The use of micro channels i
recent topic of investigation g u:rni’ a.nneh are used togreitioye hi eat ﬂw«:u ﬁ'nm smaller area. Such as

electronic companents like. pi i ire ce“ scr Eppllcaﬁn e Tt is proposed to design
and Mbricale mlero chmmel 3 ¢h ps Im ﬂu:r;, liquid temperature, wall
tempernture and Nussell %ﬁ:-me E::omrccﬂvc heat transfer and flow
characleristics of almhul ctangu!ar channels and distinct geometric
crment;d\:.r obtained vaIun:s will be compared with

Nomenclature it
C empirical constant {1
& specific heat, J/kg-K3
d diameter, m ;.-
f friction factor, (o
H height of the chanmg] e
h heat transfer cneffim it Winie
k thermal conductivity,5f/m-
!  length of the channelfit
oM mass flow Hate ki
Nu | .,f_- Eﬁﬂgl ?ﬁﬁ? Fl{g/
I
Pr 10
Q ' heat trafisfer ratr:“ ; ]
q" . " heat ﬂux. Wim? q
| ReANE Eemud!numbﬂ UL
o E T . tcmpcrni F ‘G]@«
v yeloclty, /sEi i
W' width of the r:hnnn 3
z

no. of channels
'II.. 4

Greek symbuols

pil Diflerence
K Viscosily, Po s
p Density, kg'm®

R
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