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VICE-PRESIDENT
INDIA

NEW DELHI
August 17, 1962,

Dear Sir,

Thank you for your letter.

I am glad to know that you are bringing out the sixth Annual Volume of your
College Magazine in December, 1962.

I am sorry, I cannot send you any article. I, however, send my best wishes for the
success of your magazine.

Yours faithfully




RAJ BHAVAN
SHILLONG

October 15, 1962

2

The Editor,
College Magazine,

Assam Engineering College Students’ Union,
P. O, Jhalukbari,

Dear Sir,

Thank you for your letter of September 29 I
’ am l
the Students® Union Society of the Assam Engineer; .gad to know that
Sixth Volume of jts College Magazine,
wishes to the members of the College,
that the College will continue to ineering e :
benefit of Assam and the Motherland. SHSRcation, it the
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RAJ BHAVAN

Guindy, Madras,
Madras Governor’s Camp P, O,
November 7, 1962.

MESSAGE.

I send my best wishes to the students and staff of the Assam Engineering
College on the occasion of the issue of the Sixth Volume of the College Magazine.

Our country’s prosperity depends upon the execution of the various schemes
formulated under successive Five Year Plans for the purpose of expanding our
industries and improving our agriculture, The services of well-qualified Engineers
are always in great demand and I am sure the students who come out successful
from this Engineering College will prove themselves worthy of the great trust that

is placed on them,

The nation at the present moment is involved in a great defencta effort to
drive away the Chinese aggressors. Assam is our North-East Frontier Sentinel. Tl:}is
unprovoked aggression has already brought in its wake a f:remendous sense of unity
in our land, and I hope and trust that all our citizens which term will include our
students in the various educational institutions will gird up their loins and stand
united and do everything for upholding the integrity of the country and for forcing
the Chinese to vacate their aggression,

@V')'VLLV‘W/VV\.}L&A%_

( BISNURAM MEDHI )
GOVERNOR OF MADRAS.



MINISTER OF STEEL &
HEAVY INDUSTRIES
INDIA.

New Delhi
October 18, 1962

MESSAGE

field of industrial development. We have > Some of them

quite big, and it would be worthwhile, in my Opinion, to include them as , subject
matter of articles in your magazine. From c(?llege WOllId- come the
engineers of tomorrow, I am sure your magazine At aspirations 354
achievements of this country. I wish your endeavoy

> such as yours,
will reflect the gre
rs all success,

§d/-
C. SUBRAMANTA g
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Some Aspects of Space Probe

and

Travel

By

S. K. DE PURKAYASTHA M. Sc. (Cal.), S. M. (Harvard),
Assistant Professor, Eleclrical Engincering Department, A.E.C.

Huge amount of work has been done and is still being
done on various aspects of space probes and space travel,
and it is not possible to touch upon all topics and informa-
tions in the short space available here. Also, not much
is known about the actual devices and principles employed
by U.S.A. and U.S.S.R. in the construction (e.g. structural
design of space capsule to return it safely to earth) and
Propulsion (e.g. propellants used, and their comparative
study, say in the production of thrusts) and in the various
Instruments (mainly electronic) used in the Satellites.
Moreover, new knowledge and information are always
supplementing and supplanting old ones. An attempt
is made here to touch upon some aspects in this context.
The principle of rocket propulsion is well-know by now
and will not be touched upon.

Minimum time of ascent into a
circular orbit.

To give a little idea about the mathematics involved,
we shall consider the problem of finding out the minimum
time of ascent into a circular orbit so that the expenditure
of propellant will be 2 minimum. Effects of acrodynamic
forces, curvature of earth, and rotation and variation of
gravity with height are neglected as being small.

Let us take the x-axis horizontally and the y-axis ver-
tically with the launching point as the origin, and assume
that the motion takes place in the x-y plane, We assume

that the acceleration f due to the motor thrust is a function
of time t. Let x, y be the co-ordinates of the rocket at
time t, u & v its velocity components in the horizontal and
vertical direction, and 0 the angle made by f with the hori-
zontal, then taking g to be the acceleration due to gravity
we have,

x—u=0 ; ).f—-v:()
! : —(1)
u—f cos 0=0 ; v+ g—f sin 0=0

We assume the boundary conditions to be such that
initially ac t=1t;=0, the velo. of the rocket is zero, and
finally at t=t; the rocket velocity is horizontal and given
by U and its height above the horizontal axis given by ¥.
Thus we have,

Xi=0 Yi— =0

V=l u—U=0 —(2)
u;=0 and vi=0

Vi:-O

t; =0

Where the subscript i stands for initial and subscript f
stands for final. The problemis to minimise t; by find-
ing the functional relations for x, y, u, v, 0 under constraints
(1) & (2). From. our knowledge of Mathematics and
Advanced dynamics, we shall have to make use of Lagrange
multjpliers and Euler equations. Multiplying left hand
sides of equations (1) by A, A, A;A,, the Lagrange




. A :
ultipliers (which depend on time), and adding we ge
m

TN (y-—v)+h3(1;.——fcosﬁ)+A‘l(v—|—g—fsm0)
Al(};{-_the Lagrange function. Now, we must have
B_F _— (1(8__.1?) =0:-+(3) (p=x vy, W o 0)
Oop dt BP
t all points where the p’s are continuous. Hence from
a
Euler eqgns. (3)
A oh =A. 42, =, +2,=0; and f (Asind—2,cos0)=0
T 2 3%

From there,

A= <A, = -—7;}«3==Lt+,8',l4-:-yt+8
1 ?
i 3a) where«, B v, dare constants,
andta.nﬁ=¢t+ﬁ ( )

of the thrust / 0 is known in general.

'1?:::, ?niltia;%reﬁ; the left hand édes of eight eqns. of (2)
by constant multipliers k,, k,, kg, stk s ks,. k& _ka
we add them together and then add the sum to t; (which
is to be minimized) to get a function.
H=t+kx;+k,vi+kgu+ kévi+k5ti—|—k6(yf——Y) +k,

(u;—TU) +kgrp. ... (4)
Now, it is necessary that at t =t; and t =t;, we must have

tr
SH , . SH: f e
—+2 —pi+ <R
5t | adp ¢, O

p=XJ Y e

t
?E_}_ES_Hfé,_l_f fS_th =0 Pi=X;, Vi, W v, 05,
B i 05 t o P§=Xf:Yf:Uf>Vr:0r
SH (5F) _
AJSOSE—(%‘\ =0 and —+ (—') =0
Spi */J Spf f

opi %

Hence we get,

ke HeyH itk tiHegw =0 - -+ ()

1+k5';’r+k—;‘-lr+kg‘;r=0 O g (6) :

k, —A;, i=k,—A,. 1 =kg—Ag, 1 -k;:-—(-).:l:m(-])

Ay f=kg A, £ =k, +4,, f=kg+A,, f=0--.... (8.)
We have already found that A, = —<«  a constant in-

dependent of time, and therefore, it will have the same

value at t=t; and t=t;

A=, i=A, . f=0 from eqn. (8)

« comes out to be zero).

Also from (8) ko=—2A, f;k;=—2A,Ff and
kam""‘\-.g: f

and. . from (6) A, f; Yr—k?\s,fuf’%'}l.k Jv=0:0000- (9)

{In other words,

3
Y
’r."(v:O: -.o from (Sa)l tane: ﬁ—t-{_ﬁ

The Aecian

If the empression for f as a function of t is given, the®
determining 0 from eqn. (10) we can integrate equs. (ux
to find the eqns. of the trajectory taking care that tl} _fO (
constants of integration satisfy the boundary condeitio®
at t=t;, From the three boundary conditions at t='
that was to be minimised:

8
we can find ;.. and —, and t;

B

Egn (9) can be used to determine B.y 8 individually
if at all desired.

Space Communication—

In dealing with this, it will be presumed that the reades

possesses some knowledge of the general principles of radi¢
communication,

Now-a-days large steerable paraboloidal antenna
of big diameters like 250 ft. are available and find useful
application in space communication. It is to be remeny
bered that the characteristics of an antenna in respect o
gain, efficiency etc. are the same whether it is receiving
Or transmitting. In a paraholoida] antenna, a pat‘abomid
acts as a reflector to a dipole source placed at its focus:
the dipole source being fed by a waveguide or co-axid
tube from the transmitter, If for 4 circular paraboloidi‘]

reflector, we define the angular  width 0 as the angl¢

of the cone 1n_Which the reflector sends out radiatio?
nearly symmetrically, then

42
0= =
7DA/ Ul
of the radiowaves,
7 its efficiency, T¢
antenna with, respe

radians, where ) is  the wavelengt!

can be shown th

t at the gain G of thi
c

10 an antenna radiating equall)
in all directions is given by G=4wn(
A2

is the area of the reflector,
from which it is seen th

to A% and will be |
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P NRERNTET
R=" 242
where Pp=received power ; PT——-—transmittcd power ;
d—distance between receiver and transmitter ; g, 1r—
efficiencies of receiving and transmitting antennas ;

«p,tp==areas of recciving and transmitting antennas.

From (12) we see that for a given antenna, the received
P T
power depends an X;. From the present availability

of power in the microwave range (in this range, it is more
difficult to produce power, the smaller the wavelength),
P

T ! ;
the quantityy, appears maximum in the range of wave-

lengths between 1 and 10 cm.  Thus a frequency of 10,000
megacycles/sec may be used at which a paraboloid
antenna of 150 ft. diameter at ground should be suitable,
and from economic considerations an average RF power
of 150 kw should not be out of place, although the total
cost of such a system may well be over a crore of rupees.

In reception, the limiting factor is the noise produced
in the receiving amplifiers as also the noise which the
antenna receives from the sky. The latrer is due to the
radiation of heavenly bodies. A blackbody at a tem-
perature T degree kelvin radiating in the bandwidth B
cycles/sec will give noise power P, in this range given by
P.=kTB watts where k is the Boltzmann’s constant,
In addition to cosmic moist, atmosphere contributes to
thermal radiation because the oxygen and water vapour
of atmosphere absorbs radiation at wavelengths near 1
cm. and below. Also the earth radiates noise correspond-
ing to its absolute temperature just as the Sun and the
Moon do. Precaution should be taken to prevent this
earth noise from the side lobes of the ground antenna.

The sky noise and the noise due to the receiving
amplifiers are gencrally taken account of by an equiva-
lent noise temperature T.

Now-a-days parametric amplifiers and maser ampli®
fiers have been developed which work in the microwave
range with inherent noise remarkably reduced. The
maser amplifier which is a solid  state amplifier and is
worked at liquid helium temperature is much better in
this respect than the other. To gain full advantage of
this, the transmission line connecting the antenna to the
receiver should have very little attenuation and thermal
radiation.

As regards modulation, frequency modulation is pre-
ferred in space communication because in this case if the
desired signal is a little stronger than the noise voltage,
it gives a very high signal-to-noise ratio in the receiver
output, and similarly can suppress an interfering signal
which is slightly weaker than itself. Wide deviation
frequencymodulation can improve the signal to-noise
ratio-still further. This is increased still more by using
frequency-modulation with feedback which is widely used
for space communication. In this, the output of the
discriminator (which is used in a frequency-modulated
receiver to detect the desired signal) is fed back and makes
a beating oscillator to follow changes in carrier frequency.
The deviation in the I.F. (Intermediate frequency) ampli-
fier is thus reduced by the usual feedback process, and thus
the 1.F. bendwidth is reduced. As noise is proportional
to bendwidth, the noise that can pass to the discriminator
will be less.

Mention should be made here of pulse-code modula-
tion which has one great advantage over other systems
of modulation namely that if the signal is maintained
above a threshold value, noise will not produce errors
in reception, and further the signal can be re-transmitted
as many times as desired and still remain unaffected by
tube and circuit noise. Although it may not have any
special advantage in space communication because of the
intricacies of apparatus involved, we give below a brief
description of the system.

v [l

1 N\ (

StanDARD LEVELS

PCLT [

R-AX18 |

Fig. 1.
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Suppose the signal to be tran‘sn}itte'd-is a sinusoidally
varying voltage wave. The x-axis is divided into 2 large
number of intervals by points p, q, r et(':. (fig. 1). De-
pending on its voltage value .measured with respfrct to a
base (x-axis) each of the ordinates a}t these points wi]]
belong to the nearest standard out o-f cxght‘standard ampl-
tudes. The standard levels are indicated in the Ieft-han'd
side of fig. 1. Thus, the voltage represented _by the ordi-
nate at point w being nearest to 4 \:'Fol'ts will be tran'g_
mitted as standard amplitude 4, and s‘umlar rexflarks will
apply to ordinates at other points. T:hlS process
is known as quantizing the information w}nf:h appears
to introduce some error in the transmitted signal, But
when this is done between a large number of standard
amplitudes the error introduced is small,

The standard amplitudes are then coded by a binary
code which corresponds to a system of numbers having
a base 2. In the binary number notation the digits of
numbers indicate successively higher powers of 9.
number N can be represented in the binary form :

N:An2n+An_12n_1 iR 'A222 +A121 +A020
Where the co-efficients A, can only have the values
or 1. The value A,=0 will indicate the absence of g
power of 2 and the value A,=1 will indicate the presence
of a power of 2. It can be seen from above that decimal
numbers from | upto 7 can be represented in the binary
system by the presence or absence of the three co-efficienty
AyA &A,. Thus eight standard amplitudes represen-
ing 7 standard levels can be sent by a three-place code
which consists of a combination of three pulses which
may be either present or absent in each place,

Any

In this system, the signal-to-noise ratio is very much
increased although the band-width is increased. Thig
is because, here the receiver has only to deal with conhstant
amplitude, constant-width pulses and to distingflish be-
tween the presence or absence of a pulse, ar.ld this it cap
perform easily even in presence of high noise unless the
noise peaks are big enough to be mistaken f?r Pulses.
During transmission the code group is sent in reverse
order, to its actual three-place order in the code, and ip
the receiver each of the received pulse in that order gives
a charge to a condenser shunted by a receiver, The
time-constant of this circuit is such that the charge delj.
vered by any pulse leaks off to its half amplitude during
the period corresponding to the interval between pulges,
At the end of the last of the three pulses, tbe voltage acrogg
the condenser will be the standard ."atmphtude which thig

ulse-group represents, because this voltage hag been
5 duced by the full charge of the last pulse, half
gfg szrge of the last but one pulse and one-fourth, charge

f the first pulse of the group, the contribution due to each
) €

The Aecian

thus being Proportional to its numeric
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binary system of numbers,
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must increase. For a given area of coverage an optimum
altitude may be calculated on the basis of cost.

10,000 Mc/sec frequencies may be used with a passive
satellite and can easily accomodate the wide-band
television programme of 5Mc/sece

Power supplies for Satellites and
Space capsules.

Power supplies will be required for space communica-
toin, and in a manned space capsule for supplying live
saving oxygen, for running blowers and pumps and pro-
viding for illumination and instrumentation. Leaving
aside space communication, these power requirements
may come to a few hundred watts, These latter will
increase still further for interplanetary travel requiring
more elaborate arrangement for oxygen-supply, refrigera
tion, ventilation, purification of enclosed air etc. and may
come to about a kilowatt per man. Still higher power
approaching a megawatt may be required if electrical
Propulsion (e. g ion rocket) is contemplated. As regards
space communication, the development of high gain
antenna systems and of masers (mentioned earlier) at
micro-wave frequencies giving an internal receiver noise
of 10~15tp 10~16 watts/Mc enables a few watts of trans
mitter output from the space capsule to be suflicient for
voice communication with the earth from nearer the
moon. However, a thousand times more power will be
required for live television pictures from near the moon
because of the very much larger bandwidth involved.

The prime consideration for power supplies in satellites
and space capsule apart from other factors will be the
spacific weight i. e. the weight per watt of electrical power.

Nuclear reactor can relase very large energy per gram
by fission and furnish heat to a turbo alternater with
or without a heat exchange, but the shielding required
against harmful radiation makes the system necessarily
heavy. Also the degree of burn up should be increased
in a reactor used for supplying power in a satellite or space
capsule.

For short duration and moderate powe requirements
electrochemical systems e.g. secondary batteries function
quite well, but they are sensitive to temperature. Special
mention may be made of the ““fuel cell.” In a fuel cell
a fuel is oxidized electrochemically to produce electrical
energy directly. A hydrogen-oxygen battery system is
a fuel cell in which the gases are absorbed on the surface
of inert porous electrodes, the system then working as a
battery with hydrogen and  oxygen electrodes. Here

water in produced electrochemically by the combination
of hydrogen and oxygen. These cells may give much
higher watt-hour per pound than the ordinary lead-acid
cells.

Turbo-alternator also can give large watt around
1 kw per pound weight. It also gives A.C. output but
its disadvantage is that it gives rise to vibrations which
may put difficulty to altitude control. Now-a-days
hydrodynamic bearings have been developed for very
high speed turb-alternators. For short duration loads,
high speed is called for probably for high specific turbine
power with smaller efficiency.

The thermoelectric generator formed by keeping the
Jjunctions of two dissimilar metals at different temperatures
may find its use. The cold junction may be formed
through the load. The efficiency of metallic thermo-
couples is low because of their very low power output
and the fact that their electrical thermal conductivities
increase together. Recently developed semiconductor
thermocouples have efficiencies ten times better Ther-
mocouples formed by joining a p-type semiconductor
with an n-type semiconductor can give a thermoelectric
power about hundred times more than that of a metallic
thermocouple, and moreover in the semiconductor
thermal conductivity can be lowered to some extent
without lowering electrical conductivity because in the
semiconductor unlike in metals (in which both thermal
and electrical conduction mainly depend on electrons)
thermal conduction mainly depends on lattice vibrations
but the electrical conduction mainly depends on electrons
and holes. However, efficiency is still low compared to
rotating machineries. Also weight per watt of output
power is high. Efficiency may be increased, however,
by cascading thermocouples. Some semiconductor ther-
moelectric  materials like Cr,045, Ni0, FeTi0, etc. to
name a few have now been developed which can with-
stand very high temperature and huge radiation flux.
Some of them behave as semiconductors only at very
high temperatures. At high temperatures, however,
contact materials may go into the semiconductor impair-
ing the work. Recently, we hear of plasma thermocouple
using plasma of ionized cesium vapour as one arm and
a metal as the other arm. The thermoelectric power
of this is likely to be thousand times that of metal ther-
mocouples.

It may be noted that thermo-couples may be worked
by concentrating the solar radiation on the hot junction
by means of spherical mirrors, Another device which may
work by the concentration of solar radiation on its
cathode is a thormionic convertor which consists of a
cathode whose surface emits the electrons on being heated
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nod hich collects the electrons, In order
52 Sl ant? g:e ‘::,uﬂ:ildc surface and reach the anode,
e ust overcome the work function and the
s cf:n charge (cloud of electrons surrounding the
cﬂ“eCtdOf‘ SPZ repelling other electrons coming from the
ey a?}[an < Given sufficient heat energy an electron
Catl’m:ide)t’l':is azx-d will thus fall from the Fermi-level (of
zi:rg*;) of ;,hc cathode to the Fermi-level of the anoc};:_
The output voltage available between cat'hode la.nd ?ln;ﬁz
will be the difference between these Fe_rxm-leve S, a:lx :
is the difference between the work func_tlons of cathode an
ode materials when no space-charge is present. Gencraj.lly
fnnaterial of cathode is chosen to have hig.h work .fu'nctxon
(but as higher temperature will be req.mrcd, radiationloss
may increase) and material of anode is chosen to have
low work function, but not too low to €ncourage

The Aeclad

micron, Silicon being a sem.iconductor, its conduction
band is separated from jts valence band by a forbidden
band which in the case of silicon corresponds to an energy
Jump of about ] electron-volt, Now the energy of ,a
Photon of light is given by h v wheye h is the Planck’s
constant and » is the frequency of the photon. All
photons with frequency above a threshold frequency (which
is the frequency that multiplied by kL gives the photon
fnergy necessary to raise an clectron from the valence
band to a conduction band) wilg produce hole-electron
Pairs, while photons with lower fre

quencies will be tran-
mitted.  Lower threshold frequency allows more photons

>-electron pairs, but at
1€ energy of each photon
ar cell is formed out
» the hole-clectron pairs

is being utilised,

Whﬁn a 50]
of silicon in the

above manney

RAD!ATION
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HUnRnnnmm b-Ty EL:;E;ACE
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WAF ER
Fig 2.
emission of electrons from the cathode. Also Space  produced neay the

charge which acts as an additional barrier to the ﬂig::t
of electrons and reduce the output voltage must be
minimised. Close spacing betweep_ cathode and aémde
minimise space charge. Positi_ve ions may be udse to
neutralise space charge or a third positive elccltrc-1 e mlay
be used to accelerate the electrons. An el.ectncal.daccc e-
ator with an associated cros§ed magnetic ﬁ]s mag
reduce spage charge. Also cesium vapour hask Fen ::;
to neutralize space charge and improve wor u.nct c{
but thermal conduction will be a difficulty encountere

hert‘:V.Ve shall now discuss the photo-voltaic cell and
solar cell.
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Engineering—Education

and Practice.

By

Dr. S. K. BARUAH,
B.Sc. Hons., B.Sc. (Engg.) Hons., Ph. D. (Lond.), D.I.C.,A. M. I E.
Professor of Civil Engineering, A.E.C.

Since independerce there has been a prolonged public
controversy over technical education, and expansion of
industries and the execution of the five year plans have
made it of prime necessity. It has been a welcome sign
that technical education has come to the forefront in
public minds. The educated unemployment is threaten-
ing the equlibrium of the adminjstration. The only
way to tackle the problem is to spread technical educa-
tion, expand industries resulting in a self generating
economy, more employment, higher standard of living
and better purchasing power. The controversy, how-
ever, of technical education is not yet over and although
it is shaped after the western pattern, an allround adop-
tion of such a pattern is not possible. The industrialisa-
tion of the west has so much gone ahead, that the pattern
of technical education there has been planned accordingly.
We in India are just embarking on an industrial revolu-
tion and trying to catch up the west with a high speed.
The atmosphere for that has to be created. The techni-
cal education must be such, so that our boys when they
go out can cope with the task ahead of them. This
article will deal mainly with the civil engineering branch.

EDUCATION AND TRAINING.

Before going into this aspect let us deal with the tasks
and duties of a civil engineer. Many attempts have been
made to give the defination of an engineer. But every-
body will agree with the fact that it is the task of the
engineer to construct something. There are many steps
between the birth of the idea and the completion of the

task, but the assistance that the community asks from

the engineering profession is undoubtedly the completion
of the task.

The process of completing a task divides itself mainly
into two main phases, firstly the design and secondly the
execution. It is mnot necessary mor indeed possible to
atiempt to analyse with any exactness the relative im-
portance, or difficulties of two phases, but it must be ad-
mitted that they are both essential, one without the other
is of no value and both are necessary to achieve the duty
of the engineer, namely, the completion of the task.

There is also another definition of an engineer, which
is cognet to the argument, namely, the engineer is a man
who can do for one rupee what an ordinary man can do
for two : in other words, a study of economics in its appli-
cation to engineering is an essential part of the education
of an engineer. All will agree that the cost of the work
must be an ever present factor in the mind of an engineer
responsible for design or construction.

A study of the cost of the major engineering works
executed in the past few years since independence will
reveal some interesting facts—particularly the compari-
sion between the estimated cost and the final cost. There
are many glaring examples which are well known, and
it would be invidious to cite specific cases, but the facts
are there and cannot be gainsaid. Many reasons exist
for this state of affairs, some of them are under the con-
trol of the engineers, while the other may be forced upon



them for reasons outside their control. The explan:ation
of a final cost which greatly exceeds the original estimate
is a difficult matter and undoubtedly tends to bring the
engineering profession into disrepute with economically
minded administrators.

An engineer with a high degree of technical specialisa-
tion is not always wanted in projects. Knowledge of
organisation, finance and execution are equally essential
to an engincer, however specialised his technical know-
ledge may be, this knowledge will prevent him from
being blind by the trees and enable him to see the wood,
and no man would call himself an engineer unless he
has in addition to the requisite technical qualifications,
a knowledge of organisation, covering the execution of
the work and the economic aspect. It is however not
possible to divorce technical expert from an organiser,

The qualifications of the professional will be depen-
dent on his ability on the following factors.
(a) Organisation and planning,
(b) Execution,
(¢) Economics.

Each of these sections will now be considered saparate-
ly,

(a) Organisation and Planning :—

Although in the earliest stages of design cert
of the organisation and economics of the
ously receive attention
this aspect of the work
design is accepted, an

ain aspect
work must obyj-
» it is convenient to consider that
starts from the moment when the
d the engineer is faced with the
duty of construction. He will have at his disposal work-
ing drawings, site plans, and all the necessary information
regarding quantities of material, the production of thege
data being considered as part of the design stage. Hig

immediate task is to produce a plan to carry out the
viork,

In considering the problem, he has four variables to
consider, namely, time, money, labour and materialg,
These are closely interconnected and it is necessary to
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work is therefore his first step.
bly be able to produce this appre-
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PS 10 prevent omission of essential
t the engineer has, in fact a defi-
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the work Proceeds.

(b) Execution —

This aspect of the Problem is by far
to teach by CXamination, The workis
and its efficient performance i base
€xperience, for which ne
however Possible

the most difficult
entirely practical
d upon practical
It is

anagers is
t ‘Managers haye to
ties Supplimenteq by con-
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(c) Economics :_

find the most suitable and balanced combination for the (i) T

efficient performance of the work, The solution must has givey O carry gy the wopk with

always be based upon certain number of unknown fac. l e Siiale e
tors, but unless the work is analysed with these four fac. Estimate ¢
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‘in the college for this.

Engineering-Education and Practice

‘time labour and materials in sufficient details to get a
reasonable idea of cost.

Sometime there is a tendency to reduce estimate of
cost of large public works in order to get acceptance of
proposal. Such a habit smacks of intellectual dishonesty
unworthy of the profession, whilst if it is due to ineffi-
ciency the engineer is equally unworthy of the profession,
-as he is failing in one of his fundamental duties.

The engineer may have to bear the onus of many
-crimes which should not rightly be imputed to him, such
as changes in the plan or increases in the scope of the
project. These lead to excesses and are beyond the con-
trol of the engineer, who takes his instruction from his
client. But it is the duty of the engineer to point out
to his client in unmistakable terms that changes of this
nature must inevitably increase the cost, and that he

. -cannot be held responsible for them. Failure to do so

Jeads to recrimination and the engineer is unjustly blamed.

In connection with the economics of engineering,
i.e. the fulfilment of engineers duty to ensure that the work
does not cost more than the estimatec he needs to be pro-
vided with regular, accurate, and punctual data. Par-
ticular emphasis should be laid on punctuality, since
belated information may find him so committed to an
-expensive course of action that it is not possible to change
it. Quick punctual information, even though it is not
100 per cent accurate, is of more value than completely
accurate records which may be some months or weeks
-out of date. The accurate records are of course necessary
in due course, but they are not the first essential for the
-control of work.

It is therefore very clear that some knowledge of

‘estimating the cost of work is an essential part of the equip-

ment of a civil engineer. Without that a civil engineer
could not even be a good designer, because surely the

‘essence of a good designer was to be able to make several
‘designs to satisfy a problem and decide among other

things, what their relative cost would be, and obviously
he could not determine the relative cost unless he could

-estimate the cost of each of them. Therefore a civil
-engineer should be able to estimate the cost of work, and

as such young engineers are to be trained adequately
However it is a controversial
question whether they should be given instruction, or
should they rely entirely on what they pick up afterwards?
Some are of opinion that it is the kind of things which
could not be learnt in the college. This view cannot be
accepted so rigidly. A college is a place where all machi-
nary was designed to one ¢nd, namely, to impart as much

2

knowledge and information as possible in a given time,
with the least trouble to the students, so that concentrated
knowledge could be acquired in a very short time. The
knowledge gained in practice afterwards is usually ac-
quired much more labouriously and very often much
more slowly. Undoubtedly much cannot be taught
at the college, but some training in organisation and in
estimating the cost of the work could be given, with the
advantage that when the young engineer went onto a
Jjob he could at least know that those problems existed,
that they are important, and that he must keep his eyes
open for them, so as to learn a great deal about them.
If he acquired such an elementary knowledge at the
college he would, acquire the rest much more quickly in
his after life.

ENGINEER AND MANAGEMENT :

An engineer in a project not only requires a good
knowledge of the technicalities of the work, but he has
to take responsibilities of the staff working there under
him. This will be a principal factor in successful execu-
tion of the work-more so if the project happens to be in
an out of the way place. In other words the question
before the engineer is “How to keep the morale of the
construction stafl.”” This aspect of engincering requires
considerable understanding of human psychology and a
good knowledge of management.

Morale is the state of mind which causes men to exhi-
bit courage and endure hardship in times of fatigue and
danger. The basic factors that will contribute to this
willingness of the staff to work at all times, in the face of
difficulties can be such qualities on the part of the en-
gineer as leadership discipline etc.

Leadership means getting things done, not just ag
designed but voluntarily and enthusiastically, The men
follow a good leader willingly, and, the work is done
without any friction. Under a bad leader, men grumble
and do not put in their best, even if driven to work. They
lean on a good leader to show them the way, when they
are unable to see it for themselves. Good leadership
must be able to achieve team spirit amongst the workers.

The next factor required of an engineer for a smooth
operation of a work is good discipline. Discipline can
be defined as guidance by an able leader and carrying
out his orders strictly without questioning why. A dis-
ciplined set of workers can produce much better result
inawork. Otherimportant factors are feeling of comrad-
ship among the workers. This means a team spirit,
Team spirit indicates certain loss ¢f individualisation
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and the spirit of working together. These ﬁ:iendship
are not restricted to work only. They are carried back
to the barracks.

This feeling of friendship also helps the workers to
share each others distress at the time of need and avoid
sentimentality and frustration, which is a great enemy
in a man. Neurosis and temporary insanity may result
from mental stress.

There must be also a sense of self respect in the staff
which the engineer musi infuse into them. A good
administrator is he who gives primary importance to the
welfare of the staff. These may include,

(a) Medical for health and hygine.

(b) Regular payment of pay and allowance.
(c) Ration and Catering welfare.

(d) Postal mail service.

(e) Education for cultural welfare and hobbies.

It is therefore clear that study of humanities is as much
important for an engineer. With an increase in the num-
ber of public undertakings the studies of humanities should
be stressed more. Neglect in this aspect may result in
an education not much suitable for organisation and
management. It is however to find that the central
technical institutes sufficient emphasis has been laid on
this. This is certainly a move in the right direction.

POST GRADUATE TEACHING AND RESEARCH
IN TECHNOLOGY.

Research in the pure sciences on the properties of
materials is usually directed to substances that are pure
or of known and controlled composition. This simpli-
fication is not possible for the engineer who has to deal
with the inevitable variation in manufactured materialg
or wide variability of the natural ones. The theoretical
basis of any engineering design usually requires some
idealisation of the properties of the materials, but nearer
the assumed characteristics represent the real properties,
the better applicable is the theory. Much of the research
work done in civil engineering at the present time, hag
been devoted to the closer assessment of the properties
of common engineering materials such as concrete, and
effects of impact and fatigue.

In the field of structural design theoretical procedure
involve not ovly an idealisation of the properties of the

The Aecian.
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A certain degree of specialisation is essential keeping
‘in mind the fact that a fairly good knowledge of other
required subjects should be given. As for example if
post graduate in civil engineering is planned, specialisa-
tion may be offered in say, in water power engineering,
but other subsidiary subjects to be taught with it must
be Soil Mechanics, Fluid Mechanics and Mathematics,
If specialisation is in Structures, subsidiary subjects must
be Mathematics, Plastic Theory etc. Proper distinc-
tion must be made regarding theory classes and labora-
tory work. Laboratory work is not just few experiments,
but some originality is to be expected. The postgraduate
student should be able to give in a systematic form the
experimental results in the form of a thesis. However
the standard will depend upon the degree for which it
is prepared, i.e. Masters or Doctorate.

It is possible to arrange these courses in different
institutions of India depending on facilities available
and requirement. It is time that such a course for Mas-
ters degree is opened in the Assam Engineering College,

in the branch of Civil Engineering. Specialisation in

Water Power, Irrigation, Flood Control, Structures,

* ‘Concrete Technology will help the students in the field

11

work. It is however dependent, how the employers of
these degree holder can encourage them. The one way
of doing so is to give some seniority in service and few
extra increments to such a candidate. On the whole,
it may be summed up that such a move will be in very
right direction now, which will pay sufficient premium
m time.

LOCAL PROBLEMS.

India is a vast country. The problems are so varied
that very rarely two regions may be taken asidentical.
We can take the case of our part of the country. It is
evident that flood control, earthquake, hill road etc., are
the main problems, Keeping these problems. in mind a
suitable syllabus can be made. Soil Science should be
given an important place. In the engineering colleges
separate branches should be opened to encourag inten-
sive studies on problems of earthquake, flood control etc.

While planning we should look a century ahead more
so in education. Then and then only can education
keep pace with progress.

“What were you driving at fifty miles an hour for ?”  demanded the “speed cop.”
The fair motorist smiled sweetly. ““Oh, my brakes were not working right,” he
veplied ““So I was hurrying home to avoid an accident.

“Why do you always
“Do I .22

answer me by asking another question ?”
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The American bridge builders have a weal;;ess }f‘or
building suspension bridges. In thf-: year 19 n1;Si ;};
completed the construction of a ma.g‘mﬁcmn}t1 suspe 2
bridge across the Tacoma Nfarrows in Washington. .
was a carefully designed bridge and every precaution
was taken to enable the bridge to wﬂhstax_ld the storms
that blows across the narrows. However, in the al.ltum:[;
of the year 1940, just only an year after the optzmll)g o
the bridge, the bridge was completely c‘[estroye} }Iz‘l a
moderate wind that blew at a speed of 42 m., p. h. 3 1e
deck of the bridge was seen to be 1_1nclerg01ng v]u) ent
torsional vibrations. The decks tmstec} ﬂll'O}llgl an
angle of 45 degrees and an hour of such violent \{)leEl.f.lOIl
was enough to wreck the bridge co@ple.tely. Svu ;ﬁqucnt
experiments carried out in the UanCI‘SIT:'Y of V as mg-tm;
revealed that the cause of these was torsx?nal self lexm;c
vibrations caused by the wind. In tlus'case t_1c. lrc.l.
quency of sheeding of the Karman VOrthC; fm]-:)c{; cF
exactly with the torsional natm:al frequency o t {)e,,;] ge
and the bridge went into torsional resonant vibration

The Tacoma bridge disaster has .provi.ded us with ‘a
spectacular example of self excited v1brat10n.‘ Howcr}i’
many common place examples may be gw;n. ke
music produced by violin strings when. bowed},lt e squ]:;, .
ing of of a door hanging from rusty hinges, t F sqlgq;a t;g
of the wheels of a bullock cart are but a few e
rather homely ones,

: i i dinar vibrationg
Self excited vibration differs from ordlr IY o
ing force that sustains the vibrations
Qe al anatng i Iternating force dis-
depends on the motion itself. 'll“he alter Cg o
as soon as the motion is stopped. Consider an
appea.rsb 1. When the bell-push is pressed the current
eleanc eb.ttere energizes the electromagnet and pulls
g toviards it. This causes the contact point
; ure : ‘ :
the ar.InEEIG armature to move away from the stationary
i oi‘nt and to break the electrical circuit, As 2
gontiaey lectromagnet looses it’s pull and the .almau.n'e
result the e the original position and the moving point
ack to

flies b act with the fixed contact and the
ac

i 0t
re-establishes c0?

I

Self TExcited Mechanicar Yibeations
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eering Department

cycle is repeated. The power su
is direct current ang has no
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the armature ang if the arm
alternating fo
of vibration,

pplied by the batteries-
alternating Properties. The
created by the movement of

ature is forcibly stopped the
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happens to coincide with the
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Self Excited Mechanical Vibrations

motion with logarithmically decreasing

ANPLITUDE n ——>

On the other hand self-excited vibrations have necga-
tive damping with the result that the so'ution of the same
equation of motion with a negative middle term yeilds

c

the result x==Ae *™ Cos (wp+¢) This rcpresents
a simple-harmonic motion with logarithmically
increasing amplitudes as shown in figure (B). In a truely

linear self excited system the vibrations would build up
to infinite amplitudes but in most cases the mechanism
of self excitation and positive damping exists side by side
and limits the amplitudes of the vibrations. The clec-
trical students would at once recognize this as what
happens in an oscillating vacuum tube circuit.

Any system having negative damping characteri'stic
and a steady source of power can give ris¢ to self excited
vibrations. Out of the innumerable such combinations
possible we would consider here only a few of those that
have some bearing in the practical fieid of engineering.

Self excited vibrations caused by friction :—

Consider the playing of a violin. Here the strings
are the vibrating systems and ths steady pulling of t.he
bow is the source of monalternating energy. The fric-
tional force between the how and the strings is greater
for smaller relative velocity than for larger relative velo-
city. The bow moves with a constant velocity over the
vibrating strings but since the strings moves l?ack .and
forth parallel to the metion of the bow the relative slipp-
ing velocity becween the bow and the strings vary cons-
tantly but as the absolute velocity of the bow is al\lva.ys
oreaer than the vibrating velocity of the s{rings the direc-
tion of slip does mot alter. When the string is moving
in the direction of bow the slipping velocity is small and
the friction force pulling the strings towards the motion
of the how is large whereas, when the string moves against
the motion of the bow, the slipping velocity is large and
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amplitude as shown in the figure A given below.
c
i)
[a]
=)
=
21
a
E
= TIME ———=—

B

the frictional force small. As the frictional force, when
the strings move forward (i. e. in the direction of motion
of the bow) is greater than when the string moves back-
ward, positive work is done on the string and vibrations
build up. Squeaking of rusty hinges and cart wheels
can be explained in a similarly. A rather important
case iIn mechanical engineering—cutting tool chatter—
is caused by a similar mechanism of self excitation,

Shaft whipping, a rather trouble some case of self
cxcitation, has led to many failures in Dractice. < Tl

phenomenon occours in poorly
lubricated loose fitting bear-
ings. In the figure shown let
the shaft A rotate in the bear-
ing B as shown by the arrow
(clock wise). Due to the rota-
tion of the shaft the friction
force F and the rcaction F~
acts as shown. The force F
can be replaced by a parallel
force equal in magnitude to
F and acting through the
center of the shaft anda F
couple Fr where r is the

radius of the shaft. The shaft to be
rotating with uniform speed. The couple F.r. simply
acts as a brake but the force F through the center of the
shaft drives the shaft in a direction opposite to the direc-
tion of rotation of the shaft as shown by the dotted
lines. The shaft is stable so long it does not touch the
bearing sides but as soon as it touches the sides of the
bearing violent whirling vibrations are set up. The
same type of whirl may occour in some thrust bearings.

is assumed

Another type of self excited vibration known as oil
whip occours in some well lubricated sleeve bearings,
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| i in the direction of rotation
L this case the whirl sets up in : otat :
H] f:; the shaft. Oil whip may cause serious trouble in high set up an alaternatin

g sidewise force on the cylinder.
speed machinery having vertical shafts. These vortices

are known as Karman Vortices and the
frequency of the shedding of the vortices “f

ST S

1s related to
1 Many other factors besides the two mentioned above the diameter D of the cylinder and the velocity of flow V
i such as internal hysteresis of the shaft metal may give by the simple relation
it rise to self excited whirls in rotating machinery.
fD
° —_— = .2
Self excited vibrations caused by steady v 2

il flow of fluid

where 22 is a dimensionless figure known as the Strouhal
number,

For a transmission line of 1 inch diameter
this would give a frequency of 116 cps. and if thjs happens

to coinside with one of the higher harmonics of the line
unless means are provided to damp them, may led to failure resonant vibrations wo y led to breakage

uld set up that ma
of the line due to metal fatigue. To understand of the line. The remedy is to fit vibration dampers on the
this phenomenon consider a cylindrical object placed line at a distance of 8 to 20 feet from the supports.
in a stream of steadly flowing fluid. In the wake behind Pose consists of a piece

A steady wind blowing past a high-tension trans-
mission line some times gives rise to a high frequency
small amplitude vibration in the line. These vibrations,

A simple type of damper for the pur

“*65:— _i@K

o=
,————4\__*_*/—“

the cylinder distinct vortices of the pattern shown ahove
would be found. These vortices would be shed from the
cylinder in a regular manner ; alternately from each side

1 .
On each engq, OHE:MT& 1§ cast iron weights
and act, . Sable 15 rigidly clamped

S as dYI’laImc vibration im;;; i

of the cylinder. The shedding of the vortices would
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l Self Excited Machanical Vibrations

~ The Tacoma Bridge disaster was a similar case of
. self excited vibration caused by the shedding of Karman
. Vortices from the solid side plates of the bridge as shown
_ in the figure below
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tion of transmission line is known as “Galloping vibra-
tion.” For this type of vibration to occour formation
of a coating of ice on the wires is necessary and is of import
ance only in the very cold countries. Flutter of airplane
wing is a similar type of vibration.

E SoLip Sioe Puate

Deck

W

The wrecked bridge was replaced by a new bridge having
open trusses and slits in the deck to prevent the forma-
tion of the vortices. This type of self-excited vibration
is known to have wrecked many steel chimnies.

Another type of low frequency high amplitude vibra-

Officer (to recruit who had missed the target every shot) :

Other important cases of self excited vibrations found
in practice are axial vibration of turbine rotors, caused
by the leakage of steam, vibration of water turbines caused

by the leakage of water, ‘“wheel shimmy” in motor cars
etc. etc.

“Good

gracious, man, where are your shots going ?”

Recruit ( nervously ) : Idon’t know sir ;

they left this end all right.”

“What was the begining of your success ?”
“My wife’s cooking ; when we were married I realised that if T didn't
carn enough to engage a cook I should die of indigestion.”
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- Telephone

It essentially consists of a duraluminium diaphragm

 stamped in the form of a shallow cone. The outer surface

~ of the diaphragm is coated with enamel for protecting
~ against corrosion. The rim of the diaphragm is clamped
- to the inset case and sealed against ingresses of moisture.

A graphite electrode connected to the cone is immersed
in the carbon granules. The internal wall of the granule-

distortion is also reduced considerably by improved car-
bon-granule chamber design and electrodes which are
dome shaped and gold plated. The principle of acoustic
equalization essentially consists of forming two volumes
behind the diaphragm and coupling these two via. pro-
perly dimensioned holes covered with acoustic resistance
material such as silk etc.

{
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i
ated with cellulose enamel, The back RECEIVER :

chamber is co
graphite electrode is insulat
washers and has a ventilating
it. This hole is covered by a felt pad.

The frequency response of
uniform and has predominant
and 2000 cfs and also suffers
non-linear distortion.

Recently, transmitters
ing acoustic equalization resulting 1n mor

ponse which 1is required for good articulation,.

ed from the case by mica
breathing hole right through

such a transmitter is not
peaks at about 1800 cfs
from high amplitude and

have been developed employ-
¢ uniform res-

The

Commercial telephone receivers are generally of the
electro-magnetic type. Basically, the receiver consists
of an electro-magnet mounted in close proximity to the
diaphragm, so that, when alternating  currents of the
speech frequencies are passed through the winding, the
varying magnetic pull on the diaphragm causes it to
vibrate in accordance with the received currents.

One of the well known types of receiver which is in
current use is the Inset Receiver. Fig. 2 is a Sectional
view of the receiver as used in the handset.
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The body of the receiver is of moulded .bakelite
and is secured to the handset by two screws: which also
ide the electrical connections to the recciver. Each
p;O;ic two coils is wound for a normal resistance of 40
zhm (80 ohms for both coils). The pole pieces are pro-
ided with U-shapped lugs which are screwed to the
Z;sc to clamp the permanent magnet and the whole coil
assembly. After assembly the pgle-pieces are ground
to give a clearance of 12 to 14 mils. to the dlaphragrr.n.
A powerful blast of air is then applied to remove all parti-
cles of dust or iron and the whole interior is then sprayed
with cellulose lacquer. The diaphragm is of stalloy
11 mils thick and is protected against rust by a coat of
black varnish on both sides. The receiver with  the
electro-magnetic type of diaphragm described above

Response of Receiver 60 &

{ ¥
The Aecian

of the cavities on either side of the diaphragm in order
to obtain acoustic equalization and thus to improve fre:
quency characteristics, Different ways of obtaining
uniform frequency response is by controlling one or
more of the following elements, Electrical, Mecha-
nical and Acoustica] that constitute electro-mechano-
acoustic device, efficiency of the modern receivers

1 Type Receivers

pee)
U 60
r4
< B
= e e e s a5 ----—\‘*'-\\.-'NEW RECElven
5 40 2 TYRE 60
&
v 30 RECEIVER
INSET TYPE
200 500 1000 2000 4000
FREQUENCY
FIG 3

suffer from poor frequency response. It has a very sharp
peak in its response at about 1100 ¢/sdue to the diaphragm
resonance, and the energy level in the region of 1500 to
3000 cfs is generally low. The abnormal output leve]
at this particular frequency of 1100 ¢/s produces a mask-
ing effect which renders inaudible tones of other fre-
quencies, especially the higher part of the frequency
range. As with the microphone, the tendency in modern

design is to take advantage of the acoustical Properties

ocking Ay S
b o ) g Mature Receiver, Ring
ok 1 € Receiver 60 cicveloped and
. ndian Telephone Industries Ltd.,

a Ba ahced Armatiive cons-

e W Receiver 60 and
YPe (IL Type) are given in Fig. 3.
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JINDUCTION COIL :
1

Simplest arrangement of providing conversation would
| be to connect the receiver transmitter and battery in
 series. This cannot be a practical form of connection
. as it suffers from :
I (1) Converstion is possible in only one direction.
' (2) The impedance of the transmitter, receiver and
' line cannot be efficiently matched.

| & - .
' (3) Direct current flows through the receiver which
is not desirable.

(4) Side tone would be enormous (Side tone is de-
fined as the reproduction in a speaker’s telephone receiver
of sound picked by his transmitter. It is essential to keep
the side tone level to a minimum, since, high side tone
would make the speaker to lower his voice with the resultant

cuits are extremely complicated and their proper design
and efficiency characteristics can only be determined by

rigid mathematical analysis. The specific  method
generally employed in determining the efficiency charac-
teristics of such a circuit is first to set up, by Kirchhoff’s
Laws, the formulae for the current in the various elements
on the assumption :

1. With an e.m.f. ‘E’ in the transmitter and
9 wrAnce, m, £ ‘ehin the line:

The condition for no current in the receiver with
an e.m.f, in the transmitter and no current in the balanc-
ing network, when there is an e.m.f. in the line are de-
termined. The second condition of no current in the
balance during receiving has been shown by Campbell

i s Ny
L] [ <] R
(¢ (%
FIG-4
degradation of transmission efficiency. All modern to be a necessary requirement in order that the overall
An efficient efficiency of the Anti-side-tone circuit may be equal to

telephone employ anti-side-tone circuits.
anti-side-tone circuit requires four elements line,
mitter, receiver and a balancing net-work - or one more
element than is required for an equally efficient side tone

circuit.)

trans-

The above short comings could be avoided by inter-

transmitter receiver and a balance net-
work by an induction coil. Essentially, the induction
coil is a transformer having two or morc windings. In

. earlier type of induction coils, charcoal iron was used
as the core material. Lately, induction coils have been
made with closed core magnetic circuit using core material
of grain orientated silicon iron.

connecting line,

ble number of anti-side-tone circuits are

The possi ¢ ;
The analysis of some anti-side-tone cir-

innumerable.

that of the ideal invariable circuit.
There are two conjugacy conditions :

1. When transmitting, there should be no current
in the receiver (R).

2. When receiving, there should be no current in
the balance network.

3. For maximum efficiency the impedances of ele-
ment line (L), Receiver (R), Tranmitter (T), and the
balance network (X), (See Fig. 4, one of the best known
types of anti-side-tone circuits represented in its simplest
form) must match the input impedance at the corres-
ponding terminals. It is sufficient to match at one place
say the line terminals provided the conjugacy conditions
1 and 2 are fulfilled.



4. The Y ratio is defined as :

Power into transmitter during
X receiving
Power into receiver
Power into the Rec. during
or = sending

Power into the Line

Y ratio determines the sending and receiving effi-
ciencies of the telephone. By changing Y, one can trans-
fer energy from sending to receiving or vice versa, But
for maximum overall efficiency. Y =1. The above con-

R_ESI DUAL STuUD

ARMAT URE

The Aecits

ditions worked out for an
of coil ratios p=mnlmn2 -
pressions with L TR X &

¥ particular circuit in term
A=n3Mm2 leads to four e

: Y and 7 quantities, out ¢
which L,T,R & Y are known and we can regard thre

oth L
ers only as unkown, After evaluating the windi®

ratio;
1 S Nz & )'\, number of turns and size of wire for t
mauction coil are determined
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"elephone

It employs a two pole clectromagnet with a polarising
yermanent magnet and an armature pivoted so as to vib-
ate against the pole pieces and provided with an hammer
o strike the gongs. The ringer operates by an alternate
inging current of 17 c¢fs and 75V RMS.

However, ITD’s New Telephone  Priyadarshini is
provided with a more sensitive ringer having a fourpole
magnetic construction.

TRIGGER
IMPULSING CAM

SwWITChiNG (AM
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and the lower end of it engages the segments of the im-
pulsing cam according to dialled impulses. The speed
of the dial is kept uniform with the help of a governor.

CONCLUSION :

An attempt has been made to give brief description
of the important aspect of the Telephone Instrument
with a special emphasis on the modern trends. It would
be difficult to dwell upon all the aspects in a short article

CASE ASSEM

FIXING LUG

IMPULSING CONTACTS

SPRING SET
ASSEMBLY

OFF - NORMAL OR
SWITCHING CONTACTS

GUVERNER

FINGER STOP

FIG-©

DIAL :

The switching in an automatic system iz actuated
by a series of impulses produced by opening and closing
of the subscriber’s line through the central battery.
Normally these impulses are transmitted at the rate of
10 impulses per second and 662 9, break on 3319/, make.

One of the commercially used type is the trigger type
dial illustrate in Fig. 6.

The dial essentially consists of an articulated trigger
which is so arranged to prevent transmission of impulses
during the forward motion of the dial and to give an
adequate inter-digital pause before impulse train.

the trigger is caused by
a tensioned leaf spring,
When

ovVer

When the dial is wound up;
means of the impulse wheel and
to turn over in preparation for impulse train.
the finger-plate is released, the trigger again turns

of this nature. However, authors would be pleased ot
answer any specific querries arising out of this article.
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5. Indian Patent Nos. 64849 and 69200

TELEPHONE WITHOUT A RECEIVER:

Specialist of the Leningrad Research Institute have
built an automatic telephone which has no receiver.
After dropping the coin and dialling the number, “one
has to speak into the Microphone. The voice from the
other end comes through a device mounted on the auto-
matic telephone. The voice is very distinct.
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FLOOD CONTROL IN ALLUVIAL RIVERS BY MEANS
OF RIVER TRAINING

By
H. P. BARUA,B.E. L5, (Retd.

——

—F
.d_?;._a-

)s M. L E. (India), ‘1‘"
Retd. Chief Engincer & Secretary, P.W.D., Assam. }
Flooding of extensive areas of riverside lands, bank T is the h
erosions and occasional

great disaster to the affec
and inconveniences to t
taken to cause improvem
intended in this article to
of those measures, but onl
tively tackling our flood
thod of haining rivers to
courses,

2. Floods occur becay
capable of passing forward with
mmense quantity of water reachi
of continuous rainfall in their ¢
condition obtains becayse rivers
are much too wide and shallow, an
with the consequences that curren
city that can develop in the ch
down in changing the direction of

3. According to Chezzy’s formula for velocit
where v stands for veloc
cis a co-

in the bed ;

efficient varying on the amoyp

changes in river courses bring
ted people and cause immense
hem. Different measures are
ent in the situation. It ig not
examine the merits and demerits
Y to show the possibility of effec-
problems by an alternative me-
narrower, deeper and straighter

channe], and

se river channelg are

—
Ys V=C1/rs.
ity in feet per second 3

t of rugosity
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r or HM.D is the
area in the flowing .
the length of the
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BomiiTe 3 o length of contacy line at the bed. |
o €r words it is the area divided 1 .

A g Y the wetted peri
sufficient rapidety the meter, g or BWLL, s the slops of watey surface of gow- “\h
ng them during spells  ing water, It cannot he controlled. g d e' iy N
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annel is further slowed o (b) Squaﬁrmg the two sides of the formula for ve- :
flow at the bengs, Biveget V SeCirs

1
€Presenting 2 (both derived gﬁ
bY K, we get VE=Kr or Vccr. 3
ariation in the value of r, v varies at \

of the rate of variation,

of the Crosg

ischarge iy, 5 flowing channel 1 4
“SeCtional ares ang velocity. | 351

e e > .E!;r’t\.
—.._._______E 'W‘
e R - 1




B T 11T | T A T

I

W original channel, as

.

) —2.74 m, an increaseof 53 p.c.

lood Control in Alluvial Rivers by Means of River Training

jo if discharge is to be increased in a channel, the velo-
ity in it will have to be increased. But velocity can be
ncreased by increasing the value of the H.M.D of the
‘hannel So our problem foils down to finding means
ff varying the value of H.M.D. of a channel.

(d) A concrete example will suffice to show that a narr-
ower and deeper channel has higher value of H.M.D than
a shallower and wider channel of the same cross-sectional
area. Suppose the regular channel ABCD of dimensions
shown, (Fig-1) with sides sloping at 45° is extended
by DCFE, which has its bed at the same level with the
original channel and the same side slope. The area of
the extended channel will be (34 +30) x 2 sq. m.=64

2
sq.m. If filled flush with water the wetted perimeter
will be 2.83-130-+2.83=35.66m. and its H.M.D. will
be 1.79 m. If however an equal area is dug below the
shown, the cross-sectional area will
remain the same. The wetted perimeter will now be
4 x 2.83--12=23.32m, and the H.M.D. will be 64/23.32
The velocity in this

nd deeper channel will be 9.7 times of that in the shallower
4 channel of the same cross-scctional area, and accordingly

\the discharge will be 2.7 times. Congestion of water

from upstream water will decrease and water level in it
S TONS U ,
ol will not rise as high as in the shallower channel.

/

0

(¢) The problem then becomes one of narrowing
the channel which will get the increased depth by scour
as shown hereafter. Narrowing will regire silting up the
flanks. How can this be arranged ?

4. W. H. Twenhofel, Professor of Geolegy, Univer-
sity of Winconsin, U. S. A. in his book, Principles of
Sedimentation, says as follows about the behaviour of
flowing water (p. 153).—‘Capacity is defined as the
ability of a current to transport in terms of quantity.
Capacity in water depends upon velocity, turbulence,
slope, discharge, depth, shape and dimensions of channel,
specific gravity and dimensions of sediments, ratio of
depth to width of stream, and degree of mixing of sedi-
ments, Some of these factors are not independent, as
for instance, velocity is conditioned by slope, discharge,

and depth ; depth is modified by discharge and velocity,

ranges

etc. The ratio of capacity to velocity increase

" between the 3.2 and the 4th power of the increase. With

“approximately with
“with constant depth but slope and. discharge variable,

-the capacity varies on

constant gradient but variable discharge, the capacity
varies as the 3.2 power of velocity ; with constant dis-
charge but slope and velocity variable, the capacity varies
the 4th power of the velocity ; and

the average about the 3.7 power,

AT TN TR TR Sl L B T e e
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of the velocity.” (Competency or ability of currents in -
terms of dimensions of particles is left out of consideration,
as alluvial rivers have sediments of size easily moved by
slow current.)

(a) The condition which gives the least value of
‘capacity’ (the 3.2 power of the ratio of increase) is taken
into consideration for the sake of convenience. To
examine the effect of variation in velocity, on capacity,
with the help of figures, let us suppose that the water in
a river is flowing at 3 ft/sec. and is carrying the maximum
quantum of sediments, call it B. If the velocity increases
to 4 ft/sec., the ‘capacity’ may rise to (4/3)* B=2.48B.
The additional material required to satisfy this condition
will be found by lifting it from the bed. The bed will be
scoured and get deeper. If the velocity drops again to
3ft/sec., the water will lose its power to hold in Suspension
the new acquisition, i.e., 2.48B minus B, or 1.48B, and
it will drop to the bed, raising its level. If the ratio of
increase in velocity is bigger, say, double, the capacity
will rise to 23-2B=9.2B; a quantity of silt equivalent
to 8.9B will be scoured from the bed, and this quantity
will deposit on the velocity lowering to its original level.
Thus by increasing the velocity in a flowing channel
we can cause its deepening, and by impeding the velocity
raise the bed level.

5. No direct method of increasing velocity and there-
by causing scour is available, But if a part of the flowing
channel is obstructed, the flow in the unobstructed area
will increase and this portion will have bed scour. If
the obstruction allows a part of the flow to pass through,
the obstruction allows a part of the flow to pass through,
there will be loss of velocity there with consequent deposi-
tion of sediment. Thus by obstructing a part of a flow-
ing channel with some permeable construction, we can
cause rise in its level, with deepening in the free width.

6. Supposing now that a suitable device can be
found to cause siltation in any part of a flowing channel,
the question arises what the alignment and direction of
flow, and size of the channel should be to get best dis-
charge.

(a) A body in motion maintains a straight course,
unless acted upon by an external force. A straight align-
ment will give the most unimpeded flow. Further a
straight channel of uniform width and depth will flow
smoothly, and is unlikely to cause any erosion at the sides.
So, siltation at sides should be so arranged that a straight
chanmel of uniform width may be obtained. Further
the channel should be so aligned that the current may
not impinge on a bank, that is, the channel should be led

S ey
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ank. This will require curves being

clean away from 2 bHow this can be done will be stated

provided at places:
later.

b) The width allowed should .be such that d.ur'mg

( )1 highest flood, the depth obtamt.:d by scour is not
0 B ¢t any point in the nelghbourhood,_ say,
o L T(.)baﬂ.l; except at whirlpools. Any extraordinary
W“hm-,.u\r%lll Isr::bn:crge the banks and cause siltation there
ﬂo?d lower velocity of the smaller depth of _water
pre s = I: has to be remembered that straightening of
g:rrit:r course will shorten it and give a.hsleipezl; S:CV\IT(_S_

i i1l 1 e velocity. This factor has to be taken
iv;}::)c};c‘:zlxix::l c»:ﬁ?:sn fixing the width of the channel.

7. A question may justifiably asked whether a nar_row
st:raiéh-t channel has been found to lower ﬂoo&Ii level in a
i here. Such work has been carried on the
ISIZCI' 2'mYera.ncc: and the Weser in Germany. As a result
S i the beds underscoured, and water level
¢ naingt down during ordinary and flood periods.
%e;erwizth:pbeh‘md the new bank line got filled. In
thc:e cases however stone dykes were built 1n81de.th(‘3 bed
Seine and continuous brushwork was laid in the

of the iN o cannot expect to carry out such expensive
:\?O?E:.m the thousands of miles of river in our Country.

aight narrow reaches can be seen
in sE::)ne ?11\1;:; w;t;chgstand without damage for decades.
When a straight and narrow chanm.z] of -the proper
dimensions is provided, there is no disturbing factor to
cause any damage to the banks, and such a chan-nﬁ] _Shqu
ble to stand undamaged. In the Mlssoun River in
1j‘fxr::‘:ricz’u. narrow and straight reaf:hes with banks of s-and
have stood for decades, and there is no reason why straight
banks, though made of silt and sand should not be able
to remain undamaged.

8. To form straight narrow channels' at compara-
ti\}cly low cost, as can be afforded and, tried extensively
in our country to lower flood levels aJ?d. alsoi bank erosion,
some cheap silting device to cause silting in part of the
bed and form channel of size required has to be found,

9, The most suitable device is ‘Permeable Screeng’
designed by late K. B. Ray, Ex-Deputy Chief Engineer,
B.A.Railway (now defunct) and latterly Special Officer
(Rivers) in Assam. This device has been tried by N.F.
Railway to eliminate bank erosion, to fill eroding bays
at river banks and to cause sideway silting to shift the
cou-ses of flowing channels. It has been tested in the
Punjab River Research Station and found suitable i form-
ing a regular channel between pairs of parrallel screens,

bl

The Aecian

(a) Permeable Screens are wedge-shaped —struc
tures made of stout whole bamboos in units 10 ft. long
Each unit consists of a skeleton rectangular base, a ret
tangular screen and struts.  The screen has a few bamboos,
spaced equally apart, running parallel to the longel 3
side and fixed at the ends with mild steel rods i-_"-‘
through them and turned round. The long side of the
base is of the length of the unit, and the width about 4
ths. the height of the screen. The screen is attached
the base at an incline, and is supported from the oth€
side of the base with struts of length equal to the bast
The structure is further stiffened with subsidiary bamnk
boo struts and cross bamboos (see fig. 2) the joints aff
made with 1/4" dia. mild steel rods passed through
bamboos with ends turned round,

:_‘Lz.

(b) When placed
in position  heavy
weights are hung from
the corners at _the
base.

(c) Permeable
screens are laid facing
the channel side along
the boundary of the
area to be® silted up.
The tops of the units
are tied to a cable
anchored to the bank
to add stability to the
units. Silting starts at
the base and extends
backwards, with scour
in frount. The area

at the back is gradually filled.

(d) Using aline of screens,
at ends, in front of encroachments at

will swerve the current away from the b
further erosion.

extending to the baﬂ}‘ !

. b

bank erosio”

i

ank and preve’

(€) Whe.n : laid in two parallel lines at some d¥
tance apart inside the bed of a wide river, and the uPé:J

tream ends continued at 2 splay right up to the banlef{
a narrow channel will be formed. The splays will dro’
m and collect the water, ;:f

which was perhaps flowing*?
an angle, and i ‘
- augle, Pass it between the parallel screens. Thel
W{“ b‘e deposition of silt behind the screens up to the ba?
with increase of velocity between the parallel screens, a%
cour there. At the downstream end water will be forc
out and the deep channel will continue to some distan

4

s L



f the gap between
o stabilise the direction of the current.

Flood Control i

o a certain extent.
(f) Parallel screcns made to 2} times the

bservations are necessary in this respect.

played extension
. subsequent pair can
listance equal to the combined le

(g) When one section of parallel screens

1 Alluvial Rivers by Means of River Training 925

“he downstream ends of the screens will haveto be splayed

width

them are considered to be sulficient
It seems further

with

s upstream has come into operation,
be laid in the downstream at a
ngths over which drawe

ng in and forcing out actions took place. Long splays

-xtending right up to the
hough Ray allowed for this. Thu

banks may not be necessary
s by using sections of

yarallel screens a continuous narrow and. deep channel can

be formed inside the bed of a

parts of the bed for cultivation and eventually
habitation.

ment it should be as flat as possi

(h) When

wide river, reclaiming

human

a bend has to be allowed in the align-

2 bent alignment of the pair of parallel screens.

tion curves are essential at the upstre

bend.

screens, sedimentation may be
To prevent this it may be necessary

take place.
to the bank from the

vide intermediate screens to rul

(1) When

ble and accomodated in

Transi-

am end of the

a deep layer of water flows behind the

slow and even scour may

to pro-

longitudinal ones. Raising the long screens to the top

of high flood levels ma

the screens and the banks.

it may be difficult to keep
is difficult to use them when the depth is

-tf} silt up a spill channel of the Brahmaputra
when it was eating into the town.
based on the theory that
being highest at onc-
'}:‘cnsity both up and down.

=

gl

(j) When

the river banks and beds slope

0.0 1 water Surface i e Y
= Tl o= = = = -— - -
.z 3 A '« Depth of Cage
O3,
0.4 l
0.6
.O. 8
1.0 -
0 .2 .4 6. B 1.0
: Fig. 3
10, Another silting device was designed b

4.

third its depth, decreasing
Velocity will

y help in preventing scour between

steeply

these screens in position. It
considerable.

Veiocty —»=

y the author
at Dibrugarh
The design was
the velocity of a flowing stream

in in-
decrease

all through if the flow at the top-third is slowed-down
with the help of a permeable obstruction (fig. 3.). This
requires a floating obstruction that will follow the fluctua-
tions in the water level.

10. (a) The device made to give a trial to the idea
was a hollow structure, 100’ long, built on hexagonal
wooden frames of 71" sides, spaced 7 to 8 ft. apart, with
longitudinal whole bamboos, having gaps of 6 in.
between them tied to the periphery. (Fig. 4 gives a photo
of the first cage during construction). The inside of the
periphery was lined with small branches and twigs of trees
o diffuse the current further and maximise sedimenta-
tion. The ends of the structure, which was named, Float-
ing Cages, were closed with bamboos at 6" spacing. Sub-
seuqent cages were made with variation only in spacing
of peripherial bamboos.

10. (b) The channel to be silted was approximately
300 ft. wide and 45 ft deep, and hence the frames were
made of 7} ft. sides. Bracings were used to stiffen the

frames (fig. 4).

Fig. 4

10. (c) The cages were heavy structures liable to seri-
ous damage if rolled down from a height, and so were
constructed on a platform made up of bamboo rafts,
When floated the cages sank in water leaving about a
foot above water surface. This was fortunate. But
difficulty was experienced in keeping it in position. It
was intended to float them with one end touching the
bank, the body floating at 45° pointing downstream.
After an unsuccessful attempt to float the first cage in the
intended position it was eventually brought to it by dropp-
ing it at the bank and gradually pushing it from behind
with the raft platform. Anchors were cast according to
predetermined positions, as plotted on paper. They




were so placed that the guys fiom. the anchors wm_xlﬁ
not make an angle bigger than 30° with the bed even wit
the cage floating at the maximum flood level of the river,
The guys were passed round the cage, and omfa‘ 3:' more
guys running longitudinally from the far end o € ca%c
were anchored to the bank. A guy was also run direct y
from the far end and anchored on the bank.

10. (d) Three cages were used, the second 700’ down-
stream of the first, and the third 850" further downstream
in a whirlpool 60 ft. deep.

10(e) Surface velocities were recorded by the crude
method using bamboo floats. Before any cage was float-
ed the velocity 300 ft. upstream of the position of the first
cage was 4.5 ftfsec. and 5.4ftsec. 600 ft do.wnstream of
the cage position. Eight weeks after floating the first
cage the respective velocity figures were 1.3 an'd 1.27 ft/
sec. and there was considerable deposition qf silt on the
bed. The strong whirlpool in which the th1rd. cage was
floated calmed down and by the and of the rainy season
was fully filled.

The experimental work was commenced in the cold
session of 1935, when bank erosion was taking place at
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intervals. The following results which

obviously came
from action of the cages were observed :

1. Silting occurred upstream of the cages as well ;

2. After floating
which wag hugging th
of obstruction offered

the first cage, the main current

e bank receded beyond the width
by the cage ;

3. Eight weeks after floating the first cage, the deep
channel near the bank silted up to a depth of 12 ft., and
the bed furthers. away scoured to a depth of 8 fi. ;

4. After a moderate flood h
eck of June the channe] b
and the bed further away

ad subsided in the first

ed silted up to 30 to 32 ft.
deepened ;

S. During a high flood the current was reflected from
the first cage to a great distance, owj
ing almost impermeable to the swi

further midstream was scoured ;

6. Silting decreased generally towards downstream,
apparently the spacing of the peripherial bamhoos being
too close.

Two cross-sections are given below.
Section Between Cage 1 & 9.
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It is usually held that ordinary fixed spurs protect
an eroding bank approximately three times the width
«of obstruction they offer. Floating cages which continue
to function and remain effective all the time irrespective
of water level till they get imbeded when silting takes
place to touch their bottom. They are capable of pro-
tecting much more than three times as the spacings
allowed (710" and 850°) with satisfactory results —will
indicate, Further experimenting is however necessary
to obtain definite information or this account and spacing
of peripherial bamboos for different maximum veloci-
ties of water. It may be that further apart the cages
can be placed without allowing room for an oblique
current to impinge on the bank, the better will be the
chank of downstream cages to function effectively.

10, (f) It has been noticed that the interior filling

. catches silt and sinks the cage. It may be desirable fo

“:. omit the filling. This omission will improve permeability

‘pf:?{:(’f cages, and allow freer flow of water even with the pre-
sent spacing of peripherial bamboos.

10. (g) Cages have been used in other places as well
#'with fair success but details of effect have not been

observed.
" 10. (h) The experimental work was carried out in
+:1935 when materilas were cheap. About 2500 ft. of river

bank was protected at a cost or Rs. 3,690/— which worked
out at Rs. 1.50 per foot of bank protected.

10. (i) Cages have not been used on both banks of
a river, but it is surmised that they would be useful in
forming a deep channel, but not of uniform section. In
a wide river, after reducing the depth of water at the
banks with the help of cages, Ray’s Permeable screens
may be used to form a uniform channel. Silting is thicker
near Ray’s screens and decreases towards the old bank.
This may leave a gutter at the bank and be the cause of
troubles later.

10. (j) For purpose of wide rivers long cages may
be obtained by joining units placed in staggered posi-
tions and anchored to heavy weights dropped in the bed.

11. Other silting appliances can be designed, and have
been tried by people to divert course of streams.

12, Permeable screens and floating cages can be used
with great saving in expenditure if these are used in re-
placement of timber spurs ordinarily provided between
two stone spurs.

13. Appliances to cause siltation at river banks being
available, works to improve flood conditions may begin
most profitably with trying to prevent bank erosion
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Some Aspects of Space Probe and Travel

The power generated per cubic meter under suitable
conditions may be in the megawatt range, and the size
of the generator may be comparatively smaller consider-
ing this range.

; Miscellaneous Aspects

| A few words will now be said about the other miscella-

neous aspects of space travel. The account should not
be taken as adequate or exhaustive but rather asan  atiempt
to give general ideas about the problems and their
probable solutions. It is also to be mentioned that many
of these problems have been successfully solved by now
as evidenced by the momentous orbital flights of Russian
and American astronauts.

During take-off and again during re-eniry an astro-
naut will be subjected to forces several times his own stan-
dard weight in terms of the standard acceleration of gravity.
These are known as G-forces as they are expressed as a
multiple of his standard weight. Thus a force of 5 G
on the astronaut indicates that he is subjected to a force
five times his own standard weight. It has been found
that a man in a semisupine position and facing the direc-
tion of acceleration transversely can withstand upto
about 10 G for several seconds which may be enough
to pass him through the ordeal. Increases in heart
beats and respiratory movements are expected during
the process.

While describing a Keplerian trajectory, the astronaut
will be under the condition of ‘fre¢’ fall and will, there-
fore, experience weightlessness. But weightlessness does
not present as much difficulty as it would appear to do.
Tt has been found that a person can adopt himself to
weightlessness without difficulty and can perform without
 difficulty functions like pressing a button by stretching
“the arm, provided he has got a solid support behind e.g.

his seat with safety-belt tightly fastened. The space

suit of the astronaut may be provided with magnets on

the boots to enable him to walk on the surface of the space
~ cabin, But sustained condition of weightlessness may
. have an effect on nervous, circular, muscular and diges-
tive systems, and difficulty may arise as regards astronaut’s
- capability to orient and to perform duties.

4

~As conditions of pressure and temperature will pass

fﬂi;ﬂugh exiremes, the astronaut is to be contained in a
'hiérmctically—sealcd self-contained pressurized cabin with
an ‘environmental unit providing air conditioning and
atmosphere control so that he can enjoy nearly terres-
&rial conditions. Atmospheric pressure of 14.7 psi and
-6Xygen concentration for sea-level partial pressure should

be maintained while percentage of nitrogen and carbon
dioxide should be kept as in the earth’s atmosphere.

With time oxygen content of the sealed cabin may
decrease while the carbon dioxide content (which is given
out during respiration) may increasc and prove fatal.
Oxygen may be supplied by one of the three main pro-
cesses namely compressed gaseous oxygen, liquid oxygen,
and oxygen-liberating chemical compounds e. g. hydrogen
peroxide to maintain the requisite partial pressure of
oxygen. Carbon dioxide may be got rid of by absorptin
by subtances like sodium hydroxide or lithium hydroxide.
The latter also absorbs water vapour and will help to
maintain the huemidity to the proper value although
human processes like perspiration and metabolism will
tend to increase the water content of the sealed cabin.
If anhydrous hydrogen peroxide is used to supply oxygen,
it can also provide potable water and also give heat and
power for some uses. If we can maintain an initial higher
oxygen pressure some economic gain may result but too
high an oxygen pressure may give rise to hyperoxia under
which oxygen becomes toxic to the cell. It should be
mentioned here that the unicellular green algae may be
profitably used in a sealed cabin to maintain a balanced
closed system, hecause it will absorb carbon dioxide, give
out oxygen and may be used as a food by the astronaut.
However, more experiments are required before putting
this to actual use.

Decompression, that is, loss of gas from the sealed ca-
bin is an important problem. Owing to the presence of
water vapour, the rapid decompression is neither isother-
mal nor adiabatic but polytropic with the exponent lying
between 1 and 1-4. The rate of escape will depend on
the volume of the cabin, area of the leak or puncture and
the difference of pressures inside the cabin and outside
it (the latter being Zero). Leaks in hermetic sealing
should be prevented by quality control of the materials
used. Care should be taken to prevent leaks in seals
arounds doors and other opening. Danger from bom-
bardment by meteoroids is there and this may result
cither in puntures or surface erosion, the probability
for the latter being much smaller compared to the first,
I. is to be mentioned that the probability of puncture by
meteroids is much smaller than it would appear to be
from casual thoughts. Of course, to get proper under-
standing many factors like exposed area, thickness of wall,
material used, relative speed and density of mateoroids
are to be considered. However, it may be said that only
if the space cabin is in orbit for long time and thus exposed
to meteoroids, it will be punctured by them producing
minute holes. When decompression takes places, the
astronaut may suffer from hypoxia (due to loss of oxygen



in the cabin), from dysbarism or decompression sickness,
and from physical body injury the last one taking place
if the hole is big enough and he is dragged towards it by
the force of decompression (the probability of big hole
is remote. In this connection, it is to be noted that under
the condition of weightlessness little force is required to
move the astronaut round the cabin.) Symptoms of
decompression sickness is bends, chokes and effect on
central nervous system. To prevent decompression,
meteor bumper walls should be used, they should be used
in multiple layers, and with larger thickness, means should
be provided for self-sealing, there should be an warning
system to warn the astronaut so that he can wear a self
contained pressure suit (which will provide life-sustaining
oxygen, control of carbon dioxide as also proper pressure
and temperature) to protect himself and to do necessary
repairing if feasible, there should be provision for a
reserve of high pressure gases to delay decompression so
that the astronaut will get a chance of wearing the space
suit before it is too late (as a precaution, the astronaut
may wear the pressure suit beforehand with the face
plate open, although it gives some discomfort and may
restrict his movement a little), there may be provisions
for other means e.g. compartmentation (so that the as-
tronaut can go to the other compartmert), compression
chamber and the like. It will be seen that the space suijt
is an essential item for the astronaut. It is the life-
saving device for him during exterior activity like explora-
tion, inspection etc, This pressure-suit will consist of
several sections performing diverse functions, including
ventilation section, insulation section providing therma]
and acoustic insulation and an external protective layer
which among other things, may protect against radia-
tion. It may, even b: provided with rockets or other
devices to enable the Space man to move from one space

ship to another. No wonder that it will be a very costly
affair.

Another important problem to be considered is the
radiation hazard in space. The hazard is constituted
by the high encrgy primary cosmic ray particles and the
high energy particles of the Van Allen belt (which wag
discovered during the early periods of launching of earg
satellites, and is associated with the earth’s magnetie
field). The energy of the radiation is absorbed by may
by the familiar process of ionization in which the radj,.
tion directly or indirectly robs an  atom of an electrop
producing a pair comsisting of the electron and the posi-
tive ion. Charged particles like alpha rays, beta rayg
and protons ionize by imparting their kinetic energy to
the neutral atoms, which gamma-rays and X-T3y5 ionize
by photoelectric effect in which they impart their energy

to a free electron or a lightly held electron Which then
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M-Somc Aspects of Space and Travel

_,Duﬁng re-entry compression near the stagnation points
¥ and friction around the surface will heat the air round
# the space cabin and the latter must be protected against
#l this extreme condition. For this purpose, the outside
#! surface may be coated with plastics or other ma-erials of
il large latent heat of vaporisation so that they will melt
and vaporize and will be let off, while thermal insulating
‘materials will be used in laminations in the outer walls
# and a liquid coolant circulated within the walls of the
4 cabin.
The space cabin should consist of two shells, one outer
y/ and the other inner. The former will protect the latter
4! against all extreme conditions. It will be a bumper wall
for meteroids, will provide thermal and acoustic insulation
with the help of proper insulating materials, will take up
shocks and bending loads, will hold the coating of plastics
etc. mentioned above for protection during re-entry, will
provide protection against radiation and will give access
to and exit from the inner cabin. Magnesium may be
used as a material for the outer shell. The inner shell
will be a leak-proof sealed pressure cabin. No leakage
should taka place due to vibrations and sound pressure
undep extreme conditions. Thermal or elastic stresses
of the outer shell should not affect it. It may be made
of high strength thin aluminium for pressure vessel with
an aluminium honeycomb core sandwiched btweeen it
and an outer covering of fibreglass. The honeycomb
structure gives rigidity to the pressure vessel while fibre-
glass may provide thermal and acoustic insulation.
Fhe inner structure must also be impact resistant and
watertight and should provide protection against radia~
/) tion. Besides accomodating life-sustaining materials it
¢ will contain all instruments and gadgets.
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tH Food for Space Triveller

l’f, For short duration flight, ordinary food or nutritive
i,’l pasted food in tubes could serve the purpose. But for
i long duration flight, say a flight to the Mars or the Venus,
~stockpiling of food for the duration would easily exceed
> .Ppayload limits. It is in this context that we shall have
J-:to think about the problem of food. for the long distance
/o7 space travel. The daily necessities of drinking water
w’f)%for the space traveller will also come into consideration.
#%+-“Wealso know that in addition to food, there will be oxygen,
g - “Carbon dioxide and human wastes (e.g. night-

i S%H, urine, sweat) which will be entities of the sealed
; _‘_Ea'.cc cabin. Thus we can contemplate a closed cycle

31

system in which the space traveller would eat the soup
made of algae which could rapidly grow by taking
nutrients from human nightsoil and other wastes, and
drink water derived from distillation and {ractionation
of urine, while green algae would further act as a photo-
synthetic gas exchanger to produce a balanced state in
the cabin by absorbing carbon dioxide and giving off
oxygen. There are many species of algae of which one
species called thermophilic algae may be expected to
show very rapid growths in human wastes. But the
green colour and bitter flavour of algac may
make algae unacceptable as food ~However, a judicious
mixture of algae with other articles of food may become
acceptable. If it is argued that when there are more
than one spaceman, disease may be communicated from
one to the other through human nightsoil, it is to be said
that spacemen are sclected after rigid hygenic scrutiny
and that even then, processes like destructive distilla-
tion may be adopted to prevent this possibility. Algal
growth contains proteins, amino acids, carbohydrates
and vitamins, and with necessary supplementation should
be able to sustain a man. The algae may be dehydrated,
and compressed into pills after proper sterilisation. Some
even suggest that dehydrated food may be prepared in
water obtained from human metabolism.

In the closed cycle system using algae, the air used
by the space traveller together with human nightsoil and
urine (to provide urea as nutrient) may be provided to a
tank containing algae. To prevent undesirable forma-
tion of cellulose, controlled mixed cultures of bacteria
could be used to dissolve cellulose aerobically. The
algae culture would be pumped to another tank to be
illuminated by light for photosynthetic reaction mentioned
earlier. There is also possibility of growing other higher
plants acceptable as food. Radioactive sand may be
used to light the culture to give rapid growths to algae.
Possibility may also be considered of including an animal,
say a goat in the closed cycle system so that the goat may
feed on the algae and in its turn supply protein to space
traveller.

In the above, some facets of the closed cycle system
have been discussed. Before the system can be put into
practice many problems will have to be solved e.g. car-
bon dioxide versus oxygen balance is a problem involving
as it does respiratory quotients of the space traveller, of
algae, and of any other animal if present.
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Unbalanced Magnetic Pull in Rotating Electrical
Machines 3

By
KEWAL KISHEN
BRSBTS (Engg), M. E.

A rotating electrical machine with rotating parts' fixed
ctly at the centre of the stationary parts experiences
eXELa.d.i};',l pull of equal magnitude on all sides. However
ar Caimallsic, i
il there is ccentricity between the two parts due to c?o
‘ $3 g .
11'u ment of their centres the magnetic pull exerte 01}
alig:'ldes is not equal. ‘'This unbalance may also be causec
i
jvhen somehow the windings placed on.the‘tl'noles fdo ?ot
short circuiting of a few
ibute equal ampere turns. ( ‘
contnbun aqpolc or winding developing some defect
turns o
change the m.m.f of poles).

The unbalanced magnetic pull has such‘a la.rgc mag-
itude in the case of big generatox:s workmg in power
EL o s or motors working in steel mills etc. that'thc cen-
tr?ffgal forces produce oscillations .in the be;nngiil aflll(i
consequently endanger the foundatlfms astlwesl'n& s
case of horizontal machines somet}mes ‘1ct (is cleai
deflect or eventually bend to breaking point as
from fig. 1.
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Unbalanced Magnetic Pull in Rotating Electrical Machines 33

pole is same and only reluctance changes due to Where B is the mean flux density taken from the mag-
changing air gap, the flux density also changes. Let netisation curve (fig. 4) of the material of which pole
B, and B, be the flux densities in the bipolar machine laminations are made of.

‘l l considered in fig. 2 in the cylinderical rotor machine of From Fig. 4-a

Ca fig. 3. Then the air gap is changing as ( §—XCos0 )
where X represents the difference between air gaps on #B,~B,=PM-+MQ=tan « [B,Q+PB,]
cither side of the rotor and 0 is the rate of change of & dB
in the angular measurements, —dH [B.Q+PB,]

. In fact the supposition made in above calculations that
are B,B, is like a straight line B,B, is justified because
i (6- ) even for very high rating machines B,+B, differ by very
e little margins and the eccentricity =X/8 is not allowed
to be greater than 10 p.c. in modern machines.

Al ~

Now for air we know H=B and
_MMF
length of the path of magnetic lines.
or M.M.F=B Xlength of path (for Vacuo).

B,Q and PB, represent ampere turns by which they
are differing the ampere turns required to generate mean
flux density in the air gap if there were no eccentricity
hence B,Q=B,. length of path (=X)

PB,=B,. length of path (=X).

: dB dB
.. Ba_sz(ﬁ(Bix'{'BaX)saﬁ'X' (B, +By,)

dB

s = —2B.X.
dH

B, Tﬂ((;' 3

Once again therefore the unbalanced resultant magnetic

pull for generalised operation is given by the expression
Fdlle ™ ) o Gash.
5000 dH

: d by upperside= _13_1;%)2- Resolving this pull into its vertical and horizontal com-
i e i 5000 ponents we have F,=Vertical component=F Cosf

kg/cm? =4‘_Ii__)2 OB Cos6 and
5000 / ~dH

Fy=Horizontal component=F sinf

: : B, ! -
_ and that exerted by lower side= 7500 ) g/cm

L=
= .i.a%
e

!—fThe resultant magnetic P
2
1) L By NRL L) . kg./[cm?
5000 5000
5 %zigl] ]Eg;'El] kg./cm?
5000 5000

a LT 2B 2B dB ]’“‘kg_/cmz_ —9 _E_]’X__d_‘i. kgfem® (simplified),
h o ={ 5000 | L5000~ dH ' 5000 dH
(t d

Further total force in component directions computed
over a quarter of the periphery of the pole is

«1:'/2
Fv:L-J sf —B Y. 2B x cos db.
w[2 5000 dH
0 :

ull which causes unbalance.
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Selection of site for a Project

By
N. DASGUPTA, B. E.,C. E., M. S. (Minn.), M. I. E. (India),
M. Am. Soc.C. E. (U.S. A.)
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When a project has been contemplated, the first and

_/ most important matter is to decide the location of the pro-
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ject. As no two persons or groups of persons are expected
to agree on any particular site, this matter must be entrust-
ed to a properly selected and duly constituted Selection
Committee.

The economics and benefits from the project will in
most cases depend on proper selection of the project site.
This matter should be considered in the best interest of
the larger mass of people who are expected to be benefitted
by the project rather than personal or group interest or
political considerations.

Due to economic backwardness of our couniry, such
impersonal and objective view is lost sight of and vested
interest sometimes plays an important part in selection
of site. In a democratic society such a move should be

strongly resisted.

More often than not, site is selected by laymen occupy-
ing positions of authority and holding purse strings. As
a result, the benefit that would have been received from
the project is not derived, In the best interes:t of the
people such persons should