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Designing Your Own Amplifier 
by Norman H. Crowhurst 

Part V: Feedback Amplifiers 

THERE are so many matters to con- 
sider in the design of a feedback 

amplifier that discussion of them will 
get rather confusing unless we use a 
practical amplifier for illustration. In 
this article let us work with the sche- 
matic diagram in Fig. 1, which shows 
the outline of a circuit with the com- 
ponents identified by numbers, and com- 
plete the design of this feedback ampli- 
fier step by step, filling in the values 
as we determine them. In this way we 
shall be sure to cover the practical prob- 
lems that have to be solved. 

A good feedback amplifier cannot be 
obtained by designing a reasonably good 
amplifier and then adding feedback for 
good measure. This approach, believe 
it or not, can sometimes produce an 
amplifier with greater distortion than 
one that does not employ feedback. The 
first thing to do is to go through the 
amplifier, starting at the output, and 
calculate the operating conditions for 
the tubes and the maximum levels they 
will handle, incorporating or allowing 
for feedback as we go. 

Output Stage 
Let's assume that we are designing a 
good 20 -watt amplifier. For self -biased 
6L6's in the output stage, the tube data 
manual shows the following tabulation 
of operating conditions for 24 watts 
output, with an optimum load of 9,000 
ohms. 

6L6's IN CLASS AB, 
(Values for 2 Tubes) 

Zero Maximum 
Signal Signal 

360 v 360 v 
88 ma 100 ma 
270 v 270 v 
250 SZ 250 S2 

9K 9K 
24 w 
4% 

We will assume that we shall use such 
an output circuit. That sets the cath- 
ode bias resistor, R17, at 250 ohms. 

This 24 watts in the plate circuit will 

be mean or average maximum watts, 
so the peak value will be twice this, 
or 48 watts. The formula W = V2/R 
can be altered to the form V = VWR, 
to determine the peak maximum - 

signal voltage across the primary wind- 
ing of the output transformer. This is 

V48 X 9,000 or 650. Then there 
will be a peak voltage of 325 volts 
on each half of the primary. We shall 
need this figure presently to calculate 
the inner feedback loop values of R15 
and R16. 

Next we move back to the grid cir- 
cuit of the output stage. The total cath- 
ode current of the two 6L6's at maxi- 
mum output is just under 120 ma. This 
current, in the 250 -ohm bias resistor, 
will produce a bias of 29 volts at maxi - 

prove convenient, because the feedback 
places extra demands on the paraphase 
action, as we shall see in a moment. 

Using a plate -load resistor of 100 
K, with a cathode resistor of 2.2 K 
and a plate supply of 250 volts at the 
junction of the three resistors R12, R13, 
and R14, will give a gain of approxi- 
mately 13. These values will produce 
3.7 volts bias with 1.7 ma plate current. 
The plate current of two tubes will be 
3.4 ma and the drop in the common re- 
sistor, R14, will be 110 volts, from 360 
to 250. This means that R14 should be 
about 33 K. 

Now we must digress a moment to 
consider the voltages involved in the 
inner feedback loop. The purpose of 
this loop is to reduce the plate resistance 
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mum signal; which means the peak 
drive to each grid for maximum output 
also needs to be 29 volts. 

Drive Stage; Inner Loop 
The 12AU7 tube, shown in the drive 
stage, is similar to the 6SN7 except that 
it happens to be of the miniature type. 
In the article on the design of phase in- 
verters it was found that a floating 
paraphase circuit could quite successfully 
provide a drive of about 29 volts to each 
output tube grid with a plate supply of 
250 volts. We can obtain a good safety 
margin here by utilizing the plate supply 
for the 6L6's for the B+ to the 12AU7 
tube, which is 360 volts. This will 

8+2 8+3 13+4 

Fig r. Schematic for a feedback ampli- 
fier, whose design is developed in the 
text. The inner feedback loop uses com- 
ponents C8, C9, R9, Rio, R15 and R16. 
Over-all feedback loop uses R2 and Rzo. 

of the output stage to a point at which 
variations in output load impedance will 
not cause appreciable changes in the 
outer -loop feedback, thereby improving 
stability under varying load conditions. 
The plate resistance of the tubes is not 
listed, because it varies widely over the 
operating distance of the load line. A 
good estimate, however, would be that 
its average value throughout a signal 
cycle will not vary much more than 
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20- 

15- 

Fig. 2. This alignment chart is useful 
for computing the performance of feed- 
back loops over two stages, or using two 
reactances contributing to rolloff at each 
end of the response. Use of a straight- 
edge across the scales gives all the in- 
formation necessary to evaluate either 
low -frequency or high -frequency re- 
sponse. Diagrams show significance of 
quantities for high -frequency rolloffs. 

about five times the optimum load 
resistance. Thus, if we can reduce this 
effective ratio by 5:1, using the inner 
loop, a change of load impedance from 
optimum value to open circuit will only 
change the outer -loop feedback by a 

2:1 factor. This is an economic point 
to choose: further reduction will make 
unreasonable demands on the drive stage 
that will not produce commensurate 
advantage in the outer -loop stability; 
less reduction will sacrifice much in 
potential outer -loop stability. 

Having settled that we need a 5:1 
gain reduction by this inner loop, we 

can figure values and voltages. A 
gain of 13 from grid to plate of 12AU7 
means that its grid -to -cathode swing 
has to be 29/13 = 2.2 volts approxi- 
mately. To reduce gain by 5:1, the 
grid -to -ground voltage must be 5 X 2.2 
= 11 volts, while the cathode -to -ground 
voltage will be the difference, 8.8 volts. 
To get 8.8 volts across the cathode re- 
sistors, R9 and R10, from the 325 volts 
on the output tube plates, the feedback 
resistors R15 and R16 must be 2.2 K X 
325/8.8 = 81 K. The nearest preferred 
value is 82 K, which will be close 
enough 

A voltage of 325 across a resistance 
of 82 K works out to almost 1 watt 
peak dissipation, so 1 -watt resistors 
should be used. This indicates that these 
feedback resistors will absorb about 1 

watt of available output, so if the out- 
put transformer is reasonably good, 
there should still be 20 watts left at 
the secondary. 

The left-hand half of the 12AU7 

o 
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will get its 11 volts grid -to -ground 
drive from the previous stage, but the 
right-hand half gets it from the floating 
paraphase junction. 

The junction of the three plate re- 
sistors coupled to the grid of the second 
half of the 12AU7 by C5 has to produce 
a swing of 11 volts to match that 
of the first half; this must be produced 
by having the plate current swing of 
the first half greater than that of the 
second half by a sufficient amount to 
produce 11 volts swing in R14. 

With our assumed plate -load resistors, 
100 K, and a plate swing of 29 volts, 
each tube should have a swing of about 
0.35 ma. To get a swing of 11 volts 
across the 33-K resistor R14, we need 
a difference in swing of 0.33 ma. If 
we choose values such that the aver- 
age swing is 0.35 ma, and the difference 
in swing is 0.33 ma, we will need a 
swing of 0.52 ma on the first half 
tube and 0.18 ma on the second half 
tube. This you can figure by algebra or 
by any method you prefer. 

The first, or left-hand, half of the 
12AU7 must produce 29 - 11 volts 
across R12, because the 11 volts is 

in phase with this output; the current 
swing is 0.52 ma, so R12 should be 
18/0.52 = 35K. 33 K at 5% would 
be near enough. For the right-hand 
half, the current swing is to be 0.18 ma; 
the voltage swing, 29 11 = 40 
volts, so R13 must be 40/0.18 = 220 
K. This *ill provide equal drive for 
both output, grids. The operating con- 
ditions of the two halves of the 12AU7 
will differ slightly, but any residual dif- 
ferences can now be taken care of by 

feedback, using close-.çolerance values 
for resistors R9, R10, f15, and R16. 

Thus we have now calculated the im- 
portant values associated with the 
12AU7 and 6L6 tubes. The grid re- 

sistors, R18 and R19, can be 330 K. 
This will be an approximate compromise 
between shunting down the 12AU7 too 
much and providing too high a re- 
sistance in the grid circuits of the 6L6 
tube. The grid resistor, R11, can be 
1 Mil, to avoid shunting to any appre- 
ciable extent the 11 volts provided 
by the difference current. We shall con- 
sider R8 in the design of the 12AX7 
amplifier stage. 

First Stage; 
Over-all Feedback 

Turning to the 12AX7 data we find 
that, with a plate resistor of 100 K, 
a plate -supply voltage of 180 volts, and 
the following grid resistor of 470 K, 
each tube section gives a gain of 52 
and a peak output of 32 volts. Since we 
require only a peak of 11 volts, this 
gives a margin of approximately 3:1; 
distortion should be well down even be- 
fore feedback is applied. The cathode 
resistor recommended with the follow- 
ing grid resistor of 470 K is 2,200 
ohms. This data was obtained from the 
RCA tube manual. Similar information 

Fig. 3. Limit chart for feedback loops in which three 
reactances contribute to the rolloff of response. The ratio 
is between the rolloff acting nearest the pass band of the 
amplifier and two others about equal in cutoff frequency 
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Fig. 4. Limit chart for feedback loops 
in which four reactances contribute to 
the rolloff at one end of the response. 

could be obtained from any other 
manual, although the figures may differ 
a little, or data could be based on pub- 
lished curves as described in earlier ar- 
ticles. 

Two stages, each giving a gain of 52, 
will produce a total over-all gain of 
about 2,700. If the output from these 
stages is to be 11 volts, the input must 
be about 4 mv. 

We would like to end up with a 
damping factor of about 10. Therefore 
we must use about 20 db over-all feed- 
back, which will reduce the gain by a 
ratio of 10:1 and increase the damping 
factor, at present approximately unity, 
by 10 times. This means that we will 
need to supply a signal of 36 mv peak 
across R2 from the secondary of the 
output transformer. 

Assuming the output transformer is 
designed to match from 9,000 ohms to 
16 ohms, the simplest way of calculating 
the voltage that should appear on its 
secondary is to figure out what voltage 
gives 20 watts across 16 ohms. This is 
40 watts, since we are working in peak 
voltages, so the voltage will be 
V 40 X 16 = 25 volts, approximately. 

Again working by voltage ratio, if we 
have 36 mv across 2.2 K ohms, R20 
will need to be 25,000/36 X 2.2 K = 
1.5 Ml. 

This has given us all the resistance 
values in the circuit except R6, which 
we will consider later. 

We now know that the amplifier will 
be driven to full output by an input 
of 40 mv 'peak, which is about 28 mv 
RMS. This is quite a convenient input, 
because it will produce full output on 
some low-level inputs. We might want 
to use a preamp, however, in which case 
28 mv would be too small an input: 
most preamps have a normal output in 
the region of 1 volt. To take care of 
this we can insert a preset gain control 
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R1, for which a suitable value would 
be 250 K. 

Low -Frequency Response of 
Inner Loop 

Now we must tackle the question of 
suitable values of coupling and other 
capacitors. This is where the stability 
criterion and response factors of the 
feedback arrangement become impor- 
tant. 

First we take the short -loop feedback; 
this includes, at the low -frequency end, 
the coupling capacitors C6 and C7 in 
the feedback loop. There are then two 
sets of reactor elements in this feedback 
loop. We want to keep the response 
of this section as flat as possible, and 
roll it off fairly sharply at the end of 
a band somewhat wider than the re- 
sponse band we ultimately require. 

The charts in Fig. 2 are useful in the 
design of two -stage coupling arrange- 
ments with feedback. They give the re- 
sponse around the loop when the feed- 
back is closed. To avoid any possibility 
of transient effects, the response should 
be not less than 6 db down on the scale 
on the left-hand side of the center line. 

We are using a feedback ratio of 5:1, 
which represents 14 db. Aligning these 
two points, 14 db at the left, with 6 db 
in the center, we find that the rolloff 
ratio on the right-hand scale has to be 
almost 20. If C8 and C9 were not in 
the feedback loop - that is, if the out- 
put were taken across resistors R15 and 
R16 directly - then the rolloff would 
be 6 db down at a frequency deter- 
mined by dividing the midway fre- 
quency, between the rolloffs givén by 
C6 and C7 and their associated resist- 
ances, by the factor 2.24 ( found on 
the left-hand side of the left-hand scale, 
opposite 14 db) . 

But C8 and C9 are in the feedback 
loop, and their reactance is included in 
series with the resistances R15 and R16 
in determining the output voltage. So, 
if the low -frequency rolloff provided by 
C8 and C9 is 20 times that provided by 

Fig. 5. Limit chart for feedback loops 
in which five reactances contribute to 
the rolloff at one end of the response. 

C6 and C7, the resultant loop response 
would be about 6 db down at a fre- 
quency 2.24 times that of the rolloff 
at C6 and C7. But at this frequency the 
reactance of C8 and C9 would be about 
9.5 times the resistance values of R15 
and R16, which means there would be 
a boost of almost 20 db, added to the 
loss of 6 db, producing a resultant peak 
of about 14 db at this frequency. 

To avoid this effect it is necessary to 
have the rolloff provided by C8 and C9 
operate at a frequency lower than that 
provided by C6 and C7. Then we shall 
be perfectly safe, and the effective roll - 
off frequency will be much lower than 
that without feedback. Therefore, we 
pick values of C6 and C7 to give a 
rolloff at 20 cps. With R18 and R19 
at 330 K, the reactance of C6 and C7 
should be somewhere around 330 K at 
20 cps. A suitable capacitor value is 
.025 µfd. 

Now we need a value for C8 and 
C9 that will roll off at 1/20th of this 
frequency, or at 1 cps. The reactance 
required is 82 K; a capacitor to give a 
reactance of 82 K at 1 cps is 2 µfd. 
Small tubular electrolytics can be ob- 
tained with a capacitance of 2 µfd at 
a working voltage of 450 volts. These 
should be quite satisfactory for C8 and 
C9. The signal -voltage swing at this 
point is 325 volts peak, so any leakage 
current is not likely to introduce notice- 
able noise in the circuit. The 14 db of 
feedback over this output loop will re- 
duce the effective rolloff point of CC 
and C7 by a ratio of 5:1, so that now 
the rolloff of these two stages will be 3 
db at about 4 cps. 

To avoid unbalance, or phase shifts 
at the low -frequency end, C5 should roll 
off well below 4 cps in conjunction with 
the 1-M11 grid resistor. A 0.25-µfd 
capacitor gives a reactance of 1 MfI at 
about 0.65 cps. This should be quite 
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satisfactory for this position in the cir- 
cuit. 

High -Frequency Response of 
Inner Loop 

The high -frequency end is not so simple 
to evaluate in exact terms. We can only 
make a guess at it. The plate resistance 
of the 12AU7 is listed at 7,700 ohms. 
This will be from each plate to ground, 
and the capacitance shunting this resist- 
ance will be that of the stray wiring in- 
cluding the coupling capacitors C6 and 
C7, which are quite small physically, 
and the grid input capacitance of the 
6L6's. This should not add to more than 
about 50 l.t .tfd altogether, which has a 
reactance of 7,700 ohms at about 400 
Kc. 

To comply with the no -transient -dis- 
tortion condition previously specified, 
we need to have a 20:1 ratio in high - 
frequency rolloff frequencies. In the 
output circuit, the 6L6 has a plate -to - 
plate load resistance of 9,000 ohms, 
which takes the form of 2,250 ohms 
from each plate to ground. The plate 
resistance will be about 10 times this 
value, or 22,500 ohms per tube. As- 
suming the amplifier is correctly loaded 
with its 9,000 ohms plate -to -plate, the 
impedance at each plate will be about 
2,000 ohms to ground, or 8,000 ohms 
plate -to -plate. This should then be by- 
passed with a capacitor that will give a 
rolloff at 20 Kc. At 20 Kc a reactance 
of 8,000 ohms would be given by a 
.001-.tfd capacitor, connected across the 
primary of the output transformer. 

Without feedback this would give 
a rolloff of 3 db at 20 Kc. The effect 
of the feedback, with the staggered roll - 

Now we can proceed to determine the 
circuit constants for the rest of the am- 
plifier to suit the 20 db feedback applied 
over-all. 

The reactances contributing to low - 
frequency rolloff are the coupling capa- 
citor C2, the coupling capacitor C4, the 
pair of coupling capacitors already con- 
sidered, C6 and C7, and the primary 
inductance of the output transformer. 
Thus the main feedback loop has four 
reactance stages that contribute to low - 
frequency rolloff. This means we can 
use the limit chart of Fig. 4 to determine 
the ratio of rolloff frequencies to be 
used ( Figs. 3 and 5 are similar charts 
for three and five reactance stages, re- 

spectively) . These charts give the ratio 
by which one cutoff frequency should be 
nearer the pass band of the amplifier 
than the remaining ones, in order to 
determine the criterion of stability and 
also the point at which peaking begins 
to occur. 

If we can make one of the RC net- 
works have a rolloff frequency about 50 
times higher than the remaining three, 
we shall almost avoid peaking com- 
pletely, and have a very good stability 
margin. As we have already made the 
output end of the amplifier look like an 
arrangement with a rolloff at 4 cps, we 
can proceed to make the rest of the 
amplifier look like this and arrange for 
one capacitor to roll off at 200 cps. 

The primary inductance of the out- 
put transformer should not show a loss 
of more than 3 db at 4 cps at low levels, 
if it is not to distort at 20 cps, because 
pentode tubes run into distortion quite 
quickly with elliptical loads. If a high - 
quality output transformer is being used 
to avoid this distortion, the inductance 
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Fig. 6. The complete amplifier circuit, 
with circuit values and voltages shown. 

off arrangement, is to increase the roll - 
off frequency to about 9.5 times 20 Kc 
for 6 db loss, or 190 Kc. There will 
then be no detectable loss at 20 Kc. 

Low -Frequency Response, 
Outer Loop 

We have the last two stages designed, 
complete with feedback, to give rolloffs 
of 3 db at 4 cps and 6 db at 190 Kc. 

360V +270V 

16A 

of the transformer should be satisfactory. 
It remains to set the rolloff provided 

by C4 at 4 cps also; a value of .08 p.fd 
will provide a slight margin for error 
in tolerance. 

Finally, we utilize C2 to provide the 
earlier rolloff at 200 cps. C2 should 
then be .0015 l.tfd, which gives a 

reactance of 520 K at 200 cps, again 
allowing a slight margin for tolerance 
error. 

Does not this mean the entire ampli- 
fier will now roll off at 200 cps? The 

feedback provided is 20 db, so this 
will extend the rolloff downwards, by 
a factor of 10:1, to 20 cps. The rolloff 
at 20 cps will be considerably sharpened 
by the fact that it is not a single re- 

actance rolloff, but that by now the 
other three reactances around the loop 
are contributing. It is a good feature to 
have a s$irp rolloff below 20 cps to 

filter out Fumble and other undesirable 
effects. 

The 12AX7 stage will give an output 
of 32 volts peak successfully. The signal 
handled by the first tube section is 

normally only 52 X 4 mv peak, a little 
more than 200 mv. When the feedback 
disappears, because of the reactance of 
C2 at 20 cps, the voltage swing at the 
plate of the first half of the 12AX7 
will rise to about 10 times this value, 
or a little over 2 volts, which is still 
well within the voltage -handling margin 
of the tube. 

We can see now why C2 is the best 
place to put the smaller coupling capac- 
itor. If C4 were used for this extra 
rolloff purpose, the signal amplitude at 
the plate of the second half of the 
12AX7 would also be multiplied by 10 

times at the bottom end of the frequency 
band, and there is not enough margin 
to allow for this. The signal there is 

already 11 volts peak; 10 times this 
would raise the signal to 110 volts peak, 
which the 12AX7 should certainly not 
be expected to deliver. 

High -Frequency Response, 
Outer Loop 

Applying the same reasoning to the 
high -frequency rolloff, there are four 
high -impedance points that will be 
shunted by different capacitance values: 
the first and second plates of the 12AX7, 
each plate of the 12AU7, which is in 
push-pull, and the plates of the 6L6's, 
also in push-pull. 

The effective rolloffs of the last two 
have been modified by the inner -loop 
feedback arrangement so that both are 
effectively at 190 Kc. The plate resist- 
ance of the 12AX7 is quoted at 62.5 
K, but for a higher operating level than 
is used here. An estimate of 100 K 
should be safe for this condition. The 
total capacitance in the grid circuit of 
the first 12AU7, with 14 db feedback 
effective, should not be more than about 
10 l,tltfd, which has a reactance of 100 
K at about 160 Kc. This is reasonably 
consistent with the pattern so far. 

Applying the same method as that 
used at the low -frequency end, the plate 
circuit of the first half of the 12AX7 
should have a rolloff at about 1/50th 
of 160 Kc (taking the lower figure) , 
or 3.2 Kc. A capacitor to give a re- 
actance of 100 K at 3.2 Kc is 500 
µµfd; this we put across the second - 
stage grid resistor. With 20 db feedback 

Continued on page 45 
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AMPLIFIER DESIGN 
Continued from page 30 

the rolloff frequency will be pushed 
out to around 32 Kc. 

We now have an amplifier with a 

response sensibly flat from 20 cps to 
beyond 20 Kc, and with a total of 34 
db feedback in the two loops, which 
is fully effective from 200 cps to 3,200 
cps. Beyond these frequencies the 
amount of feedback available rolls off 
slightly, but there is still not less than 
14 db feedback over the output stage 
to the extreme limits of the band. As 
we have taken careful steps to see that 
the distortion in the absence of feedback 
is at a minimum, the amplifier should 
give very good performance. 

Power Supply Components 
The only components we now have left 
to specify are those in the power supply. 
R6 and C3 must reduce a supply voltage 
of 270 ( the same as that for the output 
tube screen grids) and provide some 
decoupling. The B+ voltage we need 
for the 12AX7 tube is 180 volts, so we 
can allow a 90 -volt drop in R6 at a 
total current drain of 1.2 ma (0.6 ma 
for each tube section) . R6 is accord- 
ingly set at 75 K. In practice 68 K 
will serve, because the voltage here is 
not critical. C3 can be 8 j,t,fd, 350 volts 
working; this will give a reactance of 
less than 20 K down to 1 cps, and hence 
cannot interfere with the rolloff fre- 
quencies we have just calculated. 

The cathode bypass capacitor Cl, 
which is across 2.2 K, should be not less 
than 100 f.tfd, 25 volts working. This 
will give a reactance of less than 1,600 
ohms down to a frequency of 1 cps. 

For the B+ supply we need a maxi- 
mum of 360 volts at a total current 
drain of about 125 ma. This can be 

qM ír''T P+iF 
A,1111111.- 

provided by a power transformer with 
a 350-0-350 secondary winding, a 5U4 
rectifier, and a capacitor -choke -capacitor 
filter, the design of which has been dealt 
with elsewhere in this magazine.' 

This article has discussed the com- 
plete design of a feedback amplifier, 
and has introduced all the factors to be 
considered, as painlessly as possible. 
From this it will be seen that, taken 
step by step, there is nothing very 
difficult about the design of such an am- 
plifier. In the next article of this series, 
we shall take a step further and con- 
sider special kinds of output arrange- 
ments and the design factors involved 
in getting the best out of these circuits. 

'Marshall, Joseph. "Practical Audio Design". 
AUDIOCRAFT, Jan., Feb., Mar., 1956. 

New HIGH FIDELITY Releases 

sl+ JOHN }MRRIROIU 
1lALLE c RCN 
AMMO 11101810 

taliCtiAk 

WORLD PREMIERE RECORDING 

VAUGHAN WILLIAMS Symphony No. 8 in 

D Mina- BUT-ERWORTH A Shropshire Lad; 
BAX Garden :.f Fand. Halle Orchestra, Sir 

John BQbirol.1, conducting. MG 50115 

BEETHO',EN Symphony No. 4 in B -flat; Sym- 

phony Pb. E in F Major. Minneapolis Sym- 

phony, . nta Dorati conducting. MG 50100 

M\RCIE, for 

TPIRU 

MARCHES FOR TWIRLING-music for baton 

twirlers. =asttman Wind Ensemble, Frederick 

Fennell cand'jc ng. MG 50113 

HIGH FIDELITY 

CLASSICS 
LIVING PRESENCE 

DEBUSSY La Me-; Iberia; Prelude to "The 
Afternaoi of a Faun". Detroit Symphony, 
Paul Pcrsy cor ducting. MG 50101 

+uin tllH 
A9MAA ROCIï51 R s NY OR,Ii151 

5E5510115 The Black Maskers; HOVHANESS 

PRELUCE AND QUADRUPLE FUGUE; LO 

PRESTI Ile Masks. Eastman -Rochester Or- 

chestra, I-owprc Hanson conducting. 

MG 50106 

A.MERICA'S BEST SELLER 

TCMAI 
1812 Eerirol Overture 1«:giro' renna 
with ,,noon and Mlle): capriccio I,elien. 

SPIMRKLING HI-FI SOUNDS 

THE SPIRIT Or ',A 
,., la, FIFES end DRUMS eared open 

the field Magi, el the U.S. ARMY tee- 
the Re.elalienary Wet te the p,eRnt day. 

MO 6011E 

RUPPLUS AND PLOUNISMfl 
a, for FIELD TRUMPETS and DRUMS 

tinted open the EMI Mati, al the Armed 
atet Ira- ,he Rewl,Iimery War te 

He present day. 
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