[ 167 ]

XXVIL. A Letter to the Right Honourable
the Earl of Maccleshield, Prefident of the

Royal Society, concerning the Method of

conflruéling a Table for the Probabilities
of Life at London, from the Reverend
William Brakenridge, D. D. and F.R. S.

My Lord,
Read April 24, OUR charaéter in the philofophi-

1755 cal world, in the relation you
bear to each member of our illuftrious Society, makes
me prefume to offer my thoughts to you, on a.very
interefting fubjet, the probability of human life
from the bills of mortality. For as it has fome dif-
ficulty, and requires an accurate examination of many
circumftances, I could not poffibly fend fuch calcu-
lations to any one who underftood them better, or
could more quickly difcover any miftake, or falla-
cious reafoning ; and I hope your ufual goodnefs,
and indulgence to every induftrious inquirer will ex-
cufe me, that I give you this trouble.

The great Dr. Halley, who had a fingular faculty
of applying his mathematical knowlege to the pur-
pofes of life, was the firft who particularly attended
to this fubject. In the year 1692, from the bills of
mortality at Breflau, he reduced it into a fort of
fcience ; and gave a table of the probabilities of
life, that hitherto has been juftly efteemed the moft
exact of any thing of the kind; from which he and
others have deduced many propofitions, that are

2 highly
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highly ufeful. But a doubt having arifen, whether
that could properly, or with any accuracy, be ufed
by us at London, as we are in a different country,
and perhaps in a different way of life, I have been
at fome pains to inquire into this, and fatisfy myfelf
about the objections. And I imagine, that I can
now thew how that table may be altered, to fuit our
cafe with {ufficient exactnefs. '

'In the London bills of mortality, for the laft 30
years, there is always added an account yearly of the
number of burials under each age, at the diftance of
ten years, and of children more particularly under
two years, between two and five, and between five
and ten ;-which numbers are curious and ufeful. And,
I believe, though there may fometimes be fome in-
accuracies and omiffions, thefe numbers are as ex-
ally given as in our cafe can be expetted : and what
may be objected, is not fo much to the incorrectnefs
of them, but to what arifes from our circumftances,
that will not allow them to be proper, to thew the
probabilities of life in all its periods.

As I am inclined to think, that no table can be form-
ed from them, as they are at prefent, that will be fuf-
ficiently accurate above 20 years of age, I thall make
{ome obfervations that feem to thew this, before I pro-
ceed to what I have propofed. And that we may have
2 more accurate view of the numbers, and be able
more certainly to reafon about them, let us take the
fums-of all the burials under each age, for the laft
ten years, from 1744 to 1753 inclufive ; and then
the tenth part of thofe fums will give, at an average,
the burials at each particular age in a year: And

they will ftand as in the ad column of the annexed
table.



[ 169 ]

table. Of which the fum for one year is 22867,
But if we fuppofe, that there are 2000 more burials
yearly than in the bills, on account of difienters of
all denominations, and thofe burials that are carried
out of town, and not accounted for, as has been
mentioned in my letter laft year, concerning the num-
ber of inhabitants ; the whole number of burials will
then be 24867 yearly. And we muft t ke the pro-
portional parts of 2000, and add them to the num-
bers of burials at the different ages, which will give
all the burials at each; and the numbers fo aug-
mented will ftand as in the 3d column. And if we
likewife take the numbers of the dead, at the fame
periods at Breflau, they will be as in the 4th column,
The numbers in the firft denote the years.

2 8110 8819 202

2— § 1845 2006 88

§—10 741 805 37

10—20 682 741 61
20—30 1904 2070 69
30—40 2301 2502 87
40—350 239% 2604, 101
§0—60 1881 2045 103
6o—70 1481 1610 101
70—80 1053 114§ 97
8o—go 474 sty 33
Sums 22867 24862 999

Now when we confider the feries of numbers, re-
prefenting the dead at London, it feems plain, that
above 20 years of age it is unnatural; and therefore

VoL. 49. Z cannot
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cannot be a true reprefentation of the probability of
life. In the age between 20 and 30 there appears to
die near three times the number, that die between 10
and 20, For the numbers are as 2070 to 74.1; which
cannot poflibly be from the natural decrements of
life ; becaufe we generally fee, that people between
20 and 30 are nearly as healthy and vigorous, as be-
tween 10 and 20; but it muft neceffarily arife, from
the great increafe of the number of the people at
that age, by the acceflion of ftrangers. And then,
on the contrary, above the age of 50, the numbers
feem to reprefent the decrements of life flower, con-
trary to the natural courfe : For the numbers of the
dead after that age continually decreafe. From 40
years of age to §o they are 2604, but in the three
following decennial periods they are as 2045, 1610,
1145 ; that is, in the more healthy ages there are
more burials, than in the moreinfirm and unhealthy ;
which is not to be accounted for without {uppofing,
that great numbers retire after the age of 5o into the
country. For after that time, as infirmities and dif-
eafes greatly increafe, the burials ought at leaft not
to be fewer, till the number of people is nearly ex-
haufted. And indeed it is evident to common ob-
fervation, that a great number in advanced age retire
from the town; from which it muft follow, that the
numbers of the dead cannot give a true reprefenta-
tion of the probability of life. :
If, in the next place, we compare the numbers
of the dead, in the feveral periods at Breflau, with
thofe at London, we fhall plainly fee, that the former
fhew the decrements of life in a natural and regular
way, and free from the above difficulties and objec-
tions.
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tions. In the infant ftate, under 2 years of age, there
is one-fifth loft by death; but afterwards, as they
gather ftrength, the deaths are diminifhed till be-
tween 10 and 20; and from that age the mortality
gradually increafes, till after the age of 40; when
the number of the dead continues nearly the fame,
though the probability of life continually decreafes
till the age of 80 ; and then at length, the living be-
ing almoft all exhaufted, the burials are greatly di-
minithed. All which feems to be agreeable to the
courfe of nature; but, contrary to what we fee in
the London bills, efpecially after §o years of age, as
we have already obferved. However, they both agree
in this, that the moft healthy age is between 10 and
20, and the infant ftate under 5 years of age the
moft uncertain for life.

But indeed it muft be acknowleged, that in com-
puting the Breflau table, Dr. Halley had great ad-
vantages, which have made it fo perfet. He had
the number of births given, befides the burials at
the different ages, in an inland town, where there is
no great concourfe of ftrangers. But with us at
London the number of births is not known; be-
caufe of the number of diffenters of various deno-
minations, both foreigners and natives, of whofe
baptifms there is no account taken; which makes
our bills at prefent very imperfect. For none are put
into our bills but thofe who are baptized, according to
the form of our eftablithed church. And therefore
there are fome thoufands omitted, and yet many,
perhaps the one-half of them, who are not baptized
with us, bury with us; which greatly perplexes our
bills. And under this difadvantage it appears very

Z:2 difficult
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difficult, to make an accurate computation of the de-
crements of life through the different ages; though
this defe& 1 imagine I fhall be able nearly to fupply.
But I think, without examining the feries of num-
bers refulting from our bills, if we only confider the
circumftances of our great Metropolis, we thall plainly
fee, that above 20 years of age there can be no de-
pending on the number of our burials, fo as to com-
pute the probability of life. For after that age, there
is fuch a multitude of ftrangers come here, from
all places; fome to fettle for life, others to ftay for
a time to acquire fome fortune or employment, and
others only to remain a few years or months, that our
burials are always in a fluctuating ftate. Servants,
journey-workmen, and young people, that are to
puth into life, generally come at that age; fome of
which come only for two or three years; and then,
if they furvive, retire again into the county; all
which occafions fuch a great number of accidental
burials, that it feems plain, that our bills cannot be
fo regular as to fhew the probability of life above
20 years of age. And therefore, by the way, it
may be obferved, that the greateft number of peo-
ple is between 20 and 30; for at that age there is
above 160000, that is, above a fifth of the whole;
which is twice the number that is between 10 and
20.  And thus, Ithink there are fo great objections
to our bills, in the ages above 20, that they feem to
me to be improper, to make any computation of the
value of lives from them. And it were to be wifhed,
that fome inland town could be found in England,
where there was kept an accurate regifter of births
and burials, with the ages of the deceafed, and where
there
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there is no great confluence of ftrangers; or rather
that a dozen or twenty parifhes, contiguous to one
another in the country, could be found to keep fuch

a regifter ; for that would be of more general ufe.
There have indeed been fome ingenious men who
have thought, that our London bills are corre&
enough to form a table from them, which may bet-
ter agree with our circumftances, "than that which
Dr. Halley has given us. And Mr. Smart was the
firft who endeavoured to do fomething in this way,
from our bills only, about 18 years ago. But, in
the table made by him, he feems to have been greatly
miftaken; for he has made no allowance for the
acceflion of ftrangers, but confidered the numbers of
the dead, in all the periods of life, as all come from
thofe born here; whereas it is evident, that the
ftrangers, above 20 years of age, are at leaft equal to
them. And this has brought this paradox into his
table, that young people between 12 and 18, at Lon-
don, are much more healthy than at Breflau, or in
any country place in England. For according to
him, in the 13th year, 2 die only out of 479 ; but
at Breflau there die 6 out of 634 ; that is, there is
double the number die more at Breflau than at Lon-
don; which appears impoflible. But between 30
and 40, he makes them much more unhealthy than
they are; for at 40 he fuppofes one to die m 29;
whereas there does not die above one in 30, all ages
taken together, with infants included, as I have
thewn in my letter latt year. Another ingenious
gentleman, having feen this inconfiftency, has endea-
voured to correct it, by fuppofing that the number
of ftrangers that come to fettle in town, after 25 years
of
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of age, is inconfiderable ; and that above that age,
the numbers of burials may be confidered, as arifin
from the natural degrees of mortality; and then by
proportion, increafing the numbers of the living cor-
refponding to all ages below 25; fo that the table,
altered in this manner, is the fame with Mr. Smart’s
above that age. And it muft be confefled, that this
corre&tion is very proper, and worthy of its au-
thor. But ftill the table is greatly defeGtive, as he
has made no allowance for the recefs of great num-
bers, who after they have been a number of years
in town, leave it, if they furvive; and of man
others who, after the age of 5o, retire from bufinefs
into the country. And which is fo very obvious,
that our burials are fewer, than by proportion they
ought to be after §o years of age, as I have men-
tioned above, and by confequence the people ap-
pear more healthy after that age; fo that after 70
they feem more healthy than at Breflau. For at 7§
there appears from this table to die 4 out of 45,
whereas at Breflau there die 10 out of 88.

And that a great number retire from the town, after
the age of §o, or before, is farther evident; if we
fuppofe, even according to this correted table, that
one in 24 die at the age of §0. For then the num~
ber of people alive, between 40 and 5o, will be
greater than 2604 multiplied by 25, or 65100; which
ought to be exhaufted by all the deaths in the fubfe-
quent periods. But all the deaths which ought to
arife from that number of living, in the followin
years to 90, according to the bills in the 3d column,
is 4314 multiplied by 10, or §3150; which is lefs
than the people that were alive between 40 and 5o,

by
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by 11940, or more. And therefore above 11000 of
thofe between 40 and 5o, muft have retired from
town.

But now, as our bills are defetive, it is next to be
confidered, what we at London are to do at prefent,
and what method of computation we are to follow ?
And I imagine it is very obvious what may be done.
Our bills may be ufed fo far as 14 or 20 years ; for
there is certainly no increafe of our people till the
age of 14 ; becaufe few young people come to town
till they are fit to be apprentices or fervants. And be-
tween 14 and 20, though many come at that time,
yet there is an emigration of a great number from
hence to fea, to other countries, the univerfities,
and country academies, that nearly balances the ac-
ceflion of ftrangers. And then, after 20 years of
age, I believe the Breflau bills will be fufficiently cor-
rect, to fthew the probability of life within and about
the city. And if fo, a table may be made from both
bills, that will agree with our cafe here with {ufficient
exactnefs. For I cannot find, that there is any dif-
ference in the bills, above the age of 20, that can be
depended upon. And I fee no reafon why our air
fhould not agree, as well with thofe in advanced life,
as that at Breflau, and our people be equally healthy.
And this is not mere conjecture; for, as far as I can
examine into it, a variety of things feem to con-
firm it.

reflau is nearly in the fame parallel of latitude
with London, and therefore their feafons cannot be
very different ; and it is a large town, containing
above thirty thoufand inhabitants, according to Dr.
Halley; and fo the air, and circumftances of life, can-

not
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not be fo conducive to health as in the open country.
And confequently unlefs all great towns that are lefs
than London, and nearly in the fame latitude, are
more healthy, there can no reafon be given why
Breflau fhould be fo. It is true it cannot be demon-
ftrated, that they are equally healthy, to perfons above
I4 or 20 years-of age; but when we fee the tables
that have been made from our bills, and obferve the
inconfiftency that appears in them, which is owing
to the fluGtuating ftate of our city ; we fee no reafon
to think otherwife, and we rather feem to have fome
prefumption that it is fo. Becaufe, if we look into
Mr. Smart’s table, we find, that he has made the
people more healthy between 12 and 18, and after
70 years of age, than at Breflau; and yet more un-
healthy in the ages between thefe periods; which
feems to be near to a contradi¢tion: For why they
thould be more unhealthy in the intermediate years, 1s
not poffible to be accounted for. One would rather
think, that if in the extremities of life they were
more healthyat London, they could not be lefs healthy
in the middle, and ftronger part of it. Or, if we
confult another form of this table ingenioufly cor-
reCted, we fee, that people appear ftill more healthy
after 7o than at Breflau ; which feems to be incon-
fiftent with their being more unhealthy in younger
life. For one would imagine, that the inclemency of
any climate or place thould affe¢t people more with
- the infirmities of age, than thofe that are younger,
and yet in their vigour. But if we account for this
variation of the table, by fuppofing, that after the
age of §o, many retire from town, as I have men-

' tioned

2
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tioned above, this will deftroy the whole hypothefis,
upon which the table is formed.

If we fuppofe that one in 34 die at Breflau in
the year, as appears from Dr. Halley’s table, and one
in 30 at London, this difference does not thew, that
the probabilities of life in both places are not the
fame above 20 years of age; for it may be fully ac-
counted for, from the different probabilities under
the age of 4. Becaufe every year, at London, there
dies one-fourth of the infants, under 4 years of age,
more than at Breflau ; which, without confidering
the other differences that may be between that age
and 1§, will more than account for the difference I
have mentioned. At London the proportion of one
in 30, comprehends all, as well ftrangers as natives ;
but at Breflau the proportion of one to 34 is only to
be underftood of thofe that are born there. Mr.
Smart, in his table, has made the proportion among
thofe that are born at London to be one to 24, and in
his table corre¢ted it is made as one to 19 ; but in
the table that I have conftru®ed from the Breflan
and London together, it is one to 21,5 ; which is a
medium between them.

If it be faid, that from our bills the infant ftate,
under the fifth year, certainly appears more un-
healthy than at Breflau, and therefore probably it is
fo in advanced life: It may be anfwered, that poffi-
bly our grofs air may not fuit fo well with infants,
and yet may agree well enough with them after they
become ftronger; as we fee fome forts of food are
improper for the infant ftate, and yet do very well
when nature comes to maturity. And it may likewife
be alleged, that perhaps we are in a bad way of

VoL. 49. Aa managing
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managing of them, that many are deftroyed, with
fleepy and poifonous cordials, and others loft thro’
the want of care and tendernefs, or wickednefs of
our parifh-nurfes; for 1 know that there is not one
in five {urvives their management. :

And thus, from all thefe confiderations, I think it
may be allowed, until it is otherwife demonftrated,
by bills formed in a different manner from what we
have at prefent, that the probabilities of life are much
the fame at London as at Breflau, at the age of 20
or after 14. And if we take this for granted, we
fhall from thence be able to form a ufeful table, for
thofe within our bills, by accommodating and join-
ing the bills of both places together. And we may
alfo nearly determine the number of infants born
here, which hitherto has not been confidered.

To find the number of births, by which I mean all
thofe that are born alive, fo as they might have been
baptized, we muft have the number of burials known,
at leaft in the feveral periods, till the 2oth year; viz.
under 2, between 2 and 5, between ¢ and 10, and
between 10 and 20, And it is evident, if we fup-
pofe no acceffion of ftrangers, that the number of
living in any one year will be equal to the difference
between the births, and the fum of all the fubfe-
quent burials at each age till that year. The num-
ber of the living in any one year is eafily known, if
we fuppofe the probability of life to be the fame as
at Breflau; for then the number of dead there will
be to the number of living, as the dead at London
to the living. 'Thus in the 20th year the dead and
living at Breflau are as 6 and 598, and the dead at
London are 73, or more exally 72, 88; therefore

2 the
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the living muft be 7263. The dead in the inter-
mediate years at London may likewife be found, by
means of Dr. Halley’s table. For, by proportion, if
the dead at Breflau from the age of 10 to 20 com-
plete be 61, and in the 20th year 6, and the dead
at London for the fame period be 741 ; then will the
dead in the 20th year be 73. And therefore if the
living at London, in the 20th year of their age, be
fonnd to be 7263 ; this muft be equal to the num-
ber of births, having fubtracted from them all the
dead in each of the preceding nineteen years. And
confequently if we put x for the number of births,
we fhall have this fimple equation,

x — 8819 ~— 2006 — 805 — 741 4 73 = 7263 ;
and thence the number of births x = 19561. And
the fame number would have been produced from
any intermediate age, between 12 and 20. So that
if we could be certain of the number of the dead,
there could be no doubt but, that 19561 would neaely
at an average for ten years, be the whole of the
births yearly. And this is greater than the number
of baptifms known 14626, taken likewife at a me-
dium, for the fame ten years, from 1743 to 1743 in-
clufive, by the number 493 5.

From which, by the way, we may fee, as this
difference between the births and baptifms muft
be occafioned by diffenters, that the number of
fuch of all denominations, both proteftant and po-
pith, with the Jews, do not make above one-fourth
of the whole of the people within the bills of mor-
tality; and confequently that the proteftant diffent-
ers, exclufive of Quakers and Jews, are not above
an eight part of the whole. And we may alfo ob-
ferve, that as the difference between the births

Aa: 19561,
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19461, and buiials 24867 is §306, there muft be
a conftant fupply, yearly, of at leaft 5000 ftrangers,
to keep up the people within the bills, to their pre-
{fent number : And the births are to the dead yearly,
about 4 to 5.

If we had, in the fame manner, computed the
births from Mr. Smart’s correted table, they would
have been found to be 17992, thatis, 1569 fewer
than we have made them. And if from thence we
had calculated the number of people living to 20
years of age, and afterwards, by proportion, to go,
the whole number of people within the bills would
have been about §2to00; which is above 150000
fewer than any other reafonable calculation can
make them ; which I think clearly fhews, that the
hypothefis upon which that table is founded muft be
wrong, and that what I have laid down above is nearer
to the truth.

Now, from the births found 10461, and the
numbers of the dead in the different periods
known by our bills, it will be eafy to form atable of
the decrements of life ; becaufe the dead in the in-
termediate years may be found by what has been
faid above. And accordingly I have computed the
following, which is cenftructed from the London and
Breflau bills together ; which I think is a furer me-
thod of computing for us at London, than from
either of them alone. The firft part to the 21t
year, is done from our bills, and the other part from
the Breflau; but it is formed in fuch a manner, that
it goes on as if from the bills of one place only. For,
after the age of 20, it is continued by proportion, by
making the dead at London in the decennial periods,
to have the fame ratio to one another as the dead at

Breflau.
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Breflau. It fuppofes 1000 perfons born in one year,
and fhews the annual decreafe of them by death till
87 years of age, which may be confidered as the ut-
moft period of life. The intermediate numbers,
marked d, thew the dead in each year. The ufe of

this table is well known to all who can compute the
value of annuities for lives.

Age. Perf. | Age. Perf. | Age. Perf. | Age. Perf.
I 1000 |14 394 |27 344 |40 277
3234 44| 4d 6d
2 677 115 390 128 340 l4r 271
127 d 4d 5d 4 76:[
3 550 |16 386 |29 335 |42 265
454d 834 54§ 6d
4 5OF |17 3°3 |30 330 43 259
324 g 4d cd 6d
5 473 1o 379 T 325 2
264 4d 3 cd 4 524
6 447 1319 375 132 320 .45 247
134 3d 5d éd
7 434 |20 372 |33 315 |46 241
od 4d 5d 6d
8 425 |2r 368 134 310 {47 235
7d 4d 5d 6d
9 418 [22 364 135 305 |48 229
6d| 4d 6d vd
10 412 |23 360 |36 299 l49 222
6d] 4d 6d 7d
11 406 |24 356 |37 293 50 21§
4d 4d 5 7d
12 402 125 352 |38 288 |sr 208
4d 4d 6d 7 d
13 398 126 348 [39 282 |42 zo1
44d 44d 5d 7d




Age. Perf, | Age. Perf. | Age. Perf. | Age. Perf.
53 194 |6z 139 |71 82 [80 26

2d 7d 7d 44
3 Igéd % Igzd 7 7;d o 2:4
& Isgd o4 ngd 73 6§d i Igd
6 w73 165 w2 I7e 6L 185 15
ZO 7] Rl P LI A
58 Ing 67 Io?d 76 4.gd 85 I;d
O A1 KL 1 R
T e A
61 14.gd 70 Sgd 79 3;d

And now, my Lord, I doubt I have made this
Letter too longs but the importance of the fubject
will, I hope, excufe me. And if I have been mif-
taken in any particulars, I muft confide in your ufual
goodnefs to forgive me; for you are fenfible of the
difficulties that occur. My endeavours, if I have not
fucceeded, will perhaps excite others, who have more
leifure, and greater abilities, to make farther inqui-
ries. 1 have fome other things upon other fubjeéts
which I fhall prefume fhortly te offer to your confi-
deration. And in the mean time I am, with the
greateft affetion, My Lord,

Sion-College, Your Lordthip’s moft devoted
April 24, 1755, and faithful fervant,
W=, Brakenridge.

XXIX.
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It fuppofes 1000 perfons born in one year,

and thews the annual decreafe of them by death till
8~ years of age, which may be confidered as the ut-

moft

period of life.

The intermediate numbers,
marked 4, fhew the dead in each year.

this table is well known to all who can compute the
value of annuities for lives,
Age. Perf.

1 1000

2

SN B W

10
X

I2

13

3234
677
1274
550
45d
505
32 d
473
26 d
447
134
434
9d
425
7d
419
6d
413
6d
407
4. d
403
4.d
399

4d

Age. Perf.
14 395
44d
I5 391
4d
16 387
3d
17 384
ad
18 380
4d
19 376
3d
20 373
4d
21 369
4 d
22 363
4d
23 361
4d
24 357
4d
25 353
4d
26 349
4d

Age. Perf.

27 345
41

28 341
5d

29 336
5d

30 331
5d

31 326
5d

32 321
5d

33 310
5d

34 311
5d

35 3090
7 6d

36 3c0
6d
37 254
5d

38 289
6d

39 283
5 d

The ufe of
Age. Perf.
40 278

éd
41 272
6d
42 266
' 6d
43 260
6d
44 254
6d
45 248
6d
46 242
6d
47 236
6d
48 230
2d
49 2123
7d
50 216
7 d
51 209
7 d
§2 202
7d
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Age. Perl. | Age. Perf. | Age. Perfl | Age. Perf.
53 195 |62z 130 |71 73 |80 17
d 7d > d 4d
54 188 163 123 |v2 66 1381 13
6d 6d 7 d 4 d
sy 182 164 11 59 | 82
64 + g d 73 7d ? d
§6 176 65 11r |74 52 |83 6
6d 6d 6d 2d
§7 170 |66 T05 |75 40 84 4
6d 64 6d 1d
58 16 6 99 |76 o |8
” é d 4 7d 4‘6 d ’ 2 d
59 158 |68 92 177 34 (86 2
. o6d 6d 64 1d
6o 142 |69 86 {78 28 |87 T
6d 6d 6d
61 136 |70 8o (79 22
64| 7d| 5d|

And now, my Lord, I doubt I have made this
Letter too long; but the importance of the fubject
will, T hope, excufe me. And if 1 have been mif-
taken in any particulars, I muft confide in your ufual
goodnefs to forgive me; for you are fenfible of the
difficulties that occur. My endeavours, if I have not
fucceeded, will perhaps excite others, Who have more
ielﬁue, and greater abilities, to make farther inqui-
ries. I have fome other thmsrs upon other fubjects
which I fhall prefume fhortly to offer to your confi-
fideration. And in the mean time I am, with the
greateft affe¢tion, My Loxd,

Sion-College, Your Lordfhip’s moft devoted
April 24, 1755 and faithful fexvant

W, Brakenridge.
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