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180 M. A. J. Angstrém on o New Method of

. We conclude, then, from the foregoing— ]

1. That Professor Cima’s experiment 1é only another mtance
showing how easily we can mistake one thing for another, and
induce others to do the same. ) - -

2. That intuitive perception of relief may be indefinitely
increased in degree by exercise——showing that this sense follows
the same law under which we employ our other faculties.

XVIL New Method of determiningthe Thermal Conductibility of
Bodies. By A.J. ANGSTROM¥.

O the properties of matter which have been the subject of
T contiI:mgus investigation, the thermal conductibility of the
wetals undoubtedly belongs ; but our knowledge of this import-
ant element is by no means so accurate or complete as we are
entitled to expect, and the following contribution may therefore
not be uninteresting. . .

The methods hitherto used for determining the conducting
power are especially two. It has either been attempted, starting
from the formula \

o |

k Az =Q, . . . . (1)

to determine the heat which traverses a metal screen of the

thickness Az, when its two surfaces have the temperatures u

and '; or the distribution of heat has beeg observed in a
metal bar of constant temperature, the differential formula

%-%u—_-o, Y )

first proposed by Biot, being taken as a basis; in which case, as

well as in what follows, u indicates the temperature of a given

point of the bar, & the radiating power of the surface, £ the

conducting power, p the perimeter of the bar, and w its section.

The first method appears to promise no great aceuracy, and,
from a theoretical point of view, is not unobjectionable. For if
hoth surfaces are kept at & given temperature by contact with
steam or water, the conducting power of the metal screen, or,
more correctly, the value of Q, is modified to such an extent that,
as Péclet has found, the difference between various metals quite
disappears in comparison with the small conductibility which
water possesses. Péclet has endeavoured to obviate this error
by renewing, by means of a special spparatus, the layer of water
.in contact with both surfaces as often as 1600 times in a minute,
In this way this source of error must doubtless have been less-
ened, although it cannot be said to have been entirely destroyed.

* Translated from Poggendorfi®s dnnalen, vol. exiv, p. 513.
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Besides which it appears to me that a rotating apparatus which
* rubs with such velocity will itself produce heat, and hence com.
plicate or extinguish the phenomenon which is to be investigated.
The results, also, to which various experimenters have attained
by the formula (1) by no meaus agree.
If as unity the quantity of heat is taken which heats 1 kilo-
ramme of water 1° C.,, there passes in a second through a copper
gisc of 1 square metre superficies and 1 millim. in thickness,
and 1° difference in temperature between the two surfaces,

According to Clement . . . . . . . . . 0231
. Thomss and Laurent . . . . . 122
» Péclet with (friction of the surfaces) 19-11

The last value, which so considerably exceeds the first two, is
yet, as is clear from what follows, still considerably too small,

According to the latter method, which depends upon the ap-
plication of the formula (2), the process has been as follows:
bars of the substance to be investigated have been procured and
have been heated at one end until the temperature had become
stationary, and the temperature of the bar investigated at dif-
ferent parts, either by thermometers, or by the contact of a
thermo-electric element. This method gives greater accuracy
than the foregoing, but labours under the defect that it does
not give the value of £ separately, but only the ratio between 4
and %, by which means the value of the latter magnitude is
expressed in a function, namely, that of the radiation from the
surface, which is not known. Hence it is that the value of 4 is
variable, and depends not ouly on the difference from the tem-
perature of the space, but also on the absolute temperature of the
bar, as Dulong and Petit’s investigations on the law of cooling
have shown; it is thus evident that in this way only relative
values of the conducting power of the various bodies can be
obtained—and only this under the supposition that the bars
retain the same surface, and the observations be made between
the same limits of temperature. Principally by taking these
circumstances into account, have Wiedemann and Franz obtained
concordant results in their valuable investigation.

Besides the above methods, others have been used which may
be called mixed, like that of Tyndall for the conducting power of
different kinds of wood, or that of Calvert and Johnson for
metallic alloys. For these experiments short bars of the sub-
stances in question were used. They were heated at one end,
and the heat observed which during a given time they imparted
to & mass of mercury or water surrounding the other. Since n
this case, as has been already remarked in reference to the first
wethod, the specific heat of the bars and the conductibility from

K2
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the lateral faces must influence the results obtained, they could
not stand in a simple ratio to the conducting power.

§ 2.

From what has been said, it is clear that a method for the
determination of the value of  is needed by which this shall be
expressed in known magnitudes, or at any rate in such as are
more easily determined than the radiation from the surface. I
think I have found such a method by using a general formula
for the propagation of heat in a bar of parallelopipedal form,

that is, p p .
s %u
=K&% . O
dt_Kl’ Hu, . 8)

where

_k _ kp
K-_ES and H——m,

and ¢ denotes the specific heat of bar, and 8 its density.

If a metal bar be taken so long that, in determining the law
of the propagation of heat in it, regard need not be had to its
terminal faces, and if it is Aeated or cooled during fized periods, its
periodical changes of temperature must be transmitted along the
entire bar; and hence, in consequence of radiation from the sur-
face, not only will the amplitudes diminish, but the maxima and
minima will occur later at a greater distance from the points of
heating. If we suppose these periodical heatings and coolings
sufficiently long continued, so that the periods can’ develope
themselves completely, in which case the mean temperature of a
given point of the bar acquires a constant value, equation (3) s
satisfied by the assumption

2art
u=me"\/§i ® 4+ ae—8%gin (T"‘g"”’*'ﬁ)
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, 'To show the application of this formula (4), let T=24! and
assume that the bar is heated during half this time, and cooled
during the other half, and this process continued so long that
the changes become regular, If now for each minute during one
or more of these periods the temperature of the bar at a given
point is observed, for which it can be assumed that =0, these
observations, caleulated according to the method of least squares,
must be expressed by the following formula :—

vy =my + A sin (15° + B)+ B, sin (30° n+ &)
+Cysin (4% 4+ 8N +.... . . . . . (5)

For an analogous point of the bar, corresponding to 2=1, an
entirely analogous formula is obtained : —

Uy ==mg+ Agsin (15°2 + B,) + B, sin (30°a + &)
+Cosin (45048 +ovve . . . . . (B)

The constants m,, A,, 8,, &e. have other values than in the formula
(5), but stand to the constants of these formule in a definite
ratio expressed by the formula (4). Hence we have

A1 oifand B—g'=g;
2

and if we make g/=a, and ¢'l=4,

az! =gg'lP= \/ o H® H*
v E ke TR
7w _ H* H°
x Py — - — 3
\/\/K‘*‘T* +ae ek

wl?

that is,

adl =

T e @

a result remarkable for its simplicity. If in formula (7) the

value of the magnitude K is substituted, we finally obtain the
conducting power

k=03.1rf—

dort — |
+be"“’“-'sin(”f -y 4/2«T+B') :

6t _ '
+ce~8V% gin (TW ' 4/3»1"-!-/3"): )

= m W H
=V \ o+ e 2K’
and T denotes the length of the period.

in which

e )

It is then seen that H entirely disappears from the expression
for ad!, so that the value of £ is obtained expressed in the specific
heat of the body, reduced to the unit of volume, and indepen-
dent of the numerous changes to which the radiating power Is .
subject,

As now the specific heat is one of the elements most accurately
known, and which may be determined with the greatest accuracy,
there is a possibility of obtaining the absolute value of £.

The coefficients B,, B,, 8,, B,, &e. may be treated in the same
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way to obtain the value of £; but the value which is obtained
from them must, from readily explicable causes, be less reliable.
By altering the length of the periods, the accuracy of the
values obtained for k may be controlled ;' & might also be obtained
if a were known for two different periods, T, and T», without
needing the o', )
For if T, is made =»T), the two equations are obtained,

H =
. “' = g = ©Tp
H

a b —a B = s,

( (] K Kﬂ'lug' o )

which, if both the members which contain H are eliminated, give
3 wl nfaf—al

= 2 R
TV niat—a?) ®)
yet this formula for the determination of k is much less advan-
tageous than the preceding one (8). ’

3.

The utility of a method is best seen in its application. I there-
fore give a short account of some experiments which were made
on the conduetibility in copper and iron.

To determine the temperature, I preferred to use thermome-
ters, but of very small dimensions, sunk in the bar itself. To
determine the temperature of the bar on the surface itself by a
thermo-electric pile, as Langherg and subsequently Wiedemann
and Franz have done, can scarcely be applied in any other cases
than those in which the bars are very thin, which, however, is
not advantageous for the method.

Besides, in the passage of heat from the bar to the thermo-
electric element irregularities arise in the transmission of heat,
which are quite corparable to those which might result from
the cavities in the bar.

The thermometers had cylindrical reservoirs 15 to 2:0 mil-
lims. in diameter, and 15 millims. in length; they were provided
with arbitrary scales, and were read off by means of teﬁscopes.

The thickness (3 p) of the bars was 23-76 millims., and the
cavities, at a distance of 50 millims, from each other, were 2:26
millims. in diameter. As these bars were originally intended for
an altogether different investigation, they could be screwed to-

ther in a special apparatus; and thus the two united copper
ﬁrs were 570 millims. in length. '

‘The heating and cooling of the bar could be effected by altér-
nately swrrounding it with aqueous vapour from the boiler 4,
or with cold water from the vessel B*; this was effected by

* Tp ghserving the iron bar, the cooling was not effected by the nse of

cold water, but simply by radiation.
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turning the cock b, which in the position b, allowed steam, and
in the position &, cold water, to reach the bar, the section of which
is indicated in the figure by a. :

By a special investigation the following relations were obtained
between the divisions of the thermometers used :—

log #,°=log 2,°~ 018253

log #,°=log n,°+0-02120

log n,°=log n,°—0-20373

log n°=log n," — 003685

log ng°==log n,°—0-01565
in which #,° denotes the n° of the thermometer No. 1, n,° the
n° of the thermometer No. 4, and so on,

The absolute temperature of the bar needs only be known in
8o far as it is necessary to calculate the mean temperature, that
is, the temperature to which the final value of % refers; other-
wise it is enough to know the relative values of the degrees of
the thermometer, and even this is not necessary if in the obser-
vation the places of the thermometers are changed.

By a similar change another source of error 1s avoided. For
as glass is a bad conductor, it may be foreseen that the ther-
mometers do not instantaneously and completely indicate the
temperature of the bar at a given moment; it may, however, be
assumed that these small deviations will occur in an entirely
analogous manner when both thermometers are simultaneously .

. . (10)

. observed, and that if, in consequence of the unequal form, mass,

&e. of the thermometer-bulbs, a difference occurs, this can be
eliminated by the exchange just mentioned. A third source of
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error, depending on the so-called personal equation in different -
observers, can of course be removed from the results in a 5ok g
similar manner. g% £ 2 g g 2 2
§ 4 A% % h
=
After these observations I give in Tables I. and IL. tlte ob- ol | _ )
servations, or rather the mean values calculated from them, FF
Each observation is the mean of observations during 2 to 5 pe- §§
riods, in which the readings of the thermometers made before R .gfg,‘
the periods were complete and had assumed a constant character i %08 tneo im0 V&5
were always excluded from the calculation of the mean *. EEEFEEEE SR RY Er 28
Although in geueral the coefficients of the members which gS Ee 38 38 5% §% 3% 53
contain the double and threefold angle are so small that there Zo FO BS Eo, Eff, ES & i ‘
can be no hope of obtaining from them a reliable value of £, P <
they yet furnish an interesting confirmation of the theory, EE| i B . d B o & B Bud
and hence deserve to be adduced. ‘ @ s | & A S L LT
If the respective coefficients in No. 1 and No, 2 are divided g 3:] 88 ::33 ::282 ;;:88 28
by one another, the quotients obtained multiplied, and the § Ex | 98 {138 :iga 13848
square root extracted, we get £ Si | S2er gz eg 2 a2 i 2%
/3174535208 _ 6046 = fx | ¥ER238 33238 i3]
18:010. 23885 ’ s 8BS T gm . .88 .. &8mux
: _ i _ 2 fg | 22 i 3 2% | iie ne
TS 186 _y.gun5—p, /5T 05 _pogsanpt, | A e R EALLRLL LEEL UL
1-591.1-665 1-187.2969 , - p‘g la |z 28 R2238838 :1:88
which valuesare quite independent of the values of the scales of , < BRI =8 | PR RS B3 8B IS ES (1 Ew
the thermometers used. _' * £ §; 2, 1 BE .88 ;.88 Fe 58
If, fur;her, the respective angular measures are subtracted from e RS Ex _'_cg,%: PR 1133 g8
one another, weAget ’ ; d":". g_é 257 83 o8 33 cn ATy
8. AB. ag”. - Fa | 98 38 35 88 38 29 8
. o l' Q 1 ._n
25 85 37 161 43 25 ‘ £ %, 7%Y ;8% ;.83 ; 98 a3
24 340 36 10 41 44 ' 5 5| 8% (i53 ii2% iigg oo
- - = Lol N w EERE ] PR
] 24 487 36 385 42 5 o 2. 58 55 8% 23 58 88 .. 28
Meanwhile from formula (4) we have S 1S 83 58 '%g E% §§ 25 HH gg
L X e o~ ® o R 0 o HEH
. {173 = i3 En > :
f=1 =", 4 T8 i 8% 132 BB 28
.. = . = T H 2. A O b R LN NS, 00
and if the values of f, f', AB', AB" are introduced, ég §§ ;:;E §§ gg g% gg §§
1 - 1 e
‘f=16046,  fV3=15994, P=15201, af | B 1133 1128 118885
_ o S I x® HE IR - 88 83
— 940 f. 1 f . 95BO ! T _ 3 - o —
. AB=24 ‘fg 7:] ‘/s-ABb 25° 65!, v 388'=24°19; %4 | B9 §G FT S8 R 88 ;88
n agreement a8 close as can be wished. E2 | SRERFZI 58 883 88 {:38
* M. Thalén bad the goodness to help me in th ions ; hi ] T e e a
name is indicated by Th in the Tables. P mein these chaervations; his g g & B & = ? ?"“E
E. - o« .@' ?’ ~
® ®
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From the values of f and AB those of « and o are reédily
obtained according to the formule

a 2
f=¢" and A8 300:.2’,

and these values substituted in (8), in which case in the pre-
ceding example T=24 and /= 10, gives finally

k=c.5.64:0at 50° C.

§ 5.

After having exemplified in this manuer, pot only the agree-
ment of theory with practice, but also the manuer in which the
value of k is obtained, I collate in the following Table I1L all
the values of m, A, and 8 calculated from Table 1. and Table IL,
as these are the only values which require to be known in the
calculation of . ‘

Tasre II1.
Thi - —‘—Dimmee
No. mgt::'? m, A, 8. AB. L;‘;El."‘)‘d“’f g;‘;;“g.
o meters.
v. | sose |a17a7 |138 62 o 3 - miine.
1 Vo] e |00 (10 g7) B 3B Bm 100
L | 7457 | 25208 |142 212 ,
2 Lo T | Sases |117 erg| 24340 B 100
3 L | 5860 | 10710 |146 51 ,
@{ 5. | ezsz | 621 (121 37 Bt Ll 100
a@)|{1v. | 7636 | 3559 {111 83 .
L | 7703 | 17467 (128 26 ,
4 Lo e | ks |86 4| o7 2| 18m.d | 160
. | 78 | 18780 129 515 _
5 Lo | 758 1 10708 | 58 sos| 46 10|16 e.r) 10
. | 818 | 6999 394 42:3 ,
6 ({1 | ors2| 4200 |263 42 50 58116 w.£ | 100
L | 7042 | 3713 |275 874 '
7 {u. s | 1770 |230 93 %0 BT 16m-¢ 50
.| eoos | asol |25 416 ,
8 |{ i | 7406 | 1862 |238 333 87 94|16m.¢| 50
L A M

If % be calculated from the values of A and AB, collated in
the foregoing Table, in which formula (10) is used to find f, the
following results are obtained if the mean temperature of the bar -
is expressed on the Centigrade scale, and the centimetre is taken
as the unit of length. '
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Numher of Leogthof  Mean tem- k
observation,  period. perature. e
(3a 24 *.t 679 62:07 |,
3 24 *.t 629 64-00
1 24 m.t 50-0 63-44
Copper< 2 24 m.t 499 64-41
5 16 *.t 49-0 6581
4 12 m.i 465 64-97 -
le 16 *it 330 67:92
513 64:66
I 7 16 m.t 525 1114
R 8 16 m.t 541 1092
533 1103
If the value of c5==084476 is taken for copper, N
. =088620 is taken for iron,

and these values are substituted, we have finally, k,

For copper . . . - 54-62
Foriron . . . . . 977
at a temperature of 50° in round pumbers.

If therefore we suppose a metal screen of copper or iron @ cen-
timetre thick at @ mean temperature of 51° to 52° C., whose faces
differ, however, in temperature by 1°, there passes in each second of
time through each square centimetre of surface as much heat as is
necessary to raise a gramme of water

through 54°62 C. if the screen is of copper,
and 9°77 C. ifit is of iron.

To control the accuracy of the values thus found for the con-
ductibility of copper and iron, Lhave also determined the relative
conducting-power of the bars, and thus obtained two series.
Distance of the apertures 50 millimetres. The temperature of the
room taken as starting-point.

Copper. Iron.
2518 90051 8827 90423
23:48 . 31-20 ,
20114 ) 20424
2190 . 2545 ]
. 20019 2:0452
20'57 . 2078 )
20109 2:0370
19-28 2-0073 1705 - 20417
18-20 18-85

From the quotients obtained,'the relation between the con-
ducting-power of copper and of iron is found to be 565, while
the absolute determinations give the number 559, than which

a closer agreement can hardly be expected. If the values ob-

3
iy

determining the Thermal Conductibility of Bodies. 141

tained By Péclet for the conducting-power of the two metals be
expressed in the same units, namely, 1 grm., 1 minute, and
1 centimetre, we get for

Copper . . . . . . » 1l'4
Iron . 435

values which materially differ from the above.

§ 6.

As it may not be uninteresting to know also the conductibility
of different soils, 1 have endeavoured to use the results obtained
from the observations made in Upsala with the earth thermo-
meter to ascertain the conductibility of those layers in which
the thermometer was sunk.

From the observations* were obtained

c_ {0'070282 with 4 and 6 feet thermometer
% 10068996 with 6 and 10 feet thermometer.

In this case the Swedish fbot and the year are taken as units; if
instead of them the centimetre and minute are introduced, we get
k_ {0’26952}

5 L027968) "

The highest layer in which the thermometers were immersed,
consisted of a mixture of sand and clay; the lower (5 to 10 feet)
of moist clay, which, on being heated, lost 19 per cent. of its
weight. The specific gravity and specific heat were found by a

determination to be

3. c. cd.
Argillaceous sand . 1:725 0-4416 07618
Moist clay . . . 1821 0-4448 0-8100
from which '

k==0-2053 for argillaceous sand,
= 02264 for moist clay.

“If it be assumed that the meau temperature of the earth’s layers
- decreases about 1° C. for 30 metres of depth, and the con-

ducting-power is equal to the value obtained for , we can easily
calculate the loss of heat of the earth’s surface during a year.
Suppose the earth covered with a layer of water 282'5 millims. in
height, the heat communicated to it by the internal layers during
a year would be enough to raise the temperature of this aqueous
layer by 1° C.

Postscript.—The above experiments on the conductibility of

| % «Mém. sur Ja Température de la Terre,” &c., Act. Reg, Soc. Scient,
Upsale, S. 3. vol. i. p. 211,

| \§
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copper and iron I have subsequently continued on bars of larger
. Iy *. R .
du'xl.l‘(;l?ll(:;:gth was 1180 millims,, the brea'dth and thickness
35 millime The results obtained agreed with the above; for
the copper bar there was obtained—

k
9 6 6380

At the temperature 305 . . 6
» i 839 . . 6534
» 410 . . 65677
» 418 . . 6676
. , 440 . . 6513
Mean 382 65-96

while the previous investigation gave
At a temperature 51°3 . . 64-66. .

These two values, reduced to the same tqmperature, are almost
identical, if it be nssumed that the coefficient of terperature for
k has the same value for heat as for electnicity.

XVIIL. On the Composition of Samarskite.
By Professor H. Rose .

HE numerous analyses of this remarkable mineral which
T have been made m my laboratory do not agree very well

in their results, Whilst M. von Peretz found in three analyses’

14:16, 16-70, and 1677 per cent. of oxide of uranium, the
amount of this oxide, accorging to Chandler, is 1787 and 20'56
per cent. The former found 9+16, 11-04, and 8:36 per cent. of
yttria; the latter only 510 and 472 per cent. ) _
This want of agrecment proceeds from the defective methods
employed in the separation of several of the constituents. - The
separation of the peroxides of uranium and iron from the yttria
was effected by means of cerbonate of baryta—a mode of separa-
tion of which I subsequently ascertained that it gives no certan
results, as it is difficalt to avoid throwing down yttria together
with the precipitated oxides. This is the reason why the
amount of yttria appeared so small in Chandler’s analyses.
The separation may, however, be well effected by means of
oxalic acid. ‘
When minerals containing niobium and tantalum are decom-

* The details of these investigations will be given in the Nov. dct. Soc.
1. §. 3. vol. iv. .
Up:a'l‘ramlnted from the Monatsber. der Akad. der Wiss. zu Berlin, Nov.
1862, p. 622 _

O o T Y B o
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posed ig the ordinary mode by fusion with bisulphate of potash,
the acids of niobium and tantalum are, indeed, very well sepa-
rated by treatment of the fused mass with water; but if the
separated metallic acids arc not examined with the greatest care,
errors may be fallen into; for these acids may be contaminated
with many substances, the presence of which in them may often
be unsuspected. It is well known that they always contain no
inconsiderable quantities of peroxide of iron, which eannot be
sepurated from them by acids, but only by converting it into
sulphide of iron by sulphide of ammonium, and dissolving the
latter in very dilute hydrochloric acid, during which process
there is always danger of dissolving at the same time a small
quantity of the metallic acids, especially tantalic acid. As per-
oxide of iron, after fusion with bisulphate of potash, dissolves
completely, although slowly, in water, it is the tantalic acid and
the acids of niobium which, after they have lost their sulphuric
acid by ignition, expel the sulphuric acid from the sulphate of
iron, and combine to form salts, from which the peroxide of
iron cannot be extracted by dilute acids, but only by heating
with concentrated sulphuric acid. It is only strong bases, from
the compounds of which with sulphuric acid, tantalic acid and
the acids of niobium are incapable of expelling the sulphuric
acid, that can be perfectly separated from the above-mentioned
acids by fusion with bisulphate of potash.

Other oxides, as well as peroxide of iron, may remain un-
dissolved during the treatment of the mineral fused with bisul-
phate of potash with water, and not only weakly basic oxides,
but also such as form compounds with sulphuric acid or with
sulphate of potash, which are insoluble or difficult of solution,
especially in the solution of sulphate of potash, or, if they are
soluble in sulphuric acid at ordinary temperatures, separate
from the solution when heated, or on the addition of a large
quantity of water. Of this kind are silicic acid, stannic acid,

* girconia, thorina, tungstic acid, titanic acid, and also the oxide

of cerium (and those of lanthanium and didymium). From
many of these oxides it is difficult to separate the acids of
niobium and tantalum by decomposition with bisulphate of
potash ; and if they are not particularly sought for, or their
presence is not suspected, they may readily escape detection,
Zireonia and thorina, especially, may either be entirely over-
looked, or their quantity incorrectly determined in the analysis
of minerals containing tantalum and niobium, if these are de-
composed by fusion with bisulphate of potash. Baryta, strontia,
and oxide of lead (the latter at least not in appreciable quan-
tities) have not hitherto been found in those minerals, but their
separation also would be attended with no small difficulty.
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When, therefore, the composition of minerals containing tan-
talum, and especially niobium, has not bgen thoroughly ascer-
tained by experiment, it is as well to give up altogether the
decomposition by bisulphate of potash, and to effect the decom-
position by potash. By this means the zirconia and thorina, as
also titanic acid and oxide of cerium, which are insoluble in an
excess of potash, may be separated from the acids of tantalum,
and especially of niobium, which dissolve as potash salts, are
readily soluble in an excess of potash, and can only be contami-
nated with tungstic acid and stannic acid, from which they are
easily separated, and also by silica. The decomposition is best
effected by fusion with hydrate of potash. As, however, this
must take place in a silver crucible, the employment of which is
attended by many inconveniences, and by which a contams-
nation of the fused mass with oxide of silver canunot be avoided,
it is more advisable to employ carbonate of potash, with which
the mineral may be fused in the platinum crucible. If the
fusion be effccted at first over a lamp, and then only for a short
time with a small blast, the decomposition is perfect.

I had a particular interest in establishing the correct compo-
sition of Samarskite, as I had been furnished, by the liberality of
M. von Samarski, with a very large quantity of this rare -mineral
for investigation. The mineral also is interesting in many re-
spects. As the analyses of Samarskite made in my laboratory
differ so considerably from each other, I induced M. Finkener to
repeat the analysis of the mineral; and only b} his invincible

erseverance has it been possible, notwithstanding the partly
imperfect methods of separation, to arrive at satisfactory results,
and detect substances previously overlooked.

After the decomposition of the mineral by carbonate of potash,
and the treatment of the fused mass with water, the. hypo-
niobic acid was precipitated from the solution by sulphuric acid,
and separated from small quantities of tungstic and stannic
acids. Small quantities of peroxide of copper were precipitated
from the solution by sulphuretted hydrogen; the solution was
then slightly supersaturated with ammonia, and the bases, except
lime and magnesia, were thrown down by sulphide of ammo-
nium, partly as oxides, partly as sulphides. From the solution
of these in hydrochloric acid, after saturation with ammonia,
the oxides were again precipitated by carbonate of ammonia and
sulphide of ammonium, and only oxide of uranium was dissolved ;
this, as appeared on examination, contained zirconia. The sepa-
ration of these is attended with great difficulty, and could only
be effected by neutralizing the solution in sulphuric acid by
ammonia and boiling it, when zirconia, containing, however,

oxide of uranium, wes precipitated, and the greater part of the -
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oxide of uranium, although contaminated with a little zirconia
remained in solution. It was only by the repetition of this pro:
cess that a separation could be effected.

From the solution of the precipitated oxides and sulphides in
nitromuriatic acid, after neutralization with ammonia, oxalate
of ammonia precipitated yttria and the oxides of cerium, whilst

" peroxide of iron and protoxide of manganese remained in soln-
tion. The precipitate produced by oxalic acid was dissolved in
sulphuric acid, the excess of the latter driven off, and the
residue dissolved in water. This solution, when concentrated,
exhibited the property of depositing a crystalline salt when
heated, which again dissolved on cooling—a property by which,
as is well known, thorina is distinguished. But its separation

from the oxides of cerium, as also from small quantities of zir-

conia, was very difficult, and could only be approximately effected,
partly by adding to the solution of the oxalates so much hydro-
chloric acid that only the oxalates of protoxide of cerium and
yttria dissolved, and oxalate of thorina (which, of all the oxides
precipitated by oxalic acid, is most difficult of solution in hydro-
chloric acid) remained undissolved, and partly by treating the

* oxalates with a solution of acetate of ammonia, to which a little

free acetic acid had been added, in which oxalate of thorina dis-
solves readily, but the other oxalates with difficulty,
In order to obtain a certain result, I had the analysis repeated
once miore by Mr. Stepheus. The found quantities of thorina
and zirconia agreed in the two analyses morc closely than could
_have been expected, as the two substances could only be sepa-
rated by imperfect methods. Finkener obtained 4¢85 per cent.,
and Stephens 4:25 per cent. of zirconia; the former 605 per
cent,, the latter 5:55 per cent. of thorina,
To the rare bodies which had already been found in Samars-
kite, we have, therefore, according to these analyses, to add
-zirconia and thorina. Except in Berzelius’s thorite, the latter
has hitherto been found only in monazite by Kersten, and in
fyrochlore by Wohler; the latter mineral also contains niobium.

t is, however, to be expected that thorina will be found in.
other tantaliferous and niobiferous minerals.
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