
COR RE S PONDENCE 

I ce movem ent farther up Walsh Glacier has been much less than in the lower valley during the past 
year. In the vicinity of the first tributa ry (Post, 1966, fig. I , tabl e I ) surface features were displaced 
down-vall ey a bout 2,100 m. ; near Cadorna G lacier the movem ent was approximately 1,500 m. The 
reduced rate of flow in the upper part of the va lley is considered evidence that the surge is about over. 
This surge is unusual both in the maximum movem ent recorded (about 11 ,500 m .) and in the period 
of time during which the surge has been in progress (more than 4 years) . The former position of the 
Logan G lacier m edial moraines indicates that no form er surge of Walsh G lacier of this magnitude has 
occurred in the past lOO years or more. 

Increased act ivity of at least three other glaci ers in the vicinity of Walsh Glacier in 1966 m ay be 
ev idence o f new surges d eveloping. These a re : ( I) Baldwin Glacier ; (2) the first tributary of Logan 
Glacier east of Bald w in Glacier ; (3) the next va lley g lacier west of Bald win G lacier. The last-mentioned 
g lacier had started to advance sligh tly in 1966 . There was a lso evidence (in the form of increased margina l 
crevassing) that the la rge Anderson G lacier , the m ajor source of ice for C hilina G lacier , is now moving 
more rapid ly than in 1960. U nstable conditions in the Ch itina G lacier sys tem , simila r to those of 
Muldrow G lacier prior to its surge (Post, 1960), a nd Steele G lacier, whi ch surged in 1965- 66, suggest 
tha t a large-scale glacier surge m ay occur in these g laciers in the next few years. 

U.S. Geological Survey, A USTIN P OST 

T acoma, Washington, U.S.A. 
I November 1966 

R EFE RENCES 

Post , A. S. 1960. T he except ional advances of the :Vluldrow, Black R apids, and Susitna Glaciers. Jo u.rnaL of 
Ceo#ysicaL Research. Vol. 65, l\o. 11 , p. 3703- 12. 

Pos t, A. S. 1966. The recent surge of Walsh Glac ier. Yukon and Alaska. J Ollrnal of Glaciology, Vo!. 6, No. 45, 
P· 375- 8 .. 

Jvl eaSllremeni oJ the jJermiUivity oJ ice 

S. E vans writes in his very interes ting publication (Evans, 1965, p. 785) : " W e have shown that pure 
ice h as a relaxation spectrum , related to tempera ture, but more m easurements a re need ed on natura ll y 
occurring snow a nd ice. It may then be possibl e to d evelop a techniqu e for temperature measurem en t 
in d eep ice by inves tigating the relaxation sp ectrum with electrodes on the surface." For such a technique 
it is im porta nt to m easure the p ermittivity* of d eep ice layers under the origina l conditions of te mpera 
tu re, pressure and grain st ructure . This could be don e by means o f elec tro-therma l d eep drilling. I want 
to sugges t a simple d evice for achieving th is. 

The fl a t or pyra mid a lly pointed bottom of the d eep-dri lling probe (Philberth , 1966) is one electrode, 
the cylindrical side wall of the probe is the earthed electrode; both elec trodes toge ther form a capacitor. 
Its capacitance can be measured as fo llows : A capacito r C of high precision is connected parallel to it 
(in o rder to reduce the loss tangent) a nd by means of a transistor- a mpli fi er A a uto-oscillation is caused ; 
this is brought a bout by para ll el conn ection of an inductor L , or by one of the kn own RC-circuits. 

The f" equency of the oscill ation i a fun ction of the real part of the complex permittivity; the 
ITaximum sensiti vity of the rea l part to changes of temperature is in the ra nge where the imagina ry part 
(loss factor) reaches its maximum. For ice tem pera tures between - 20°C. a nd o°C., this ra nge is reali zed 
for frequencies in the order of 3 kHz . For Greenland conditions frequencies of the order of 3 to 10kHz. 

* Permittivity is the term recommended by the Commission on Symbols, Units and Nomenclature of the 
In ternational Union of Pure and Applied Physics for the quantity sometimes known as dielectric constant. As 
the quantity is not a constant but var ies with frequency and temperature- in the case of ice the relative permittivity 
can be anywhere between 3 and loo- a term which does not use the word constant is to be welcomed. Eel. 
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se err. to be suitable. Perhaps higher frequencies are less influenced by impurities in the ice. The use of 
two or more frequency bands gives much more information on the permittivity. 

It is a special advantage of this method, that the measurem ents can be made while the probe is 
actually melting its way down. This may be surprising; but it is a fact that the excess temperature of 
the ice under a penetrating probe is exponentially decreasing with the vertical distance from the bottom 
of the probe (Philberth, 1962) . For a probe-velocity of 2 m ./hr. the temperature some millimetres away 
from the probe bottom is nearly undisturbed . The warmed ice layer in the immediate neighbourhood 
of the probe bottom has practically no influence on the m easurem ent, because it is very thin; furthermore 
the measured values can be compared and be corrected with the values m easured for the frozen-in 
state of the probe. The calibration is simple: It can b e don e by putting the probe in m edia of well-known 
permittivity, e.g. air, p etroleum, alcohol, water , ice . 
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Fig. J. Diagrammatic sketch of proposed method of measuring permittivity and hence temperature of ice using a thermal boring head 

The described m ethod is a way to measure the permittivity of the ice at its natural temperature. 
For the m easurement of this temperature itself, electric thermometers (thermistors) are installed in the 
probe. Some days after the interruption of the heating, the temperature of the probe has sufficiently 
approximated the natural temperature. 

The relationship between permittivity and temperature once being fixed by some calibration 
m easurem ents, the measurem ent of the permittivity by the penetrating probe gives an indication of the 
temperature. Such an indirect m easurement of the temperature may be less precise than the m easure
ment by the thermistors, but it has the advantage of procuring a continuous series of values and of 
avoiding the risk and the loss of time during the freezing-in and the cooling down of the probe. There is 
another advantage: the approach of the probe to stones or to the bedrock is indicated by a rapid rise 
of the frequency. 
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