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Studies on the Thermal Problems of Memory Cores 

at Their High-Speed Performances 
(Received October 23， 1967) 

Abstract 

Misao KITAGAWA帯

Teruo YOKOY AMA州

Norio EBIHARA梢骨

This paper describes a measuring method of the surface temperature of small 

bodies somewhat above the room temperature and the temperature dependence of 

switching characteristics of memory cores. The temperature rise of memory 

cores at high-speed performances has been observed by the method using phos-

phors， and the relations between the surface temperature rise and the effective 

temperature rise of cores are obtained. Besides， thermally available criterions 
are also proposed to estimate the factors affecting the limitations of the cycle 

time of storage. 

1. Introduction 

According to the ceaseless requirements for improving the calculating speed of 

digital computers， the cycle time of storage unit should be as short as possible in 

accordance with higher efficient performance of circuit components. As a memory 

element of the main store， the ferrite cores are available at present in large scale 

computer systems. Several methods to improve the cycle time of memory cores 

have been proposed as follows;' (1) uti1ization of small size cores， (2) adoption of 

two-core-per-bit systems， 1 l (3) write-in by partial switching and read-out by complete 

switching.2l 

As the cycle time is made shorter， the electromagnetic characteristics of memory 

cores would be comparatively changed owing to heat generation due to hysteresis 

losses， and thereby the informations stored in them would be altered， or destroyed. 

Thus the thermal problems about a single core only for the worst case of perform-

ances should be investigated at first instead of the thermal problems of a core mem-

ory unit. 

骨北 )11 111'i Associate Professor， Faculty of Engineering， Keio University. 

骨骨横山光男 Instructor，Faculty of Engineering， Keio University. 
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Here is a newly developed method to measure the surface temperature rise by 
application of phosphors which are much sensitive to temperature change near the 

room temperature. By this method, the temperature rise of cores and the effects 
thereof on the switching mechanisms can be easily investigated when the memory 
cores behave under their higher repetition rate switching. 

II. Techniques and devices for core switching 

II. 1. Current patterns to drive cores 

To investigate the changes in the characteristics of memory cores owing to their 
internal heating, thermally severe testings should be applied to realize the worst 
case of performances. Drive current 
patterns shown in Figures II. 1 (a), (b) 

and (c) were used for testing. Figure (a) 

provides a way to observe the flux 
changes due to the write word current 
I wo, comparing to the outputs obtained 
by the patterns in Figure (b) which 

reveal the complete switching of cores. 
Figure (c) gives a way to investigate 
the effects of the bit (information) 
current I B on the state "0" which is 

written by Iwo prior to I B in the core. 
For the present study, word-organized 
read and write schemes were adopted. 

To write "1", therefore, the currents 
I wo and I B should be simultaneously pro

vided in the same direction, and to write 

(a) 

(b) 

I I lwo I I I I t:write 
1 . _ ~~;omen! 

I I ~~~ObsL.J thJ ,.~~~fcent 
voltage tor state "0" 

I I c I I I 1,., 
I I ~lb.LL.IJ:~. ,oltage 

to indicate the complete 
switching 

l'j' 1

1

wo I I ~ II., l 
(o) ~II 

Observed the readout voltage to be 
compared with that indicated in (a) 

Figure II. 1 Drive current patterns. 

"0", only the word current Iwo is delivered. In varying pulse amplitude and width, 
tw, of write current and further repetition rate of read and write cycles, the readout 

voltages as well as the temperature rises of cores were observed. Read currents 

through the experiments were selected as their amplitude and pulse width which 

are large enough to switch the core completely. 

II. 2. Drive current generators 

To investigate the magnetic and thermal characteristics of cores, drive current 

generators were made as following specifications: 

(1) Pulse widths vary from 5 to 60 microsec., 

(2) Repetition rates of the drive currents vary 60 to 150 microsec., 

(3) Amplitudes of the drive currents vary 100 to 500 rnA and 400 to 1000 rnA, and 

( 4) Rise and fall times have the values within 40 nanosec .. 
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III. Measuring devices for surface temperature of cores 

Tnere has not been any satisfactory method to measure the surface temperature 

rise of memory cores until now because of their small dimensions of size. 3 > The meth

od presented here is to apply the phosphors to memory cores whose luminescent 

characteristics depend largely upon the temperature change of the cores, and to 

detect and amplify the intensity changes of the visible lights radiating from the 

phosphor on the core, which are excited by a particular ultraviolet ray. The surface 

temperature is obtained graphically by means of the calibration charts which are 

experimentally prepared. 

III. 1. Preparations of phosphors used to measure surface temperature05 l 6) 

The luminescent phenomena of phosphors are extremely sensitive to their crystal

line structures that most phosphors even with the same constituents might some

times offer various and different characteristic3 according to raw materials used 

and moreover manufacturing techniques adopted. 

There may be many combinations between phosphors and impurities added to them. 

In the experiment calcium oxide was selected as a base of phosphors and bismuth 

as an impurity. 

To make a sample of phosphor to measure the surface temperature, calcium oxide 

crystals of high purity were prepared as a base of phosphor. Thus calcium nitrate 

of high purity are put into a platinum melting pot and heated up to 500--600 oc 
in an electric furnace under the atmospheric pressures. The preheated calcium 

nitrate are slowly (with the rate of 300°C/hour) heated up again to soo,_goooc with 

the same environment, then kept at the constant temperature about 30 minutes, 
and cooled down to the room temperature with the same rate of heating. 

e 
c 
(]) 

u 
lll 
(]) 
c .E 

Suitabl~ mrxmg ratio 
of base and impurity 

ii""'~""' ~ ~;~~~ 
.S ratio 

Temperature - °C 

Figure III. 1 
Schematic relations between 
temperature and intensity of 
luminessence. 

As an impurity, bismuth nitrate of 0.01 percent 
in weight was added to the calcium oxide just pre
pared above. Thereafter the mixture is slowly 
heated up to 700,.....,800°C, kept in constant at the 
state for 30 minutes, cooled down slowly to 80°C, 
and taken out of the furnace to the atmosphere. 
The heat cycles repeated thus several times provide a 
better sample of phosphor which emits more intense 
luminescense. This phosphor shows a white lumi
nescense when excited by an ultraviolet ray of 
3650 Angstrom. Figure III. 1 shows typical char
acteristics of the temperature dependence upon the 
intensity of luminescence. 

(8) 



Thermal Problems of Memory Cores at their High-Speed Performances 65 

III. 2. Measuring techniques of surface temperature by means of the phosphor 

The processes to measure the temperature rise of the core under test are as follows: 

(1) The phosphor prepared above is painted partially on the core surface, 
(2) The core under test is heated with the hysteresis losses caused by the switching 

currents, 
(3) Under the above condition, the phosphor painted on the sample core is illu

minated with the ultraviolet ray of wave length 3650 Angstrom, and 
(4) The visible lights emitted from the excited phosphor are received and am

plified by the photomultiplier tube, and its anode current variations are measured 
by a micro-micro-ammeter. 

The measuring devices for the surface temperature of core is shown schematically 
in Figure III. 2. The ultraviolet ray of 3650 Angstrom, which is emitted from an 
ultraviolet lamp through the filter 1 composed of an UVD-1 and an UV -35, illumi
nates and excites the phosphors painted on the core under test. The visible lights 
emitted from the excited phosphors are introduced to a glass tube which is silver
gilt on its outer surfaces, passed through the filter 2 of UY-48, and received at the 
photomultiplier tube mounted in the dark box 2. In the figure, the dark boxes 1 
and 2 are provided to avoid the external undesirable lights. 

Photomultiplier Filter 2 
..--.... -•IUY-48 

Dark box 1 

Core 

1 Filter 1 

~ Ultravioiet 
Ulamp 

Figure III. 2 Temperature measuring devices of memory 
core by means of phosphor. 

The glass tube has much advantages so 

easy to introduce the visible lights from the 

phosphors on a small body like a memory core 
to the photomultiplier, even under considera
ble deviations from the relative positions be
tween them. Figure III. 3 shows an example 
of the calibration charts, which is made to 

Figure III. 3 Calibration chart. 

(9) 
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show the change of anode currents against the interior temperature of the dark 
box 1, measured by the thermo-couples. 

IV. Experimental results and considerations 

Memory cores tabulated below are selected as test samples to investigate the 
temperature rise of cores due to their hysteresis losses. 

*Materials 
Nominal size I SO-mil 

__ A _______ ::__:__:__ __ -_--------

80A 

B 

c 

50-mil 

50 A 

50B 

30-mil 

30A 

30C 

->"All cores are Mn-Mg ferrites but different in minute constituents 

labeled as A, B, and C. 

The results obtained are shown in Figures IV. 1 to IV. 7, where the critical bit 
current In and the word current I wo are defined as follows : 

Critical bit current IBM : Maximum bit current In not to disturb the magnetized 

state of "0". 
Critical word current I woM : Maximum word current Iw0, which generates the 

1/3 peak voltage of the output which is read from the magnetized state of "1". 

IV. 1. Switching phenomena of cores 

Figure IV. 1 shows the hysteresis characteristics of the core 50 A, which is obtained 
experimentally under the condition neglected the hysteresis losses, and calculated 
from the output waveforms and the drive currents. Figure IV. 1 also indicates that 

X 10- iff;'~ .. ~::-:. ---J-:::" 
4 

Core: 50 A 
1// I 

v/' ,'<('/ ''I ' / 1/ .i / I 

aJ ' I l 
Drive cur rents I I 

I I I 
I I 

3 >. 0 960mA I 
I 

I I 
I 

840mA I I 
Ill I I I I 
c t. 740mA I I I 
<II 

640mA I I I p, -o 
I I 

I 

X 540mA I I 
' 
I 

.:! I I I 
I 

Broken lies indicate I I / 
.\,1 isochronous lines 

I I X 
I I I 

Q; 1 of 0.2 fJ S. 
I ' c I , / 

Ol I 
0 

' 
/ , , 

~ ,./ AT /m 
-~~ 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1_0 x-1-
3.2 X 10-3 

Intensity of driving magnetic field H. 

Figure IV. 1 Hysteresis curves due to pulse 

drive currents. 
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the switching behaviors of fluxes by pulse currents undergo slowly because of the 

time delay due to the domain wall rotations, even though the magnetizing currents 

reach their saturated magnitudes, and that the rates of flux changes becomes faster 
as the drive currents get larger in magnitude. Broken lines in the figure which 
show the isochronous lines of each 0.2 microseconds suggest that the switching time 
for the saturated flux density can be considerably shortened. 

Figures IV. 2 (a) and (b), which show the behaviors of isochronous lines on the 
hysteresis curves due to the variations of environment temperature of cores, indicate 
that the more temperature is raised, the faster becomes switching speed of flux and 
the more becomes considerable flux change at the leading edge of the drive pulse 

current. 

(Wbfm2) 

~ 

Ill 
c 
CIJ 
"0 

X 
:J 

.~ 
a:; 
c 
Ol 
0 
~ 

0.4 

0.3 

0.2 

0.1 

B 

isochronous 
0.2 )-iS. 

----
0 

0 

2~ocl _ 4

~:--.--
f---'W--0.'--1--'0.2-0-'-.3-0--'-.4-0."""54 ~~~~;~ ,;=~~~, 

1:: 
'cii 

0.4 

c 03 
CIJ 
"0 

X 
:J 

0.2 
.!::! 
a:; 
c 
Ol 

~ 0.1 

Magnetic field intensity H 

Core: 50A 

(b) Broken lines indicate 
isochronous lines of 

0 2 j.JS. 

,_--

___ ,_-

_ ........ -
-

-- )-"-

---

(AT/m) 

1 
0·6x 3.2x1o-3 

0 
>-------- ,_-- (AT/m) 

0 !---"'-!-----::-O.L-1 ---=-'0.2:--Q::-':.3:--:0--'-.4:--:0-i:-.5----::-0-""'6 -{j,JO.L4 --,10.5:--0=-".6~ 0.5 0.6 X 
3
.
2 

:1()'3 

Magnetic field intensity H 

Figure IV. 2 Variations of hysteresis curves due to the 

environment temperatures. 

Figures IV. 3 (a) and (b) show that the peak output voltages due to the switching 
magnetizations are generally proportional to the switched fluxes to some extent, 
but that above a certain total flux change the switching speed gets rather slower 

(11) 



• 
68 Misao KITAGAWA, Teruo YOKOYAMA, and Norio EBIHARA 

3:nd thus the output voltage becomes correspondently smaller. These phenomena 

indicate the existence of the so-called over-saturated magnetizations resulted from 
the intense magnetizing fields. 7 ) 8 ) 9 ) 

:; 
0 

""0 
C) 

<I> 

(mV) 
400 

0::: 100 

Ambient temperature ' 

60 °C 

40°C 

20°C 

L---------'------'----'---~~~ (Wb/rrf}" 

(mV) 
400 

0.1 0.2 0.3 0.4 Bm 0.5 

Magnetic flux density 

Core: 50 A 
(b) Constant ambient 

:; 
0 

""0 
0 
<I> 

300 

200 

0::: 100 

temperature, 

20°C X~• 
/ Wcileoomnt 
~ 540 mA (r. 

-X-X- 640 mA 

~· -"-~:>.- 840 mA 
96 0 mA 

0.1 0.2 0.3 0.4 Bm 05(Wb/m2) 

Magnetic flux density 

Figure IV. 3 Readout voltage vs. amounts of switched 

fluxes of magnetization by varying ambient temper

ature and write current amplitude respectively. 

Figure IV. 4 shows that the effects of bit current In in the amounts of switched 
fluxes, that is, those of magnetizations by the bit current pulses, which are supplied 

11 times of 12 in the some direction without flowing the word current Iw 0 , and are 

studied by varying the pulse width of bit current In for the specified current 
amplitudes. 

Figure IV. 5 indicates the effects of magnetization by additive bit current IB on 

the magnetization by a single word current Iwo provided prior to the application of In. 
In the figure, the magnetization by Iwo is normalized as the flux density B (Wb. m 2), 

and the critical value of the bit current I B also as the field intensity H (AT /m) to 

to compare the effects of the superposed magnetizations by the bit currents. 

(12) 



Thermal Problems of Memory Cores at their High-Speed Performances 69 

(Wb/~) 
_, 

x16
8 (Wb) Core: 50 A 10 

1.6 )( 1.5 
18 = 360mA 

::J 
>, 

'iii -o 355mA 
c QJ 
QJ ..c 
-o ~ 350mA 1.06 -~ 1.0 
)( 

..::! 
0 345mA 

-o 
c QJ 

..c 
~ 0.5 

335m A .g 053 
~ 
(f) <1: 315mA 

00 6 )JS. 

PulsE' width of 18 

Figure IV. 4 Bit current vs. amounts of 
switched flux. 

x-l_(AT/m) 
3.2x1Ci3 

~0.3 
Ill 
c 
QJ 

c 
-o ·- 0.2 

0 -o 
..c a:; 
Ill ;;= 
QJ en .c :~ 0.1 1-

~ 
c 
en 
0 
E 0 

Values in parentheses shown 
below indicate the percentages 
of magnetic flux density related 
to Iwo against saturated flux 
density Bm. 

L-::-L:----,-J:---::-'::-:c--=-':7-::-':-~:--::-'-:-'---::-':-~'-::--=-'. (Wb/ m2
) 

0.02 0.04 0.06 0.08 0.1 OJ 2 0.14 0.16 0.18 0.2 
(2.3) (3.5) (4.6) 

Mag1etic flux density of lwo 

Figure IV. 5 Threshold magnetizing current 

(field) vs. magnetic flux density 
corresponding to I wo. 

IV. 2. Temperature rises of memory cores due to internal heating 

The internal heating of memory cores is due to the hysteresis losses which are 
generated during the memory cycles. The energy loss per unit volume, wh, dis
sipated within the core can be expressed in the equation 

W~t= f H dB (W/m3
), (1) 

where H(AT/m) is the applied magnetic field intensity and B(Wb/m2) the magnetic 
flux density within the core respectively. When the core is switched completely 

(13) 
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by alternating current pulses, the energy loss per unit volume is expressed approx

imately 

(2) 

w~1.ere B,n(Wb/m2) is the saturated flux density, and /(Hz) the repetition rate of 

alternating current pulses. 
If the internal temperature gradient within the core be neglected, the temperature 

rise of core e (deg.) is considered to be proportional to its internal energy losses, 

and so 

(3) 

where Wi(W) is the total energy loss of the core, S(m~) the cross-sectional area 

perpendicular to the circular magnetic paths of the core, V(m 3
) the volume of the 

core, and k the proportional constant. 

Each of the 30-,50-, and 80-mil cores is assumed to have the identical magnetic prop

erties. In the case when each core be driven with the same repetition rate and 

the same magnetic field intensity within the range of complete switching behavior, 

the energy loss of each core per unit volume and per unit time can be considered 

identical. But the temperature rise of each core, however, could not be identified 

because of the different ratios of both surface areas and volumes. Drive current 

ratios which give the same energy loss per unit volume can be calculated from the 

data on Bm's and the ratios of the mean magnetic paths of three kinds of core 

sizes as shown in Table IV. 1. Therefore, the drive current for each core necessary 

to give the same energy loss per unit volume should have the ratios tabulated in 

Table IV. 1 and selected to have the amplitude and pulse width to behave as a com

plete switching. An example for repetition rate of 500kHz is shown in Table IV. 2. 

Table IV. 1 Temperature rise ratios and drive current ratios. 

Core _I 30A 50 A 80A --

Surface area ratios 1 _4_1 12 
----- --~-~-~--- ~ - --- ---- ---

Volume ratios 1 6 1 33 
----------

Temperature rise ratios 1 1.5 I 2.75 
---- ----------

I Bm (Wbjm2) 0.25 0.43 0.47 
---~ 

Mean magnetic path ratios 1 1.6 2.6 
------ ---

Drive magnetic field intensity ratios 1 0.59 0.53 
---

Drive current ratios 1 0.94 1. 37 

(14) 
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Table IV. 2 Temperature rise of magnetic core (not calibrated). 

----- -- Core 30A : 50 A 
I 

80A - -- --------- ; 

Heat generated within the core 
5.5xlo• 5.5x!O• 15.5xl0' 

per unit volume, w (W jm3) 

,---
10-3 ,_17 ____ 10_3 r-l20 -1-0~3 Heat generated within the core, Wi(W) 3.6 

,-- ~----

Temperature rise (deg. ), measured 2 5 114 

The temperature rise shown in Table IV. 2 is measured by the method using 
phosphors mentioned above. The experimental values of the temperature rise seem to 
give much higher ratios than those expected from Table IV. 1. Thus it means that 
the temperature rises are much more remarkable with larger dimensions of cores. 

Experimental results of the temperature rises measured at some 50-mil cores are 
shown in Figures IV. 6 (a), (b), and (c), where the readout voltage of state "1", 
the critical values of the bit current I B and word current I wo are also shown as 
function of the repetition rates of the drive currents for each case of various pulse 
widths of write currents. 

(de g.) 

20 

(mA) (mV) 
500 400 

450 

400 

18 -
.._350 

16 0 

Repetition rates of Nrite currents 

-------Criterion ot lwo 
-·-·-· Criterion ot 18 

-'--··-··- Temperature rise of 
core above 20 °C 

X X X 

. 0 0 0 

Pulsewidth of 109 
0.3 f s 
0. 5 fJ s 
1.0 fl s 

1.5 f s 

Figure IV. 6 (a) Thermal and switching characteristics of ferrite core. 
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:J e 
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:J 

-e 
<1> 
a. 
E 
<1> 
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20 

18 :: 
._350 

16 0 
0 

..! 
14 

0 0 
12 <ll300 <!>150 c Ol 

~ 2 
10 0 

:J >-
u 

.-; 100 

]250 0 
"0 
0 -- (!) 

~ a: 
4 

0.2 0.4 0.6 0.8 1.q 
Repetition rates of write currents 

X X X 

A A A 

1.2 (Mc/s) 

Pulsewidth of Iw 
0.3 JlS 
0. 5 JJS 
1.0 JJS 
1.5 ps 

Figure IV. 6 (b) Thermal and switching characteristics of ferrite core. 
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Figure IV. 6 (c) Thermal and switching characteristics of ferrite core. 
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IV. 3. Effective temperature and surface temper
ature of core 

The temperature measured by the method using 
phosphors corresponds to the surface temperature of 

core, and does not indicate its average effective tem
perature. To obtain the relationship between the 
effective and the surface temperatures, the same 
output voltages of state "1" of the core during the 
switching magnetizations are adopted as a measure 
to connect the temperature rise due to the hysteresis 
losses to the ambient temperature of the core in the 
case of negligible hysteresis losses. 

Figure IV. 7 shows that the relationphip between 
the surface temperature rise fJ s and the effective 
temperature rise e e is expressed by 

(4) 

This fact tells the core has a considerable tempera
ture gradient between the surface and the middle 
part of its body, even though it has a particularly 

small sizes. 

(mV) 

:J 
0 
u a 
QJ 

0:: 

Temperature · 

Figure IV. 7 

Procedure to obtain the effec

tive temperature rise of core. 

Curve (a) represents the out

put voltages of "1" vs. surface 

temperature rise of core due 
to internal heating. 

Curve (b) represents the out

put voltages of "1" vs. ambient 

temperature in case of negli

gible internal heat losses. 

IV. 4. Thermally available criterions of memory cores 

Figures IV. 8 (a) and (b) shows the thermally avilable criterions of 50-mil and 
30-mil cores respectively, with regards to the write current lw(that is Iwo+In) and 
read current I R by varying their pulse widths and repetition rates. The available 
criterion characteristics, for instance, as shown in Figure IV. 8 (a) for 50-mil core 

can be obtained graphically from Figures IV. 6(a), (b), and (c). 

There exist several causes to limit the reductions of the repetition period (or cycle 

time). These are : (1) the direct effect decided from the pulse widths of Iw and 

I R, (2) the reduction of the readout voltages caused by decreasing the amount of 

the switching magnetic fluxes of core resulted from narrowing the pulse width of 

Iw, (3) the reduction of maximum values of Iw 0 and In defined previously as critical 

values because of the temperature rise of cores, and so forth. 

To reduce the repetition period, it should be noted that the write "1" current Iw 1 

has a large amplitude and a narrow pulse width to be able to perform the partial 

switchings, but too larger amplitude of I w1 makes the available criterions narrower 

and gives an undesirable effects to the stability of memory cycles. Thus any shorter 

repetition period suited for each core can be experimentally deduced. About 540mA 

would be suited for 30- and 50-mil cores respectively and 640 rnA for 80-mil core. 

(17) 
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(b) Core 30' 

Figure IV. 8 Thermally available criterions of cores. 

IV. 5. Calculations of the temperature rises within the core 

The Fourier differential equation related to the heat transfer may be applied to 
calculate the internal temperature distributions of core. It is reasonably assumed 
that the core be a hollow cylinder and within the body the heat sources may be 

uniformly distributed, then 

ao ;at=v20 A/c p + w c p, (5) 

where O(deg.) is the temperature of the hollow cylinder, A(W/m·deg.) the heat con
ductivity, c(kW /4.2·s·kg·deg.) the specific heat, p (kg/m3) the density, and W(W jm 3 ) 

the heat generated within the cylinder per unit volume per unit time. 
It is assumed that the temperature obtained by our method is the surface tem

perature of core which is constant all over the surface. If, here, the temperature 
within the core be expressed by the tempetature between the surface and the point 
considered, the boundary conditions become fairly simpler. If only the temperature 
distributions of the stationary state be considered, the left-hand term of equation 

(5) will be reduced to zero, hence 

(18) 
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Expressing by the cylindrical coordinates, equation (6) is written as 

(7) 

Variables in equation (7) are shown in Figure IV. 9, and temperature distributions 
are independent of p, so equation (7) becomes 

§~ + l_j!_ + ?:!!_ =- w 
or2 r or oz2 A 

(8) 

under the following condition 

(9) 

Solving equation (8) for 8 gives 

8= I: {cn·Cos(anZ)·[l 0 (anr)+r;vK 0 (anr)]}-(Wj2Jc)(z 2-Z0
2), (10) 

n=O 

where / 0 (x) is the zero order 1st class modified Bessel functions and K 0 (x) the zero 

order 2nd class modified Bessel functions, and an, Cn, and YJn should be determined 
to satisfy the boundary condition (9). 

Generally, the temperature distributions of the hollow cylinder are given in the 
following form 

w { 00 

[ 2 1 8 = - I; - -
3
-• sin (anZo) • • COS (anZ) 

A n=! an Zo Io (anrt) + r;nKo (anrt) 

(11) 

where an= n j2Zo (2n-l) (12) 

I 0 (anrt) -Io(anr2) 
Y)n=- . n=l, 2, 3, ..... . 

Ko (anrr)- K 0 (anr~) 
(13) 

First of all, the heat conductivity A of the core should be calculated under the 
assumptions that the temperature measured by the method is the surface temperature 
of core and that the effective temperature deduced from the temperature characteris
tics of core means its average value. Equation (11) may be written for simplisity as 

w 
8= T 8(r, z). (14) 

The average temperature of core, 8av(deg.), can be expressed as 

Y2 Zo 

8av= 2 ( 
1 )J J 8drdz. 

Zo r2-rt 
(15) 

r1 -zo 

From equations (14) and (15), the heat canductivity can be expressed in the form 

(19) 
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(16) 

As an example, 80-mil core is put to calculate the heat conductivity of the core for 

r 1 =0.655·10-3 (m), 
r 2 =1.025·10-3 (m), and 
Z0 =0.325·10-3 (m). 

B(r, z) corresponding to the terms in equation (11) were computed by the digital 
computer K-1 (home-made in 1958) for those points regarding 

r=r1 + (r2-rt)P/6 P=O, 1, 2, 3, 4, 5, 6 

Z= (z0q) /6 q= 0, 1, 2, 3, 4, 5, 6 

and thus the right-hand term of Equation (15) calculated by the Simpson's method 
results in 

e av= (WI -1) • (0.0074) ·10-3 (deg.). 

\z 
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--- ------._Jl.B°C 
_,...-- ---- ............. x" _,_,x- -x--(3.6"C x 

I / --- :--.. \ I I ,--- -~40C \ \ 
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I I I /- - - -....... 4 z 2 °C \ \ \ 

Ill/ '\ \\1 
XXX X X XXX 

I I I 1 /--.~s.ooc\ I I I 
I I I 1 1 , \ I I I 
XXX X X X X X XX 

I 1 I I 1 \ \ I I I 
I I I I I \ I I I I 
XXX X X X X X XX 

1 I I I I I I I I I 
-L~f--LLJ-+L _J_ I --------+-------->l---~~1-LJ r--
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11111 ~ I /Ill 
1 I I I I 2 I I I I I 
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z_ r,- I I I I \ I I I I I 
1 I 1 I \ .' I I I I 

f---H-7 XXX X X X X X XX 

I , L r2 - -+-+-+----\--~-----/ ------1------1--f+ 
, I I I \ "--/ I I I 1 

XXX X X XXX 

11\ '- / j/1 I \ .........._ ___ / 1 I I 
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\ .......... X X/ / " ------ / ........... ________ ..,.,...,. 

~) 
Figure IV. 9 Temperature distributions within the core 

which were calculated from Equation (11). 

Values shown in the figure are tempera

ture rise above surface one. 

(20) 
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On the other hand, from equation ( 4) and Table IV. 2 

Oav=l4• (3.5-1) (deg.) 

W=5.5·10-6 (W) 

are substituted for the terms in equation (16), and then 

A=1.16 (kW /4.2·s·kg·deg.). 

Applying the heat conductivity to equation (11), the temperature distributions 

of the cross-sectional areas of core were calculated except near the innermost part 
of it. The computed results are drawn in Figure IV. 9 with the broken lines, 
which indicate a considerable temperature gradient between the surface and the 
inner part of the core. 

V. Conclusion 

A measuring technique of the surface temperature for a small body like magnetic 
memory core is developed by using the phospl:or to estimate the effects of heating 
due to the hysteresis losses of core and the relationship between the surface and the 

effective temperatures of core has. been experimentally obtained introducing the 

identical readout voltage as a measure of calibration. 

Thereafter, thermally available criterions for memory cores of several sizes are 

investigated and it is recognized that the memory cycle time can be reduced con
siderably by utilizing the partial switchings with smaller pulse widths and larger 
pulse amplitudes. 

On the other hand, the internal temperature distributions of core are calculated 
to estimate the internal temperature gradient in a core, and thus it is concluded 
experimentally that the effective, or average temperature of core may become 

3.5 times more than that of the surface. 
Additionally the temperature measuring technique thus developed has some ad

vantages to measure the surface temperature on a small portion of a small body 

such as integrated circuits slightly above the room temperature. The glass tube to 
introduce lights may be replaced by optical fibers. 
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