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Dielectric Constants of Aqueous Solutions of Dextrose 
and Sucrose 

By Cyrus G . Malmberg and Arthur A. Maryott 

The dielectric constants of aqueous solut ions of dextrose and of sucrose prepared from 
N BS Standard SampJes were determin ed a t 20°,25°, a nd 30° C fo r cOJlcentra t ions upto 50 
and 60 percent by weigh t, respectively. A bri dge method was used , a nd t he so urceE of errol' 
involved are considered. The r esu lts, relat ive to a se lected valu e for water, ar e considered 
t o be accurate to 0.05 percent or better and are expressed in term s of an emp irical equation 
for the pu rposes of in terpola t ion. 

I. Introduction 

Examination of the literature reveals ratb er poor 
agreement in tbe data reported for the dielectric 
constants of aqu eous solutions of dextrose [1 to 3]1 
and of ucrose (static values) [4 to 18], (high -fre­
quency data) [19 to 27]. Consequ ently , it seemed 
desirable to redetennine their static dielectric con­
stants over a range of concentration in the vicinity 
of room temperature. Inasmu ch as highly purified 
samples of dextrose and sucrose are available as 
standard samples at the National Bureau of Stand­
ards, these solutions may prove useful as secondary 
standards of dielectric constant having values in ter­
mediate b etween water and some of the more polar 
organic solvents. 

For determinations of dielectric constants of 
media having an appreciable but not excessively 
large conductance, a bridge method employing 
relatively low and variable frequencies, as in this 
investigation, has certain advantages over resonance 
methods with regard to flexibili ty, accuracy, and th e 
analysis and evaluation of errors. Errors such as 
arise from electrode polarization or lead inductance 
may be evaluated from measurements at various 
frequ encies or often m ade negligible by the proper 
choice of frequency. Connection and calibration 
errors can be readily minimized by employing a 
cell of high capacitance . P erh aps the principal 
disadvantage is the difficul ty sometimes experienced 
in maintaining sufficien t stability of cell r esistance 
to permit sensitive capacitance balance at lower 
frequ encies. 

II. Apparatus 

The a-c bridge was of the equal ratio capacitance­
conductance type, as indicated in figure 1. The 
ratio arms, RI and R2 , were 1,000-ohm woven 
resistors (Leeds & Northrup T ype Std. 697- D ) 
matched to within 0.001 percent in resistance. The 
measuring arm of resistance R4 and capaci tance 0 4 

consisted of a 100 ,000-ohm Leeds & Northrup 
res istance box (Cat. No. 4764- S) in parallel with a 
calibrated variable cond enser, General Radio Co. 
T ype 722- D . To extend the range of capacitance, 
General Radio Company's type 505 mica condensers 
were plugged ~o the terminals of the precision con-

I Figures in brackets ind ieate the literature references at the end of th is papc , 
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FIGUR E l. S chematic circuit a1'1'angement of capacitance­
conductance bridge. 

299 



dense)' as needed. The mica condensers were cali­
brated in terms of the precision condenser. 

The unknown arm con tained the cell and a rela­
tively small variable capacitor, Co , in parallel. Co 
remained fixed throughout the measurements and 
served only to provide a convenient "zero" setting 
for C4. As no suitable three-terminal cell was 
available, two unshielded cells of convenient design 
were employed, each consisting of two concentric 
cylinders of bright platinum mounted in a glass 
container. Ccll A had a replaceable capacitance 
of abou t 30 !J.p.f and has been described previously [28] . 
Cell B, designed principally for measurements · of 
conductivity, has a replaceable capacitance of 
approximately 60 fJ.J.d and differed from cell A in that 
it had parallel rather than concentric leads. In 

FIGU RE 2. Cell B 'UJilh dism01mled reservoir. 
Length of elcctrodes is 77 mm, scparation 1 mrn , and the diameter of the outer 

electrode 28 mID. 

addition to the electrode compartment, each cell 
contained a reservoir to accommodate excess liquid 
and to permit mixing by forcing the contents back 
and forth with compressed gas. The construction 
of cell B is shown in figure 2 with its reservoir dis­
mounted. Concentric mounting of its electrodes 
was accomplished by sealing to glass beads corre­
sponding pairs of the six small platinum wires, which 
were welded to each end of the cylinders. The 
beads were then sealed to the outer walls of the cell. 
Two of the wires were sealed through the beads 
to provide contact to the mercury leads . 

The cells were mounted in a reproducible position 
in the grounded thermostat and connected to the 
bridge terminals, using parallel leads of constant 
capacitance and inductance. Capacitance balance of 
the bridge was consistent to 0.1 fJ.fJ.f on replacement of 
the cell in the bath and reconnection to the bridge. 

The outer electrode was maintained at ear th poten­
tial through the use of a Wagner earth. The use of 
this device along with appropriate shielding of the 
other branches of the bridge was effective in elimi­
nating or fixing the influence of earth admittance and 
interbranch couplings associated with these branches 
and the corners of the bridge. Consequently, with 
the exception of a residual effect due to distributed 
interelectrode admittance to earth, th e measmed im­
pedances of the cells were independent of the influ­
ence of earth admittances . On the basis of the con­
struction of these cells and their measured earth ca­
pacities, this effect was estimated to be no greater 
than 0.2 fJ.fJ.f and therefore negligible. 

A tuned circuit oscillator variable from 30 cycles 
to 200 kc was used as the source. A three-stage re­
sistance-coupled amplifier and headphones were used 
as a detector up to 12 kc. At higher frequencies the 
amplifier was replaced by a Sargent model ll- XA 
regenerative receiver tuned to give any convenient 
audible beat-frequency. Throughout the measure­
ments the sensitivity of capacitance balance was 0.1 
fJ.fJ.f or better. Both source and detector were iso­
lated from the bridge proper by shielded transformers. 

Measurements were made at 20°, 25°, and 30°C 
with the cell in an oil thermostat controlled to within 
0.01 °. 

III. Materials and Solutions 
Solutions of sucrose of the desired concentrations 

were prepared on a weight basis from NBS Standard 
Sample 17 and conductivity water. Solutions of 
dextrose were prepared similarly from Standard 
Sample 41 and were then allowed to stand at least 
4 hours in order to establish equilibrium with respect 
to mutarotation. Freshly prepared solutions of dex­
trose (a-form) had decidedly higher dielectric con­
stants than the equilibrium mixtures. Conductivity 
water was obtained from ammonia-free distilled water 
by redistillation. It had a conductivity of about 
10- 7 mho before ex.'Posme to the atmosphere. 

Initial attempts to determine the dielectric con­
stants of the solutions of dextrose were unsuccessful 
because of the very rapid and continued increase in 
conductance that occurred when the solutions were 
introduced into the cell . Overnight the conductance 
sometimes increased by as much as a hundredfold. 
As this change was accompanied by a pronounced 
decrease in pH and occmred only when the solution 
was in contact with the electrodes, catalytic oxida­
tion was suspected. Replacement of air by hydrogen 
eliminated this instability. Consequently, hydrogen 
was used to flush out the cell, to satmate each solu­
tion, and to transfer the solution from the flask to 
the cell. The same procedure was adopted for the 
solutions of sucrose because of the advantage of lower 
conductances gained by removal of dissolved CO2• 

The specific conductivities of the solutions were 
3 X 10- 6 mho or lower in all cases. 

IV. Procedure 
The dielectric constants were determined relative 

to water at 25°, using the value reported by Wyman 
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[29], namely, 78.54. The replaceable vacuum capaci­
tance of the cell , Ov, was obtained from the difference 
in capacitance of the cell first in air and then when t filled with water, OW - OA, respectively , according to 

(1) 

The dielectric constan t of th e unknown medium, 
~x, is then 

~x= 78.54- flOxIOv, (2) 

where flOx is the change in capacitance of the cell 
on replacing the unknown medium by water at 25°. 

Before the experimental procedure is discussed in 
any detail, the more significant source of error will 
be considered briefly . These errors are associated 
for the most part with residual impedances in the 
arms of the bridge network. To a sufficien t degree 
of approximation, the bridge m ay be simulated by 
the network illustrated in figure 3. R eactance in 
the ratio arms is represented by the equivalent paral­
lel capacitances, 0 1 and O2• LA'( and Lx are, respec­
tively, the self-inductances of tbe leads to the pre­
cision condenser and to the cell. The effecLive ser ies 
inductance of the resistance box is represented by 
L 4 and the resistance of the cell by Rx. During the 
course of the measuremen ts, OM and R 4, and conse­
quently L 4, are varied . The observed change in 
capacitance of the precision condenser, flOM, is not 
generally equal to fl Ox but related according to 

where , on neglect ing terms of higher order, 

C L 4 L x L~ L x 
fl b = R~ - R! - (R:? + (R:)i' 

fl Oc= w2 (Lx-LM)(OM+ 0~f)fl OM' 

w being the angular frequency. The primed ymbol 
refer to solution in the cell and the unprimed to water. 
flOa represents the effect of r eactive asymmetry of 
the ratio arms; flOb, the effect of inductan ce in series 
with resistance in the m easuring and unknown arms; 
flOc, inductance in series with capacitance in the 
measuring and unknown arms, and flOd the change 
in capacitance attribu table to electrode polarization. 

The effect of polarization capacitance, Od, was 
found to be proportional to w- n , where n < 2 and 
constan t for a given cell and solution. On the other 
hand, Oc is proportional to w2, so the influence of 
these frequency dependent errors was readily deter­
mined by varying the frequency between 3 and 96 kc. 
Actually, in this investigation it was not necessary 
to extrapola te ou t these elTors, as they became quite 
n egligible at some intermediate frequ ency where 
OM r eached its minimum value. This frequency was 
usually 48 kc for the solutions of dextrose (cell A ) 
and 24 kc for th e solution of sucrose (cell B). 

The frequency-independent errors, expressed as the 

LM 

Fl O UUE 3. Simu lated circuit of the bridge showi ng di tTi bution 
oj eflective i mpedances in lhe arms oj lh e bridge. 

sum fl Oa+ fl Ob, were elimi.naLed by a proccdlll'e that 
was essentially equivalent to making all meaSUTe­
men ts at the same res istance. Wi th the colI filled 
with water aL COll stan t tcmperature, i ts res istance 
was varied to correspond to the res istances of the 
solu tions by increasing or decreas ing the CO2 con ten t . 
In this manner th e change in mcas lll'ed capacitance 
accompanying a given change in cell l'esistance was 
determined. The res istances of the solutions were 
usually between 1,000 and 3,000 ohms, so that 
correspondence of the 1,000- and 100-ohm dials only 
was needed. These corrections were relatively small 
and amolmted to 0.1 wli t or less in dielectric consLanL. 
The maximLllll concentration of carbon dioxide 
in troduced into the water dming the co urse of this 
determination is estimated to be a bout 2X IO- 4 

molefliter . Cons idering bo th the ionized and i111ion­
ized por tions, estimates of the effect of this amount 
of carbon dioxide on the dielectric constan t indicate 
a negligible change, of the order of 0.003 unit or less. 

Values of Ov for both cells were determined with 
a known fixed resistor, RA , d irectly across the arm 
containing the cell both when empty and when filled 
with water at 25°C. Because of this shunt (since 
Rx is no longer equal to R4), the relation of fl Ox to 
fl OM given in eq 3 is altered with regard to the term 
fl Ob with the result that now 

AC L 4 L x L :1 

JJ b= RZ- RZ-RZ' 
4 x 'A. 

where Rx= R4RAI (RA - R4). Since for corresponding 
values of R4, the difference between t his value of flOb 
and that for direct meas urement involves only terms 
in L x and known values of R, L x was evaluated , and 
the experimentally determined values of flOa+ flOb 
were corrected as needed for use in calcula ting fl Ox 
to obtain Ov. 
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Although n either cell contained insulating sup­
ports between .the electrodes, their construction did 
not preclude some nonlinearity in the variation of 
capacitance with dielectric constant of th e m edium. 
That no detectable error was encountered in this 
range of dielectric constant was indicated by inter­
comparisons between the two cells and by a deter­
mination of the variation of Cv for cell B by using 
liquids, the dielectric constants of which were deter­
mined by an absolute m ethod . 

V. Results 
The experimental data, including those for watcr 

at 20° and 30° C, are listed in table 1. Inasmuch as 
th e actual concentrations were very close to even 
values of weight percent, the dielectric constants have 
been interpolated to even values. All of the data 
for the dextrose solutions can b e expressed by th e 
equation, 

~ (dextrose) = ~w- (0 .227 _ 1.2(10-3)(t - 25)]C 

- (1.32(10- 3) + 1.2 (10- 5) (t - 25) ] C2 

- (3.9(10- 6) - 2.8(10- 7) (t-25) ] C3, 
where ~ (dextrose) and ~w are, respectively, the dielec­
tric constants of the dextrose solution and of water 
at the temperature, t, in degrees Celsius, and C is the 
weight percent of dextrose. This equation fi ts the 
data of table 1 with an average deviation of 0.02 and 
a maximum deviation of less than 0.04 unit in dielec­
tric constant. For th e solu tions of sucrose, the 
corresponding equation, 

~ (sucrose) = ~w- O .226C- (6.75(10- 4) - 1.5(10- 5) 
(t - 25)]C2 

- (1.09 (lO-5) + 4(10- 8)(t - 25)] OJ, 

fits the data with an average deviation of 0.01 and a 
maximum deviation of less than 0.03 unit. Exclu-

TABLE 1. Dielectric constants of aqueous dextrose and sucrose 
solutions 

Dextrose 

wt percent 
0 ......................... . 
5 ........................ .. 
10 ........................ . 
15 ........................ . 
20 ........................ . 
30 ........................ . 
40 ......................... . 
50 ..... ................... . 

Sucrose 

wt percent 
0 ......................... . 
10 ....................... .. 
20 ....................... .. 
30 ........................ . 
40 ........................ . 
50 ........................ . 
60 ..... .................. .. 

Dielectric constan t a t-

80.38 
79.17 

76.56 

72.13 
68. 73 
64. 90 

80.38 
78. 04 
75.45 
72. 64 
69. 45 
65. 88 
61. 80 

25° C 

78.54 
77.37 
76.14 
74. 80 
73.43 
70.46 
67. 11 
63.39 

78.54 
76.19 
73.65 
70.86 
67. 72 
64.20 
60.19 

30° C 

76. 76 
75. 64 

73.11 

68.82 
65.56 
61. 91 

76.J6 
74.43 
71. 90 
69.13 
66.05 
62.57 
58. 64 
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FIG URE 4. CompaTison of dielectric constant data reported 
on aquem,s solutions of dextrose and SUC1'ose. 

. : Kockel- lO, 20,30, and 40 percent; 600 kc. Davies-10, and 20 percen t; 1.5 
to 4 m c. Kniekamp- 10 and 20 percent; 566 kc. AkerlOr- 50, 60, and 70 percent; 
2 mc. These data are plotted wlder a common sym bol, as the differen ces in value 
of , reported could not be resolved for the purposes of t his graph . 0 , Berliner 
and R iiter- 3.3 Ole; Ct . Harrington- lIne; 0 , K istler- 2.1 me; \1, F urth-400 me; 
~, Astin-2.7 mc; +, Slevogt- 3.1 mc: _ , p rescnt data (points rail Wlifcrmly 
011 t he smooth cnt've within the precision of the sca le of plotting). 

sive of any uncertainty in the value selected for 
water, these data are probably accurate to 0.05 
percent or better. 

A comparison of th ese results at 20° C with those 
of some oth er worker s after correction to the same 
dielectric constant for water is given in figure 4. The 
curves represen t th e present data, and that for dex­
trose is extrapola ted to 60 percen t for comparative 
purposes. Of th e data on dextrose, only those of 
Berliner and Riiter obtained at 3.3 mc are compara­
ble to th e present data as r epresen ting static values, 
and th e agreement is poor. For the data on sucrose 
the best agreement is shown by those of Kockel , 
Akerlof, Kniekamp, Slevogt (at 3. 1 mc) , and to 
a lesser exten t by those of Davies as reported by 
L attey, Gatty, and Davies. These values are, in 
general, lower than th e presen t data by from 0.1 to 
1 percent and were obtained by resonance methods. 
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Berliner and Riiter also used a resonance method . 
Astin developed and u sed a method employingyoltage 
resonance tha t was subsequen tly adopted by Akel'li:i f. 
The values repor ted by H arrington were obtained by 
means of a bridge metbod a t 1 me, and it is uncertain 
what method Kistler used at 2.1 me. The measure­
ments of Furth (400 me) and others [19 to 27] were 
made at very high frequencies, so tb e low values re­
ported are undoubtedly a ttributable to anomalous 
dispersion and are no t comparable to static values. 

Consideration of the da ta available on sta tic 
values sugges ts that th e major descrepancies in th e 
values reported are in large par t due to high con­
du ctivity as, in general, it appears tha t precautions 
h ave not b een tak:en to obtain and maintain low 
conductivi ties for these solutions. To a lesser 
exten t it is also probabl e that frequ ency-dependen t 
errors ar e associa ted wi th many of th ese values. 
The exten t to whi ch th ese fac tors may modify the 
suitability of a m ethod of m easurem ent is exemplified 
by Kniekamp 's [9] tudy and H a rtshol'll 's analysis 
[30] of resonance methods. 
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Response of Accelerometers to Transient Accelerations 
By Samuel Levy and Wilhelmina D. Kroll 

Cur ves an d tables a re shown for the response of acce lerometers to t l'ans ient exc it ing 
accele rations. Three t .vpes of accelerat ion- t im e re la t ions a re co nsid ered . \ \Then plotted , 
t hey have square, t ria ngu la r, a nd half-sin e-wave shapes. The natura l pe riods of t he accel­
e rometers f OI' which t he co mpu ta t ions were made were approx im ately one, o ne-t hird , and 
one-fi fth of t he durat ion of t he accelerat ion pulse. The da mpin g coeffi cients of t he acce l­
e rometers were 0, 0.4, 0.7, and 1.0 t imes t he cri t ical valu es. It is indicated t hat, to obtain 
a n acc uracy of bet ter t ha n 5 pe rcent of the peak accelerat ion in measurin g accelerat ion pulses 
hav ing t he genera l cha racteristics of t he t riangula r or s inuso idal pulses, a n accele romete r 
must have a na t ural period of about one-third t he durat ion of t he a cce le rat io n pulse, a nd a 
da mpin g constant of a bou t 0.4 to 0.7 of t he critical valu e. 

I. Introduction 

Accelerometers are widely used to measure os­
cilla tory and transien t vibrations. 

The fideli ty with which th ese instrumen ts respond 
in the case of oscilla to ry stimuli has been thoroughly 
studied [1 , pp . 61 to 70] . It is found that , when the 
damping is between 0. 6 and 0.7 of the critical value 
and th e natural pcriod of the accelerometer is less 
than about half of th e period of. the applied accelera­
t ion, the accuracy is satisfactory. 

In th e case of exciLation of th e accelerom eter by a 
transien t vibration, only scattered information is 
available regarding th e reliabili ty of Lh e response 
ob tained . IV eiss [2] gives th e response to a tri-

angular pulse of accelera, tion for an accelerometer 
whose natural period is 0.3 th e duration of th e pulse 
and whose damping is 0, 0.3, and 0.7 of th e cri tical 
value. H e also gives the response to a suddenly 
applied constan t acceleration for accelerometers 
wi th a damping ra tio of 0, 0.3, 0.7, and 1.0 times 
the cri tical value. IV elch [3] has d etermined , on th e 
VV' es tinghouse transien t analyzer , th e response to 
several kinds of impulses of a 50 cis single-degr ee-of­
freedom shock m easuring instrumen t h aving various 
amounts of damping. On th e basis of these scat tered 
data, and information for undamp ed accelerometer 
derived by Franldand [4], Bio t and Bisplingboff [5], 
and oth ers, i t has b een common practice to assume 
that an accelerometer will be acceptable in a given 
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