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Investigation of the effect of high pressure on 
the variation in Young's modulus of various ma ter
ials is not only of interest theoretically in defining 
more closely our theories concerning bondin g forces 
in a material; it is also of great practical value , es
pecially for certain fields of contemporary geophy
sics. 

Hitherto no direct measurements have been made 
under pressure of Young's modulus as this presents 
technical difficulties [1]. The attention of investi
gators has thus been in the main directed towards 
studying the shear modulus. The variation with pres
sure in the shear modulus of metals was first s tudi
ed using the static method by Bridgman [2J, and a 
little later using the dynamic method [3 - 51. 

In order to measure the change with pressure in 
Young's modulus E we designed and buil t spec ia l 
high-pressure equipment (up to 5,000 kg /cm' hydro
static pressure, by means of which the preflsme 
coefficient of Young's modulus could be measured 
directly using the static method. The princi ple of 
operation of the equipment is the variation in the 
rigidity of cantilevered test beam on the applica
tion of hydrostatic pressure. The rigidity was mea
sured from the change in the angle of inclina t ion of 
the test beam from the angle through whi ch th e hi gh
pressure chamber must be turned in orde r to res tore 
the initial de flexion of the test beam. Then fo r a 
constant deflexion of the beam the bend ;ng mom
ment is directly proportional to the angle of rotat ion 
of the chamber. A detailed description of the equip
ment will be given in a later article. 

The variation in Young's modulus with pressure 
was studied for metals (electrotechnical a lum inium 
and copper with 0.05 - 0.15 per cent impur ity con
tents, and medium-carbon 50 steel) of which the 
variation with pressure in the shear modulus G and 
the bulk modulus K were known from experime nts . 
The test specimens were made in small natches of 
5 - 6 units and were annealed at appropriate tem
peratures with subsequent slow cooling w it;1 the 
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furnace .. The medium selected to convey hi gh pres
sure to the specimen was a mixture of kerosine and 
trans former oil, the compressibility of which was 
als o determined using the equipment. 

The re s ults of the experiments into th e direct mea
surement of the coefficient of Young's modulus up to 
4000 kg/cm' at room temperature are given in Table 
1. T he experimental 

dE 

Eo dp 

value s given are mean values of separate measure
men ts made on three specimens. The measurements 
were made at 100 kg/ cm' intervals both on increase 
and decrease in pressure. The maximum deviation of 
th e measurements of the pressure coefficient of 
Youn g's modulus accordin g to scatter of the experi 
mental points was 10 per cent at a pressure of 4000 
kg/ cm', that is no more than 0.5 per cent of the 
You ng's modulus itself. 

The experimental data concerning the vari a ti on 
in the coefficient of Youn g 's modulus with pressure 
obta ined by means of direct measurement may be 
compared with calculated values of 

I dE 

Eo dp • 

employing for this purpos e experimental data avail
able in the literature concerning the change with 
pre ssure of the bulk modulus K and the shear modu
lus G, and the well-known relationship between the 
elas tic constants of an isotropic solid: 

th a t is valid in the case of small deformations (i.e. 
for not very large pressure intervals Ot for materials 
of low compressibili ty). 
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TABLE 1. 

1 dE 
- - (lQ6cm'/l.:g) 
Eo dp 

Material 
According to 
equation (2) 

Experi mental 
data 

Aluminium 
Copper 
Steel 

Differentiating equation (1) and bearing in mind 
that in the range of pressures up to 5,000 kg/cm' 

7.15 
2.69 
2.24 

it is possible with sufficient accuracy for practical 
purposes to substitute for the real values 

I dE 

Edp' 

dK 

K dp 
and 

1 dG 

G dp • 

G 

K 

their usual values 

dE 

E. dp' 

dK 

Ko dp 

dG 

Go dp 

and 
Go 

Ko' 

f inally for the coefficient of Young's modulus we 
get: 

1 dE 1 ( 1 dG Go 1 dK) () 3--+---.2 
Go Go dp Ko Ko dp 

3+-
KG 

---::;: 
Eo dp 

where 

1 dG 1 dK. 
-- and 
Go dp Ko dp 

are the coefficients of the shear and the bulk 

I 
7.2 
4.3 
2.3 

moduli re s pe ctive ly. 
T he re lationshi p of the bulk modulus to the pres

sure can be calculated using Bridgman's semi
empirical formula that applies to many solids in the 
range of pressures up to 10,000 kg/em' 

(3) 
aV -V = ap -bpi. 

where a and bare mate6al constants, of the orders 
of magnitude 10-' cm'/kg and 10""12 cm'/kg' respect
ively; p is the pressure (in kg/cm'). 

From equation (3) in the zero approximation we 
get 

I dK 2b 
--::;:-a+-

Ko dp a . 

Th e necessary experimental data concerning the 
magn itude: 

E K G _1- dG and 
o. o. o. Go dp 

1 dK. ----
Ko dp 

for calculation according to equation (2) are gi ven 
in T a ble 2. A comparison of the experimental values 
of the pressure coefficient obtained by us 

I dE 

Eo dp 

with the values ca lculated according to equation (2) 
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TABLE 2. 

b. r lJ Eo. [3J 
a, II] 

Material 107 cm1/kg 
1011 10- 6 

em'/tt kg/ eml 

Aluminium 13.40 3.44 0.72 
Copper 7.1'6 1.04 1.30 
Slcel 5.83 C.80 2.13 

is shown in Table 1. As will be seen from this 
table, in the range of pressures up to 4,000 kg/ cm l 

the experimental data agree satisfactorily with the 
results obtained according to equation (2). The 
lack of agreement of the data for copper is evident
ly due to the fact that the modulus of normal e las
ticity of copper depends very extensively on the 
conditions of heat treatment of the specimens, that 
we were not able to reproduce accuratel y in our 
experiment owing to the absence of the necessary 
information in the literature [3 - 6]. 

Translated by R. Hardbott le 

0 0 [3] _1_ dO[6J I dK 
Ko 10-6 --

10- 6 0 0 dp Ko dp 
kg/ em' kg/em1 

106e m1/lcg 1000cml/kg 

2.67 0.74 7.61 3.74 
4.77 1.39 2.71 2.18 
8.26 !.70 2.36 2.11 
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