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in a solid takes place through the motion of dislocations, which are generated
in some way which remains ‘obscure, but once generated will move under
the influence of a small applied stress. According to Peierls® this stress must

' SCCORDING to the dislocation theory of G. I. Taylor and Orowan(’), ‘slip:

exceed a certain small value, which may however be neglected here. Intold-worked

i .- 5) be the

ss. Then the dislocation theory leads one to expect ¢ at s will be

approxisnasel's. v to th' “ean internal strain in the material. : o
. Our &/ in this not .5 1o calculate the hardness of an alloy in which a number .

of sphg;i_gaﬁl(mipitatesl “ave formed. Assuming that metallic diffusion consists
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of a simple intercharige’ of atoms, each nucleus will contain as many atoms of the

precipitate as it originally contained of the original alloy. If the atomic volumes are -

different in the two cases, a state of strain will be set up.

Figure 2 shows the deformation of the crystal planes of an isotropic solid round
~a spherical occlusion. It will be seen that any piece of material in the matrix will
~suffer a shear strain; a piece which was originally a rectangle will now be a parallele-

piped.

Consider then a spherical particle of - radius 7o, embedded in the middle of an

infinite matrix. As has been explained above, the number of atoms taken out from
the hole is equal to the number put in; we shall assume that under zero pressure

@ ‘ ®)

'Figure 2. State of strain in a material due to an occlusion with a larger volume than the available

hole (a) with the occlusion compressed to the atomic volume of the matrix, and () in equilibrium.
The distortion illustrated here is that caused by an infinite cylindrical occlusion: this clearly
ilhistrates the fact that the volume of a unit cen in the matrix rfemains constant during the
cxpcmon.

the atomic volume Qp of the material of the occlusion bears a ratio to that of the

‘matrix Q,, given by
Qy (148
T T
If 8 is positive, the material of the occlusion will be under hydrostatic pressure; let
its lattice parameter be reduced by a fractxon 3 —¢, where € <3, so that under pres-
surc
Qy (1 + e)3
Q, 1
Let x () represent the displacement of the medium at a distance 7 from the
centre of occlusion. Elasticity theory gives as the most general form for x (r) with
spherical symmetry - ‘
: - ' B
x(r)=Ar+ ey
In our casg we may write o
' x (r)=er when r <7,,

X (T}:?(fo.s/ré when r>r7,.
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Let the bulk modulus of the nucleus be K, and let the matrix have Young’s
modulus E and Poisson’s ratio o. The strain in the occlusion is a uniform hydrostatic
compression 3 (3 —¢), and hence the pressure p is given by ‘

p=3K@G-¢. . (1)
In the matrix the radial and tangential strains are '
—2er®/r* and  +erg¥/rd

respectively. Let the stresses be F,, F,, F,. T hen

- 3 ]
2::’E@_=F'—20F¢
€. roa
_?3_~—= —0F,+(I_a) Ft'

Equating p to F, at the boundary
€= 3K8
" 3K+2E/(1+0)"

We may note that the strain in the matrix is a shear without dilatation. The
shear at a distance R from the occlusion is
- \ G’C’/ Ra’
where ¢ depends on the materials only.

Consider now a single crystal containing N occlusions per unit volume, each of

2 radius 7,. The average distance R of a point in the matrix from the nearest of them

will be given by .
. R~N-%,

Thus the average shear strain s in the matrix is given by
' ' s~erdN.

Thus if f is the ratjo:of the volume precipitated to the volume of the matrix, the
average shear strair is '
' ' s=¢f.

This gives, as we haye seen, the shear strain at the yield point. The critical shear

stress S is givep b )
s S B gvep by S~Eef.

We note iixai the critical shear stress is independent of the size of the occlusions

and depends only o} {e quantity of metal deposited. This may not; however, be -

true for very small nuclei. We may expect that our strained regions must have a
certain minimum, size before they are effective in hardening the metal; a Taylor

dislocation mighf{is P 4 very small strained region.
) ergy is alst independent of the size of the particles, for the

The totd] st gy
energy gﬁé‘iaté& with eacI‘; ‘spher,e is prpot;xOnal to

PravratimRidie - grrpes
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and this is directly proportional to the amount of matte.
cipitate. We are attempting at the present time to apply
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