
FNH ��� � FNH ���, are complementary. The isomorphous differ-
ence for any given reflection is a maximum when FN and FH are
parallel or antiparallel. The anomalous difference is then zero, if all
the anomalous scatterers are of the same type, and �N is determined
uniquely on the basis of the isomorphous difference. The
isomorphous difference decreases and the anomalous difference
increases as the inclination between FN and FH increases. The
isomorphous difference tends to be small and the anomalous
difference tends to have the maximum possible value when FN and
FH are perpendicular to each other. The anomalous difference then
has the predominant influence in determining the phase angle.

Although isomorphous and anomalous differences have a
complementary role in phase determination, their magnitudes are
obviously unequal. Therefore, when FNH ��� and FNH��� are
treated as arising from two derivatives, the effect of anomalous
differences on phase determination would be only marginal as, for
any given reflection, FNH ��� � FNH��� is usually much smaller
than FNH � FN . However, the magnitude of the error in the
anomalous difference would normally be much smaller than that
in the corresponding isomorphous difference. Firstly, the former is
obviously free from the effects of imperfect isomorphism.
Secondly, FNH ��� and FNH��� are expected to have the same
systematic errors as they are measured from the same crystal. These
errors are eliminated in the difference between the two quantities.
Therefore, as pointed out by North (1965), the r.m.s. error used for
anomalous differences should be much smaller than that used for
isomorphous differences. Denoting the r.m.s. error in anomalous
differences by E�, the new expression for the probability distribution
of protein phase angle may be written as

Pi��� � Ni exp���2
Hi����2E2

i �
	 exp
���Hi ��Hical����2�2E

�2
i �, �2�4�4�24�

where

�Hi � FNHi��� � FNHi���
and

�Hical��� � 2F ��
Hi sin��Di � �Hi��

Here �Di is the phase angle of DHi��� [see (2.4.4.19) and Fig.
2.4.4.2]. �Hical��� is the anomalous difference calculated for the
assumed protein phase angle �. FNHi may be taken as the average of
FNHi��� and FNHi��� for calculating �2

Hi��� using (2.4.4.20).

2.4.4.6. Estimation of r.m.s. error

Perhaps the most important parameters that control the reliability
of phase evaluation using the Blow and Crick formulation are the
isomorphous r.m.s. error Ei and the anomalous r.m.s. error E�i. For a
given derivative, the sharpness of the peak in the phase probability
distribution obviously depends upon the value of E and that of E�
when anomalous-scattering data have also been used. When several
derivatives are used, an overall underestimation of r.m.s. errors
leads to artifically sharper peaks, the movement of �B towards �M ,
and deceptively high figures of merit. Opposite effects result when
E’s are overestimated. Underestimation or overestimation of the
r.m.s. error in the data from a particular derivative leads to
distortions in the relative contribution of that derivative to the
overall phase probability distributions. It is therefore important that
the r.m.s. error in each derivative is correctly estimated.

Centric reflections, when present, obviously provide the best
means for evaluating E using the expression

E2 ��

n
��FNH  FN � � FN �2�n� �2�4�4�25�

As suggested by Blow & Crick (1959), values of E thus estimated
can be used for acentric reflections as well. Once a set of
approximate protein phase angles is available, Ei can be calculated
as the r.m.s. lack of closure corresponding to �B [i.e. � � �B in
(2.4.4.20)] (Kartha, 1976). E�i can be similarly evaluated as the
r.m.s. difference between the observed anomalous difference and
the anomalous difference calculated for �B [see (2.4.4.24)].
Normally, the value of E�i is about a third of that of Ei (North, 1965).

A different method, outlined below, can also be used to evaluate
E and E� when anomalous scattering is present (Vijayan, 1981;
Adams, 1968). From Fig. 2.4.2.2, we have

cos� � �F2
NH � F2

H � F2
N ��2FNH FH �2�4�4�26�

and

F2
N � F2

NH � F2
H � 2FNH FH cos�, �2�4�4�27�

where � � �NH � �H . Using arguments similar to those used in
deriving (2.4.3.5), we obtain

sin� � �F2
NH ��� � F2

NH �����4FNH F ��
H � �2�4�4�28�

If FNH is considered to be equal to �FNH ��� � FNH �����2, we
obtain from (2.4.4.28)

FNH ��� � FNH��� � 2F ��
H sin�� �2�4�4�29�

We obtain what may be called �iso if the magnitude of � is
determined from (2.4.4.26) and the quadrant from (2.4.4.28).
Similarly, we obtain �ano if the magnitude of � is determined
from (2.4.4.28) and the quadrant from (2.4.4.26). Ideally, �iso and
�ano should have the same value and the difference between them is
a measure of the errors in the data. FN obtained from (2.4.4.27)
using �ano may be considered as its calculated value �FNcal�. Then,
assuming all errors to lie in FN , we may write

E2 ��

n
�FN � FNcal�2�n� �2�4�4�30�

Similarly, the calculated anomalous difference ��Hcal� may be
evaluated from (2.4.4.29) using �iso. Then

E�2 ��

n
��FNH ��� � FNH ���� ��Hcal�2�n� �2�4�4�31�

If all errors are assumed to reside in FH , E can be evaluated in yet
another way using the expression

Fig. 2.4.4.4. Harker construction using anomalous-scattering data from a
single derivative.
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