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where  0 is the angular position of the rotor at t = 0; the torque expression then becomes   T = k 2IS If sin( e t) sin( m t +  0 )   (1763) 2 IS If cos[( m    e )t    0 ]   cos[( m +  e )t +  0 ] =k 2 It is a straightforward matter to show that the average value of this torque, T , is different from zero only if  m =   e , that is, only if the motor is turning at the synchronous speed The resulting average torque is then given by   T = k 2IS If cos( 0 ) (1764) Note that equation 1763 corresponds to the sum of an average torque plus a  uctuating component at twice the original electrical (or mechanical) frequency The  uctuating component results because, in the foregoing derivation, a singlephase current was assumed The use of multiphase currents reduces the torque  uctuation to zero and permits the generation of a constant torque A per-phase circuit model describing the synchronous motor is shown in Figure 1733, where the rotor circuit is represented by a  eld winding equivalent resistance and inductance, Rf and Lf , respectively, and the stator circuit is represented by equivalent stator winding inductance and resistance, LS and RS , respectively, and by the induced emf, Eb  From the exact equivalent circuit as given in Figure 1733, we have VS = Eb + IS (RS + j XS ) (1765)
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where XS is known as the synchronous reactance and includes magnetizing reactance The motor power is Pout =  S T = |VS ||IS | cos(  ) (1766)
for each phase, where T is the developed torque and   is the angle between VS and IS  When the phase winding resistance RS is neglected, the circuit model of a synchronous machine can be redrawn as shown in Figure 1734 The input power (per phase) is equal to the output power in this circuit, since no power is dissipated in the circuit; that is: P  = Pin = Pout = |VS ||IS | cos(  ) Also by inspection of Figure 1734, we have d = |Eb | sin( ) = |IS |XS cos(  ) Then |Eb ||VS | sin( ) = |VS ||IS |XS cos(  ) = XS P  (1769) (1768) (1767)
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		The structure is an open one, and its water content is rather high. At lower water contents we would expect the bases to tilt so that the structure could become more compact. The novel feature of the structure is the manner in which the two chains are held together by the purine and pyrimidine bases. The planes of the bases are perpendicular to the  bre axis. They are joined together in pairs, a single base from one chain being hydrogen-bonded to a single base from the other chain, so that the two lie side by side with identical z-co-ordinates. One of the pair must be a purine and the other a pyrimidine for bonding to occur. The hydrogen bonds are made as follows: purine position 1 to pyrimidine position 1; purine position 6 to pyrimidine position 6. If it is assumed that the bases only occur in the structure in the most plausible tautomeric forms (that is, with the keto rather than the enol con gurations), it is found that only speci c pairs of bases can bond together. These pairs are: adenine (purine) with thymine (pyrimidine), and guanine (purine) with cytosine (pyrimidine). In other words, if an adenine forms one member of a pair, on either chain, then on these assumptions the other member must be thymine; similarly for guanine and cytosine. The sequence of bases on a single chain does not appear to be restricted in
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any way. However, if only speci c pairs of bases can be formed, it follows that if the sequence of bases on one chain is given, then the sequence on the other chain is automatically determined. It has been found experimentally3,4 that the ratio of the amounts of adenine to thymine, and the ratio of guanine to cytosine, are always very close to unity for deoxyribose nucleic acid. It is probably impossible to build this structure with a ribose sugar in place of the deoxyribose, as the extra oxygen atom would make too close a van der Waals contact. The previously published X-ray data5,6 on deoxyribose nucleic acid are insuf cient for a rigorous test of our structure. So far as we can tell, it is roughly compatible with the experimental data, but it must be regarded as unproved until it has been checked against more exact results. Some of these are given in the following communications. We were not aware of the details of the results presented there when we devised our structure, which rests mainly though not entirely on published experimental data and stereo-chemical arguments. It has not escaped our notice that the speci c pairing we have postulated immediately suggests a possible copying mechanism for the genetic material. Full details of the structure, including the conditions assumed in
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