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which indicates the inverse squared relationship between torque and speed in the series motor This expression describes a behavior that can, under certain conditions, become unstable Since the speed increases when the load torque is reduced, one can readily see that if one were to disconnect the load altogether, the speed would tend to increase to dangerous values To prevent excessive speeds, series motors are always mechanically coupled to the load This feature is not necessarily a drawback, though, because series motors can develop very high torque at low speeds, and therefore can serve very well for traction-type loads (eg, conveyor belts or vehicle propulsion systems) Torque and speed vs power curves for the series motor are also shown in Figure 1719 The differential equation for the armature circuit of the motor can be given as Vs = Ia (t)(Ra + RS ) + La dIa (t) dIa (t) + LS + Eb dt dt
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Fig 826: A micromachined transducer for application in medical treatment and diagnostics [2]
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		Permanent-magnet (PM) DC motors have become increasingly common in applications requiring relatively low torques and ef cient use of space The construction of PM direct-current motors differs from that of the motors considered thus far in that the magnetic  eld of the stator is produced by suitably located poles made of magnetic materials Thus, the basic principle of operation, including the idea of commutation, is unchanged with respect to the wound-stator DC motor What changes is that there is no need to provide a  eld excitation, whether separately or by means of the self-excitation techniques discussed in the preceding sections Therefore, the PM motor is intrinsically simpler than its wound-stator counterpart The equations that describe the operation of the PM motor follow The torque produced is related to the armature current by a torque constant, kPM , which is determined by the geometry of the motor: T = kT P M Ia (1746)
As in the conventional DC motor, the rotation of the rotor produces the usual counter or back emf, Eb , which is linearly related to speed by a voltage constant, kaP M : Eb = kaP M  m (1747)
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		The equivalent circuit of the PM motor is particularly simple, since we need not model the effects of a  eld winding Figure 1720 shows the circuit model and the torque-speed curve of a PM motor
Microelectro-mechanical Systems (MEMS)
35. azir leu thr . The cotransduction frequency of leu and azi indicated leu is closer to azi than to thr. Thus, two orders are possible: leu azi thr or azi leu thr. If the  rst order is correct, and leu is selected, leu azir leu thr ; this prediction  ts. However, with the same gene order, and selecting for thr , thr azir thr leu ; this result is not seen, and the order must be azi leu thr. The second order predicts thr leu thr azir. Critical Thinking Question: 1. At  rst, with much smaller data sets, scientists came up with branching models of the bacterial chromosome. However, with the very large data set of table 7.4, it is almost impossible to come up with a reasonable mechanism other than a circular bacterial chromosome.  8 Cytogenetics
+ E b _
We can use the circuit model of Figure 1720 to predict the torque-speed curve shown in the same  gure, as follows From the circuit model, for a constant speed (and therefore constant current), we may consider the inductor a short circuit and write the equation Vs = Ia Ra + Eb = Ia Ra + kaP M  m = T kT P M Vs kaP M Ra + kaP M  m (1748)
1. All chromosomes form linear bivalents. The cross-shaped  gure is seen only in heterozygotes. 3. No, there are no inversion loops formed in homozygotes. 5. A diagram will show that a crossover between a centromere and the center of the cross can change the consequences of the pattern of centromere separation. For example, in the  gure at left, we diagram a crossover between loci 4 and 5, as in  gure 8.11. 7. Reciprocal translocation (some effects occur only in the heterozygous condition). Look for the cross-shaped  gure at meiosis or in salivary gland chromosomes. 9. Assume crossovers as shown (following page, top left). 11. a. All females should get a wild-type X chromosome from their father. Irradiation produces chromosomal breaks, so a deletion of part of the X is possible, producing a situation of pseudodominance. (Alternatively, the offspring could have gotten a mutant Xw from the father.) b. Diagram the crosses (a  /  represents a deleted part of the chromosome and ________ X chromosome) w ////   w + wild-type //// + wild-type w Y white ///// Y dead Y
thus obtaining the equations relating speed and torque:  m =   T Ra kaP M kT P M (1749)
and T =  m Vs kT P M   kaP M kT P M Ra Ra (1750)
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