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typedef struct node {
struct node *child[2];
int end;
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/* Program 3 */
int exists(node_t *node, char str[]) {
int i;
for (i = 0; node != NULL; i++) {
if (str[i] == '\0'") {
[c] |
} else if (str[i] == '0'") {
(D] |
} else if (str[i] == '1"') {
I [E] |
}

if (node->child[j]
node->child[]j]

}

return 0;

}

void insert (node_t *node, char str[]) {
_insert (node, str, 0); /* Program 4 */

} int main(void) {

node t root = {};

insert (&root, "01");

insert (&root, "110");

return exists(&root, "010");




R 5

I —RICADEFOKEEKEBFREZOWTUToMicEx2 X, BEFExAmicorE#TE 5 H
DETEH mFEFOER, WMZT 7 v 7 EBME2n TH - 2 E B, kgld Ry < v iER, i(IZEBHALT
H 5.

1) EBExALF—E% b 2B oEHBEBY@) I, FRICKTFELARV 2 LT 4 v - R
h? d*(x)
" 2m dx?

+ V()P (x) = EY(x)
iy, RlicmLlz

+0o0 (x<0)
V) =iV, (0<x<L)
+00 (x=1L)
DHEF v & ¥ AV () DPIHHET BT OEFREICOWTHE L 5.

TRAEEREICH Y, HTHRETICHT %
(1-iv) EH TR F—EDRENE
ke X,

HE 1T p=—ik(d/dx)TH52bN5.

. CoE o) O HEHEp)E Ko X, 1E
f:’x"e‘p"dx = Nl/BVNH1p R Z AW TR W,

x <0
- (atin)x ((x N 0)) ;a¥ bIRIEDEL
L=k 2, »a3ftip, 850N, Zo@E#)EoBiHlic X > THl#HREK
DL, BREROBREIRIRZ Ko X.

(2) HHZERp o E T oES) R

RPN |

A7)

Vo= Vx)=V, |Vx)=«




1L &J& - WY - FEE (MOS) s E x5, 77y PNV FRECEFZ2Z4ALF -V FRIZX
210 d. ARERIT IR, AMVIIREN, DIEMDHRPRI S ) 2 v C©dh 5. FEAT O ITTERIC
AFEL T3, £/, ZfilrhCY) & OREICREIZFEL R, YV avoEEF > VT
EEEN (KN, WiFEEre b T8, BILMIIE St L B ETey (Ke)EdD. U avfilickfL
TEBRMICEREZHME N Tn 2, HHREZT, BEICH T 25582, FLY 2V iER Tk, &
fiiFEEEZql 5. UToRICEZ L.

(1) 77 v bV FRREEICEWT, PRIV Y o vic BT 2 IEfLEEp, L BT HEn, % R4

Q) 77y bV FREICEWT, PRIV Y avicsiF 3 7 = JHEfE R, BT 2L
THRY.

(3) HNS 2 EEV I L > T U = v IERIRTE, EZIRE, KEK
WiEo Ny FREZERMICRE X, $2F2hFholkiEL k2E
oV IHERTE, E BV T 2 L SHEfE OfE D TP ITR T2 . 22T,
E%Veg, LEWEEEZVigE T 5.

(4) EZEMEHACCEZREXEZ S, YY) I VvORART V3
e L OMEME Eoyd X CBEYICH 5 2 B, %, ¢ DB

(5) ZEZJEIRW, DZEZIRREIC B 1T B, MOSHERE D B/ [HifE
Wp & FH\» TR,

(6) HFHRETHMEL 22 EROYEENEL 2 5
TIT, KEOFBEBRLEX, i A A

(6-) 77 v bV FIREBICE T 2PHS
(6-ii) 7 7 v boNv FIREEIC BT 5
(6-iii) 7 7 v b NV FEE Vg

72 Z @ iEwp,

Eox> Ess Loxs

iy % 1-2f7 b~ X
TndboLd b,




& 6

L X1 CRIEEFREZEOREN G125 3. 1, JIZIEDER, sii7 77 ABMoLETH 5. ol
R RICHRL, R2oX)ie, Ko 4 v e T 20HIHIEBEA A7 4 —F Ny 28§l %2175,
U(s), Y(s), D(s), Y*(s)ix, &4, ANEFu®), HAEFy@), #Eld(t), 5Dy *(t) DR o

77 7ARMTH D, UTOMicER X,

1) E1ieBnT, AN S IEI~DEEBKG(s) = D% ko k.

U(s)

2 K2icsnT, HOY()DEREY*(s)D bY(s)~DEAN — T{ri

INLEOMETIE, t=]=107 5.

@) B()DG(s)D K — FRHOBE 2. 7z, KpDffichy
BEIBAT B, ZoFR— FigEKZRHWCEEE X,

5) M2icB0Tky =2, d©) =02 T 3. fE4fiy (6)2 5
B, b, y)oWET.

(6) ®2m£m<m=§,ng=oaf5.ﬂﬁ
¥, y(O)DmAEZ KD X,

(7 KpzKELLTWL &, [HGS), (6
B, FHCISE OIRENEBAL, W
TRtE X,

BREREL YD X ) IcBT 3
SRS DL, HEIIGUALHE W

Y (s)

Y (s)

[% 2



IL KA % F0E & 3 2 tiE sty » 5. FHEHERIZ—ETH Y, BHETIKHUEIR, =050 00—
EECH 5. oy, 77 - BirHoEERTCERFRKIEFMRIEETZ 2035, £
7z, B, EHIRL CERTIRRDSOBREER S TS (ERTE b0 LT 5, FRErL
T2, UToficEx X,

1) K3oX)icBEBEFIRFICY, =100 V OBJHEEZEHL, CoEMBEZEIKE L GEiEL-LC
%, BEETERL =20ATHY, B TORIEEEIL 1 9H72Y 1500 HEETH -7z, Z DD, K
B NE, [VI& bl 7o MiEfAEEw, . [ads]ZRKo X, 2hbxIECEEEHN P [W]E
HEBE PV 2T NmlZRD X, 2 LT, EHEDE, 2K X,

2 B4oX)ic, fQ)L R CEFED B s i< BaiiR, = 5.0 Z i L T,
ZMAE X €7z, ZofR, ERFEEY =100V 21572, :
& FERIN Koy & KD X,

(3) [, @QTHE o7z AANF Lz OF T IEERZHE X,
SH B oo f| i & R X

R,

T Bmrrmn

B TFiRF
'
T
B R,
Va &R
BHT
+
75 N
BT T

[%] 4



Problem 1

I.  Two sufficiently-large conducting plates are placed in vacuum. As shown in Fig. 1, conducting plates A and B
are located parallel to each other at positions x = 0 and x = H (> 0), and they are charged with uniform surface
charge densities of g, and og, respectively. The thickness and the edge effect of the conducting plates can be
neglected, and the electric field generated by the charges on each conducting plate is assumed to have only the x-

component. Let &, be the vacuum permittivity. Answer the following questions.

(1) The electric field generated by the charges on each conducting plate is symmetric on both sides of the

corresponding conducting plate. Find the electric field in the regions of x < 0 and x > H

(2) Find the electric field between conducting plates A and B (0 < x < H).

(3) Find the electric potential of conducting plate B relative to conducting pl

From the condition in Fig. 1, conducting plates A and B are connected with a resistor. A

charge densities of conducting plates A and B reach g, and o, respective

(4) Find o, and op.
(5) Let W, be the electrostatic energy stored in the infinitely long co % i i s-sectional area S, as

indicated in Fig. 2. Find AW,, which represents the iti ig. 1 to that in Fig. 2.

neglected, and the connection between co does not affect the surface charge distribution on

conducting plate C.

(6) Find the magnitude and a acting on conducting plate C after sufficient time has

passed.

Resistor Resistor
oy Oc
H™ ol nl g H™
q 2
Conducting Conducting Conducting Conducting Conducting Conducting Conducting
plate A plate B plate A plate B plate A plate C plate B

Cross-sectional area S

Fig. 1 Fig. 2 Fig. 3



II.

(1

)

-

Answer the following questions.

As shown in Fig. 4, a constant current [ flows in the +6-direction in an infinitely-long solenoid with the radius
a (> 0) and the number of turns per unit length N placed in vacuum. The thickness of the solenoid wire can

be neglected. Let p, be the vacuum permeability.

(1-1))  Let r be the distance from the central axis of the solenoid. Find the magnetic flux density in the radially
inner region (r < a) and the outer region (r > a) of the solenoid.

(1-i1))  Find the magnetic flux contained within a circle of radius r from the central axis. Not€ that the magnetic
flux in the positive direction of the z-axis is defined as positive.

(1-ii1) Find the inductance per unit length of the solenoid.

(1-iv)  Generally, the magnetic flux @ passing through a surface S is expres. ‘as @ = fs nds, whe

B is the magnetic flux density and n is the unit normal vector of the su  ¢e. Consi tha" he
vector potential A = (4,, Ay, A,) has only the 6-component bethrinside and'e  ide the solenoid, find
Ag as a function of r.

As shown in Fig. 5, a constant current flows in the +6-direction nfinitely-long_ ick conducting cylinder
with the inner radius a and the outer radius b (> a). Fheeurrent de ¥,/ in the th) conducting cylinder is
inversely proportional to the distance r from the ¢entr nd is exp d (r) =Jo/7r, where J, isa

positive constant.

(2-1)  Find the magnetic field in th€ tadia inner t. on (r < a), the inside region (a < r < b), and the
radially outer region (r > b) of th k conducting  linder.

(2-ii) Let o be the condugtivitypof the thit ‘enducting cylinder. Find the magnitude and direction of the
Poynting vector &S = E the inner. face (r = a) and the outer surface (r = b) of the thick

conducting cylinde. Here,/E "n_ H representthe electric field and the magnetic field, respectively.

(2-iiyd E energy tran erpe nit len er unit time to/from the thick conducting cylinder.
r
! ‘ @J
FRC00000000000 0000
7 a |b 0
z A
------------------- > - —— >
KRR KRR RIXRXIXNR) - - - -+
RJ

Fig. 4 Fig. 5



Problem 2

I. Answer the following questions on the electrical circuit shown in Fig. 1. Here, t is time. Symbols in the figures

are defined in Legend 1. Use j as the imaginary unit in the answer.

(1) In Question (1), let R = 0.
(1-1) The switch S; is opened and the switch S, is closed. Find the admittance between the nodes A and B at an

angular frequency w.
(1-ii) Both the switches S; and S, have been closed for a sufficiently long time. The voltage V2E; sin wt +

V2E, sin 3wt is applied from the voltage source. Supposing that the capacitance C is

using L, w, E;, and E, when the effective value of the current i

minimum.

(2) The switch S; has been closed and the switch S, has been opened for a suffic
the voltage applied from the voltage source is zero.
(2-1) When the voltage applied from the voltage source after t = 0 ise
i(t) flowing through the circuit at the time t(> 0). Let t

a sufficiently long time, the switch S; is

(3-1) Write the differential equation which,t

Fig. 2

—:l— Resistor _"— Capacitor

—YYY_ Tnductor d) Voltage

source

Legend 1



II. The drain current I of the N-type MOS transistor is the function of the voltage Vg between the gate and the
source, the voltage Vpg between the drain and the source, and the voltage Vg between the body (substrate) and the
source. Hence, the current difference Al when Vg, Vpg and Vpg change slightly is expressed as

Alp = gmVes + goVps + ImbVss;
where vgs, Vps, and vgg are the small differences of Vg, Vps and Vgs, and the conductance g, gp, and gmp

denote as the followings, respectively,
alp dalp alp
= W' P T vy and  gmp = W
Answer the following questions. Symbols in the figures are defined in Legend 2. Use the symbols of Legend 2 in the

Im

answer. Use j as the imaginary unit in the answer.

(1) The capacitive components of the MOS transistor are ignored in this questi
(1-1) Draw a small-signal equivalent circuit of the N-type MOS transistor.

(1-ii) Using the small-signal equivalent circuit of Question (1-i), find the small signal. n,of the'e h n

Fig. 3, vour/Vin-

In the following questions, we consider the capacitive components of t N-type M ransistor: the capacitive
component Cgp between the gate and the drain, the capacitive comp Cgs betwee | he gate and the source,
and the capacitive component Cpg between the drain and the body.

(2) Explain briefly the reason why the capacitive compone Cgp maller th. €5 when the MOS transistor is
operated in the saturation region.

(3) When we ignore the capacitive component ¢p consider only €gs and“Cpg, draw a small-signal
equivalent circuit for the circuit in Fig: 3.

(4) Using the small-signal equivalent circuit of ‘estion (3), find  small signal gain voyt/viy as a function of
the angular frequency w of the sinusoidal vol e ,source. Then, draw the Bode diagram of the frequency
characteristics of vour/VUy  re,as  ethat thei tnal resistance Rg of the input voltage source is zero.

(5) When thednternal resistanc> Rg 0f  inp wvoltage source is non-zero, explain briefly how the Bode diagram

chan om e result of Questi ' (4).

RS ~} Resistor L nc voltage @ Voltage—controlled
T source current source
—”— Capacitor D
VIN b d\’) AC voltage R N-type MOS
source transistor
7; rJr Ground S

Fig. 3 Legend 2



Problem 3

I. Answer the following questions on information theory. You may use the following approximations, when necessary:

log, 3 = 1.58, log, 5 = 2.32, and log, 7 = 2.81.

Let K be a memoryless information source that has four states {Kj, K;, K5, K5}. The probability of each state K,
K, K,,and K5 equalsto 3/8, 1/4, 1/4,and 1/8, respectively.

(1) Find the entropy of the information source K, H(K).

(2) Weencode K,, K;, K,,and K; with code words as short as possible. Show an example of ¢
its average length. Also briefly describe relationship between the avera

entropy H(K) obtained in Question (1).

P(SolSo) p(S1lS0) p(S21S0) P(S3lSo
_ p(SolS1) p(S1lS1) p(S2IS1) p(S51S1)
p(SolS2) p(S11S2) p(S21S2)  p(S5]S2)
p(SolS3) p(S11S3)  p(S2IS3)

T

(3) Draw the state transition diagram of the in
(4) Find the probabilities p,, p1, D2, @ S1, Sy, and S3, respectively, after a
sufficient number of trials.

(5) Find the entropy of the inf



II. Answer the following questions on signal processing. Here, the unit step signal ug(t) is given by

0, t<0
us () = {1 t>0°

The Fourier transform X(w) of a continuous-time signal x(t) is given by
X(@) = Flx(0)] = f x(O)e-jotdt,

where time t and angular frequency w are real numbers, and j is the imaginary unit.

Now, we consider a signal x;(t) shownin Fig. 1.Let T > 0.

(1) Express the signal x;(t) by using the unit step signal u,(t).
(2) When the unit impulse signal §(t) is input to a linear time-invariant system, is given

0, t<o0
f(t)={e‘2t, t>0"

Let g(t) be the output signal of the linear time-invariant system

transform of the output signal g(t), F[g(t)].
Next, we consider a signal x,(t) shown in Fig. 2. Let T,

(3) Express the signal x,(t) by using the unit

(4) Find the Fourier transform of the signal x




Problem 4

I.  Answer the following questions on logic circuits. Logical conjunction (AND), logical disjunction (OR), exclusive

disjunction (XOR), and negation (NOT) for logical variables x and y should be represented with x -y, x + 7y,

x @ y,and X, respectively. The initial value of D flip-flop (D-FF) is 0.

(1) Write down the truth table of a quaternary counter circuit with two D-FFs. Also, find a logical formula of the
quaternary counter. The logical formula must be simplified as much as possible. Note that the values of higher
and lower bits at clock t should be represented with Q;(t) and Q,(t), and the values at the next clock should
be Q;(t+ 1) and Qy(t + 1), respectively.

(2) Draw a circuit of the quaternary counter in Question (1) by using only the symbols in Fig. 1.<The circuit must be

simplified as much as possible.

Let us consider circuits that receive 1-bit signal x on every clock. The circuits ou 1 whena s of the 1-b

input matches specific patterns, and output 0, otherwise.

(3) The circuit in Fig. 2 receives a sequence of four 1-bit inputs to x. Theircuit,outputs 1. 1-bit signal "z when
the series of inputs matches one of the sequences of 0, 1, 0, 0 (0100), 011 or, 1110. QO wwise, it outputs
0. [A] in Fig. 2 is a circuit with inputs qq, g4, g2, and g, and'the utput z. Fin_ he logical formula of the
circuit that should be in [A] in Fig. 2 in the most simplified sum-o0 ducts form.

(4) Consider a sequential circuit having four states with4wo D-EFs. The™ it outputs / as 1-bit signal w when
the series of 1-bit input is 0110. Draw the state transiti  diag m, of this ote that the state S has the
four states from the initial state until the outputof IvD, ne the fou. tesinord. s, s0, s1, s2,and s3. Also,
Table 1 is the state transition table of this [eircu the state S at. ek t is ropresented with S(t). Copy
Table 1 to your answer sheet and completeth state trans.  n table of this circuit.

(5) Assign codes to the state S of the circuit uestion (4) as. lows: s0 =00, s1 =01, s2 =10, s3 =11.
The higher and lower bits of S should be repr.  nted with ¥; and Y;, and those at clock t should be S(t),
Yi(t), and Y,(t), respectively ind ¥ 1), Yo 1), and w as logical formulae of Y;(t), Yy(t), and x.

The logical formulae must , simplif d a_  wuch as possible.

_ D,
D) - Do |
AND OR

NOT D-FF

Fig. 1
Table 1

z Next State Sz + 1) Output w

[A]
Current State S(¢)

9o a % 7 x=0 x=1 x=0 x=1
s0

x Dy Qo D, Q D, Q, D; Q3

sl

J,> Go J7> C_21 [> 62 ’—> 63 §2
s3
Clock

Fig. 2



II. Consider a C language program that stores bit-strings, a series of characters of / 0’ and ’ 1/, into a tree structure

and searches the tree to determine whether a query bit-string exists in the tree or not. Each node of the tree is

represented by a structure shown in Program 1. Inserting a bit-string a = aya, ... a,—1 of length m to the tree is

as follows: the program moves into chi1d[0] when a; is /7 0’, or moves into child[1] when a; is’1’ ona

node of depth i, and a variable end of a node of depth m is set to 1.

(1) Figure 3 exemplifies the tree where four bit-strings, “00”, ”01”,”000”,and “110" are inserted into an empty
tree. Double circle nodes indicate that their variables end are 1. Draw the resultant tree inserting bit-

strings “1”,”01”,7001”,”111”,and “0010” to an empty tree by following the example shown in Fig. 3.

(2) Program 2 is a recursive implementation of a function insert () that inserts a bit-string i

an integer 1 when c is ’ 1. Write codes that should be in the blanks, [A] and
terminated by the null character 7 \ 0" .

(3) Program 3 is a non-recursive implementation of a function exists
exists in the tree, and 0, otherwise. It is called as shown in Progra
[C], [D], and [E].

“4)

structure.

/* Program 1 */
typedef struct node {
struct node *child[2];

/* Program 3 */
int exists(node_t *node, char str[]) {
int 1i;
for (i = 0; node != NULL; i++) {
_insert (nog¢ ¢ t 1) { if (str[i] == '\0") {
(strld (] |
} else if (str[i] == '0'") {
(D] |
! . . . } else if (str[i] == '1") {
int j = char2bit (str]| | [E] |
if (node->child[j] LL) { }
node->child[j _node () ; }
return 0;
} }

void insert (node_t *node, char str[]) {
_insert (node, str, 0); /* Program 4 */

} int main(void) {

node t root = {};

insert (&root, "01");

insert (&root, "110");

return exists (&root, "010");




Problem 5

I. Answer the following questions about the electron wave functions and quantum states in a one-dimensional
system. Suppose that the electron motion is limited in the x direction. m is the electron mass, i is a constant
given by the Planck constant h divided by 2m, kg is the Boltzmann constant, and i is the imaginary unit.

(1) The wave function ¥ (x) of a single electron with the eigen energy E follows the time-independent
Schrodinger equation

h? d*yP(x)

— = VP () = B

Consider the eigen states of an electron inside the potential V(x) shown in Fig. 1 expressed by
+o0 (x<0)
Vix) =1V, (0<x<lL).
+o0 (x=1L)
(1-1) Show that the wave function of an electron with the eigen energy E
form of Y (x) = Asin(Bx + ¢), where A, B, and ¢ are constants. Exp
E.

do not change from the
i-Dirac distribution with the

Consider a system with multiple electrons in V(x)
single-electron system. Electrons are in thermal equ
Fermi level Er at the absolute temperature
(1-iv) Find the probability that a state i rgy E is occupied by an electron, and find the

a positive real part.
(x<0)

% (x = 0) ; a and b are positive real numbers.

ntum of the electron, a value p, is obtained. Describe how the wave function
tion of momentum, and find the wave function right after the observation.

o)

= Y=, |r=w




II. Consider the metal-oxide-semiconductor (MOS) structure. The energy band diagram at the flat-band condition
is shown in Fig. 2. The semiconductor is sufficiently-thick non-degenerate P-type silicon with an impurity
concentration of N,. The impurity atoms in the semiconductor are completely ionized. There are no defect states
inside the bandgap and at the interface with the oxide. The intrinsic carrier density of silicon is n;(< N,) and
dielectric constant of silicon is €. The oxide has the thickness of t,, and dielectric constant of &y, (< &). A
voltage V; is applied to the metal side with respect to the silicon side. T is the absolute temperature, &, is the
vacuum permittivity, kg is the Boltzmann constant, and g is the elementary charge. Answer the following

questions.

(1) At the flat-band condition, express the hole density p, and electron density n, in the Pitype licon,

(2) At the flat-band condition, express the Fermi level Ey in the P-type silicon  ing the intrins\ Fermi ~vel E;

(3) The silicon will be at the accumulation condition, depletion condition, and inver  mcondition  ending on th
applied voltage V. Draw schematics of the band diagrams of the MOS structure at e three ¢ o,
write the range of voltage V;, for each condition. Indicate the positions'of theyFermi lev. Egp and the intrinsic
Fermi level E; of the silicon in the diagrams. Here, the flat-band voltag hreshold age of the MOS
structure are given by Vpg and Vpy, respectively.

(4) Consider the depletion condition using the depletion approximatio hen the surfac | otential of the silicon is
¢s, find the depletion region width Wy, area chargedensity on the me. @y, and thf oltage across the oxide
Vox as functions of ¢s.

(5) Atthe depletion condition with the depletion#vidth W express thi pacitance. tunitarea C = doy/dV, of
the MOS structure in terms of &y, €ux, Esb

(6) Answer whether the following physical qu ntities bec higher or lower as the absolute temperature T
decreases. Describe the reasons in 1-2 lines  ¢h. Here, assum that the dielectric constants and thicknesses of
all layers, impurity ionizatien rate and metal wi_  function do not change.
(6-1) Electron density ng in  P-typ  licon at th. t-band condition
(6-ii) Fermiglevel Er ofith > -typés con he flat-band condition
(6-iid) b~ voltage Vgp

Metal Oxide | P-type silicon
(Gate)

—_—D
>

Conduction band

mi level of metal

Electron energy

Valence band



Problem 6

1. There is a plant with the transfer characteristics shown in Fig. 1, where 7 and ] are positive constants, and s
is a variable of Laplace transforms. A feedback control is applied to this plant using a proportional controller with
the gain Kp as shown in Fig. 2. U(s), Y(s), D(s), and Y*(s) are the Laplace transforms of the input signal (%),
the output signal y(t), the disturbance d(t), and the reference y*(t), respectively. Answer the following questions.

(1) Find the transfer function Gy(s) = % from the input to the output in Fig. 1.

Y(s)
Y*(s)

(2) Find the closed-loop transfer function G,(s) = from the reference Y*(s) of the output Y(s) to Y(s) in

Fig. 2.

(3) Find the closed-loop transfer function G,(s) = Y©) from the disturbance

6 o the outp

In the following questions, assume 7 = ] = 1.0.

(4) Sketch a Bode diagram of G,(s) in Question (1). Using the Bode diag;
of the closed-loop system shown in Fig. 2.

(5) Suppose Kp = % and d(t) =0 in Fig. 2. Find the output y
function. Also sketch a rough shape of y(t).

(6) Suppose Kp =§ and y*(t) = 0 inFig. 2. Sketcharo final value of y(t) when
the disturbance d(t) is a unit step function.

ts the stability

en the refers y*(t) is a unit step

(7) Explain how the waveforms and final values o
how the oscillation frequency, decay an i onses are affected, when Kp is increased, using

equations and figures if necessary.

Y (s)
—
Proportional l
controller
. U (s) - Y

Fig. 2



II. There is a separately-excited DC machine that uses a permanent magnet as a field magnet. The field flux is constant,
and the armature resistance R, = 0.5 (. For simplicity, the voltage drop between the brushes and the commutator,
and the armature reaction are assumed to be negligible. Loss factors other than armature loss, such as iron loss and
mechanical loss, are also assumed to be sufficiently small and negligible. Let m be circular constant. Answer the

following questions.

(1) The DC machine is operated as an electric motor with a power supply of 1, = 100 V connected to the armature
terminals as shown in Fig. 3. The armature current is I, = 20 A and the armature speed is 1500 rotations per
minute. Find the internal electromotive force E, [V] and the angular speed w.,.: [rad/s] of the roter-Based on

these, find the motor power P,,.[W] and the motor torque Ty, [Nm]. Then find the motor ¢

(2) We connect a load resistor Ry, = 5.0 Q to the armature terminals of the s
as shown in Fig. 4. We then apply a torque to the armature rotor and rotate it.

voltage V) = 100 V. Find the angular speed wg,,, [rad/s] and the generator effic
(3) Explain briefly an advantage of electric vehicles in terms of energy use, based on the e

efficiency discussed in Questions (1) and (2).

Ra

Armat
Brush A ]
Py Armature resistance
Commutator] Internal
Motor D electromotive
angula force

speed
Wmo

External
voltage
source
Armatﬁé'\terminal
Armature terminal
) 4
enerat
angular Armature
speed voltage
, - Ry,
Field V', Load
excitation oa
resistance
Commutator
&
Brush

A
Armature termina

Fig. 4





