2020 F[E
BB ARFRFRETFRE
IE T RIHERTE
VE M IKF P E B - YE R

3
ay

AP BR T RE
5 (E)

2020 2 B 17 H(A)

FEEIE

1. £ TOHBERK BAAK) OZHRESHICZRESERAT LI L

2. ECOBERMOL(EL)ICKEBES (I, I, I, VM)ZELATHIL.
3. KEIZ&IZRl <~ DRERMEFERT AL

4. BERMIAEOAZFERAL, MESHEZTHREITLIL

5. BERMNRYLGWLESIHAREEEICERTHIL.

6. EREMFI&, FBEFLIFAZL.



IFOAMICEZ L. (100 /)

M1 W&, 1ok, wEEHEDO220ESCEx=ak A4

D(x=bZfESMHORI s 52 5. \
dr :
() M1 oX57, R EOTIT/NSOXME dr = (dx, dy) cv//V//ﬂ

DOE X drit

D

[ 4

| I
| |
| |
O a b

dr = /1+y’2dx & 1

EETLZ BT L. L, piE, By O x IZOWTO—REmr 2R,

) (H5, ks X

b b
s :f dr = f /1+y’2dx~~-(i)
a a

EFETD. ZOHREs Z2MIMET D ESIEOREL, LLFOAA T =0y iRl

IRET 5.

d (0f ey, y)\ _of(xy.y)
dx ay’ B ay

ZZTf Oy, Y NI OB REE [1+y' 2 THD. Z DA A T — D5y i % i
X, BHECLEDERESESIPB/NIARZOE, ERAMZERTHESEETHDL L

Rt

M2 &z, K20, RADOEHROITHZEESNTZES [ DARD
FAZORBLE R (HEm) K DHIRY FOEHEZEZ 5, &
T2 FIEHT LD L L, MERERTAZOLTD. K

DERIFEHTEIbDOL L, EHINEEILg &7 5.

(1) EROEBTRVF—K %, 0D t [T 28570 & f -

THRE.



Q) BAEORFEEZEEL LT, METRXLX—U 2HRKE.
B) T/ UTPT VLWL, 0) RE. EBIL, AAT— T 7TV FREXEREL,

ODWFL ¢ (2B 5 M0 %, 0%ff-> THRHE.

4) MO TN ENE LT, EEIOF T a2k k.

B3 M3Dkoig, 3 50EMA (WTNbEEm NRAND w4 Lz

B I OBWARTHD 31, AWVIZEWV R (IWTIvh xR

I K TORBNEHAOMMEREE X 5. EANHIE

k k
LT3 e, AxEnFhs A%ElChy, Eodicwr  @OTITNOTINNO
~ Y ~

725FE0WEDET D, FHIEREN S O E R OB %X 3 D o 3

Folxmx b L, AMEEZIEDOMES L$5. EOMEEITIg 5.
() b 1 FAOER (B x) 1E, A206ZF 2803 (7 ), HANR
T HEND, RICEELRTEORDE (A ) EETFDHDT, BN x 1B

% EE 7R,
d?x,

miH_( 7 )e( 4 )

EEIFL. (T )BEO( A )b TUIEDIXE, Lm g, kxi,x,x3
DO HRLERE DA AV TRE.

(2) (HEFBRIZ, o BL O x IZHT2EITRAAZEZE. ZOBMREINZE T 5E—F
ERO DT, x1=Aicosat, x2 = Axcosat, x3 = Ascosot (o 1%, FEFIREE) DL
xi b xs DFREMEL, ET— FOBEFRBEEZRD L. £, 2T EFIRE)

Ikt d 5 — ROIZ DWW T b fRICHAE X



II

BUFO&RMIZEZ . (100 %)

1 H1DOEDIZ, EINRATEREBENF N & bDOFRHMHEER A & BH
HO, FTOMMFEER: DHFIN TSN TW5S., BEMOEI ML T,
B AT a & bIZHARFTFIZEVWEDET B,

(1) ZOMfEa YT Y —DELKEE C), D5,

2meh

T ()

Ch

THZOND I L ERYE,
(2) EMiA 2 BOMEd(=b—a) 2 a iCHARTIEFIZNIVE EOBEBRE
B Oy 2RD XK.

12 iz, MEEMKRA & BOMZ2BLEEE c(BEXEITE p = 1/0) DEME
BIR Tl 7= U 7=,

(1) M A & BOMzHNcERE [ £ 5. HEEMO G0N S DR

Wt r OALBEIZBITDEREE J, 2 RkD K., 727U, a<r<bTh5b.

(2) A—LDIEAI J, = oE, 05, A & B ORIOESEI R 2K &.
772U, E \FHnhd o O r ONETOBEBLDORE I THS.

|

-, e = e = = = = = = === -

1: [l iy 3 e e A



3 FHEEROEME R OB SIEDTEIZIL, ERERE OB KD ORE %
I 270 mERE WS, EHEIZEEV 2 1A% & &LV, 2ED,

V—V,=RI

<
=
S
<t
v
(v
(v
e
aul

FERBEHIIMATES L Lz Vi

1
%za/Mt

ENTEDOT, MIEMRKIZTELRAEC DI YT Y — PP ESNIC B X
NTWVWBK 2 DEEKEFMTH 5.
(1) V(t) = Vycoswt & LT, TIZET 057 A% 207

(2) (1) DWHHERZE T = Ijcos(wt + ) EBEWTHLS &, Ip & p BN
TNUTFTTEZ NS Z L& RE.

Iy = LQ,
(&)
1/Cw
= tan ! .
® an 7

(3) (2) DFEENP S, EBIREBEBOEITR & 1) & Vo 2 S IEHEIZ KD 57-80
ZIXBIREIT V OIREIEDE D & S 52 I X Vi k.

V(1)

[ 2: A AR [ .



I | AR OIS 2 &. (100 £)

H& m ONFPRRE FRT ¥y V(z) = mT“’za:Q DHEeTriibEEEHLTWS., Z
DR AT BV alb—F 1 v H—HERE

_h_2d_2 ( )_|_ mwz
2mdx2§0x 2

LRIND., BB THA AKX

> —Ax? _ z - 2 —Az® —i E
/_ooe dx_”A’ /_ooa:e dx_2A”A

2’ p(x) = Ep(x)

ZHWT KW,

Ml 1 JE B .
wo(x) = Coe™ " (Co, a IZIEDEE)

IZ2oWT, HiRgEE2S, C) & a DBEfRERD K.

M2 @o(z) B¥alb—T 1 v A—HBAOMEL22L5 8B a2EDS L,

me
2h
YD ERE. Xz, o(r) ST BT RV F—EEE Ey &k &,

o =

B 3 IREE o 10 B BWIE A ORIFHEE (A) L RTZ 2125, MEOTRES Az 5 &
CHEBRORWE S Ap & ZhTh

Ax =+/((z —(2))?), Ap=+/{(p— (p))?)

TEET DL, .
AxAp = 5

DD LD Z & ZRE.

] 4 JREHBEEK

p1(x) = Crxexp (—%x2> (C IFEE)

IR AT R X—[EGH By %KD K.
5 IRA& @1 (2) 1IZW LT, KT DFIEMRI R RIZIRDAEZ KD L.

M6 IWENRAEL oo (z) IZMBBEEL, o1 (z) IEHFBEKTH S, —Mi, 1 IXITCHFIRE 7O T RTO
EABEBIE, MERE - IHEBOVWTINTHBE I L2 RE. =720, 1 RGBS
F DT 3 IF—[EHARBIZIIMED W & 2R E LT LW,



WIZ, oy FHNO 2 RTCOFFNIRE 725 2 5. K FOREBEKE Y(x,y) LT 5L, Vo
LV—T 1 v hH—HEAX

K2 0? 0? mw?

I <aT T @) Wo,y) + o (o 4 )l ) = B ()

2m

LRIND.

17 1 SGERART 70 T 3 V¥ —ERIE R op(x), SIET 5T AL F—EEHE B, ¥ 5
. ZDEZE,
Y(x,y) = or(r)ei(y)

M2 POLIHFIRE F O T X V¥ —EARETH D, TXVF—FEGHED B+ E TH5Z
&Rt

M8 Z D 2 RyGHMIRE)+ D5 1 B IREDHHRE Z KD K. 772U, 1 ouiifliRE)F DT
FOVF —FAREBICIEHHED RN Z &, B X2 OTiAFRE) 7 DML 22 T 3V ¥ — [ A
REIFHTR D (z,y) DIRIZR oD Z & 2BEME UL TR,



IV

DITo&MIcE 2 &, (100 51)

B1 BMERHE LTTIRIDX I RES p & RV Zii L I 2K CRRIND AL /) —
YA INZEZL, DOF), WEE N OHEKAENBKD L9 2Bl A > B —C —
D—AZI1IYAI7NVETHERNZEMNEZT S, A — BITRE Ty OERETORIER
DEAE, B — C RWBWZEDEME, C — D IZRE T, OBRETOIEMOERIE, D —
A BWIBVEMOBIETH S, 2L, 0<Ty<Ty THH, [ ERH%E R LT3,

A

Dp a

£

1 Dp
Pp

Pc

* 1"

(1) A — B OERRIEICE T, GADIHBIZITZ% 5 i

Was = NRTy In (%) (1.1)

A
ThH?DIEERE,

(2) WiBEIEICB T2 X7 Y VY ORIRA TV = €8 2T,

Vo Va
D _ A 1.2
AT (1.2)

DB H 2 Z R E., 22T, c Z3EHTH 3.

(3) A — B DFEFICEOTRAEDIRI L 728g% Qup, C — D DEIEIZE VLT
oo INIAEE —Qp T 5 &,

—Qcp 11
O Tn (13)

DD IO L, 2L, A (11) & (1.2) ZHVT LW,

(4) AN —F A I ND 1 HFA4 2 L CREDIRIAT S Athd W 2kD k. 7
L, R (L1) 2MeT i,

(5) AN —H4 2 LDRER ¢ B3R k.



M2 HEm, AR w D NEOMZ 1 ZOGHNIRE) 26 % 2 R 2E2 5. %

DNV =T F
N p2 1
13 (s )
; 2m+2quZ

ERING, L, p &g lEENEFN i FHOFNIRE) FOEE RO KE I LA

BERT., COFR%E (270h /) AVTrH TN, & Th )=V T vy T

DZODIFETHITL 72w, 7220, FVY 2 VERE kg, h=h/2n) (h 17T~

JER) LT 5.

(1) S2ah /)= ANT Yy TVDHETIE, ZORDIINLF— EILEITST
YhurE—SIE, N»BHoRKEVEE,

S:N@(mGj&>+Q (2.1)

THHILEpE, L, 2N ZOEHNOERE R OROERD 7V RN /N
KB LAY =) vV TDR

InN!'=NInN - N

ZHWT X,

(2) ZORDNERL R F —I
E = NkgT (2.2)

ThBI LR, X (21) ZHOTRE,

(3) A/ ZANT Y T NDIFETIE, WE T OBFEIREBICEK T2 ZDRDI)

[THESE ¢S .
_ (FBL
ﬂﬂm_(m) (2.3)
THEIERRE., L, 7 AETOAR
/_OO dre 47" = %
ZHWT &,
(4) WE T OBFEIREEICEIT S Z0%D Ly buE—Ig,
B kgT
S_N@<m(ﬁ;)+g
Thb %, R (23) ZHOTRE,
(5) CORDONIBZ L X —IF
U= NkgT (2.4)

THAHIE%", h/)ZANT YV 7TILDFETRYE,

(6) “DODHETHRONINEF LRV —D (2.2) & (24) BUARFALTH S, C
DRDEMAEEERD K.



2020 £ |

Mk RFRFREIFHER
1B T RIEAERTE

ME Bk FE I - Y HE

)d¢

l.l.IJ

A

AFaER B RE

'H'EE
aA

2020 &£ 2 B 17 H(A)

FESIE

1. 2 TORERMKBIRAK) ODZRESHICZRESEZRATSLIL
2. RERMIFEOAEFEAL, MEZHESTHRETLHIL.

3. RERMEARYL MG XRBREBEICHERTSHIL.

4. FEMF(E, SEHFELRAIL.



[ | kocEsE#HAT, UTORMICEZ L. (30 /)

A cyclotron can accelerate charged particles to very high speeds. Both electric and magnetic
forces have a key role. The energetic particles produced are used to bombard atomic nuclei and
thereby produce nuclear reactions of interest to researchers. A number of hospitals use cyclotron
facilities to produce radioactive substances for diagnosis and treatment.

A schematic drawing of a cyclotron is shown in Fig. 1-1. The charges move inside two
semicircular containers Dy and D, referred to as dees. A high-frequency alternating potential
difference is applied to the dees, and a uniform magnetic field is directed perpendicular to them.
A positive ion released at P near the center of the magnet in one dee moves in a semicircular
path (indicated by the dashed line in the drawing) and arrives back at the gap in a time 772,
where T is the time needed to make one complete trip around the two dees. The frequency of the
applied potential difference is adjusted so that the polarity of the dees is reversed in the same
time it takes the ion to travel around one dee. If the applied potential difference is adjusted such
that D> is at a lower electric potential than D; by an amount AV, the ion accelerates across the
gap to D, and its kinetic energy increases by an amount gAV. It then moves around D, in a
semicircular path of greater radius (because its speed has increased). After a time 772, it again
arrives at the gap between the dees. By this time, the polarity across the dees is again reversed,
and the ion is given another “kick” across the gap. The motion continues so that for each
half-circle trip around one dee, the ion gains additional kinetic energy equal to gAV. When the
radius of its path is nearly that of the dees, the energetic ion leaves the system through the exit

slit. It is important to note that (a)the operation of the cyclotron is based on the fact that 7 is

independent of the speed of the ion and of the radius of the circular path.

Particle exits here

North pole of magnet

Figure 1-1: A cyclotron consists of an ion source at P, two dees D1 and D2 across which an alternating potential difference is applied,
and a uniform magnetic field. (The south pole of the magnet is not shown.) The dashed curved lines represent the path of the
particles.



We can obtain an expression for the kinetic energy of the ion when it exits the cyclotron in

terms of the radius R of the dees. We know that the speeds of charged particles v = qBR/m.

Hence, the kinetic energy is

K = (7)

@When the energy of the ions in a cyclotron exceeds about 20 MeV, relativistic effects come

into play. We observe that 7 increases and that the moving ions do not remain in phase with the

applied potential difference. Some accelerators overcome this problem by modifying the period

of the applied potential difference so that it remains in phase with the moving ions.
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(D. Halliday, R. Resnick, J. Walker, Fundamental of Physics £V —#ckZE L CH5|H)
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In the examples of induction effects that we have studied, the induced currents have been
confined to well-defined paths in conductors and other components forming a circuit. However,
many pieces of electrical equipment contain masses of metal moving in magnetic fields or
located in changing magnetic fields. In situations like these we can have induced currents that
circulate throughout the volume of a material. Because their flow patterns resemble swirling

eddies in a river, we call these eddy currents.

(©) (b)

Eddy currents

Magnetic
field

Figure 2-1: Eddy currents induced in a rotating metal disk. (a) Metal disk rotating through a magnetic field. (b) Resulting eddy
currents and braking force.

As an example, consider a metallic disk rotating in a magnetic field perpendicular to the plane
of the disk but confined to a limited portion of the disk's area, as shown in Fig. 2-1. (¢ Sector Ob

1s moving across the field and has an electromotive force (emf) induced in it. Sectors Oa and Oc

are not in the field, but they provide return conducting paths for charges displaced along Ob to

return from b to O. The result is a circulation of eddy currents in the disk, somewhat as sketched
vy ok H|

in Fig. 2-1(b). We can use Lenz's law to decide on the direction of the induced current in the
neighborhood of sector Ob. This current must experience a magnetic force F = IL x B, where

the vector L is in the direction of the current / and has magnitude L, that opposes the rotation
of the disk, and so this force must be to the right in Fig. 2-1(b). Since B is directed into the
plane of the disk, the current and hence L have downward components. The return currents lie
outside the field, so they do not experience magnetic forces. The interaction between the eddy
currents and the field causes a braking action on the disk. Such effects can be used to stop the
rotation of a circular saw quickly when the power is turned off. Eddy current braking is used on
some electrically powered rapid-transit vehicles. Electromagnets mounted in the cars induce
eddy currents in the rails; the resulting magnetic fields cause braking forces on the

electromagnets and thus on the cars.



Eddy currents have many other practical uses. In induction furnaces, eddy currents are used to
heat materials in completely sealed containers for processes in which it is essential to avoid the
slightest contamination of the materials. The metal detectors used at airport security checkpoints
(Fig. 2-2(a)) operate by detecting eddy currents induced in metallic objects. Similar devices (Fig.
2-2(b)) are used to find buried treasure such as bottlecaps and lost pennies. Eddy currents also
have undesirable effects. In an alternating-current transformer, coils wrapped around an iron

core carry a sinusoidally varying current. (p) The resulting eddy currents in the core waste energy

through I?R heating and set up an unwanted opposing emf in the coils. To minimize these

effects, the core is designed so that the paths for eddy currents are as narrow as possible.

(@ (b)

Pulse of
current

)

1/

1T Eddy
currents 1}0

. Receiver
Transmitting coil

coil Eddy currents

Figure 2-2: (a) A metal detector at an airport security checkpoint generates an alternating magnetic field EO. This induced eddy
currents in a conducting object carried though the detector. The eddy currents in turn produce an alternating magnetic field B’,
which induces a current in the detector’s receiver coil. (b) Portable metal detectors work on the same principle.

TEST:

Suppose that the magnetic field in Fig. 2-1 were directed out of the plane of the figure and the
disk were rotating counterclockwise. Compared to the directions of the force F and the eddy
currents shown in Fig. 2-1(b), what would the new directions be? (i) The force F and the eddy
currents would both be in the same direction; (ii) the force F would be in the same direction,
but the eddy currents would be in the opposite direction; (iii) the force F would be in the
opposite direction, but the eddy currents would be in the same direction; (iv) the force F and

the eddy currents would be in the opposite directions.

(H. D. Young, R. A. Freedman, University Physics with Modern Physics & ¥V —#BtZZE L C51H)
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