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BFRIS R RBCE N — DN EES 3, MRAESR A B JR A 5 A B
WRANBRTEETLRZ —, E5ARBNSHWEERYINKSR. FELE,
A PR A =l RIS T 2 R AR 500 Y BN o 5 M B A 285 49 2 B A R
BRFRRIRH — N EEIF SR A2 000 SCIE S PAIX — 3 o 0] R
TAER.

AR S B E BN BRI, M AR RYEAR AT LRHERR AN | T (G|
HEREL, FLAERTTARHME KBRS |cd(G)| = 2 BIRE G, BfT 10 E T 3F
2- BERRERBERA S BN EUR SRR BRGS0 gy =&

B—. WA HIRSCH R 0 XK RESHAT A28, FER
T AL SO EE TAE.

B WIS H B SR SCR R A S S EEEW, AERRT
p- B, HRPEE p- BE, HURFER p- BE, Probenius BESE LA K BB HAS
B, nE 4Ry Clifford XbWV @ BLESE, o8 = H B Wb SR B LA

B BARNRE SRR A0 SCRVT [ L 4%
£ TR

BT, XEA R IERIER T LREAR IR B —FE IR 2-
BRI BEL 4028, TR T X R T 20 R ik 2- B 5 Z B BEY
H.

A, EGUEM T AR MR AT R AR HIL R —HERY
BRI R PR D IERL. R T AT 18— R 15 500 AR /)
R, B REA R AR AT AR E AR HH R B —FR A IR R B4R H 4y
K. RATEH TIXHEAREA =28 552508 Gy F- B, 55058 G 74>
fighy F- BEE WIS B BB, SE=288E G MITTRE G/Z(G) 2 F- B



KHEIE:  ARLRMER AT ARFAERR, FRIERRKRL,  Frobenius B, #4F
5k p- BE, CHEER p- BE.
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ABSTRACT

The representation of finite groups is an important branch of mordern
mathematics. Character theory is one of the main tools of the representa-
tion of finite groups over the complex field, it has close relationship with
the structure of finite groups. In fact, how the number and the degree of
nonlinear irreducible characters of finite groups influnce the structure of
groups is an important issue of category theory. This academic disserta-
tion focuses on these problems.

In this academic dissertation, we study the groups which have a prime
number and same degree of nonlinear irreducible characters over the com-
plex field, in these conditions, we classify the finite groups when they
are nilpotent but not 2-group, also we classify the groups when they are
non-nilpotent and the commutator subgroup is minimal. The whole dis-

sertation includes three chapters.

In the first chapter, we introduce the groundwork of this text, also

the research direction and the trends of the development.

In the second chapter, we list some fundamental concepts and facts,
including special p-group, extraspecial p-group, semi-extraspecial p-group
and Frobenius group, also some important lemmas such as the famous
Clifford’s correspondence theorem. They give a necessary preparation for
the third chapter.

In the third chapter, we solve the problems which this academic dis-
sertation focuses on by means of the properties of nilpotent and non-

nilpotent groups.The Chapter 3 is divided in two sections:



In the first section,we prove that the nilpotent group but not 2-group
satisfying our conditions is a direct product of an extraspecial-2 group
with a prime oreder group.

In the second section, first we prove that the commutator subgroup
of a non-nilpotent group which has three nonlinear irreducible characters
and their degrees are same is minimal normal. Then we consider more
general case. We prove that the groups which satisfying our conditions
and whose commutator subgroup is minimal normal are divided into three
distinct classes. The first are Frobenius Groups. The second are direct
products of a Frobenius group with an elementary abelian group. The
third have their factor group G/Z(G) as a Frobenius group.

Keywords: nonlinear irreducible character; the degree of irreducible

character; Frobenius group; extraspecial p-group; semi-extraspecial p-

group.
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ARRBEH R B E BB R AR RFEAR L, FAE R BN
SRANELTS. A RRBER R IR TE R R A L & R AT BRI TE BRG4GB
Fl.  W.Burnside F 1904 4E FIFFERRFLCIE AR 2T pq® B BEG W] fid:
ERLEHF] 1972 EAH LR HTIER]; A AIAT A, Frobenius S67
HIEFRAATEN — N R R E S MICARHEIEN. B2, FHERIE
WHBEMNT R A EEYINBRR. H2 1, FRBEAIELRAA T A4HE
AR ASBEORN U BSAAT 5  BE  25 4 © B0 A R BEH RR B — B
PR A2 LR SOEE B ZEX —IRBURTT, XHEH R JELM A ] 257
MEFR HZAER— R BE G, BATERTT T 2- BRI B/ D IERL Y
TR L.

AT, IR T I T7 10 1) K JR 337 A S SCEE g HE 2478 a7 B 1
.

ANV IR AR A TREE, FREFR N ERERR.  [rr(G) fRSERE
G WARTTLRERRE S, [ (G) AUEREE G I IERIEAR W AR ER AR &
cd(G) RFERE G IR ARHMERREEE & . RHE cd(G) RUFRHELAR
Z 4. W Passman,Isaacs Fl Garrison X |cd(G)| < 3 MIBEHFTIHEAR
PR, REIRAIGIR, w0 [7)[8][9][11]. X —fERE S = {1,q,0},
a,b A EREL 24 a, bR —&E & FEF, Thomas Noritzsch[10] Z5H T2
cd(G) = S HXFBEH — LU, TARSE Irr (G) LI Irri(G) 5 cd(G)
(56 ZRBF SRR 2549, Berkovich M58 TFZEELER. 1992 4F, i)
Kl th A AR AN W] AR R B A —HE (B [ 1771 (G)| = [ed(G)| = 1)
HEBREE [1].1994 48, fXF |11 (G)| = 8 A FREES H T 4326 [3]. M7 1996



Al SO HE MR AT RHEAR IR B B T A —FE (B | Trry(G)| = |ed(G)))
M PRARA T 4028 [4][5].

B WS H B 5IRSCH R EAM S S EELW, AERRK
p- B, BRRER p- BE, PBHERRRR p- B, Frobenius BESELA N BB HA
M AnE 440y Clifford XFW @ BEAESE, 458 = T2 W2 B LA

B BRI E SRR R 00 SRV [ L 2%
£ TR

B, FIHCHMEAE — N EERMER T RHERR R A IR A28, X
HA BPA IR TR R BB — R AR 2- BEA TR
528, UEMTT SRR I ORI 2- BES B R EA

BT, EHEMACHNEE MR EREAR ] Y RER A
FREES 2K, EH T WA SN JE R FTAFHERR BB — R A PR AR
FEFILSEANER. HRILN1 BE —RAIE ST SRR NER, B
BRI TR BIHR A — PR SRR RS 4028, 31417
TERA TIX R B =28, 5258 G O F- B, 288 G W4 fgh F-
PSSR ERL, 2K G fRTRE G/Z(G) 2 F- BE.

FEEULAN SR, AT RS AR B RARER, 7225 30k
6]. & N <SG, 0k N #H—FER, 2 16(0) X 0 76 G PRIt T/,
Bl I(0) = {g € GI099 = 0}. % I5(0) = G, WFK 0 & G- RZ5. FHL
Irr(G10) 3= G MTRYETE 0 BRI EFE RS, B Irr(G10) =
{x € Irr(G)|[xm. 0] # 0}.Lin(G) FmHt G BIRIEFHMEIRES.

AIBAIH G Rl G FFRE,  Z(G) it G L. F(G)
il ©(G) 4 MRAHE G WY Fitting T8 Frattini 7R p RE—AE
¥
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FIE EFHSHER5(E

TEX—EH, WATH A A K E S G, X ELRXT T4 3C
AR 5 B PR UE A B Y.

AN, AREARL HIERR 5Bk B SCHk (6] HrEy L
§2.1 p- &

BTRE L = p- BEA RS, 27530 [15] A [16] Hiy 2
X.

X 2110019 8 G Sy p- BE, BRBE G ORFRIR - B, MREWRET
FIHA A 2 —
(i) # G HWELH p-
(i) Z(G) =G = O(G) RWIZEAcHH.

EX 212010 g G RAEsc i RegR p- B, H |Z(G)| = p, WFREE
G BRIk p- B,

HMNHIE G/(C) RIFHAE, WHERIR p- B T 5[ B 5%
. %G| PR T AR p- BRRIME .

513 2.1 & G hdEscl p- B, G/Z(G) HAIESCHBE, Z(G)
JE®r.
W) [&=p
(i) [G/Z(G)] A—T I



EX 213010 B G IS p- BE, HX Z(G) AR TRE N
W G/N ARk p- B, NIFKEE G OvFseak p- #f.

FTHREFIR p- BEEFZ I a0ZIR, w2730k [10][14]. A3CH
EFESCHR [10] T B RAIE PRI

5138 2.1.20% G HAESSHe p- B, WL FEEAZ5REN
(1) G 9~HFFIR p- BE
(2) Z(G) =G H cd(G) = {1,|G : Z(G)|2}

§2.2 Frobenius B

Frobenius BEICIETERER) 2540 b AR A P TPl 5 5+ B
FIHAL. THEZEZH Frobenius BERIMES, vIZFCHL [16]) A E L.

FEN 22100 % G BAEREE, 1<H<G WMEHNONHI =1Vgc
G — H, WF G ARTFHE H /) Frobenius §f (f#K F- #), I H 4
G ) Frobenius %t (faF% F- Ab). 1 N = G — U,ec(H? — 1) W G
F-#¥.

#:  Frobenius H—MRZIFEHE, BIR G AT H B F-
B, W AIN<QG, H G=NHNNH = 1.3k FIZERFRE N Bl F-
¥, EH H ME—HRER.)

BI3 22108 % NG, # Ca(z) < N X V1 #£x e N, WL FH%E
WAL
(i) Ve Irr(N), o # In, B Ia(p) = N #1 ¢° € Irr(G).
(i) Vx € Irr(G) H N € Ker(x), 4 3o € Irr(N) FH 0% = x.
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& 5IFE 2.21 LR (1) SRR LR GOy F- BRI TEERME, B
F- BERISFUrRFAEAR 2RI, AT 22530k [17].

NHESH F- B S aiiEe 2.

5| 2220 ¥ NIGG=NHNNH=1, G ZEL H K F-
T F- B RRESAME Co(r) S N X VI #£2 € N.

HATARBFEIR Hag H - F- B EA TR BFORIE B X 5 2.

WA, 7o RPHEEM g€ G — H, iEW HOH? = 1. %
g=yr, H ye Hr e N. ig¢ HF z# 1. BEH 1 #u €
HOHY = HNH*, TRAETE 1 # vy € H A yi = y5 = yolyz, 7]
N<LGH [ys,a] €N, FRy;'m e N, Xy lyy € H, i NNH =1, #
v lyn =1, By = 1. IR 45 = vo, Bl s € Co(z). %5 Co(z) <N
FIE. FEOTHERRIE.

WEM: BOIE, WAFTE v € N, Co(x) £ N. WHFIE y € Co(x) 2
yeG—N. HGREF-# RiEEX 221 y=n,HP heH ged.
M g hgr = xg~"hg. B h = grg ‘hgz~tg~', W H*9 '(VH # 1, \Ti
grg— =1, Mz =17F. bEHGLE.

S () B 2.2.1 RILVETAAIEIHE 2.2.2 kR G = NH, NN
H=1RER.
S () F- BESSMERER RIS A 5 R, W0t (6]

NHE BT FEEXASCIE 2 EE, A2 30k [10] 5 [13).

538 223008 @ G HERE, & d(G) = {1,m}, WH
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