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Observation of ferromagnetic resonance using a transmission resonant cavity

Xisense , Prof. Luo

Physics Institute, Peking University, Beijing 100871, China

Abstract: When ferromagnetic materials are subjected to an external magnetic field, the phenomenon in which electromagnetic
waves of a specific frequency are resonantly absorbed by the material is called ferromagnetic resonance (FMR). Ferromagnetic resonance
has the general characteristics of magnetic resonance and is widely used in fields such as spectroscopic technology and high-frequency
electronic devices. This experiment used a reflective klystron as the microwave signal source, observed the oscillation mode of the
klystron and the resonance curve of the transmission resonant cavity, and obtained the on load quality factor of the resonant cavity.
In the transmission resonant cavity, the absorption curve of polycrystalline ferrite samples towards microwaves was measured point
by point, and the ferromagnetic resonance effect was observed. The g-factor and relaxation time of the sample were calculated by
measuring the resonance magnetic field and resonance linewidth.

Key Words: Ferromagnetic resonance, transmission resonant cavity

1 515

PRI RO — W FER AR AP — B AREAR I BT ol i 4 0 A 2L 18 2
I A . Bl RIS R B S Y B EAE I AR RS, RERDTIAC AT I RS Y
Ptk St o . SRR B A IR —BeRp T ELRORL R, IR SR ] LAEA TN

P IIRIRAE 1911 AR YOI . 1935 45, Wiy S B M A oA 26 70N 1 P 5 /R it 8 & 5 Bk
AR o X FPRLRY T 32 W TGS BRI A5 L1 3 # ek. FMR GRS AR TR I B AR 10
SREE, SR PRI BER AN B iesh 1o ibniE TH

ARSI 5 ) RS s A DA N R R S, e SRR, UL 22 i AR A A Aot i ) BRI %
[0 SEHS AR I I B S IRAIN A e PR, R RS S PR G D A AR A TARRs I, T
iR PV DR M 2 UL I A A P I RN SR 2 PF IR SR A — PRSP A B A

*email:xisense wyx@stu.pku.edu.cn



2 Xisense

2 g

21 fERCIERE
2.1 R
— B 4 A S T A R R . th— B MERE B 4, FEH s LA i & AL
g mp, AR — R ORI . TR SRR, N RGBT, K B AL -
A

l=p- 3 @.1)
H A = A A=<,
/\E'Jv g @7 f
212 BERECSERI
T AR (Q MH) 2 TR IR IERCE SR & . o R — e SOk
IRRENEAERE . Wi
T R W @2

i, Lk, B SR R Th R A R B RS AR, SRS R 2 T

)
Tfo)f=====""7 ,
l?'lll%l'_‘ﬂ% K el TN ZAIfl,z
maw| | — - e ok B
. " B
:____a' - h h N f
(a) 14 IRAR I 22 s 1 (b) etttk R e ith &
el 1 AR I o 5 PR 5 e i 2
IR 0 F i BB T(D) & UR -
Py (f)
_ 2.3
T =515 (23)
QH Wi, 4
1 ()
Hot, T(fy) = g%, Af=f— foo W, e RBO LI IEIRINZ . XTI, A
_
Q= 3as, 2.5)

TERCBEIN &, ST SR RIS TR RO RO fo (Uit DR ), AR5 I it 2h 2 22— Y
TR f M fy, WA BRI QL

__f 2.6
Q=15 26)

22 RSAERAENIERE
QiR B R S B IR IR S A U IR TR AR A T IE A
PRI, 2 e, e SR S i AR IR, R IR, A A B PR -



Observation of ferromagnetic resonance using a transmission resonant cavity 3

PImW n=3
) SR 4 4 20_”4//r\\ _______ 2
n=5
e = n=6
Ve T a /\ ‘ ﬂ
100 200 300 -¥ v
fIMHz
A fhe I cesobl B1od o
JTOEEOS A A
Vo Tk g B P O R S
‘_]_ ] it 100 200 300 —Fg/v
(a) SRS B 0 £ i P P () S AR 5 A o 1 ol 2

Pl 2 A 2R s 1 O TR P e it ()

Bt VA A i e BRI . AT DA DA R s LA ST R IR L . i R FR TR £
T T BR AR A A . FEAE R IR G A ARSI DA 3R A ]

B A IR A AT AT R (R ORI R ) SR/ N R, BGE S AU
CRTTRRIRET , SRR K/ S KT B AT
2.3 PR

AT BERESS h R EREYS H el ek, S RE ISR BE b AR

b= siofi - h 2.7
N EF‘?
u —ik 0
ﬁ =ik p 0 (2.8)
0 0 pu,

wy k YREEC, p, MR Bl p=p +ip' k =k +ik",u, = plo

H-"“
Ilurrr ______________

I I
I I
I I
I I
| 1
| |
I I
| |
H, H H, H

ERE RS A



4 Xisense

Tl BRI AN fo WG REI A b, DR IERESS H W, R R AR IR . e o' — H 2%
PRI, UEE NS H, FONIEIRIEY , 1t = /2 IR BLRESA RN [ Hy — Hy | BRI R IRZE
Yo AH, FAERIFER /.

Z iR A R AR R RN,

w, =~vH (2.9)

T

Hrb, oy = g5t MEAUCER, METFESHE RO, 5t BB TR AR e R F A b s ]

g
2

24 MESHAREEHIELE

4
Pib-—~--—------=
Plp---=--
2 |

|

|
Pr ------- amn o

(I

0 HIHIHZ E

4 TR P SR H gk O

SRR, B T AR A

© BRI, AT, WHERE AR RO eI AL
* IEIRIE IR A RIS TE RN

o B AR EE A

AERAEN B AR AT R, AR AR RSN, SURNREZ G, ATDABIE EREFTBIE. BIE)S, R

RN RN
2P, P,

1/2:P0+P’l”
TESCH R, FRAILEIE B RS L IR K A TR IR R, DI P RN R B SIS, i 1 1
KX @I IHH Py, BN P—H 4 EEH AH.

(2.11)

3 I
31 XWEE

ARSEI B EAN PRI R . 1208 AT DALE 3em BB .



Observation of ferromagnetic resonance using a transmission resonant cavity 5

¥ e O

o e %
0 7 -j%§
45 \
e NI, e
- M — | o FESL | ¥ —
WO R W s | B R
DR 4
o W 28 =
ey o
mlREKi ] |
&
@ % A A

5 g

SRR, R E S AR R X R SR INAE XFL-2A JEOR RS R A AR . e, RAE AR
s, WO AR R GU T BRI, AR ZEAs 1 TR A IR A R h .
kIR R M TE, o, ZURBIEIRIE . e 2 fh Bk A A/ NBk
R ARSI S A~ AR, AR R AR TR (T o P)o RIALTE G2 1] AC15/4 B ST
AR, T LI AL o R R i
FURGER TR E e e, Herb B VR WY T-9B B AR R LU, FLIRT 26l ) PATSA BB
By,
32 IBHR
3.2.1 WLIMEERAE AR, DRGSR T LSRR TR T
s FUOHES K AAS, BN 10 080, KF “Wr-iEs-URH" e E T 8 AR, FEREHIE TR E R
Nk

o T SORAROIER , WS EURAS AR, TR R, B R RN A 3/4 AL, ISR
R AL o TESR iR T

o PTPCRARNEH, BERREE R, BERHECR X LR fo .
o PTTPCRRNEHEZ A% o 2 BIEHPAT7 I TS SORAREE , B RV R B K A — 2o 0 !l 00 G
XN fr, fo, SEIHRTHREEH £ - fl

322 s EHEUERIEIRIIZ, DR A HOW SR
s TR . AEES A A AR I H S R A7 B A P IE AR Y SO AL, LB IR T 2%
o S0 O o A 4 € NI A Bt S VNS S R RT3 3 6 5 NC ER T T Y PO i3
THRAR, DRSS R P.

o 3B TT RS SO, (A RSB R B2 BT AR L fy, TS
ECE- DS @



6 Xisense

3.2.3 eI R IR Hr 150
o FFAEPHASER B RO, FTOTE R, FFA IR
o AR AR, ICSRARRUT RO Py s S/ANERC P, HORRAL Py, PABOH B R
o SO 3 U, A UCHRE R I TR
o ARGEIR HE, B Uk Hr MIZSE AH = [H, — H,|.
324 Zrilz: P-H HiZk
o RFAZPHABELAE I 0 R TR R SO A AL A B, HIEA TR
o WA A, B RO R P M IR R R L. ARAGE H, 2 P — H ik,
(PRI TR, A2 P BEAE A B ) — 5 22 3h)
4 SERAAR R

4.1 MAUFREHIRHE, NE—MRFHEDOFEE FFHEER
A SROVERL, FI RS ARG/ AE R AR S, AT B 45 sk ol Bt R 33
T — MR
MR RATR KRN £ =10014.79 — 211.27\. LR 0K -
1 FRERHENELE

I/uA A/mm f/MHz
52 3.827 9206.26
26 3.833 9204.99
26 3.822 9207.32

ZIRGE LI fo = 9206.26M Hz, W TRIETEREN |f, — fo] = 56M Hz,
42 EEHARERIES, WERORFHSHEER

TEAR 5 A A ) LR BRSBTS ARE L,  ASAT T N B 2 i /NS RS/, BBy
TR I IR 2R

I 25 SR R T R
R 2 EHERENES S RERNERIE
P A/mm f/MHz
12 3.778 9216.61
66 3.786 9214.92
66 3.771 9218.09

PRI A R R RECE @, = 7l = 2007.45,
4.3 REERENE LIRS Hr T 3K

HLREERHLIR -0 SRR H = 13901 + 140(Oe) . TS5 ANZEBFUR .

HIt, 2504 I IRBEA MR FET39ME, IRMES Hr = 3247.110e, 2% AH = 270.590e, J1H7]
REREL v = 2nfo/Hr, g ¥ g = 2my/pge = 2.028, SBEEE 7 = 2/yAH = Hr/mfyAH = 4.14 x 10~1%,



Observation of ferromagnetic resonance using a transmission resonant cavity 7

R 3 EBEHEVNELIREHIE ENEHIE

i Ppew P Py IJA  IJA IL,/JA H,/Oe AH/Oe
1 1065 580 750 2227 2171 2367 323553 272.44
2 1100 600 775 2227 2139 2339 323553 278.00
3 109.0 570 750 2252 2146 2334 327028 26132

4.4 FESML P-H sk
WS P-H i<k BT R

1209 Pmax
110
100
90
80

70 7

60

2800 3000 3200 3400 3600 3800

H, 10 H,
K 6 P-H ik

AR, SCURRLY Hr — 32870c, %95 AH = 2530c. SRR + = 2 fo/Hr, g AT g =
2my/pge = 2.013, MUERIHE] 7 = 2/yAH = 4.49 x 10 — 10s, WTABEFROT S RINSRA G, %k
B EHRIERA, Wi 2 AT 2

5 &g

ARG sEE T, FATII T RSB IR, B T — RGN ORI DA SGH R4 4 HL 1
VB, R TS S R AR TR AT T A SR IR IR 2, DT A e
B, TR TSR AR . FATILN TR R o 2 e R AE A IR B SL IRAOS, , IR
A P-H KL TE, 58] T HIFL, ¢ P MSRBmA), I 7 T2k mE e IR0 Y B .

Bt
S AT DR L e Ll B -



8 Xisense

S0k

1] UNLU M S, STRITE S. Resonant cavity enhanced photonic devices[J]. Journal of Applied Physics, 1995, 78(2): 607-639.
2] UNLU M S, STRITE S. Resonant cavity enhanced photonic devices[J]. Journal of Applied Physics, 1995, 78(2): 607-639.

[

[

[3] GILMOUR JR A S. Microwave tubes[J]. Dedham, 1986.

[4] BASU B, DATTA S. Microwave tubes and applications[J]. Journal of Electromagnetic Waves and Applications, 2017, 31(17): 1771-1774.
[

5] MOTZ H. An analysis of klystron reflector performance[J]. Journal of the Institution of Electrical Engineers-Part III: Radio and Communication
Engineering, 1948, 95(36): 295-301.
[6] HishR B IE AP GEMIBOIMI. 4R 80H i, 2015.

Mk A %
LABIRIERIEIRIIAR N fo = 920TM Hz, XREKA A = ¢/ fy = 32.53mm.,

WU A, = Jlf(j = 46.29mm.

KA 1 =p- 2 = 185.16mm.

RE SR HCEL LB R A O, PR R RO A B B T AL, IV R A T R 2 B K P
2.

o EPER AT, TR, MR R RUNIE T, TESRICI R Ay AL 1
o PR, FEARTERA AR, SR BRI E 1, ICSR ISR A,

AR AR Ay o, R TR B Ay, ST RS H, SRR 5
I, XA 2 22 RN T

s WA A, VTR H, SOASEERRIKEE) 1, EAE, MIRSE A - H .



	引言
	理论
	传输式谐振腔
	谐振条件
	品质因数与谐振曲线

	反射式速调管的工作特性
	铁磁共振
	测量铁磁共振线宽的实验方法

	实验
	实验装置
	实验步骤
	观测速调管的振荡模，测量一个振荡模的中心频率和电子调谐范围
	观察传输式腔的谐振曲线，测量腔的有载品质因数
	用简便方法测量共振磁场Hr和线宽
	逐点测绘P−H曲线


	实验结果和讨论
	观测速调管的振荡模，测量一个振荡模的中心频率和电子调谐范围
	观察传输式腔的谐振曲线，测量腔的有载品质因数
	用简便方法测量共振磁场Hr和线宽
	逐点测绘P−H曲线

	结论

