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Abstract

In order to study the spatial spectrum and electric field distribution of nuclear electromagnetic
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pulse, the nuclear electromagnetic pulse is simulated by the double exponential function wave-
form formulated by the academic publishing house in 1976. The time domain parameters, spec-
trum and energy flow spectrum of the nuclear electromagnetic pulse waveform are analyzed. It is
concluded that the spectrum range of nuclear electromagnetic pulse is 100 MHz, the energy flow
ratio is 96% at 0.001~10 MHz, and the energy flow ratio is 99.8% at 100 MHz. According to the re-
sults of spectrum analysis, a model is established in the multi-physics simulation software COMSOL
to simulate the spatial electric field distribution. It is concluded that at the frequency of 100 MHz,
the spatial distribution of the electric field is large in the middle and small around. With the gra-
dual increase of the propagation distance of the nuclear electromagnetic pulse, the electric field
intensity gradually decreases. The attenuation rate of the electric field value in the middle of the
same plane is faster than that of the electric field value around, and the spatial electric field dis-
tribution tends to be more and more uniform. At the same distance, with the increase of nuclear
electromagnetic pulse frequency, the electric field distribution value gradually decreases and
tends to be more evenly distributed.
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Figure 1. Time domain waveform of nuclear electromagnetic
pulse
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Figure 2. Spectrum diagram
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Figure 3. Normalized cumulative energy flow curve

Bl 3. 3— L RFRER L

DOI: 10.12677/mo0s.2023.123220

2403

RS


https://doi.org/10.12677/mos.2023.123220

ERIiF

M 2 FRa] DL, A R RK R A R B AR 100 kKHz Z2 A, AR IR AR T QG320 N [, FRvE TR AE 1
MHz %47, K, BEEERIFREN 554 . 7E 1 MHz~100 MHz SR, BIRIREIZE K, Bk
B, TG 2 B R 5 52 BN LA G RN R . DRI, T R R A e e PR A 43 B RN A D DR
FE 5 R 25 A% H Rk v ) P e ) < Tk o 2 w3 98 ¢ B T ) 3 A% LRIk R D BB AR AE 10 kHz LARTAT 10 MHz
J& RN ZENE, 7£ 10 kHz~10 MHz N R & {1 2840 AR 7E 0.001~10 MHz (5 EE 2R 96%, 7£ 100 MHz
BRI HLRESR o5 LLIA R T 99.8%.

T AZ RS AT, S ARV EIAE | kHz~100 MHz, Rk, ASCKEHFFELE 100 MHZ R,
K% B ok I ZE A [ B8 72 () FEL37 0 A A 1 O o AR (8 FE - G0 i, SRR HE I IR B 13,931
V/m.

3. BB ES S
3.1. EHECHABIRR

LR IBE A  E R i R R, AR LR e IR . X R S R
AR 25 (AR ) 3R A . 7 FR a0 R [10]:

OB
VxE=—— 8
x Py (8
Vi =g+ 9)
ot
V-D=p (10)
V.B=0 (11)

E. H. Dy By Jpl R, widmme. RS, MRS, Miiw .
M3 ~(11) R LAHERT Y “Hidy” A1 “Hid7” A MBI AR ) . RS MR 45 & AE — X i
RS ™ AR, T P B SLBAL 3 o X LT AR TR AT RE NS TH A0 L 2 8] (Y L R

50cm
7+ — Experiment |4
— Qishan Yu
6F
g s
E s
2 =
wn
3k
&
\‘3'5/ 2
1t . . L . . L . .
“ 0 8 16
11mm d (mm)
(a) (b)

Figure 4. Verification of the mathematical model: (a) The verified model; (b) Comparison of the calculated
SAR distribution with the SAR distribution obtained by Qishan Yu
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Figure 6. Antenna physical field modeling
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Figure 7. yOz plane electric field distribution
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Figure 12. Planar electric field distribution at 10 MHz
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Figure 15. Planar electric field distribution at 100 MHz
[ 15. 100 MHz NEEEBIH ST

A 104 204 504 100 MHz 7E 5 km AL HIAE 58 6,76 5.66+ 4.15. 2.44 V/m, BE%
ARER RGN0, A% PR K e 75 A [ BE 59 AL 7= A 1Y) FRL 7 R FE A3 AT (ELIZ M k)N o 7E 10 MHz B L3 58 82 () B K
A ARE IE TR ia 4, T7E 100 MHz i, HL37 38 0 A J LT 49 50 0 Af ﬁ*ﬁ%ﬁﬂﬁ%%*m%
A, 151 SRR TG RIS, TEAH R B B AL = AR 0 F 3 A A i ) T A 0 A . X BT R ERTE I
R, gk, TEARRRI AR BRSO IE O ARAE, PR FE SN, LRI B RO A R e B R
THGENIERGE. G, EARERT, SR, HBgomsan 85 0m, HamaAmm
FL 37 5 A R B /ML AH 22 (B PE IB TR/

4. 578

ST 53 A% RO BRI SRS K A | REIALUE A% LI T 7E 0.001~10 MHz HBETR i EE 96%.,
£ 100 MHz JEH A I BEIAL 4 LE Y 99.8%. I il il 2 Wy 37 07 FL AL LR Ik b AT R Bl FOTH 5, 4%
tH7E 100 MHz SR, 375 B2 70 A S B o (8] DX, R 1 DY Ja /N B 20 A o ZKSF 7 1) B B8
Ul BU AR BT 1) LS 5T, O A R A R B S K N, RS SR FEARLE RS s (R T v ]
P17 73 AT L 0 S D P S R T DY el ) PR 37 SR B2, FL s IR ) R 37 20 A KB T X9 53 70 A o 00
BRI, LEAR B B AL A 1 B3 0 A [ T2 20 0 A

Sk
[1] Longmire, C.L. (1978) On the Electromagnetic Pulse Produced by Nuclear Explosions. /EEE Transactions on Elec-
tromagnetic Compatibility, EMC-20, 3-13. https://doi.org/10.1109/TEMC.1978.303688

[2] Overbye, T.J., Snodgrass, J., Birchfield, A., et al. (2022) Towards Developing Implementable High Altitude Electro-
magnetic Pulse E3 Mitigation Strategies for Large-Scale Electric Grids. 2022 IEEE Texas Power and Energy Confe-
rence (TPEC), College Station, 28 February-1 March 2022, 1-6. https://doi.org/10.1109/TPEC54980.2022.9750778

3] WA, W, ERE, AR, IMES. R K BOUASE SRR T[], SRBOESRIT A, 2003(8):
781-787.

[4] TWYL, BHE, BH. &A% R R E SRS SE RS 0], & T2, 2015, 36(S2):
192-199.

[5] Se#k, FhRER, BXRIZE. UrHhill HEMP FUREIR SRR 7C[)]. tFEALINE S50, 2011, 19(1): 210-212.
[6] &%, BRmA, FME. JBIE B KB 25 (A% B i K i S 5 R 1 2 i i B0 o A D). TR B, 2003(2):

DOI: 10.12677/mo0s.2023.123220 2409 e RSE TR


https://doi.org/10.12677/mos.2023.123220
https://doi.org/10.1109/TEMC.1978.303688
https://doi.org/10.1109/TPEC54980.2022.9750778

ERIiF

[10]

(1]

173-177.

Li, Y., Wang, J., Zuo, Y., et al. (2020) Simulation of High-Altitude Nuclear Electromagnetic Pulse Using a Modified
Model of Scattered Gamma. /[EEE Transactions on Nuclear Science, 67, 2474-2480.
https://doi.org/10.1109/TNS.2020.3031320

AW, DA A o AR fr 2k AR S E FE[D]: (W22 LR SC). R R ATHE R 27, 2020.

Giri, D.V. and Prather, W.D. (2013) High-Altitude Electromagnetic Pulse (HEMP) Risetime Evolution of Technology
and Standards Exclusively for E1 Environment. [EEE Transactions on Electromagnetic Compatibility, 55, 484-491.
https://doi.org/10.1109/TEMC.2012.2235445

Zhang, J. and Zhang, Y.R. (2018) Using a Second-Order Integral Equation Method to Study the High-Altitude Nuclear
EMP. [EEE Transactions on Electromagnetic Compatibility, 61, 1483-1491.
https://doi.org/10.1109/TEMC.2018.2857467

Yu, Q., Gandhi, O.P., Aronsson, M., et al. (1999) An Automated SAR Measurement System for Compliance Testing of
Personal Wireless Devices. I[EEE Transactions on Electromagnetic Compatibility, 41, 234-245.
https://doi.org/10.1109/15.784158

DOI: 10.12677/mo0s.2023.123220 2410 jé

m

5 H


https://doi.org/10.12677/mos.2023.123220
https://doi.org/10.1109/TNS.2020.3031320
https://doi.org/10.1109/TEMC.2012.2235445
https://doi.org/10.1109/TEMC.2018.2857467
https://doi.org/10.1109/15.784158

	核电磁脉冲的频谱分析和空间场分布研究
	摘  要
	关键词
	Study on Spectrum Analysis and Spatial Field Distribution of Nuclear Electromagnetic Pulse
	Abstract
	Keywords
	1. 引言
	2. 核电磁脉冲波形分析
	2.1. 时域波形
	2.2. 频域分析

	3. 核电磁脉冲的空间场分布
	3.1. 电磁波传播理论
	3.2. COMSOL可行性验证
	3.3. 建立空间仿真模型
	3.4. 结果与分析
	3.4.1. 不同距离的空间分布
	3.4.2. 不同频率的空间分布


	4. 结语
	参考文献

