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•  What is VSWR and Why Should I Care?

An ocean wavetrain traveling toward shore carries energy toward the beach.  If it
runs up onto a gently sloping beach, all of the energy gets absorbed, and there are no
waves traveling back offshore.  If instead of a sloping beach a vertical seawall is present,
then the incoming wavetrain gets completely reflected, so that no energy is absorbed at
the wall.  The interference between the incoming and outgoing waves in this case
produces a "standing wave" that doesn't look like it is traveling at all; the peaks stay in
the same spatial positions and just go up and down.

The same phenomenon happens on a radio or radar transmission line.  In this case,
we want the waves on the line (both voltage and current) to travel one way and deposit
their energy into the desired load, which in this case may be an antenna where it is to be
radiated.  If all the energy gets reflected (for example, by an open or short circuit) at the
end of the line, then none gets absorbed, producing a perfect "standing wave" on the line.
This is a bad, undesired situation.  In fact, when the power meant to be radiated comes
back into the transmitter at full strength, it will usually burn out the electronics there.

It doesn't take an open or short circuit to cause a reflected wave.  All it takes is a
mismatch in impedance between the line and the load.  If the reflected wave is not as
strong as the forward wave, then some "standing wave" pattern will be observed, but the
nulls will not be as deep nor the peaks as high as for a perfect reflection (or complete
mismatch).

Therefore, any "standing wave" is an indication of an imperfect condition, with
part of the power meant for radiation being returned because of a mismatch.  If there is no
mismatch with only a forward traveling wave, then there is no standing wave; i.e., the
voltage at any point on the line is the same as it is everywhere else.  A long time ago,
clever electrical engineers devised simple methods to measure the presence and strength
of a standing wave on a transmission line or waveguide, and use this to gauge the quality
of the match.  Once detected, one can decide whether it is strong enough to worry about,
and whether to fix the source of the mismatch.  The intensity of the standing wave is
referred to as the "Voltage Standing Wave Ratio", or VSWR.

There are four quantities that describe the effectiveness of transferring power
from a line to a load or antenna:  the VSWR, the reflection coefficient, the mismatch loss,
and the return loss.  These are all inter-related, and they are defined and demonstrated in
this document.  For now, to obtain a feeling for their meaning, we show them graphically
on the next figure.  This graphs three conditions: (1) line connected to a matched load;
(ii) line connected to a short monopole antenna that is not matched (antenna input
impedance is 20 – j80 ohms, compared to the transmission line impedance of 50 ohms);
(3) the line is open at the end where the antenna should have been connected.



VSWR ≡ Max
Min

Red Curve:  Standing wave on line with open circuit at left end (antenna terminals)
[This is very bad: no power transferred past end of line]

Load Impedance = ∞
Reflection Coefficient = 1

VSWR = ∞
Mismatch Loss = −∞  dB
Return Loss = 0 dB

Blue Curve:  Standing wave on 50-ohm line into short monopole antenna
[This is not too good; power into load or antenna is down –4.5 dB from
that available traveling down line]

Load Impedance = 20 – j80 ohms
Reflection Coefficient = 0.3805 – j0.7080
Absolute Value of Reflection Coefficient = 0.8038
VSWR = 9.2
Mismatch Loss = - 4.5 dB
Return Loss = -1.9 dB



Green Curve:  Standing wave on 50-ohm line with matched 50-ohm load at end
[This is perfect; no standing wave; all power goes into antenna/load]

Load Impedance = 50 ohms
Reflection Coefficient = 0
VSWR = 1
Mismatch Loss = 0 dB
Return Loss = −∞  dB

•  Formal Definition of VSWR and SeaSonde Measurements

The voltage component of a standing wave in a uniform transmission line consists
of the forward wave (with amplitude Vf) superimposed on the reflected wave (with
amplitude Vr). Reflections occur as a result of discontinuities, such as an imperfection in
an otherwise uniform transmission line, or when a transmission line is terminated with
other than its characteristic impedance.

If you are interested in determining the performance of antennas, the VSWR
should always be measured at the antenna terminals itself rather than at the output of the
transmitter. Because of ohmic losses in the transmit cabling, an illusion will be created of
having a better antenna VSWR, but that is only because these losses damp the impact of
an abrupt reflection at the antenna terminals.

Since the antenna is usually located some distance from the transmitter, it requires
a feed line to transfer power between the two. If the feed line has no loss, and matches
both the transmitter output impedance and the antenna input impedance, then the
maximum power will be delivered to the antenna. In this case the VSWR will be 1:1 and
the voltage and the current will be constant over the whole length of the feed line.

Return loss is a measure in dB of the ratio of power in the incident wave to that in
the reflected wave, and we define it to have a negative value.

Return loss = 10 log(Pr / Pi) = 20 log (Er / Ei)

For example if a load has a return loss of -10 dB, then 1/10 of the incident power
is reflected. The higher the return loss, the less power is actually lost.

Also of considerable interest is the mismatch loss. This is a measure of how much
the transmitted power is attenuated due to reflection. It is given by the following relation:

Mismatch Loss = 10 log ( 1 -ρ 2)

For example, from Table #1 an antenna with a VSWR of 2:1 would have a reflection
coefficient of 0.333, a mismatch loss of -0.51 dB, and a return loss of -9.54 dB (11% of
your transmitter power is reflected back).



Table#1

VSWR Return
Loss
(dB)

% Power /
Voltage

Loss

Reflection
Coefficient

Mismatch
Loss (dB)

1
1.15
1.25
1.5

1.75
1.9
2.0
2.5
3.0
3.5
4.0
4.5
5.0
10
20
100

23.1
19.1
14.0
11.3
10.0
9.5
7.4
6.0
5.1
4.4
3.9
3.5
1.7
0.87
0.17
.000

0 / 0
0.49 / 7.0
1.2 / 11.1
4.0 / 20.0
7.4 / 27.3
9.6 / 31.6
11.1 / 33.3
18.2 / 42.9
25.1 / 50.0
30.9 / 55.5
36.3 / 60.0
40.7 / 63.6
44.7 / 66.6
67.6 / 81.8
81.9 / 90.5
96.2 / 98.0
100 / 100

0
0.07
0.111
0.200
0.273
0.316
0.333
0.429
0.500
0.555
0.600
0.636
0.666
0.818
0.905
0.980
1.00

0.000
.021
.054
.177
.336
.458
.512
.880
1.25
1.6
1.94
2.25
2.55
4.81
7.4
14.1

Formulas:

VSWR = Emax/Emin =(Efrd + Eref)/( Efrd - Eref)

Where:
Emax = maximum voltage on the standing wave
Emin = minimum voltage on the standing wave
Efrd = incident voltage wave amplitude
Eref = reflected voltage wave amplitude

VSWR =(1 + ρ)/(1 - ρ)

           Where:
 ρ is the reflection coefficient of the antenna (absolute value of voltage reflection)

Return loss = 10 log(Pr / Pi) = 20 log (Er / Ei)



Ideally, with a perfect 1:1 VSWR there would be no reflected power.
Consequently the return loss on the feed line would appear to be infinite.

From the SeaSonde monitor below, you will get the forward and reflected power:
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易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电
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射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
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※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 
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※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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