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Preface

Canadaõs program to replace the Royal Canadian Air Forceõs ÿeet of 
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$1 billion per year. But one couldñand some didñplay with the so-called 
òtotal costó by varying the number of years of the F-35õs life cycle. The 
Department of National Defence did this when it pitched an artiþcially low 
life-cycle number to the ministers, with a pleasantly palatable $16 billion 
þgure that came from a 20-year life cycle. But others who produced reports 
on the F-35 could readily make that number seemingly grow by the simply 
expedient of increasing the number of years in the life cycle, so that by the 
fall of 2012, the KPMG audit, by using a 42-year life cycle, could make the 
claim that the òreal costó of the F-35 was $45.8 billionña far cry from the 
$16 billion þgure used by the government just two years before. But by that 
time, the Harper government had lost the initiative, and simply stopped the 
F-35 acquisition, starting over at the beginningñand, ironically, using pre-
cisely the management model used by the Trudeau government in the 1970s.
For many observers, the delays caused by Conservative mismanage-

ment represent a policy failure of major proportions. With the procurement 
in limbo for many years, the Royal Canadian Air Force will be forced to 
ÿy a progressively aging ÿeet of jet þghters well into the 2020s, with all 
the negative consequences for an effective and cost-effective Canadian 
defence policy.
But Jay òHossó Ballard would not be among those who mourn the 

political mis-steps that cast the F-35 into limbo. On the contrary: Ballard 
sees the òresetó of December 2012 as a timely opportunity to rethink the 
enthusiasm for the F-35. As an accomplished þghter pilot, Ballard argues 
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THE CURRENT ENVIRONMENT

The þrst imperative in the current RCAF defence environment is that 
Canada must replace its long serving CF-184 ÿeet. These jets have kept 
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Radar Absorbent Material (RAM)
RAM reduces most of the remaining radar energy that hasnõt been 
reÿected away by shaping. RAM treatment is used to minimize the 
remaining 20-percent of radar reÿection that aircraft shaping doesnõt 
remove. RAM can include a coating that is painted on, a structural cap-
ping put in place over very reÿective straight edges, or a combination of 
the two. Of note, the extraordinarily onerous, post-maintenance RAM 
treatment process associated with the F-117A was a primary reason for 
its low availability rate and early retirement. So most aircraft designers 
seek to minimize its use.

Stealth is important because it provides the Low Observable aircraft 
with a tactical advantage by interrupting the adversaryõs engagement òkill 
chain.ó12 The closer you can get to a target unseen, especially if undetected 
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frequency, 1-2 metre wavelength (VHF). This type of frequency is largely 
unaffected by moisture in the air, which allows for extended range opera-
tions. Current long-range radars can detect a þghter sized target out to 310 
miles.14 This lower radar frequency has historically not posed a threat to 
stealth aircraft as the target location data, speciþcally angle accuracy and 
resolution, was too poor to cue and guide missiles.
In contrast, higher frequency (shorter wavelength) radar waves in the 

centimetric (S) and (X) bands, have historically been much better at providing 
quality tracking information to enable SAM systems to engage targets. The 
X-band is widely used in legacy target tracking systems that were produced 
in the Soviet Union and exported widely throughout the world. It follows 
that since this was the primary means of acquiring an aircraft and guiding 
a SAM onto a target, it would be the frequency band that LO aircraft de-
signers would concentrate on. Countering the X-band is a solid game plan 
only as long as the folks making adversarial SAM systems continue to play 
by the same rulesé

COUNTER STEALTH CAPABILITIES
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This Nizhny-Novogorod Research Institute (NNIIRT) 55Zh6ME radar system was on display 
at the August 2013 MAKS airshow at Zhukovsky, just outside of Moscow. It features VHF,  
L-band and S-band modules that are all part of an integrated radar system. Each module 
 contains an active, electronically scanned array (AESA) radar. (AW&ST / Bill Sweetman 
Photo)

Current Russian counter stealth radar technology rests on three pillars. 
The þrst is a heavy reliance on the VHF band for detection and cueing; the 
second is the adoption of state of the art technology, which includes the 
integration of commercial, off the shelf (COTS) hardware and software 
to improve cueing and fuse inputs from multiple sources;17 and third is the 
addition of passive receivers18 onto new systems as well as retroþtted onto 
older SAM systems.

WHY VHF?

As mentioned earlier in aircraft shaping, LO aircraft were designed to 
minimize X-band reÿected energy and ignored the VHF radar frequency 
because it wasnõt being used as part of the kill chain. Well, interestingly, 
the VHF wavelength of 1-2 metres tends to be at the same length as major 
features of most tactical sized aircraft (such as wingtips and control surfaces). 
The Australia Air Power website describes it this way: 
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A þghter sized aircraft such as the JSF will see most of its carefully designed 
shaping features fall into the resonance or Raleigh scattering regions [of VHF 
waves], where shaping is of little or no import, and skin depth penetration of the 
induced electrical surface currents defeats most absorbent coatings or laminates.19 

In other words, the radar energy will reÿect back off of the target aircraft 
without regard to shaping techniques or RAM.20 For illustration of how 
signiþcant this is, Bill Sweetman from Aviation Week & Space Technol-
ogy spoke with a Russian engineer at the MAKS air show in August 2013, 
regarding the difference in aircraft RCS from X-band to VHF. The engineer 
noted that, òthe Chinese DF-15 short-range ballistic missile has a 0.002 m2 
RCS in X-band, but is a very non-stealthy 0.6 m2 in VHF.ó21 That equates 
to an RCS that is 300 times larger in VHF than in X-band.
Russian VHF radar technology improvements start with the addition 

of multiple AESA radars covering different frequency bands. AESA radar 
allows for beam steering as well as greatly improved data processing and 
enhanced target angular track data over conventional radar transmitters. 
Also important are the jamming resistance capabilities inherent in the AESA 
radar due to nulling techniques22 as well as the COTS technology that has 
improved the hardware as well as software of newer SAM systems. All of 
these improvements have resulted in the ability for newer SAM systems to 
operate in a heavy jamming environment and still display one target if it 
receives returns on that same contact from two or more sensors operating 
in different bands. This means that LO targets can be acquired in VHF and 
then handed off to the L and S-band radars for improved targeting quality 
and engagement.

PASSIVE AGGRESSIVE
Perhaps the most worrisome technical development in Russian SAM 

systems is the incorporation of passive receivers. These multi-antennae 
systems are capable of receiving and triangulating active electromagnetic 
emissions from adversary aircraft radars, data link and radios. Even more 
troublesome is that transmissions from any source (multi-band radars, cell 
phone signals, AM and FM radio, television broadcasts, etc.) that reÿect off 
of an aircraft can be collected and used for acquiring targets and cueing 
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they can actually be found. These receivers can be incorporated into legacy 
SAM systems as well as integrated into cutting edge Integrated Air Defence 
Systems (IADS) for added redundancy and counter LO capability.
The biggest takeaway from advances in counter-stealth is that highly 

integrated aircraft are taking so long to achieve initial operational capability 
that relatively cheap defensive systems can be þelded faster and with fresher 
technology. An opponent can be forced to spend huge amounts of money to 
counter the low cost defensive systems that are proliferating. Each counter 
has to be integrated into all aircraft, which makes them heavier, slower and 
less manoeuvrable. Aircraft then become so expensive to buy and oper-
ate that you canõt purchase as many as needed, nor can you buy sufþcient 
quantities of weapons and payloads to make them a true force multiplier.23 
Hmm ð making your adversary spend themselves into bankruptcy to try and 
keep up with you militarily ð does anything there sound familiar comrade?24

IS STEALTH REQUIRED TO CARRY OUT THE CANADA 
FIRST DEFENCE STRATEGY?

Any new aircraft has to be capable of successfully carrying out its por-
tion of the six core missions laid out in the Canada First Defence Strategy 
(CFDS). The primary of those six missions is, òConduct daily domestic and 
continental operations, including in the Arctic and through NORAD.ó25 This 
mission requires aircraft capable of operating in the full range of Canadian 
climates, including the Arctic extremes. Fighters must be able to intercept 
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to combat and requires an aircraft capable of multi-spectrum operations. 
Capabilities required include, but are not limited to: non-traditional intel-
ligence, surveillance and reconnaissance, offensive and defensive counter air 
operations, battleþeld interdiction, strike, close air support and the suppres-
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òprobe and drogueó system, which has a long hose that is unreeled behind 
the aircraft, with a refuelling basket at the end that the pilot plugs into with 
an extendable probe in order to receive fuel. The F-35A, the jet Canada had 
initially signed up to buy, is the USAF model that uses that serviceõs aerial 
refuelling standard of òboom and receiver.ó In this system, the receiving jet 
is ÿown into position behind the refuelling tanker and a rigid boom is guided 
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