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Abstract

Strategic cruise missiles launched from standoff aircraft

are effective carriers of nuclear warheads.  They cannot be

used effectively against hardened ICBM silos.  Tactical

cruise missiles will be built for inventory in the hundreds

of thousands and could cost as little as $50,000 each

(1978$).  System resources are essential to the effective

use of tactical cruise missiles-- basing, communications by

elevated line-of-sight, target assignment, and the like.

                                           Richard L. Garwin

                        IBM Thomas J. Watson Research Center

                                 Yorktown Heights, NY  10598

THE CRUISE MISSILE burst upon the public consciousness with

the cancellation by President Carter in June 30, 1977, of

the B-1 bomber, and the announcement of the decision to rely

on the strategic air-launched cruise missile for the

airfield-based component of the strategic offensive force.

But, in fact, cruise missiles have been around for a long

time.  The B-1 buzz bomb was a cruise missile used by the

Germans against England in World War II.  The United States

had a number of different cruise missiles in our own

inventory during World War II and especially afterwards--

Snark and Regulus and even recently, until a few years ago,

MACE-B, a nuclear-armed cruise missile deployed in Europe,

primarily in Germany.  So, it is nothing new.

First, I am going to talk about the desire to have cruise

missiles, what they do as strategic offensive nuclear weapon

carriers, as tactical weapons, and what they will do in

displacing other types of forces in the U.S. NATO inventory.

One should also ask what we might feel if the Soviet Union

and the Warsaw Pact had cruise missiles, and then try to

assess the effect on U.S. security of transfer of cruise

missile technology to other nations.  That leads us to the

arms control impact of cruise missiles.  Some of these

things are discussed, in case I don't get to them, in a

paper I published in fall 1976 in the journal International

Security.  My talk is outlined in Chart 1.
+----------------------------------------------------------+

|                                                  Chart 1 |

|                                                          |

|            OUTLINE OF TALK - CRUISE MISSILES*            |

|                                                          |

| ® Introduction and Motivation.                           |

|                                                          |

| ® The Cruise Missile as a Strategic Offensive Nuclear    |

|   Weapon.                                                |

|                                                          |

| ® The Cruise Missile as a Tactical Weapon.               |

|                                                          |

| ® Impact of Cruise Missile on future U.S. and Nato       |

|   Forces.                                                |

|                                                          |

| ® Soviet-Warsaw Pact Cruise Missile capabilities.        |

|                                                          |

| ® Impact on U.S. Security of Cruise Missile possession   |

|   by W.P. and others.                                    |

|                                                          |

| ® Arms Control Problems of Cruise Missile                |

|                                                          |

|                                                          |

| *See "Effective Military Technology for the 1980s," by   |

|    Richard L. Garwin, International Security, Fall 1976, |

|    pp. 55-66 (Cruise Missile Section).                   |

|                                                          |

+----------------------------------------------------------+

A cruise missile, of course, just as the name implies, is a

vehicle which cruises, that is, relies on aerodynamic lift

from the atmosphere rather than on its initial momentum to

carry it in the earth's gravity until impact.  Furthermore,

these are airbreathing cruise missiles, although we do have

in the United States weapon inventory a semi-ballistic

cruise missile, SRAM-- short-range attack missile, which can

fly in level flight with a pure rocket engine, supporting

itself by the vertical component of the rocket thrust and

lift from its body at the same time that it maintains its

speed by the longitudinal or horizontal component of the

thrust.

There is a place for cruise missiles, and there is a place

for ballistic missiles, and a wide range of overlap.  At the

two extremes of range as a ballistic missile are the stone

or an ICBM.  The velocity obtained by burning the fuel in a

ballistic missile is determined by the logarithm of the

ratio between the initial mass and the final mass and the

ejected velocity of the fuel.  This velocity is usually

denoted by the specific impulse Isp which can be in the

range of 250 seconds or 350 seconds for a solid or a liquid

fuel.  The range that one obtains on a flat earth is maximum

at 45~ elevation angle.  The range for 250 seconds specific

impulse comes to 620 kilometers times the square of the

logarithm of the mass ratio.  See the first half of Chart 2.
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A cruise missile has a different behavior (but not quite so

different perhaps as I am showing in the second half of

Chart 2).  It has a continuous thrust to maintain its

horizontal velocity, but, in fact, the lift is considerably

greater than the thrust because of cleverness of aerodynamic

engineers over the decade or centuries, so that the range is

determined in similar fashion by the velocity, the

lift-to-drag ratio, and the specific fuel consumption--

SFC-- of the engine (this is pounds of fuel or kilograms of

fuel burned per hour per pound or kilogram of lift).  It has

the dimensions of inverse time, hours in this case.

Assuming that lift required on the cruise missile is the

same throughout its flight, then one has a formula varying

with mass ratio as indicated in Chart 1.  The velocity is

high subsonic and if one doesn't do anything special a

possible lift-to-drag ratio is 7, although lift-to-drag

ratio for a good subsonic aircraft can be as high as 15 or

even 20.  Under these assumptions one compares mass ratio

for a given range.

A ballistic missile of 100 kilometers range has a mass ratio

of 1.5, not counting the investment in engines and things

like that.  The cruise missile burns only 2% of its weight

in fuel in order to make 100 kilometers.  To go

1200 kilometers a ballistic missile has a mass ratio of 4

and a cruise missile with a mass ratio of 1.3 burns off 20%

of its initial weight in fuel.  At 3300 kilometers a cruise

missile is growing rapidly, the ballistic missile is not

growing so rapidly and beyond about this distance the

ballistic missile is probably better considering various

practical aspects.  Cruise missiles are very good in this

range.

If one does a better calculation, recognizing that the lift

required is reduced as the cruise missile burns off fuel but

the lift-drag ratio is no longer optimum, one can extend

this range logarithmically instead of having the cruise

missile suddenly come to a powerless end at

5,000 kilometers.  An important fact about cruise missiles

is that a cruise missile with a range of 600 kilometers

could be extended to have a range of 3300 kilometers simply

by replacing most of the high explosive, if that's what it

is carrying, by fuel.  So the potential range extension is

large for even this rather poor engine, this pure-jet

engine.  If it were a fan-jet engine, if would have a

specific fuel consumption about half as large and so a range

twice as great.  There is a very great softness in

determination of cruise missile range simply by looking at

it or measuring it until one actually knows the distribution

among structural weight, fuel, explosive and so on.  As

mentioned, changing the pure jet for a fan jet can be a

factor 2 in range and cost.  One can have high-energy fuel,

either higher density so as to get a greater energy in

volume or a greater caloric content (one can load the fuel

with higher energy hydrocarbons or even powdered aluminium

if that is compatible with a (short-lived) turbine engine).

The structure and the actuators are large components of the

cost of the cruise missile.  Whether the cost is a million

dollars or ten thousand dollars is dependent very largely on

the choices made here.

The effectiveness is influenced substantially by the

guidance.  The strategic cruise missile that I am going to

talk about, of course, has to operate if nuclear war comes

against Soviet air defenses and so can't rely on very much

beyond itself for guidance.  It does have terrain comparison

so that it can look down and by comparing what it sees in

altitude versus time with what it has stored in its memory

for its desired course can update its navigation system and

will realize an ultimate accuracy of the order of 70 meters.

Very important to a cruise missile system is the assignment

of its flights, the choosing of time on target, the support

by other elements on the force.  For the strategic role it

will almost certainly have a nuclear warhead, but in the

tactical theater there are applications of cruise missiles

with non-nuclear warheads as well as with nuclear warheads.

Finally, one has to choose to launch from submarines, from

surface ships, from individual silos or revetments or mass

on air bases, or launch from aircraft.  If ship-launched,

whether it should be from a launcher which is used

repeatedly or simply by unzipping the packing container and

firing the cruise missile.  All of this is determined by the

basing structure, as is the command and control to the

cruise missile through communication channels perhaps using

cryptographic safeguards against unauthorized use built into

the missile.  Eventually there must be a decision as to how

the missile system will be used and what will be said about

it.  This seems important in determining the response from

the other side.

A big question is cost.  It used to be that people would

argue about the technical feasibility of cruise missiles.  A

Tomahawk Navy cruise missile actually flying changes that

argument to, "All right, it works, but how much will it

cost?"  This discussion is summarized in Chart 3.
+----------------------------------------------------------+

|                                                  Chart 3 |

|                                                          |

|                 CRUISE MISSILE ELEMENTS                  |

|                                                          |

| ® Propulsion, fuel.                                      |

|                                                          |

| ® Structure, actuators.                                  |

|                                                          |

| ® Guidance, direction and planning.                      |

|                                                          |

| ® Warhead.                                               |

|                                                          |

| ® Basing and launcher.                                   |

|                                                          |

| ® Infrastructure.                                        |

|                                                          |

| ® Doctrine and declaratory policy.                       |

|                                                          |

| ® Cost.                                                  |

|                                                          |

+----------------------------------------------------------+

In more detail, the cruise missile in its strategic role is

to have a range on the order of 1500 nautical miles, will be

air-launched-only according to the Vladivostok Agreement,

weighs about 3,000 pounds, has a nuclear warhead sort of the

same size of that of Minuteman 3, and will have guidance, as

I mentioned, suitable for strategic nuclear war so that it

does not depend on radio guidance from outside.  Once

launched from its carrier aircraft, it will make its way via

its own inertial package with a guidance accuracy of a few

miles to the landfall where it will refine its position,

from there on staying within hundreds of feet of its desired

flight path and exploding within a couple of hundred feet of

its specified target.  The Tomahawk, the Navy cruise

missile, in tests has been primarily dropped from A-6

aircraft but has been fired also from fixed launchers and

from submarines.  See Chart 4.
+----------------------------------------------------------+

|                                                  Chart 4 |

|                                                          |

|             STRATEGIC CRUISE MISSILES - SCM              |

|                                                          |

|                                                          |

| ® Range 1500 nmi (= 2800 km)--  air-launched.            |

|                                                          |

| ® Weight 3000 lb.                                        |

|                                                          |

| ® Nuclear Warhead    Sub-megaton.                        |

|                                                          |

| ® Guidance suitable for strategic nuclear war--          |

|   "TERCOM;" accuracy < 200 ft.                           |

|                                                          |

| ® Name:  "Tomahawk"   ALCM-B?                            |

|                                                          |

| ® Target spectrum.                                       |

|                                                          |

| ® Performance against defenses.                          |

|                                                          |

| ® President Carter's decision to rely on Strategic       |

|   Cruise Missile (and to terminate the B-1).             |

|                                                          |

+----------------------------------------------------------+

Two spectacular failures with the Secretary of Defense in

attendance in July 1978 were observed by press corps from

all over the world.  The shrouds of the submarine-launched

Tomahawks did not separate for two different reasons.  The

first time was that some sea water had disabled the

explosive cutter.  The second time we had a pinched wire so

that the signal never got to the explosive.  It works most

of the time and it will get better.

Boeing is working on an air-launched cruise missile, ALCM-B.

There is to be competition with the air-launched Tomahawk so

that we would get an initial selection of one or another,

and then perhaps a simultaneous procurement of strategic

cruise missiles of the selected type from two contractors.

The strategic missile would be used against essentially all

the targets for which aircraft-delivered weapons would be

used; that is, marshalling yards, military installations,

factories, cities, dams-- whatever you want to destroy in

strategic nuclear war.

Some people suggest that the strategic cruise missile would

be useful against silos, but it would not.  It's more useful

against ICBM silos than bombers would be, but either of

these carriers has to get within some hundreds of feet of a

silo in order to be sure to destroy it.  It is quite easy to

have a reasonable defense system to destroy a cruise missile

which comes as close as a few hundred feet to a hardened

silo.  It is even easier to destroy a bomber at such

distances, and it always made me laugh to hear the fear that

the Soviet bombers, which hardly exist at all, subsonic

bombers, can tour the Minuteman fields dropping bombs on one

silo after the other.  I suppose they could if we didn't do

anything about it.  It is a little harder to stop cruise

missiles but I don't think one needs to worry about a cruise

missile as a first-strike weapon being able to destroy

Soviet ICBM's in their silos or vice versa.  However,

against known air defenses and those which are projected,

the cruise missile will do very well against practically all

targets including air defenses, which are not hardened and

which can be destroyed from a distance of a mile or more

compared with the silos which have to be attacked from a

distance of hundreds of feet.

So, we're well launched on the cruise missile route,

although an article from Air Force magazine has the head of

the Strategic Air Command pointing out that cruise missiles

would be very bad for us if the Soviet Union had them and

there's nothing like a penetrating bomber.  The General is a

good enough soldier not to actually say he wants the B-1

back.  It wouldn't be so effective as the cruise missile.

The B-1 was not cancelled to save money.  The B-1 was

cancelled primarily because the cruise missile would do the

job better.

In the tactical role, one would ordinarily use a much

shorter range missile.  One talks about ranges of the order

600-1,000 kilometers.  Although these are not to be

air-launched by strategic bombers they may have to be below

600 kilometers according to SALT-II.  Thus it remains to be

seen what ranges will be allowed.  In my opinion, ranges up

to about 1,000 kilometers would be most useful.

You get to a tactical cruise missile in a very simple

fashion.  You can replace some of the fuel of a strategic

cruise missile by a high-explosive warhead.  There you have

a lot of possibilities-- single or cluster explosive

warhead, or scatter-mines (so that if you are faced with

hundreds of Soviet tanks advancing over your territory, you

can send cruise missiles out to drop mines in front of them

to slow their advance), fuel-air explosive, chemical weapons

if one ever gets into that terrible kind of a war, and

nuclear weapons.  The guidance we have already talked about

relies on terrain comparison, but when there are people

surviving and other systems, you might consider cheaper and

perhaps more accurate guidance types, e.g., radio and

microwave guidance, usually relying on time difference of

arrival.  One night, for instance, use the NAVSTAR satellite

global positioning system, which every 0.1 second can tell

the vehicle where it is to an accuracy of about 10 meters.

These are, of course, mid-course guidance, systems with

200 foot accuracy or 30 foot accuracy.  In addition, it's

possible to have terminal guidance so that as the cruise

missile approaches its target it could, for instance, send

back a single frame of photographic television information,

on which either automatically or humanly one can identify

the target so that the cruise missile could refine its

impact point from an inaccuracy of 200 feet or 30 feet to

just a few feet, as is common with some of the precision

guided munitions.  See Chart 5.

+----------------------------------------------------------+

|                                                  Chart 5 |

|                                                          |

|                 TACTICAL CRUISE MISSILES                 |

|                                                          |

| ® R = 500 nmi (= 900 km.).                               |

|                                                          |

|       Replace SCM fuel by H.E. warhead                   |

|                                                          |

| ® Warheads:                                              |

|                                                          |

|       Large charge; Fragmentation; Multiple incendiary;  |

|       Scatter mines; FAX; chemical; nuclear.             |

|                                                          |

| ® Guidance:                                              |

|                                                          |

|       TERCOM, Radio/microwave, NAVSTAR.                  |

|       Midcourse vs. Terminal.                            |

|                                                          |

| ® Attack on moving or time-urgent targets.               |

|                                                          |

| ® Elevated line of sight and control.                    |

|                                                          |

+----------------------------------------------------------+

Furthermore, in a war where there are a lot of targets, it's

wrong to imagine that a cruise missile with 600 kilometers

or 1000 kilometer range and a high subsonic speed taking an

hour or more to go from its launch point to its target

couldn't be used on moving targets (or on targets which had

to be destroyed within a few minutes or else they would

disappear).  If one has lots of cruise missiles in flight,

all of them with assigned targets, with a command and

control system which is responsive and flexible, one can

divert cruise missile in flight to attack another target.

In fact, cruise missiles could normally loiter near the

target area for a few minutes or a few tens of minutes and

if no moving target showed up then attack the assigned fixed

targets, bridges or whatever.  The key to this capability is

to have an elevated line-of-sight-and-control and to look

down a considerable distance to talk to cruise missiles in

flight, directly and reliably.

Chart 6 shows an example of a short-range elevated line of

sight.

                                                        |
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                                                        |

That's a helicopter supporting what looks like a billboard

which is in fact an electronically scanned phased array

antenna, which can look in almost any direction and be

switched at electronic speeds.  If one wants to talk to a

cruise missile in flight (one knows where the cruise missile

is), then one sends signals via the data link to the

helicopter and to the antenna by switching phase shifters in

the antenna so that any signal which has been transmitted

from the antenna would propagate in the desired direction

and at the same time the same antenna could receive signals

from the cruise missile.  The reason that we do this is to

provide signal power at the receiving antenna of the cruise

missile which is large compared with that which might be

provided by a jammer and in order to have a large receiving

area at the relay, essentially perpendicular to the line of

sight (although it isn't), equivalent to an ordinary antenna

which is aligned in the proper direction to receive a weak

signal of image information from the cruise missile.

Thus the cruise missile minds its own business, flying for

an hour on a predetermined course.  You talk to it a few

minutes before impact.  You tell it, "there is a tank over

there and by the way won't you report when you get a

thousand feet from the tank."  The antenna is then switched

to look at other cruise missiles and talk to them and then

at the appointed time look at this one again, just in time,

3 seconds before impact, to receive a picture of the target.

A person in the direction center points out the tank on the

picture transmitted by the cruise missile.  You might think

that is a very expensive way to destroy a tank, but when the

enemy has a tank near the front, it is worth much more than

a million dollars and won't cost that much to destroy it.

Furthermore, it cost him a lot of money to maintain that

tank in inventory for a long time, and uncountered it is

going to do a lot of damage.

What will the cruise missile do?  It makes the strategic

force based on air fields more effective because a cruise

missile penetrates better against defenses and is less

costly for a given effectiveness.  I think that the tactical

cruise missile will soon replace essentially all of the land

and sea-based tactical air and I think that our navy should

move to cruise-missile-carrying ships instead of aircraft

carriers for their future anti-land target capability.  The

ships need only bring the cruise missile into the theater of

combat; they don't have to have direction equipment on them.

They just lift missiles up to the deck and launch them.  If

a cruise missile doesn't work, they push it aside and get

another one.  All of the direction would be handled from

other ships and from satellite communications but not based

on the same cruise missile carrier, which itself might be a

20,000 ton military-cargo ship which which would carry on

the order of 10,000 cruise missiles.  In a tactical conflict

one gets into very big numbers.

If one replaces the friendly aircraft, then one can use

surface-to-air missiles on our side against enemy aircraft.

It has always been a terrible problem to manage the two

kinds of counter-air-- friendly fighters and our

surface-to-air missiles.  If there is anything a U.S. Air

Force pilot doesn't like, it is Army anti-aircraft missiles

flying around under him.  In order to achieve these

benefits, one needs a theater support system with some kind

of elevated line of sight to the cruise missile.  A lot of

cruise missiles can make little difference unless there is

the intrastructure that goes with it.  See Chart 7.
+----------------------------------------------------------+

|                                                  Chart 7 |

|                                                          |

|                  CRUISE MISSILE IMPACT                   |

|                                                          |

| ® Airfield-based strategic force more effective and less |

|   costly.                                                |

|                                                          |

| ® Tactical cruise missile likely to replace essentially  |

|   all of NATO land- and sea-based tactical air.          |

|                                                          |

| ® More scope for SAMs against Warsaw-Pact Aircraft.      |

|                                                          |

| ® Need robust theater support system based on elevated   |

|   line of sight.                                         |

|                                                          |

+----------------------------------------------------------+

I have discussed the missile warheads but one also has to

decide the kind of launchers, bases, shelters, and this

depends on the kind of war foreseen.  In some cases in order

to supply continuing needs, you can bring the missiles in

ships and launch them without offloading.  After all, if

they have long enough range, why take the trouble to offload

them at port facilities, carry them to concrete shelters and

so on?  On the other hand, sometimes you don't need so many

missiles in a day or in a week and you ought to put them

into protective storage from which they could be fired.

One has to have provision for resupply and if one isn't

going to store a whole war's worth of tactical cruise

missiles in the theatre, then one needs to have either

warehouses back home or factories which can make cruise

missiles.  One has to have the navigation aids and the

intrastructure, including the communications, target

acquisition and evaluation, and various things we have

talked about, including sometimes the ability to bring in

the cruise missile at an appropriate time, because you may

want to coordinate several cruise missiles on the same or

nearby targets; you may want to have troops advance after

such an attack, and so on.  Finally, these theater resources

will have to be assigned to cruise missiles one after the

other so that one doesn't overload the communication system.

The kinds of targets against which one might use cruise

missiles in Europe include fixed targets on the ground,

including aircraft shelters.  Of course, in the 1967

Middle-Eastern war the Israelis destroyed the Egyptian and

Syrian air forces on the ground by shooting up the aircraft

with machine guns.  That isn't going to happen again because

aircraft the world over are now in shelters.  Aircraft in

shelters are immobile.  You know where they are, and the

shelters themselves prove to be good targets if one has a

sufficiently accurate attack capability.  So aircraft in

shelters would be primary targets of cruise missiles in a

future war.  There are also moving targets on lines of

communication-- boats, tanks, convoys-- and moving targets

off-road-- tanks, guns and armored personnel carriers.

There are sea targets or river targets and there are

aircraft in flight.  Chart 8 summarizes this discussion.

+----------------------------------------------------------+

|                                                  Chart 8 |

|                                                          |

|                  CRUISE MISSILE SYSTEM                   |

|                                                          |

| ELEMENTS                                                 |

|                                                          |

| ® Missiles and warheads.                                 |

|                                                          |

| ® Launchers, bases, shelters (ships, concrete coffins,   |

|   aircraft?)                                             |

|                                                          |

| ® Resupply.                                              |

|                                                          |

| ® Navigation aids and infrastructure including           |

|   communications.                                        |

|                                                          |

| ® Target acquisition and evaluation.                     |

|                                                          |

| ® Course computation, including prescribed time on       |

|   target.                                                |

|                                                          |

| ® Assignment of terminal homing and communications       |

|   resources.                                             |

|                                                          |

+----------------------------------------------------------+

Cruise missiles sound like an unlikely tool to attack and

destroy aircraft in flight, but in fact we have had such in

the past and I think we gave them up too early.  The BOMARC

was a long-range Air-Force-operated cruise missile to defend

the United States.  It was a ramjet, but it was still a

cruise missile and it flew at Mach 3 (we could now fly at

Mach 5 if we wanted to).  The advantage of a cruise missile

over rockets is that one doesn't have to base surface-to-air

missile systems everyplace enemy aircraft might come.  One

could have them based farther back, and fly cruise missiles

into the area.  Some of the missiles could have rocket

propulsion for a final stage and engage in dog fights

against aircraft, be directed by the same airborne warning

and control systems on which one wants to rely on in a

future war anyhow in order to protect enemy aircraft and to

direct defenses against them.  Chart 9 lists these targets.

+----------------------------------------------------------+

|                                                  Chart 9 |

|                                                          |

|                         TARGETS                          |

|                                                          |

| GROUND                                                   |

|                                                          |

| ® Fixed (bridges, crossroads, marshalling yards,         |

|   fortifications including aircraft shelters).           |

|                                                          |

| ® Moving, on LOCs-- tanks, convoys.                      |

|                                                          |

|                                                          |

| ® Moving, off-road-- tanks, guns, APC.                   |

|                                                          |

|                                                          |

| SEA (river)                                              |

|                                                          |

|                                                          |

| AIR-- aircraft in flight                                 |

|                                                          |

+----------------------------------------------------------+

Now the question of costs.  In my 1976 paper, I said that we

really ought to be able to get these tactical cruise

missiles for about $40,000 each in the number that would be

required.  Of course, cruise missiles with nuclear warheads

would cost much more than that because the nuclear warhead

itself is substantially more expensive.  Furthermore, it is

worthwhile putting more money into the carrier when you are

delivering a weapon of such destructive power.

How many cruise missiles does one need?  Here I set the

scale by recalling that there are about 1600 NATO aircraft,

including the U.S. contribution-- bombers and fighter

ground-attack aircraft, and about the same number of Warsaw

Pact aircraft.  If you assume in a war that an aircraft is

going to make one sortie per day to drop bombs on somebody,

each time it may deliver the equivalent of two

1,000-pound-warhead cruise missiles.  The aircraft may be

able to carry 12,000 or even 16,000 pounds of payload, but

when we were flying aircraft in Viet Nam, they were mostly

loaded with 4,000 pounds, and only one aircraft out of four

was really a ground-attack aircraft.  The other three were

doing defensive work, suppressing ground surface-to-air

missiles, jamming and so on.  I think this is probably

optimistic for the performance of an aircraft in a day, but

that leads to an expenditure of 100,000 cruise missiles per

month.  If you imagine a war in NATO which is supposed to go

for three months, that would be an expenditure of 300,000

cruise missiles in 90 days, which is about the soonest you

might expect to start up a factory and resupply.  That means

you have to have a war reserve stock of 300,000 cruise

missiles-- almost 600,000 tons of cruise missiles, compared

with millions of tons of bombs.

If you carry out this gory calculation, assuming that a

cruise missile takes 2 tons of resupply ship capacity, then

the resupply is 200,000 tons per month or ten little ships.

The system cost, the system that I talked about before,

including communications and helicopters and direction

centers and basing, is entirely dominated by these cruise

missile costs, i.e., by expendable costs.  For instance, I

could deploy a whole NAVSTAR system of 30 satellites which

would give world-wide navigation accuracy of about 10 meters

to all users, (not just to cruise missiles) and pay a

billion dollars for it and have that add just $3,000 per

missile for 300,000 missiles.  Since 1976, of course the

dollar has depreciated and my $40,000 is now about $50,000,

but a lot of people say that is an unreasonable price and

$500,000 per cruise missile is much more logical.  Chart 10

shows the overriding importance of missile costs.

+----------------------------------------------------------+

|                                                 Chart 10 |

|                                                          |

|                          COSTS                           |

|                                                          |

| ® Scale:   1650 NATO aircraft (light bombers and         |

|               Fighter/ground attack).                    |

|            1475 Warsaw Pact                              |

|                                                          |

| ® Assume one sortie per day (each) delivering the        |

|   equivalent of 2 1000-lb-warhead cruise missiles.       |

|                                                          |

| ® Average expenditure 100,000 C/M per month-- 300,000 in |

|   90 days before factory resupply.                       |

|                                                          |

| ® Assume each 3000-lb C/M occupies 2 tons of ship cargo. |

|   Resupply is 200,000 tons/month-- 10 very small         |

|   ships/month.                                           |

|                                                          |

| ® Costs are dominated by cruise missile (expendable)     |

|   costs.  All other (system overhead) costs are          |

|   negligible-- e.g., NAVSTAR at $1 B is $3000 per        |

|   missile for 300,000 missiles.                          |

|                                                          |

| ® Missile costs:  $50,000 each?  Why not $500,000?       |

|                                                          |

+----------------------------------------------------------+

What do I know about missile costs?  Well, I'll tell you

everything I know and a little bit more.  This is why I

think cruise missiles can be bought for about $50,000 each

and not $500,000.  It is because they really differ in

nature from manned aircraft.  A manned aircraft has to be

reused many times.  Even in an intense war, it has to be

reused hundreds of times and in training thousands of times.

It has to be highly reliable.  It has to go both ways; it

has to deliver its pilot and its weapons to the target and

bring the pilot back.  It has to be flexible, used for many

missions.  It takes a long time to develop, and its engines,

for instance, will run 4,000 or 10,000 hours between

overhauls.  So, even if you have an engine that will take

10,000 hours of operation between overhauls, it is very

expensive to demonstrate that you do have that performance.

For a cruise missile that has to fly only an hour, to

demonstrate 90% reliability on a flight for an hour, you

just have to have 10 cruise missiles delivered, fire them

all up, and if nine of them work, that's it; you're all

done.  An hour is long enough.  And the development program

is very short for the same reason.

A commercial aircraft is the other comparison.  A commercial

aircraft differs from a military aircraft in that it is

reused very many times, 12 to 15 hours each day, and there

is a tradeoff between cost and performance on commercial

aircraft, whereas on military aircraft, one often demands

pure performance.

If you are fighting another airplane even a little bit

better than yours, you may lose.  You only get a chance to

lose once, so pilots in general and commanders like to have

the very best and are willing to pay a lot of your money and

mine to fly the very best.  The cruise missile isn't that

way.  It's not fighting enemy defenses.  It's not having a

dog fight.  You make it as cheaply as possible, considering

how many we need to make.  If it is heavier, you pay more in

fuel but you may pay less in structure because you use

cheaper materials, no superalloys.

Here is a calculation of why airplanes should be expensive.

A cargo aircraft or a passenger aircraft flies about

2 million miles per year, so one pound of structure on that

aircraft for 2 million miles per year displaces a thousand

ton-miles of productive cargo if the aircraft were 100%

loaded, or about $100 in lost gross annual revenue at

10 cents per ton-mile.  If you capitalize at 15% to convert

this $100 per year per pound of structure into a single

payment, $700 per pound would be a marginal cost of a pound

of extra weight.  Aircraft should cost a lot.  It's worth

paying not $700 per pound (because we are interested not in

gross revenue lost) but whatever the profit is on that,

maybe 20% or $150 per pound, in order to save a pound of

structure.

So how much do aircraft cost?  Is this a reasonable

calculation?  A 747 now costs about $50 million for an

aircraft with an empty weight (that is, structure plus

engines) of 350,000 pounds, or about $140 per pound.  If you

assume that the same cost per pound of structure and engine

applies to a cruise missile as applies to a big cargo

aircraft, $140 per pound, you could say that a cruise

missile with 1,000-pound empty weight should have a

structural cost of about $140,000, which is much more than

the $50,000 I'm going to pay for the whole thing.

But, we've made a mistake.  I have only 400 aircraft of the

747 type, more or less, manufactured; and I'm talking about

300,000 cruise missiles.  If we buy them from three

manufacturers (so we don't have a monopoly of suppliers and

we can get the cost down), we'll buy some 100,000 cruise

missiles from each of the suppliers.  Now there is a thing

called a learning curve and if you ever made a bookcase or

anything you know about the learning curve.  The first time

it doesn't work and after that it does go together, but

pretty soon it's faster and cheaper to make because you have

little tricks.  A typical learning curve is "an 85% learning

curve," so called because the cost is reduced to 0.85 of the

initial cost with a factor 2 increase in numbers.  That

conventional learning curve between 400 and 100,000 items

turns out to be cost reduction by a factor of 3.7, so that

$140 per pound becomes $38 per pound or about $38,000 for

the engine and structure.

So the very conventional way of determining the cost of

these aircraft-type things shows that one can buy the cruise

missile empty weight, structure plus engine, for about

$40,000.  You would then have $12,000 dollars to spend on

the guidance system, which doesn't become cheaper when you

make it smaller.  Again, we buy the guidance systems in

large numbers, by the hundreds of thousands (instead of by

the tens, which is what we do in the commercial or military

aircraft field, or at most hundreds) in the same kind of

learning curve.  I maintain that $50,000 per cruise missile

is the best estimate and if somebody wanted to offer me

$50,000 for the first 100,000 cruise missiles I could make

to specification, I would be glad to do that.  Chart 11

summarizes this argument.
+----------------------------------------------------------+

|                                                 Chart 11 |

|                                                          |

|                      MISSILE COSTS                       |

|                                                          |

| ® Because missiles are expendable and only used once, it |

|   is not worth while to chemically mill, use             |

|   super-alloys, etc.  as in commercial aircraft.         |

|                                                          |

|      A/C: Two million miles per year; 1 lb is            |

|           1000 ton-miles/yr or about $100 in lost gross  |

|           annual revenue.                                |

|           Capitalize at 15%-- so $700/lb marginal cost.  |

|           So A/C should cost a lot.                      |

|           How much do they cost?-- $50 M for 350,000 lbs |

|           or $140/lb of the empty weight.                |

|                                                          |

| ® Furthermore, missiles need not be so safe-- fly for    |

|   only 1-2 hours and need have reliability only about    |

|   90%.                                                   |

|                                                          |

| ® Be conservative-- assume same cost/lb of structure and |

|   engine as aircraft-- e.g. $140/lb.                     |

|   But only 400 A/C of a given type are made versus, say, |

|   100,000 C/M.                                           |

|                                                          |

| ® Learning curve between 400 and 100,000 (at 85% cost    |

|   for each factor 2 doubling in numbers) means final     |

|   cost reduced by a factor 3.66.  So $140/lb becomes     |

|   $38/lb or about $38,000 (engine and structure).        |

|                                                          |

| ® Guidance is not cheaper if smaller.  Add $12,000 for   |

|   guidance and get $50,000.                              |

|                                                          |

+----------------------------------------------------------+

Now if you believe all I have told you and you think NATO

really should replace its aircraft with cruise missiles, I

will go into detail as to why I think the effectiveness

would be very much increased.  One reason is that the cruise

missiles can survive and the aircraft cannot, and the cruise

missiles can be responsive and the aircraft cannot.

I have seen commanders operating aircraft against air

defenses.  The last time we had anything like that to do, an

acceptable attrition rate for aircraft and pilots was about

0.2% per sortie, but that was achieved only by mixing with

the real targets to be destroyed (which were defended to the

level which would exact losses of 10% per sortie) a lot of

targets which weren't defended because they weren't very

valuable. So one ran more aircraft, perhaps 5 times as many

as would have been desirable, with four-fifths of them

hardly getting shot down at all.  That did not reduce the

absolute losses, it only made things look a little bit

better.  You don't do that when you have missiles.

The United States, though, has to do it first.  You'll never

get the NATO allies to agree that this is a better way and

that we ought to standardize on a certain cruise missile or

have a competitive procurement among NATO suppliers.  You

would have to show that this is a good thing to do.  You

can't show it by improving target capabilities across the

board, and gradually improving engine performance, and

gradually improving command and control, because there are

very special requirements on the cruise missile system,

compared with communicating to aircraft in flight by voice

and telling the pilot not to attack the target he was told

to before but to come back and to attack some other target.

This has to be an integrated system and so it means that one

has to develop and deploy a vertical slice of the system

starting with the launchers and the resupply and

communication, command and control protective devices,

target acquisition and designation, and the like.

That means that you need to start such a development with a

commitment to test the system and to deploy a little bit of

it, and if it proves to be successful, then have it expand.

You may find yourself in a position of having bought 1000 or

10,000 cruise missiles and then deciding to throw them away

because this was not the best thing to do.  That's part of

the development cost and an investment in learning.  On the

other hand, if it was successful then one would expand and

at that point both the United States and the NATO allies

could join.

Nor can we do it, as I say, by improving the individual

system elements and then hoping to merge them, because there

is not the incentive and not the management structure for

such activities.  I think we can do it, but probably we

won't, and so we are likely to pay more and have a system of

lesser capability than would otherwise be the case.

Chart 12 summarizes this rather unhappy situation.
+----------------------------------------------------------+

|                                                 Chart 12 |

|                                                          |

|                       HOW CAN NATO                       |

|                  ACHIEVE THESE RESULTS?                  |

|                                                          |

| ® U.S must do it first.                                  |

|                                                          |

|       Requires vertical integration of a system slice.   |

|                                                          |

|       Needs prior commitment to system test and          |

|       deployment.                                        |

|                                                          |

|       If successful, should grow in breadth.             |

|                                                          |

| ® Can U.S. do it?                                        |

|                                                          |

|       Not by improving horizontally:                     |

|          Target acquisition,                             |

|          Missile performance,                            |

|          Navigation, etc.                                |

|       but by developing a system.                        |

|                                                          |

| ® Will we?  Probably not.                                |

|                                                          |

+----------------------------------------------------------+
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