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Apollo13 “Houston,
weve got a
problem.”



James A. Lovell, Jr., Apollo 13 Commander.

Fred W. Haise, Jr., Apolio 13 Lunar Module Pilot.

SPACECRAFT—Hey, we've got a problem
here,

Thus, calmly, Command Module Pilot
Jack Swigert gave the first intimation of
serious trouble for Apollo 13—200,000 miles
from Earth.

CAPSULE COMMUNICATOR—T'his is Hous-
ton; say again, please.

sc—Houston, we've had a problem, We've
had a Main B bus undervols.

By “undervolt” Swigert meant a drop in
power in one of the Command/Service
Module’s two main electrical circuits. His re-
pott to the ground began the most gripping
episode in man’s venture into space. One
newspaper reporter called it the most
public emergency and the most dramatic
rescue in the history of exploration.

sc—And we had a pretty large bang asso-
ciated with the caution and warning bere.

Lunar Module Pilot Fred Haise was now
on the voice channel from the spacecraft to
the Mission Control Center at the National
Aeronautics and Space Administration’s
Manned Spacecraft Center in Texas. Com-
mander Jim Lovell would shortly be heard,
then again Swigert—the backup crewman
who had been thrust onto the first team only
two days before launch when doctors feared
that Tom Mattingly of the primary crew
might come down with German measles.

Equally cool, the men in Mission Control
acknowledeed the report and began the

John L. Swigert, Jr., Apollo 13 Command
Module Pilot.

emetgency procedures that grew into an effort
by hundreds of ground controllers and thou-
sands of technicians and scientists in NASA
contractor plants and on university campuses
to solve the most complex and urgent prob-
lem yet encountered in space flight.

sc—We got a Main bus A undervolt, now,
t00. .. Main B is reading zip (zero) right
now.

capcoM—W&'d like you to attempr fo
reconnect fuel cell 1 to Main A and fuel cell
3 to Main B.

SCG—Okay, Houston . . . I tried to reset,
and fuel cells 1 and 3 are both showing zip
on the flows.

capcoM—We copy.

sc—Houston, are you siill veading 137

capcoM—T hat's affirmative. We're still
reading you, We've still trying fo come up
with some good ideas bere for you.

sC—Let me give you some veadings . . .
Ounr 0, (oxygen) cryo number 2 tank is
reading zero——did you get that?

CAPCOM—0, guantity number 2 is zero.

After peaking briefly just before the bang,
pressure in one of the two cryogenic (super-
cold) oxygen tanks, back in the Service
Module, had dropped to zero in eight sec-
onds. These oxygen tanks, with the com-
panion cryogenic hydrogen tanks, feed the
three fuel cells that generate the spacecraft’s
electrical current, provide breathing oxygen,
and produce water.



Astronauts and flight controllers anxiously monitor

consoles during the Apollo 13 mission.

sC—And it looks to me, looking out the
batch, that we are venting something. We are
venting something out into space. I¥'s 4 gas
of some sort.

Cutrent from the remaining fuel cell
dropped slowly.

capcom—We'd like you to . . . power
down until you get an amperage of 10 less
amps than what you've got now.

sSC—11 looks like O, tank 1 pressuve is just
a hair over 200.

capcom—We confirm that.

sc—Does it look like it's still going down?

capcoM—It's going slowly to zero, and
we're starting 1o think about the LM lifeboat.

sc—Yes, that's something we've thinking
about too.

Minutes earlier, and only a little more
than an hour after Swigert’s first report of
trouble, had come the laconic announcement
to a breathless world:

“Here in Mission Control we are now
locking toward an alternate mission, swing-
ing around the Moon and using the Lunar
Module power systems, because of the situ-
_ ation that has developed here this evening.”

The digital clock above the flight control
team showed 57 hours 11 minutes since
launch—11:24 p.m. Eastern Standard Time,
Monday, April 13.- Apollo 13 was 207,000
miles from Earth and moving away at 2,100
miles an hour.

capcom—We fignre we've got abont 15

minutes worth of power left in the Command
Module. So we want you to start getting over
in the LM and getting some power on that.

Three days from home, the spacecraft had
electricity for only 15 minutes under normal
procedures.

capcoM—We'd like you to start making
your way over fo the LM now.

sc—Fred and Jim are in the LM.

The tunnel into the Lunar Module cabin
from the Command Module had remained
open after Lovell and Haise went into the
LM for a planned check on its instraments
earlier in the evening, just before the incident.

sc—I got LM power on.

CAPCOM—I have an activation procedure.
I'd like you to copy it down.

Step by step, following instructions from
the ground; Haise and Lovell powered up
the Lunar Module, which the crew had named
Aquarius, and Swigert shut down Odyssey,
the Command Module, apparently undam-
aged, to save its batteries, oxygen, and cool-
ing water in hope they could ultimately be
used for reentry and landing.

It was necessary also to maintain the in-
tegrity of alignment on the inertial guidance
platform. It is this gyroscopic device which
“remembers” the spacecraft’s position and
velocity and thus aids in computing neces-
sary course corrections to stay on the desired
trajectory. Swigert drew on battery power
to keep the alignment in Odyssey alive,

until the alignment in Aquarius could be
brought into correspondence with that in
Odyssey. It had to be done fast, but it was
accomplished.

Lovell remarked later that the transfer of
alignment from Odyssey to Aquarius was the
first big turning point. Since the optical sys-
tems of Aquarius are less sophisticated, and
never intended for use in deep space navi-
gation, it would have required movement of
the entire spacecraft to get a sighting. Had
they lost Odyssey’s alignment, the only ‘way
to get another alignment would have been
to use the Sun and Moon and Earth. The
gaseous cloud which had formed around the
spacecraft prevented star sightings.

These preliminaries were accomplished,
and it was conceded that Apollo 13 had failed
as a lunar mission. Success now would be
measured by the outcome of the struggle,
world-wide, and deep in space, to get three
men home alive.









astronauts sent their first telecast from space,
a five-minute program which included a de-
scription of their view of the cloud-covered
Eastern United States. s-IVB was re-ignited at
4:48 p.m. EST to give Apollo 13 its final
boost toward the Moon. A check of systems
after shutdown of the s-1vB showed that all
were operating satisfactorily.

At 5:20 p.m. EST, Odyssey separated from
the adapter that connected it with the s-IVB.
Simultaneously, the four panels that made
up the sides of the adapter fell away, ex-
posing Aquarius, the Apollo 13 Lunar Mod-
ule. The Lunar Module is designed princi-
pally for landing two men on the Moon,
serving as a shelter and base during the short
lunar expedition, and later returning the
astronauts to the Command /Service Module,
waiting in lunar orbit.

After separating Odyssey from the adapter,
the astronauts moved out about 60 feet ahead
of s-1vB. Then they turned Odyssey around
and docked it nose-to-nose with Aquarius.
They backed their craft and the attached
Aquarius away from the s-Iv8. By 6:14 p.m.,
they had freed Aquarius and turned their
three-module spacecraft around to head for
the Moon. Most of the transposition and
docking maneuvers were telecast live to Earth
in a 72-minute program that began about
5:30 p.m.

Also shown on TV was the maneuver that
sent the s-1vB on a separate path to crash on
the Moon as a scientific experiment, designed
to add to knowledge about the make-up of
the Moon. This turned out to be the only
successful lunar experiment of Apollo 13.

The path of Apollo 13 was so true that a
scheduled course adjustment was cancelled
as unnecessary. INo major mission event was
scheduled until 8:54 p.m., Sunday, when a
hybrid transfer was initiated. This rerouted
the craft to sweep within 70 miles of the
Moon rather than the approximately 115-
mile altitude of the earlier course. The change
was designed to put Aquatius in the right
place at the right time for the desired lunar
landing site. The hybrid transfer also meant
that Apollo 13 could return to Earth only by
another course adjustment. On the earlier
course, called a free return trajectory, Apollo
could swing around the Moon and return to
Earth without using any additional rocket

ower.

* The hybrid transfer, conducted for all the
world to see on TV, was so accurate that a
scheduled subsequent maneuver was unnec-
essary.

Swigert in Odyssey during color telecast of
April 12.

Another major event on Sunday threw a
usually cool and calm astronaut into a mild
panic. In the rush to substitute for Mattingly,
Swigert forgot to file his Federal Income Tax

“return.

“How do I apply for an extension?” he
asked. Amid laughter from Mission Control,
he sought to explain: “Things kinda hap-
pened real fast down there and I need an
extension. I'm really serious. Would you. . .”"

Joe Kerwin, the capsule communicator,
was unsympathetic: “You're breaking up
the room down here.”

Swigert continued: . . . turn itin?”

Later, Flight Director Glynn Lunney said
that American citizens out of the country get
a 60-day extension on filing. “T assume this
applies,” he added.

On Monday evening at 9:15 p.m. EST,
Lovell and Haise entered the pressurized
Aquarius for the first time. Among other
things, Mission Control wanted them to check
an Aquarius helium tank that had shown a
slightly high pressure on the launch pad.
Lovell found that the pressure in the tank
was showing the kind of rise expected.

Haise remarked that “One of the nice
things for a novice like myself is the ease of
moving around in here.”

The two spent about an hour inside of
Aquarius, telecasting their activities to Earth.
The show ended, and all was well.

Haise was still in Aquarius. Lovell was in
the tunnel between Aquarius and Odyssey,
clutching a camera and gingerly making his
way among the TV wires. Swigert was in
Odyssey. Suddenly, they were startled by a
loud bang.

At first, Lovell and Swigert thought that
Haise had released a valve, as planned, in
Aquarius. But Haise, now back in the cM,
and scanning the instrument panel, saw that
one of the main electrical systems of Apollo
13 was deteriorating. Just before 10:10 p.m.,
Swigert radioed the words that drew mankind
together in a common concern: “Hey, we've
got a problem here.”












Control at Houston during the kproblem-

plagued Apollo 13 flight.
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When Jim Lovell and Fred Haise, leaving
Jack Swigert to batten down crippled Odys-
sey, moved into Aquarius just before mid-
night Monday and began powering her up
as Apollo 13’s lifeboat, the Moon still lay
50,000 miles and 20 houts ahead.

1t would be risky to fire the main engine
of the Command/Service Module, possibly
damaged by an apparent rupture of a high-
pressure oxygen tank. The shortest way

home—in time—would be to coast on around
the Moon and then be pulled automatically

back toward Earth.

But on the hybrid trajectory to which the
astronauts had maneuvered Sunday evening
to facilitate lunar landing in the Fra Mauro
Hills, their spacecraft would actually miss the
Earth by 250 miles and pass on by, beyond
hope of survival.

So a prime concern was to get back on a
free-return trajectory that would bring them
down in some ocean—almost any ocean—
without need for further major maneuvers.

This would have to be accomplished by
firing the LM descent engine—an emetgency
procedure that, by foresight, had been prac-
ticed in space by Apollo 9 and by the present
crew in simulations at Kennedy Space Center.

Swigert urged combining the free-return
maneuver with an extra push to speed the
return journey, and doing it soon to cut the
drain on the LM's batteries and cooling water:

SPACECRAFT—T he advantage of doing this
early is you can do a big burn now in the
midconrse and then power the LM down.
Otherwise, we got to keep the LM powered up
cleay til] we get around the Moon,

But Flight Director Glynn Lunney held off
a decision while trajectory planners ran half
a dozen alternatives through their computers.

The fastest return would lead to a splash-
down in the Pacific about noon Thussday,
west of the originally planned recovery area
but within steaming distance of the recovery
carrier USS Iwo Jima. But this would take
a long burn and leave the descent engine little
fuel for later course adjustments that might
be required.

Fuel could be saved and the return cut
short by dropping the Service Module to
reduce the dead weight that had to be maneu-
vered. But a Lunar Module engine had never
been used in space to maneuver just the
Lunar and Command Modules. And remov-
ing the protection that the Service Module
gave the Command Module heat shield might
expose the shield to damaging cold on the
long voyage home.

The next quickest procedure would be
landing early Friday morning in the South
Atlantic, in range of U.S. planes—but not of
ships.

Mission Control chose a two-step abott: an
early short burn to reestablish free return,
with potential splashdown Friday evening in
the Indian Ocean, then a longer burn soon
after looping around the Moon to speed the
return by 10 hours and shift the target point
back to the Mid-Pacific, where the prime re-
covery forces waited.

The discussion between Spacecraft and
Houston continued:

CAPSULE COMMUNICATOR—W ¢’re at this
time, water critical in the LM. We'd like to
use as little as possible. To do this we're go-
ing to make a free-return manenver of 16
feet per second at 61 hours, which is 37 min-
utes from now. Then we're going to power
down the PGNs (Primary Guidance and Nav-
igation Section), and then at 79 hours we'll
go abead and make another abort manenver
to kick what we got.

SPACECRAFT—Coznld you give us a little
more time?

cAPCOM—O%kay, [im. We'd like to get a
suggested time from you.

sc—Let’s shoot for an hour if we can.
How’s that?

capcoM—O%kay, Jim. How about 61 hours
and 30 minutes? That's an hour and five
from now.












The Moon from Apollo 13.

Italian press reaction was typical of world-wide
concern.

Other nations offering assistance included
France, Britain, Holland, Italy, Spain, Ger-
many, Brazil and Uruguay.

At 7:21 p.m. Tuesday, the spacecraft
swung behind the Moon, lost contact with
Earth, and passed 164 miles above the lunar
surface. Haise and Swigert, who had never
been so close and might never get closer,
snapped photos like a couple of tourists. At
7:49 the spacecraft emerged on the other side
and was again picked up by tracking stations.

This conversation took place:

sc—Houston, Aquarius.

CAPCOM—Agquarins, Houston.

sc—The view ont there is fantasiic . . .
You can see where we're zooming off.

Apollo 13 was headed homeward.

Moments later the 15-ton spent third stage
of the Saturn v launch vehicle crashed into
the Moon, as planned.

It occurred at 8:09 p.m. EST, April 14,
The s-1v8 struck the Moon with a force
equivalent to 11V tons of TNT. It hit
85 miles west northwest of the site where
the Apollo 12 astronauts had set up their
seismometer, Scientists on Farth said,

“the Moon rang like a bell.”

Back in November 1969, the Apollo 12
astronauts had sent their Lunar Module crash-
ing into the Moon following their return
to the command craft after the lunar landing
mission. That Lunar Module struck with a
force of one ton of TNT. The shock waves

built up to a peak in eight minutes and con-
tinued for nearly an hour.

The seismic signals produced by the impact
of s-IvB were 20 to 30 times greater and four
times longer than those resulting from the
LM crash. Peak intensity occurred in 7
minutes.

The information from these two artificial
moonquakes led to reconsideration of
theories proposed about the lunar interior.
Among puzzling features are the rapid build-
up to the peak and the prolonged reverbera-
tions. Nothing comparable happens when
objects strike Earth.

One theory is that the signal is scattered
and repropagated in very deep rubble. An-
other holds that the velocities of seismic waves
from these impacts are comparable to meas-
urements of velocities in crystalline rock. So
the crystalline material which the astronauts
found so abundant on the Moon’s surface
may extend very deep into the Moon.

Houston reported the lunar impact of the
s-IVB to the spacecraft:

CAPCOM—BYy the way, Aquariys, we see
the vesults now from 12’s seismometer. Looks
like your booster just bit the Moon, and it's
rocking a little bit.

sc—Well, at least something worked on
this flight. . . I'm sure glad we didn’t have
an LM zmp;zct too.

Time was at hand for the burn, two hours
after closest approach to the Moon. The de-



























Mission Control after astronauts are safe on the
recovery ship. Lovell, on screen, welcomed by the
crew of primary recovery vessel, the USS Iwo Jima.
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