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1 INTRODUCTION 

The REXUS (Rocket-borne EXperiments for University Students) programme is an annual 

sounding rocket programme for university students, which aims to provide practical 

experience of real space projects. 

REXUS is conducted by EuroLaunch and is a cost effective, easily accessible experiment 

facility giving 3 minutes of spaceflight up to a height of approximately 90 km.  

EuroLaunch is a co-operative agreement between SSC and the German Aerospace Center 

(DLR), Mobile Rocket Base (MORABA) in the area of suborbital services for sounding 

rocket launches and stratospheric balloon flights. 

REXUS is financed by the Swedish National Space Board (SNSB) and the German 

Aerospace Center (DLR). 

 

 

Figure 1-1: SSC, Esrange Space Center 

The REXUS launch campaigns are held at the SSC, Esrange Space Center near Kiruna in 

northern Sweden. 

The REXUS payload is modularised to provide simple interfaces, good flexibility and 

independence between experiment modules. Up to four experiment modules with a 

355.6 mm (14 inch) diameter and maximum total length of 800 mm can be accommodated 

in one payload. All payload service systems necessary for telecommunication, payload 

control, launch, flight and recovery are included in the system. 

This document describes information for a user of the REXUS system, including the 

services offered by EuroLaunch. It defines the requirements that apply to the REXUS 

experiment modules and gives design recommendations. It also includes a description of 

the REXUS system, the programmatic elements, the pre-flight tests and the campaign 

schedule and, finally, there is a chapter on quality assurance and safety. 

If you require additional information on the REXUS system, please contact the 

EuroLaunch project manager or the system engineer of the current project. 
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1.1 Definitions 

The REXUS system consists of the following components according to the EuroLaunch 

definition. 

 

REXUS The complete integrated vehicle to perform the flight. 

Esrange Facilities Equipment used to monitor and control the vehicle during flight, and 

telemetry receiving equipment. 

Ground Support Equipment 

(GSE) 

REXUS supporting systems and equipment on ground. 

Electric Ground Support 

Equipment (EGSE) 

Equipment used to control and communicate with various modules during 

tests and flight. 

Rocket Motor The part of REXUS giving the accelerating force. 

Payload Experiment modules and all EuroLaunch subsystems. 

Subsystems All systems required for flight control, recovery and telemetry. 

Scientific Payload All experiment modules including the experiments 

Experiment Module Experiment equipment and its outer structure. 

 

Hierarchy:  

REXUS System 

 ƊVehicle 

 ƅ ƊPayload 

 ƅ ƅ ƊScientific Payload / Experiment Modules 

 ƅ ƅ ƈPayload Service Subsystems 

 ƅ ƅ  ƊTM/TC Systems 

 ƅ ƅ  ƊPower System 

 ƅ ƅ  ƊSensors 

 ƅ ƅ  ƊRadio System 

 ƅ ƅ  ƈRecovery System 

 ƅ ƈRocket Motor 

 ƅ 

 ƈGround Equipment 

  ƊEsrange Facilities 

  ƊExperiment Module Ground Support Equipment 

  ƈService System Ground Support Equipment 
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1.2 Abbreviations 
AIT  Assembly, Integration and Test 

APID  Application Identifier 

ASAP  As Soon As Possible 

BF  Body Frame Coordinate System 

BNC  Bayonet Neill-Concelman 

CD  Countdown 

CDR  Critical Design Review 

CPU  Central Processing Unit 

CRP  Campaign Requirements Plan 

CRC  Cyclic Redundancy Check 

CRP  Campaign Requirements Plan  

CSM  Checksum 

DLR  Deutsches Zentrum für Luft- und Raumfahrt (The German Aerospace Centre)  

DTM  Operation Call sign for DLR telemetry station 

EAT  Experiment Acceptance Test  

EAR  Experiment Acceptance Review 

ECSS  European Cooperation for Space Standardization 

EGSE  Electric Ground Support Equipment (e.g. Service Module control box) 

EMC  Electro-Magnetic Compatibility 

EMI  Electro-Magnetic Interference 

ESA  European Space Agency 

ESD  Electro-Static Discharge 

ESRANGE Esrange Space Center 

ESR  ESRANGE 

ETM  Operational Call sign for Esrange telemetry station 

EXP  Experiment 

E-Box  Electronics Box 

FAR  Flight Acceptance Review 

FEC  Forward Error Correction 

FET  Field Effect Transistor 

FRP  Flight Requirements Plan 

FRR  Flight Readiness Review 

FST  Flight Simulation Test 

GMSK  Gaussian Minimum Shift Keying 

GND  Ground 

GPS  Global Positioning System 

GS  Ground Station 

GSE  Ground Support Equipment 

HCD  Hot Countdown 

HK  House Keeping 

H/L  Hard Line 

H/W  Hardware 

ICD  Interface control document 

IH  Igniter Housing 
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I/F  Interface 

IPR  Integration Progress Review 

LB  Launcher Box 

LO  Lift -Off (Signal) 

LT  Local Time 

M  Minute 

M  Month 

MFH  Mission Flight Handbook 

MORABA Mobile Raketenbasis (DLR) 

MRL  Medium Range Launcher 

MTR  Mid Term Review 

NCR  Non Conformance Report 

NSROC  NASA Sounding Rocket Operations Contract 

PA  Public Announcement (e.g. video monitors) 

PAL  Phase Alternating Line 

PCM  Pulse Code Modulation 

PDR  Preliminary Design Review 

PE  Payload Engineer 

PI  Principal Investigator 

PSD  Power Spectral Density 

PST  Payload System Test 

PTS  Swedish Post and Telecom Agency 

P/L  Payload 

QA  Quality Assurance 

REXUS  Rocket-borne Experiments for University Students 

RF  Radio Frequency 

RFW  Request for Waiver 

RNRZ  Randomized NRZ (a signalling modulation) 

RXSM  REXUS Service Module 

SAF  Safety Officer 

SCI  Project Scientist 

SDC  Serial Data Commands 

SED  Student Experiment Documentation 

SMC  Service Module Commands 

SNSB   Swedish National Space Board 

SODS  Start/Stop of Data Storage (Signal) 

SOE  Start/Stop of Experiment (Signal) 

STW  Student Training Week 

S/W  Software 

T  Time before and after launch noted with + or - 

TBC  To Be Confirmed 

TBD  To Be Determined 

TC  Telecommand 

TCU  Telemetry Central Unit 

TM  Telemetry 

TV  Television 
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UTE  User-defined Timer Event (Signal) 

WGS84  World Geodetic System 1984 

WT  Walkie Talkie 

ZARM  Zentrum für angewandte Raumfahrttechnologie und Mikrogravitation 
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1.3 References 

NOTE: All references documents can be found on the REXUS/BEXUS Team Site along 

with the manual. The ECSS references link directly to the documents themselves, firstly 

though, in order to access the documents, registration is required (this is easy and free for 

the user). 

[1] ECSS, Space project management / Project planning and implementation, ECSS-

M-ST-10C Rev. 1 (ESA Publications Division, 2009) 

http://www.ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100743/d2009030

6173339/No/ECSS-M-ST-10C_Rev.1(6March2009).pdf  

 

[2] ECSS, Space product assurance / Manual soldering of high-reliability electrical 

connections, ECSS-Q-ST-70-08C (ESA Publications Division, 2009) 

(http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100753/d200903061908

30/No/ECSS-Q-ST-70-08C(6March2009).pdf) 

[3] ECSS, Space product assurance / Crimping of high-reliability electrical 

connections, ECSS-Q-ST-70-26C (ESA Publications Division, 2008) 

(http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100679/d200811111311

54/No/ECSS-Q-ST-70-26C(31July2008).pdf) 

[4] SSC Esrange, Esrange Safety Manual, REA00-E60 ver. 3B (Esrange, 2010) 

http://www.sscspace.com/file/esrange-safety-manual.pdf  

[5] SSC Esrange, Userôs Handbook ver. 2 (Esrange, 2011) 

http://www.sscspace.com/file/usershandbook.pdf  

[6] ECSS, Space product assurance / Data for selection of space materials and 

processes, ECSS-Q-70-71A rev. 1 (ESA Publications Division, 2004) 

(http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100362/d200406221232

17/No/ECSS-Q-70-71Arev1%2818June2004%29.pdf) 

[7] EuroLaunch, SED Template, (EuroLaunch, 2010) 

[8] EuroLaunch, SED Guidelines, (EuroLaunch, 2010) 

[9] DLR, REXUS IV ff TMTC-Structure, (Mobile Raketenbasis, 2009) 

[10] Tutiempo Network, Historical Weather: KIRUNA GEOFYSISKA, Sweden, 

TuTiempo.net (Tutiempo Network, 2010) 

(http://www.tutiempo.net/en/Climate/KIRUNA_GEOFYSISKA/02-

1998/20450.htm) 

http://www.ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100743/d20090306173339/No/ECSS-M-ST-10C_Rev.1(6March2009).pdf
http://www.ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100743/d20090306173339/No/ECSS-M-ST-10C_Rev.1(6March2009).pdf
http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100753/d20090306190830/No/ECSS-Q-ST-70-08C(6March2009).pdf
http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100753/d20090306190830/No/ECSS-Q-ST-70-08C(6March2009).pdf
http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100679/d20081111131154/No/ECSS-Q-ST-70-26C(31July2008).pdf
http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100679/d20081111131154/No/ECSS-Q-ST-70-26C(31July2008).pdf
http://www.sscspace.com/file/esrange-safety-manual.pdf
http://www.sscspace.com/file/usershandbook.pdf
http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100362/d20040622123217/No/ECSS-Q-70-71Arev1%2818June2004%29.pdf
http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100362/d20040622123217/No/ECSS-Q-70-71Arev1%2818June2004%29.pdf
http://www.tutiempo.net/en/Climate/KIRUNA_GEOFYSISKA/02-1998/20450.htm
http://www.tutiempo.net/en/Climate/KIRUNA_GEOFYSISKA/02-1998/20450.htm
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1.4 Applicable documents 

[11] Montenbruck, Oliver & Gill, Eberhard: Satellite Orbits (Springer Verlag, 2000) 

[12] Vallado, David A.: Fundamentals of Astrodynamics and Applications (McGraw-

Hill Companies, Inc, 1997) 

[13] Sounding Rockets Program Office, NASA Sounding Rocket Program Handbook, 

(Suborbital & Special Orbital Projects Directorate, 2005) 
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2 ALWAYS READ THIS 

There is plenty of useful information in this manual. Make sure that you have found and 

understood the meaning of the following information. 

Experiment safety 

If there are hazardous items such as chemicals, free-falling objects, lasers, radiation, etc. 

included in the experiments, there may be a need for further investigation by the Esrange 

Safety Board. This may take some time and should be done early in the design process. 

Durability of your experiment  

During the pre-flight tests and the countdown, the experiments will be turned on and off 

several times over the course of many hours and multiple days. Make sure that there is 

enough battery, memory, etc. to survive these activities, in addition to that which is 

required for the flight. 

Spin and balance 

Before the start of the campaign, the rocket will be balanced (during the Environmental 

Tests). After this there will not be any changes permitted in the payload configuration that 

could result in changes in mass, inertial moment or balance. 

Transceivers 

All equipment that emits or receives RF must have Esrange permission to do so. 

Radio Frequency interference test and flight simulation 

After the RF test it is not permitted to make any changes to the experiments before flight. 

If you miss this test during the campaign preparation phase, it may be necessary to remove 

your experiment or fly the rocket with your experiment turned off. If your experiment 

disturbs any of the flight systems, it will not be flown at all. 

Weather constraints 

It is not possible to guarantee a launch during any specific week, due to weather 

constraints. Make sure that your experiment can be operated by Esrange staff, in case the 

launch is postponed beyond the date when you have to leave.  

Planning 

It is essential to have a build-up plan and checklists for your experiment. Without these, 

there is a significant risk of failures and delays during the campaign week. 

Safety in launch area 

No one is allowed to visit the motor preparation hall or the launch-towers without the 

permission of the Operations Officer.  

Radio Silence 

During arming of the rocket motors, it is strictly forbidden to transmit or to do any power-

switching of the experiments or their subsystems. 
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Campaign Requirements Plan / Flight Requirements Plan 

This is a document that is compiled by the EuroLaunch Project Manager based on input 

and requests from all experiment teams. Without good information, well before the 

campaign, it might be impossible to fulfil a requirement such as the provision of gases, 

special tools, etc. 

 

Our goal is to have a successful and enjoyable campaign with all teams and their 

experiments. You are always welcome to contact us with any questions. 
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3 REXUS PROJECT OVERVIEW AND MILESTONES 

3.1 Project Organisation 

The technical support in the integration and testing phase, as well as the campaign 

management and operations is provided by EuroLaunch. EuroLaunch is a joint venture of 

SSC and the Mobile Rocket Base (MORABA) of the German Aerospace Centre (DLR). 

The DLR project share concerning integration, testing and student support is provided by 

ZARM under contract of DLR Space Administration.  

When EuroLaunch is mentioned in this document, it means that all three institutions (SSC, 

MORABA and ZARM) may be involved. 

The scientific evaluation of the experiment proposals and the financial support of the 

students are the responsibility of the DLR Space Administration and the Swedish National 

Space Board (SNSB), in the latter case through cooperation with the European Space 

Agency (ESA). 

At EuroLaunch the following key-positions will be assigned for every flight project: 

¶ Project manager 

¶ Payload manager 

¶ Mechanical design responsible 

¶ Electrical design responsible 

¶ Telemetry (TM) and Telecommand (TC) systems responsible 

¶ Electric Ground Support Equipment (EGSE) responsible 

One person can have dual assignments. 

Additional positions will be assigned during the campaign, see chapter 12.4. 

The majority of the communication between EuroLaunch and the experiment teams shall 

pass through the project managers.  

3.2 Flight Ticket 

In the REXUS ñflight ticketò, which is offered to the international student community, the 

following services are included: 

¶ General management and planning of the REXUS project. 

¶ Provision of the launch vehicle and subsystems necessary for a spaceflight mission.  

¶ Integration of participating experiment modules into the flight configured payload and 

pre-flight testing of the payload (TM, TC, flight simulation test, dynamic balancing, 

vibration tests and determination of physical properties). 

¶ Transport of modules from the integration facility to Esrange. 

¶ Payload assembly and testing at the range over 5 days (nominally). 

¶ Provision of laboratory facilities at the range. 

¶ Launch and recovery. 
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¶ Data acquisition with provisions of real-time, quick-look and replay data from the 

modules and the payload subsystems (e.g. g-levels). 

¶ Disassembly of payload and return of experiments. 

¶ Post flight report. 

3.3 Experimenterôs Role 

Once selected to participate in the REXUS/BEXUS programme, the teams become a part 

of the mission team. Their primary responsibility is to ensure the timely delivery of their 

portion of the scientific payload in good order. This responsibility extends to defining the 

investigation, providing the instrumentation, timely processing of data, and publishing of 

results. The experimenters must also contribute to establishing and conducting the 

operational programme through correspondence and fulfilment of the documentation 

requirements. 

The successful operation of experiments is vital to the overall success of the 

REXUS/BEXUS missions. EuroLaunch supports the teams in order to see the good 

scientific returns. Information and expertise is available where required for assisting 

decisions relating to design, component, materials, operation, and any other mission related 

issues. Final decisions are normally left to the experimenters but if required (by safety or 

otherwise), EuroLaunch withholds the right to enforce decisions on any issue. Before 

flight, the experimenters must successfully convince EuroLaunch through testing, 

simulation, and documentation that their experiment is fit and safe for flight. 

The experimenters are responsible for developing and providing the scientific payloads and 

support equipment provided. EuroLaunch can aide with many of these issues but the team 

is responsible for ensuring that these are organised in a timely manner. They are also 

responsible for ensuring that the experiments conform to all required electrical and 

mechanical interface specifications, meets safety requirements, and survives the flight. 

EuroLaunch assists in all these issues where possible but the experimenters must keep in 

mind that ensuring the resolution of issues is their responsibility. 

3.4 Project Planning  

A detailed project plan and time schedule will be released by EuroLaunch as soon as 

possible after the selection workshop. These will be regularly updated during the project. 

A general progress plan for REXUS flight projects is listed below. Detailed descriptions of 

reviews and tests are given in chapter 8. 

3.4.1 Indicative Timetable  

T-18 m Call for experiment proposals 

T-16 m Proposal submission deadline 

T-16 m  Proposal shortlisting 

T-15.5 m  Selection workshop at ESTEC (ESA) / Bonn (DLR), presentation of proposals 

T-15 m  Final experiment selection 
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T-13.5 m   SED v1-0 submitted 

T-13 m Student Training Week (STW) at SSC, Esrange Space Center or DLR, 

MORABA facilities. Preliminary Design Review (PDR) 

T-9 m     SED v2-0 submitted 

T-8.5 m Critical Design Review (CDR) at ESTEC (ESA) / Oberpfaffenhofen (DLR) 

including soldering course 

T-7.5 m SED v3-0 submitted 

T-7 m  IPR at experimentersô organisation 

T-4.5 m EAR at experimentersô organisation or a ZARM/SSC facility 

T-4 m Delivery of Experiments to Integration Week (ITW) at ZARM Bremen 

(experimenters required) 

T-2.5 m Bench Test at DLR Oberpfaffenhofen (experimenters required) 

T-1 m SED v4-0 submitted  

T-0.5 m       Spin and Balance Test (experimenters not required) 

T+0 m Campaign at Esrange 

T+0.5 m Flight Report Documentation from experimenters submitted 

T+1 m Distribution of the REXUS post flight Report by EuroLaunch 

T+3 m SED v5-0 submitted including experiment results 

T+4 m Publication of Final Report/Results Seminar 

3.5 Experimenter Documentation Requirements 

3.5.1 Student Experiment Documentation (SED) 

The SED provides EuroLaunch and other stakeholders from SNSB, ESA, DLR and ZARM 

with all the important information on a particular experiment. During the phases of 

experiment development, production and flight, the SED will be the main documentation 

for students to describe their experiment and 5 frozen versions will be provided (see 3.4.1). 

All documentation relating to the requirements of this document can be found at the 

REXUS/BEXUS Team Site, including the SED guidelines and SED template documents. 

3.5.2 Campaign Requirements Plan/Flight Requirements Plan 

Any requests for input from EuroLaunch must be fulfilled by the student teams. This 

document is a reference document for the many people who will be involved in the launch 

of experiments, and care must be taken that information is correct and clear to avoid errors 

being made concerning the experiments. These requirements will be made on an individual 

basis with each of the teams. 
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3.5.3 Flight Report Documentation 

EuroLaunch requires a post-flight report document for inclusion in the Flight Report that 

must be produced following each launch. The experimenters must submit only one to two 

pages regarding performance of their experiment during the flight and preliminary results 

when possible. This must be submitted two weeks after the launch campaign (each 

experiment team is expected to present a preliminary performance overview whilst at the 

campaign following the launch). 
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4 REXUS SYSTEM  

4.1 REXUS Vehicle 

A typical REXUS vehicle consists of a one-stage rocket, an Improved Orion motor, and the 

payload. This rocket gives approximately three minutes of spaceflight with a payload mass 

of up to ~95 kg, including the service and recovery systems.  

 

Figure 4-1: REXUS Standard Configuration 

A typical configuration is shown in Figure 4-1. Each configuration is designed to optimise 

vehicle and experiment characteristics. 

4.1.1 Service Module 

The objectives of the Service Module are to establish the communication between the 

ground and the experiments, and to control the experiments. Furthermore, the Service 

Module monitors the quality of the ambient conditions, the flight parameters (acceleration, 

angular rates) and the housekeeping data. It also delivers power to the experiments. 

The Service Module consists of two sections. The first one contains the electronic part of 

the Service Module (E-Box), while the other devices such as RF-parts, GPS, sensors and 

batteries are mounted on the bulkhead of this module. 

The Service Module has four main electrical interfaces to its environment: 

- to the EGSE via umbilical 

- to the experiments, recovery, GPS system 

- to the ignition unit, separation unit and yo-yo system 

- to the ground via RF links by the PCM and the Video transmitter 
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Figure 4-2: REXUS Service System (RXSM) 

 

 

Figure 4-3: REXUS E-Box Block Diagram 

4.1.2 Rate Control 

A de-spin system (the Yo-Yo) can be used to reduce the stabilising spin after the launch 

phase. This is not part of the REXUS single stage standard configuration. The rocket will 

be de-spun from approximately 4 Hz to a maximum spin rate of 0.08 Hz (30°/s) in a 

clockwise direction when viewed from the rear. 
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4.1.3 Recovery Module 

The recovery module is positioned in the back end of the payload and contains a drogue 

chute, which deploys the main chute. It also contains a heat shield, which protects the 

parachutes during re-entry. Barometric switches initiate the pyrotechnic sequence for 

ejecting the heat shield and releasing the parachutes. 

The recovery system is capable of landing payloads with the designated payload mass from 

approximately 100 km apogee. The system is designed to decelerate from 150 m/s sink 

velocity to 8 m/s impact velocity. 

4.1.4 Homing Aid 

The vehicle is equipped with a GPS-receiver from which the service module can receive 

time and position information during flight. The GPS-position is transmitted via the 

telemetry stream. The recovery team in the helicopter can be equipped with a TM-receiver 

in order to acquire the GPS-position for quick and easy location of the payload. An 

autonomous homing beacon transmitter is also included in the recovery system. The 

payload is normally brought back to Esrange within a few hours of launch.  

4.1.5 TV-Channel 

One analogue TV channel is available for video transmission from one experiment. 

The TV signal should be a standard PAL (B/G) with 1 Vss at 75 ohms. To connect this 

signal to the RXSM a BNC connector should be used. 

4.2 Body Frame Coordinate System 

For REXUS the Body Frame Coordinate system (BF) is used for the orientation of rocket 

components and experiments. Drawings of components and experiments should respect 

this axis definition. Accelerations are measured with the accelerometers referring to this 

coordinate system. The longitudinal axis is the roll-axis zBF, which along with the pitch-

axis xBF and the yaw-axis yBF build a right hand system. 

 

Figure 4-4: Definition of the REXUS BF-System 
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The BF angle velocities q#, r# and p# and the Roll-momentum L, the Pitch-Momentum M 

and the Yaw-momentum N are defined in Figure 4-4. 

The origin of the system is located at the interface between the motor adapter and the 

payload on the longitudinal axis of the REXUS vehicle.  

4.3 Performance and Flight Sequence 

The performance of the REXUS rocket may be adapted to the respective mission 

requirements.  

In the following tables, the flight sequence and g-levels from a typical REXUS flight with 

an Improved Orion motor are presented. 

4.3.1 Nominal trajectory 

The nominal REXUS flight trajectory is dependent on payload mass and configuration as 

well as latest motor data. Please read the pre-flight version of the Flight Requirement Plan 

for valid flight events and nominal trajectory data. The following table gives an overview 

of the flight events during the REXUS-10 mission. The yo-yo release (Chapter 4.1.2) for 

de-spin of the rocket is not part of the standard configuration. 

Table 4-1: REXUS-10 Approximate Flight Events 

EVENT Time (s) Altitude (km) Range (km) 

Li ft-off 0.00 0.332 0.00 

Burn-Out 26.00 20.38 2.83 

Nose Cone Ejection 61.00 52.73 8.89 

Possible Yo-Yo Release 65.00 55.68 9.58 

Motor Separation 66.00 56.39 9.76 

Apogee 140.00 82.45 22.42 

Payload Impact  ~800 0.6 42.77 
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4.3.2 Graphs of typical trajectory  

Graphs based on GPS data for the flight of REXUS-10. The valid nominal trajectory data 

of your mission will be part of the Flight Requirement Plan. 
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As mentioned the total apogee is strongly dependant on the payload mass as demonstrated 

by the previous REXUS missions (note the designated ground range change for REXUS 5 

and 6).  

Note: dashed lines refer to predicted rather than recorded data, where data is missing or 

corrupt. 

 

 

 

 

 

 

Figure 4-5: Altitude vs. Flight Fime for Previous REXUS Missions. 

Figure 4-6: Apogee Focus for Altitude vs. Flight Time for Previous REXUS Missions 
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Figure 4-7: Altitude vs. Ground Range for Previous REXUS Missions 


















































































