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TIM Telescope Technical Specification  
Telescope General Description 

The Terahertz Intensity Mapper (TIM) is a collaboration between Caltech / JPL, University of Arizona 

(UArizona) Steward Observatory, Arizona State University, the University of Illinois at Urbana-

Champaign (UIUC), and University of Pennsylvania (UPenn) to build a balloon borne 2.0 m diameter 

telescope with the goal of a wholly unprecedented experiment to study the cosmic star formation 

history. It will map a volume spanning 4.5 billion years of cosmic history (0.52<z<1.67), on scales from 

1−50 Mpc with complete spectroscopic information. It will also demonstrate far-infrared (FIR) 

spectroscopy limited by the photon noise from the atmosphere and telescope. TIM will be a vital 

technological, data analysis, and scientific stepping stone to future orbital missions, and will also 

advance our understanding of galaxy evolution through observations that cannot be replicated with 

current FIR instruments. 

TIM will be launched from Antarctica and perform a long duration balloon (LDB) flight. The mission 

length of two weeks will be at an altitude of ~37 km. The telescope will move in elevation from horizon 

to 60 degrees elevation. During operation it will perform fixed elevation scans as it is moved in azimuth 

via the reaction wheels and gondola torque motor. The telescope will not be exposed to direct sunlight 

and will be protected by baffles. The flight software allows for the telescope to be autonomously 

operated after launch as the datalink delay is too slow for real-time commands. At the end of the flight 

the telescope is released from the balloon, deploys its parachute and is recovered once it has landed. 

The telescope will consist of a symmetrical paraboloidal reflector, of 2.0 m in diameter, with a 

Cassegrain optical layout that interfaces to the instrument package which in turn interfaces to the 

balloon gondola (see figure 1). In order to guarantee the thermal stability and meet the low mass 

requirement, the primary reflector surface shall consist of carbon fiber reinforced plastic (CFRP), 

aluminum machined panels or electro-deposited nickel panels mounted by means of adjusters onto a 

reflector backup structure (BUS) or it can be a monolithic CFRP reflector design. If a BUS is employed it 

shall be constructed of CFRP. 

The subreflector with its mechanism will be supported by legs in a tripod or quadripod configuration. 

The position of the subreflector will be remotely adjustable with three degrees of freedom: focus(axial 

translation), tip, and tilt.  
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Figure 1. Rendering of 2.5m BLAST Telescope as an example of what the 2.0m TIM Telescope will look 

like when completed. 
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1. ACRONYMS AND DEFINITIONS 

1.1. Acronyms 
 

BUS  Backup Structure 

CFRP   Carbon Fiber Reinforced Plastic 

CTE   Coefficient of Thermal Expansion 

FEA   Finite Element Analysis 

RMS   Root-Mean-Squared 

RSS   Root-Sum-Squared 

TIF   Telescope Interface Flange 

TIM   Teraherz Intensity Mapper 

UArizona  University of Arizona 

1.2. Definitions 
 

University of Arizona 

For the purpose of this Technical Specification the term University of Arizona/UArizona means the 

entity monitoring the execution of the Contract as set forth in the Statement of Work.  

Telescope Vendor 

For the purpose of this Technical Specification the term Telescope Vendor/Vendor means the entity 

executing the Work of the Contract as set forth in the Statement of Work. 

2. APPLICABLE AND REFERENCED DOCUMENTS 
Drawing 37785 “TIM Telescope ICD” Rev B 

3. INTERFACES 
This section provides information about the interfaces of the telescope and lists the applicable interface 

requirements and drawings where appropriate. 

3.1. Interface To Instrument Package 
See Drawing 37785 sheet 3 of 3 contained in Appendix A. 

4. Telescope Physical Charcteristics 
 

4.1. TELESCOPE INTERFACE FLANGE 
The Telescope Interface Flange (TIF) is defined as the best-fit plane of the 6 interface pads on 

the top of the gondola elevation structure, to which will be mounted the Primary and Secondary 

telescope mirror structures.  See drawing 37785 sheet 3 of 3 contained in Appendix A for details.  

The drawing shows a typical bolt pattern as used on a prior mission.  The position and layout of 

these holes and pads may be modified by mutual agreement between UArizona and the 

Telescope Vendor. 
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The Telescope Interface Flange is an aluminum structure, and so will have a CTE mismatch with 

a CFRP BUS or monolithic CFRP primary mirror.  The primary mirror design must accommodate 

such a mismatch using flexures or other suitable means in order to prevent primary surface 

figure degredation at the operating temperatures listed in section 5.1 below.  It should be 

assumed that assembly of the telescope will occur at a temperature of 20° C. 

4.1.1. Reflector Coodinate System 
The reflector coordinate system is defined by Drawing 37785 (sheet 3 of 3) contained in 

Appendix A. It is a Cartesian coordinate system, based on the right hand rule, fixed to the plane 

of the Telescope Interface Flange described above. This system of coordinates is indicated by OR, 

XR, YR ,ZR.  The position of the origin is the intersection between the optical axis and the 

Telescope Interface Flange. The XR axis is parallel to the elevation axis of the telescope, the ZR 

axis is the nominal boresight of the telescope, positive toward the subreflector, and the YR axis 

according to the right hand rule, positive in the direction such that when the telescope is at 

horizon the YR would be pointing in the nadir direction.  

4.1.2. Azimuth of the Telescope 
The Azimuth angle shall be zero when the telescope is rotated so that when the telescope is 

pointed to the zenith, YR is pointed toward North and XR is pointing toward East. The Azimuth 

angle origin is then counted from the positive YR (North), positive direction when the telescope 

moves in the clockwise direction (Azimuth angle = 90 when XR is pointing toward South). 

4.1.3. Elevation of the telescope 
The Elevation shall be set to zero when the ZR axis is pointing to horizon and to +90 when the ZR 

axis is pointing toward Zenith (Telescope pointing to Zenith).  



Attachment 1 -  RFP S112004 

Page | 6  
 

 

4.2. Optical Configuration 
 

Table 1: TIM Telescope Optical Prescription   

Element Parameter Value 

Primary Mirror 

Clear Aperature 2,000 mm 

Focal Length (F/ratio) 1,600 mm (0.8) 

Conic Constant -1.00000 

Radius of Curvature 3,200 mm 

Central Aperature 450 mm 

Secondary Mirror 

Clear Aperature 510 mm 

Radius of Curvature 937.5 mm 

Conic Constant -2.22630 

Telescope 

Primary Vertex to Secondary Vertex Distance 1225 mm 

EFL 8,000.0 mm 

F/# 4 

FOV 1.3 degrees 

 

The optical prescription specifies that the primary mirror have a focal ratio of f/0.8. To enable cost 

savings, it is allowable to propose a system designed with a focal ratio as large as f/1.0. While this may 

ease manufacturability, it requires an enlargement of the secondary mirror and thus a decreased overall 

system throughput. Variations of this kind are not preferred, but both the potential cost savings and the 

loss in throughput will be considered as part of the evaluation of the bid. Optical parameters like those 

in Table 1 will be provided for other focal ratios upon request. 

4.2.1. Allowable Design Volume 
See Drawing 37785 (sheet 1 of 3) contained in Appendix A. 

4.2.2. Mass  
The mass of the telescope shall be minimized as much as is practical without compromising the required 

stiffness, without predjudice to the other performance specifications. 

The total mass of the telescope, including the Primary mirror (and BUS if applicable) and support legs, 

shall not exceed 170 kg with a goal of not exceeding 100 kg. For vendors providing just the primary 

mirror, this shall not exceed 140 kg.   For design purposes, the mass of the secondary mirror and support 

plate, to be provided by U Arizona, will be no more than 15 kg. 

4.2.3. Location of the Center of Mass 
The telescope mass and the location of the center of mass shall be provided by the Vendor in the critical 

design review documentation. The location to the center of mass shall be referenced from the origin 

point defined section 4.1.1. 
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5. TELESCOPE PERFORMANCE AND ENVIRONMENTAL CONDITIONS  

Table 2: TIM Telescope Performance and Environmental Specifications 

Parameter Value 

Primary Surface Error   

Required ≤10 µm rms 

Goal ≤6 µm rms 

Surface Roughness Ra < 0.3um or Rq <0.5um 

Primary Mass (with backing structure)  
Required ≤170 Kg 

Goal <100 Kg 

Operational Elevation Range  0° to 60° 

Operating Temperature -20°C to 0°C 

Storage Temperature -50°C to +50°C 

Max Launch Acceleration See Section 5.2 

Survival Shock See Section 5.3 

Solar flux 0 W/m2 

Operational Wind 0.0 m/s 
  

5.1. Primary Operating Conditions 
For the purpose of computing the performance of the telescope the Contractor shall assume the 

following conditions: 

Ambient temperature T: -25 °C < T < 0 °C. 

Operating Pressure at altitude: 3 mbar 

Wind and thermal conditions: 

- Wind: 0 m/s 

- Solar Irradiance: 0 W/m2. 

Temperature gradients (to be applied individually) 

• 10°C linear gradient between primary and secondary 

• 8°C (for CFRP) or 1°C (for metal) linear gradient across the primary along the X and Y axes. 

• TBD 

Precipitation: None  

5.2. Launch Load Conditions  
Large vertical and horizontal accelerations can be experienced by the telescope during launch.  The 

telescope must survive these momentary loads without permanently degrading the reflector surface 

figure or changing the mechanical alignment of the telescope to the gondola.  The following three load 

cases shall be analyzed: 
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- 4g vertical acceleration (Zr direction) 

- 4g horizontal acceleration (Yr direction) 

- 4g horizontal acceleration (Xr direction) 

5.3. Survival Conditions 
 At the end of the mission, the gondola is released from the balloon and a parachute is deployed.  As the 

parachute opens, the gondola experiences a large momentary vertical deceleration of 8g.  The telescope 

structure is not required to maintain full performance after this event, but no part of the telescope may 

become detached from the gondola during that event. 

The telescope elevation at termination is not guaranteed, so this 8g event must be applied to both the 

Zr direction and Yr direction, independently. 

The telescope may briefly experience full solar irradiance (1.36kw/m2), from a direction far from the 

boresight. 

The primary mirror must survive exposure to water vapor condensation on its surface without  

permanent degradation in surface figure. 
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5.4. Survival Factors of Safety 
For survival conditions, a factor of safety is required on top of the 8g loads above.  These factors of 

safety vary based upon the type of hardware according to the Table 3 below: 

 

6. TELESCOPE ALIGNMENT REQUIREMENTS 
The telescope shall meet all the requirements of Drawing 37785 in Appendix A.  In addition, the 

following requirements must be met: 

- The optical axis, defined as the best-fit axis of revolution of the primary mirror, shall be normal 

to the plane of the Telescope Interface Flange to within 30 arcminutes. 

- The optical axis shall be within 5 mm of the center of a best-fit circle passing through the bolt 

pattern on the Telescope Interface Flange. 

- The secondary mirror interface center, if applicable, shall be within 2 mm of the optical axis of 

the primary mirror. 

Table 3: Survival Factors of Safety. 
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- The secondary mirror support structure, if applicable,  shall have a stiffness to ensure a 

gravitational sag in the Yr direction of no more than 200 µm over the operational elevation 

travel range 

- The tip/tilt of the secondary mirror interface, if applicable, shall be within 0.5deg of the Primary 

mirror optical axis  

7. TELESCOPE SURFACE REQUIREMENTS AND ACCURACY 
The reflector surface shall be either individual panels manufactured in machined aluminum or by replica 

technique based on electrodeposited Nickel or CFRP, or be a monolithic replica CFRP design.  

In order to compute the Primary Mirror surface accuracy, an error budget shall be established which 

shall take into account all of the expected sources of error resulting from the chosen mirror design.  The 

error budget shall sum quadratically (RSS) the various contributions so long as the individual error 

sources can be considered uncorrelated. 

An example of a possible error budget is shown below in Table 4, for a design which incorporates 

separate panels supported on a BUS. 

 

Error Source RMS Error (um) 

Panels  

    Manufacturing (including measurement) 3.0 

    Aging (including moisture absorption/desorption) 1.0 

    Gravity 2.0 

    Absolute Temperature 1.0 

    Temperature Gradient 2.0 

Total Panel Error     4.4 

  

Backing Structure  

    Gravity 2.0 

    Absolute Temperature 2.0 

    Temperature Gradient 1.0 

    Aging (e.g. moisture) 2.0 

Total Backing Structure Error     3.6 

  

Panel Mounting  

    Absolute Temperature 1.0 

    Panel Location in-plane 1.0 

    Panel Adjustment perpendicular to plane    (adjustment error) 2.0 

    Gravity 1.0 

Total Panel Mounting Error    2.6 

  

Total RSS of all errors     6.2 

When calculating errors due to temperature changes and gradients, the best-fit paraboloid may be re-

calculated at the new temperature as long as the focal length does not change by more than 2mm from 

the nominal value of 1600mm. 

Table 4: Sample Error Budget 
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8. PANEL DESIGN REQUIREMENTS 
If the reflector is made of individual panels, the sum of all panel gaps shall not exceed 0.3 

percent of the total area of the reflector. The panels shall not be painted. A protective metallic 

coating can be used if this is beneficial in meeting the specification. Any coating used shall be 

validated for emissivity in collaboration with UArizona and suitable for the thermal performance 

specified in section 5.1.  

The vertical position of the panels shall be adjustable normal to the panel surface, by means of 

panels adjusters connecting the panels to the BUS. Access to the vertical adjusters for tuning the 

surface of the reflector shall be from the back side of the BUS, and must be accessible after the 

primary reflector is attached to the Telescope Interface Flange. 

If separate horizontal panel supports are required, they must also be accessible from the back 

side of the BUS, but are not required to be accessible or finely adjustable after integration of the 

primary reflector onto the Telescope Interface Flange. 

The range of motion of the panel adjusters must take into account all of the worst-case 

machining and alignment tolerances of the BUS structure, or a minimum of +/- 3mm, whichever 

is the larger.  A graduated tool or method shall be provided to allow for adjustment of each 

adjuster to a precision of 5um or better. 

If the panels are made up of a composite construction using a honeycomb then the panels must 

be sufficiently vented to accommodate the rapid ascent of the balloon from sea level (1013 

mbar) to the operating pressure at 0.3 mbar.  An ascent speed of 1,000 ft/min shall be assumed. 

9. MONOLITHIC DESIGN REQUIREMENTS 
If the reflector is made monolithically, the interface to the TIF shall be designed with kinematic 

or quasi-kinematic elements, in order to avoid surface figure distortion due to non-planarity of 

the mounting interface or other interface over-constraints.  It can be assumed that the TIF 

interface pads can be shimmed to a planarity of 100um.   

10. VERIFICATION REQUIREMENTS 
The final Surface Error is defined to be the Root Mean Square of the sample errors measured 

normal to a best-fit paraboloid determined from the measurement data. The Primary Mirror 

surface figure shall be measured at the contractor facility using a method to be approved by 

UArizona, and must be shown to have a measurement error of less than 3 um rms. The surface 

measurement shall use a polar or rectangular grid with a spacing of no more than 50mm per 

sample. 

The Primary Mirror surface finish shall be measured in at least 12 locations around the mirror. 

The surface roughness shall be determined using a surface roughness gauge, with a sampling 

length of 0.8mm or greater. The measurement instrument or technique should be approved by 

U Arizona in advance. The locations should be chosen to be representative of the range of 

surface conditions on the mirror. The value of Ra for the mirror shall be <0.3um (or Rq <0.5um) 

at all locations. 
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11. SECONDARY MIRROR SUPPORT LEGS 
Pricing Option 1 (Full telescope) 

The subreflector and an adjusting mechanism will be provided by UArizona.  The subreflector 

will be mounted to a supporting plate, which will attach to support legs provided by the 

Telescope Vendor.  The subreflector support legs may be in a 3 or 4-leg configuration (i.e. a 

tripod or quadripod).  A typical supporting plate is shown for the 3 leg configuration in Drawing 

37785 in Appendix A.  A similar plate will be provided if the Telescope Vendor chooses a 4-leg 

configuration. 

The subreflector supporting plate and a dummy mass to represent the secondary mirror will be 

provided to the Telescope Vendor for final factory verification and alignment. 

The total optical blockage of the subreflector support legs, as seen from the sky, shall be less 

than 5% of the nominal projected area of the 2m diameter primary mirror. 

The subreflector support legs shall accommodate cable passage between the primary mirror and 

subreflector mechanism via a minimum of 2 conduits having a total cross sectional area of 1 in2.  

If external conduits are used (e.g. above the legs) they must not add to the optical blockage. 

Pricing Option 2 (Primary mirror only) 

For those vendors providing only the primary mirror, the vendor shall provide clearly defined 

mechanical interfaces on the BUS or monolithic primary structure for the attachment of 

externally supplied secondary support legs.  The legs, to be provided by UArizona, will need to 

comply with the volume requirements shown in drawing 37785, so the Telescope Vendor 

interfaces shall accommodate that volume restriction.  The vendor shall work with UArizona to 

ensure that these interfaces shall have sufficient clearance and structural reinforcement to 

enable support legs provided by UArizona to meet the alignment and stiffness requirements of 

section 6 and functional/optical requirements of section 11 above. 

12. MATERIAL AND HARDWARE REQUIREMENTS 
Steels shall not be used below their ductile-brittle transition temperature. 

Materials used for critical components constituting a single point failure or whose failure may propagate 

to further component failures shall be source-traceable and have certified material/mill test reports. 

Load-bearing metallic fasteners selected and procured by the Telescope Contractor shall be sufficiently 

rated to have positive margins of safety against yield strength. Threaded fasteners that are critical or 

single-point failure items shall provide material certifications and visual inspection. The limit, yield, 

ultimate, and separation loads shall account for interaction of the combined loading (simultaneously 

applied tensile, shear, and bending loads) and under all design environmental conditions. 

Fasteners for user serviceable items shall be in English inch units. An exception is panel adjusters where 

special tooling is provided by the manufacturer. 
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13. TRANSPORTATION REQUIREMENTS 
Telescope packaging shall allow for shipment in a standard width shipping container and packaging shall 

provide protection and attenuate shocks on the structure to <5 g for normal shipping loads. 
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Appendix A: Interface Drawing 37785 
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