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Our initial question was: How do cosmic ray trails change with altitude in 

a cloud chamber? We do not yet have a final answer to that question 

because so much of the time was spent developing and improving the 

payload. From our flight data, it was observed that ionization trail activity 

did in fact increase with altitude, with the peak activity occurring at 

around 68,000 ft. Above this altitude, low pressure within the chamber 

began destabilizing the cloud, creating wave-like patterns (see Fig. 7), 

and individual trails could not be identified at all in the GoPro footage 

above 85,000 ft. During data analysis, differentiating between particle 

trails was difficult as their behavior appeared to be contradictory at 

times. However, a final basis was established. Proton trails appear 

thicker and often are curved due to energy loss. Electron trails either 

curve slightly, if low-energy, or appear as a straight line, if higher-energy. 

Muons follow many of the same rules as electrons, making them hard to 

distinguish from electrons. Therefore, it is possible we have 

misidentified some electron tracks that were initially thought to have 

been observed.

Conclusions

⚬ One initial concept included testing the effect magnetic 

fields have on particle paths. A magnet can induce particle 

curvature and be used to more-accurately determine 

particle characteristics, including type and energy. Due to 

challenges encountered during the payload development, 

the magnet portion of the experiment has not yet been 

attempted. 

⚬ During the flights, at a high enough altitude the pressure in 

the chamber would destabilize the supersaturated 

conditions, creating ripple-like effects or waves that 

interfered with the formation/visualization of individual 

ionization trails (Fig. 7). Constructing a pressurized cloud 

chamber, if it could be made light enough, might be a way to 

mitigate this depressurizing effect. Testing in such a 

controlled environment might also allow for better 

characterization of cosmic radiation as a function of altitude. 

⚬ We also considered placing an alpha particle emitter and 

radioactive beta and gamma sources in or near the 

chamber, to observe the increase in ionization trails from 

known sources. We have done some ground testing with 

radioactive sources, including low-pressure testing, but not 

flown any such sources on a flight.

Plans for Further Development

Cloud chambers allow for visualizing the trajectory of 

radiation within a supersaturated vapor. When radiation 

interacts with the vapor, droplets become ionized and form 

visible trails along the particle’s trajectory. During a balloon 

flight, the trail activity within the cloud chamber varies with 

altitude. Our hypothesis was that the chamber activity 

would increase with increasing altitude, due to increasing 

amounts of cosmic radiation that penetrate the atmospheric 

overburden. On a stratospheric balloon flight, the peak of 

cloud chamber activity occurred around 68,000 ft, slowly 

dying down at higher altitudes. The main particles observed 

were believed to be high and low-energy electrons, 

protons, and an occasional muon. The process of 

deciphering which particles the paths relate to was done by 

comparing our images to cloud chamber results from the 

literature. Our initial hypothesis of an increase in activity 

was indeed met. However, as the flight progressed higher 

than 85,000 ft the low pressure began to create an unstable 

vapor environment in which individual trails could no longer 

be seen. A pressurized cloud chamber might be a future 

step to better-understand the amount of cosmic radiation 

and types of particles present at different altitudes in the 

troposphere and stratosphere.

Abstract

A cloud chamber, invented in 1911 by Charles Thomson Rees 

Wilson, is an easy way to visually see the results of radioactive 

decay and subatomic particle motion. The visual aspect 

becomes apparent through the process of ionization. The idea is 

to create a supersaturated vapor in an enclosed chamber, 

cooled with dry ice. When the high-energy particles move 

through the chamber, they ionize the alcohol molecules by 

removing an electron. The reaction creates a streak of 

condensation that follows the path of the particle. As the 

condensation appears it can be illuminated by light, making 

them visible to the onlookers. Therefore, an observer can see a 

streak of light in the vapor caused by the interactions of the 

cosmic ray particles and alcohol vapor. 

 

Introduction

⚬ Container (we used a plastic fish tank)

⚬ A metal plate or lid for the container (we used an aluminum foil  tray 

spray-painted black to negate glare)

⚬ 5mm thick felt (enough to cover the bottom of the container) 

⚬ Dry ice and a container in which to hold it in (our container was 

made of Styrofoam)

⚬ Isopropyl alcohol (99%)

⚬ Two LED bulb lights

⚬ Camera (we used a GoPro HERO Session)

⚬ Heating pad (to maintain the temperature of the felt and alcohol 

vapor)

⚬ Battery for the heater 

⚬ Power bank for camera 

⚬ Wooden dowels (keep the container stabilized) 

⚬ Black construction paper (used to reduce effects of glare)

⚬ Other materials necessary for the payload itself (rigging, etc.)

Materials Used

One initial step for this project was creating a CAD model. When 

developing the heating and cooling system for the chamber, there 

were two main factors to consider:

1. The specific temperature to maintain through the ~2-hour ascent. 

2. The weight restriction for the total payload.

One initial concept for maintaining a cool-enough environment at the 

base of the chamber was using a Peltier cooler and heater. This 

would have allowed for a compact chamber with a stable 

temperature throughout the flight. However, this approach turned out 

to be too heavy. We then resorted to dry ice cooling below the 

chamber, with an electrical heating system near the top of the 

chamber. With this approach we were able to stay below the total 

payload weight limit.

Methodology

The cloud chamber has flown on three weather balloon flights. Each 

flight showed new challenges that mainly involved the setup of the 

chamber and the visibility of the ionization trails.

1st Flight:

Issues: The chamber had only one light source that created a glare, 

which hindered interpretation of the GoPro’s footage. The light color 

of the dry ice container also created an unwanted reflection, making 

it difficult to spot ionization trails. The GoPro was not adequately 

secured and the frame holding it snapped upon landing. The final 

footage did not show clear/notable particle trails.

2nd Flight:

Improvements: Added a second light and adjusted the camera 

position to increase the volume visible to the GoPro. The GoPro 

was placed on the edge of the dry ice container, almost flush with 

the tank wall. This created a dark background for improved visibility.

Issues: During this flight we encountered wave-like patterns within 

the alcohol vapor at an altitude of approximately 70,000 ft. After 

some ground testing, we confirmed that this was a depressurization 

issue. Glare from the lights still presented a problem, meaning 

ionization trails could only be seen in the bottom portion of the 

chamber.

3rd Flight:

Improvements: The lights were placed directly next to the GoPro. A 

sheet of black paper was placed on the inside of the cloud chamber, 

opposite the lights.

Issues: Despite having a more properly-sealed chamber, wave-like 

patterns still formed in flight because of depressurization. Another 

issue that persisted throughout all flights was fogging. Although the 

fogging effects diminished after reaching a certain altitude, it still 

affected the visibility of trails and the auto-focus of the camera.

Results

Protons
Fig. 5: Dense / heavy paths are typically 

formed by protons. Generally, protons 

can exhibit long paths. However, protons 

can also create single, dot-like patterns.

High-Energy 

Electrons 
Fig. 4: High-energy electrons are 

noted for their short, thin, and 

fairly-straight paths. The two trails 

circled exhibit traits of high-energy 

electrons.

Low-Energy 

Electrons
Fig. 6: Low-energy electrons trails 

are often long, thin paths that curve 

slightly because of the Earth’s 

magnetic field. The lower the energy 

of the electron, the slower it moves 

and the easier it is for the Earth’s 

magnetic field to change its direction.

Fig. 1: The first ground test of Cloud Chamber. The red circle shows one of 

the ionized particle tracks (a low-energy electron, an assumption based on 

comparison to published results). The test required two phone lights, a metal 

sheet (covered in black tape), and a cooled container with felt saturated with 

isopropyl alcohol.
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We attempted to identify particle tracks by comparing our images 

with those in scientific articles and on websites.1
1

Fig. 3: The final cloud 

chamber assembly. The 

inside walls were lined with 

black cardstock paper, to 

reduce glare. Small holes 

were drilled through the top 

portion of the chamber 

(covered with black 

electrical tape) to secure 

the felt. The GoPro was 

placed in between the 

LEDs. A mesh heating pad 

is placed on top of the 

chamber. The entire 

chamber goes into a 

Styrofoam payload box 

(part of which is visible 

underneath the chamber).

Fig. 7: The waves visible 

in this image are from low 

pressure destabilization. 

Above this altitude (i.e. 

below this pressure) no 

individual ionization trails 

were observed. The next 

section (below) delves 

deeper into addressing this 

issue.

Fig. 2 shows the 

initial CAD model. 

The chamber would 

be lowered within 

the dry ice 

container as the ice 

evaporated, 

maintaining 

constant contact 

throughout the 

flight. The wooden 

dowels would act as 

support and ensure 

the chamber would 

not move sideways.   

Fig. 2: Initial payload concept. Though modified, this 

model was still used as the basic construction 

template.
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