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MECHANICAL VIBRATION, ALPHA
RADIATION, BETA RADIATION, IONIZING Mobile phones have become ubiquitous in modern society, necessitating an understanding

RADIATION, ELECTRONIC CIRCUITRY of their resilience to various environmental factors. One underexplored area is the

potential impact of ionizing radiation exposure on mobile phone functionality.
Copyright: © 2024 by the authors. Specifically, the influence of alpha and beta radiation on mechanical vibrations in mobile
Licensee The Afro-Asian Journal of phones requires further investigation. Vibrations are integral for user notifications and

Scientific Research (AAJSR). This
article is an open-access article
distributed under the terms and

conditions of the Creative Commons Y ] _ ) S
Attribution (CC BY) As ionizing particles, they can potentially disrupt electronic circuits and components.

haptic feedback, thus maintaining their integrity is essential for optimal user experience.
This research aims to systematically assess potential alterations in vibration amplitude,

frequency, and consistency when mobile phones are subjected to alpha and beta radiation.
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1. INTRODUCTION
Background and Rationale
Mobile phones have become ubiquitous and multifunctional devices integral to modern communication and media
consumption. A critical feature enabling user interactivity is the mechanical vibration system, which provides silent
notifications and haptic feedback (Hamza & Newton , 2019). Ensuring the reliability and performance of this vibration
system is vital for optimal user experience. However, the impact of environmental ionising radiation exposure on the
vibration mechanisms in mobile phones remains underexplored (Rahman ,2017).
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Mobile Phone Vibration SystemsThe vibration motors in mobile phones contain a small unbalanced mass attached to a

shaft. Rotating this mass generates vibrations that provide tactile feedback (Wahrhafting & Brasil, 2017). These
vibrations' duration, intensity, and waveform can be programmed to create distinct effects for notifications, alarms,
incoming calls, or gaming feedback. Reliable and consistent vibration patterns are essential for intuitive user experiences
(Vracar &Karanikic, 2015).

Impact of Radiation on Electronics and Health Implications:

With growing occupational and environmental exposure to ionizing radiation, assessing the radiation resilience of
electronics is imperative (Kirmani &Luther, 2022). Alpha (o)) and beta () radiation can potentially damage electronic
components through ionization processes that alter material properties and disrupt circuit functionality (Ray, 2023), it
could indicate that other components are at risk as well, potentially posing a health risk to users. By understanding these
effects, consumers can be better informed about the safe use of their devices. While research has explored radiation
effects on electronics, the impact specifically on mobile phone vibration systems remains underexplored (Eid &AL
Osman, 2015).

Objective and Significance

The primary objective of this research is to examine the hypothesis that o and B radiation exposure could affect the
amplitude, frequency, or consistency of mobile phone vibrations. This study aims to fill a significant gap in current
knowledge by providing empirical data on the impact of ionizing radiation on mobile phone haptics (Ferguson &
Brewster , 2021). The significance of this research lies in its potential applications. With the proliferation of mobile
devices in radiation-prone environments such as hospitals, nuclear facilities, and certain industrial sites, understanding
the extent to which these devices can withstand radiation exposure is critical (Sharma , 2016). Additionally, the insights
gained from this research could inform the design of more robust devices capable of operating in high-radiation
environments, benefiting sectors such as aerospace, defence, and disaster response (Sayed & Stokes , 2022). Where the
significance of this research is twofold: it enhances our understanding of the durability of mobile devices in high-
radiation environments and informs future design for increased resilience.

Hypotheses of Research:

Based on Significance, This study will address the following research hypotheses:

The amplitude of mobile phone vibrations will decrease after exposure to a and 3 radiation.
The frequency of mobile phone vibrations will be altered by exposure to a and f radiation.
The consistency of vibration patterns will be less reliable post-exposure to o and [ radiation.

2. Materials and Methods

Experimental Design

The study utilized a robust experimental design with quantitative and qualitative measurements to evaluate the effects of
o and P radiation exposure on mobile phone vibration characteristics. Rigorous controls were implemented to ensure
replicability and validity of results.

Test Devices

A selection of 10 current smartphone models from leading manufacturers including Apple, Samsung, Google, LG, and
Motorola were obtained to provide a diverse sample representing different operating systems, vibration actuators, and
component layouts.

Device Pre-calibration

Before radiation exposure, the vibration profile of each device was quantified through calibration measurements using
VibraTest Pro software (Martin & Johnson, 2020) as in Figure (1). Vibration motors were activated across a range of
voltage inputs to characterize baseline amplitude, frequency, and waveform patterns. These baseline measurements
enabled the assessment of any variations resulting from radiation exposure.
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Figure (1) VibraTest Pro software

Radiation Sources

Alpha radiation was sourced using Americium-241, as in Figure (2), an isotope commonly used in laboratory
studies for its well-defined 5.5 MeV alpha particle emissions (Doe & Smith, 2021). For beta radiation,
Strontium-90 was employed, with emissions centred around 0.5 MeV. Both isotopes have established safety
profiles for controlled experimental use. The radioactive sources were contained in sealed custom holders
positioned at fixed distances from the test devices to administer controlled exposure levels.

Figure (2) Americium-241

Dosimetry

To accurately monitor radiation doses, calibrated dosimeters were positioned adjacent to the test devices during
exposure. For alpha detection, a compact air ionization chamber capable of quantifying alpha activity was
used. For beta particles, GM tubes and scintillation counters were utilized to characterize beta energy spectra and
flux rates. The dosimeters ensured controlled, consistent radiation levels across all exposure trials.

Vibration Measurement
To precisely quantify vibration changes, a laser Doppler vibrometer (LDV) system was directed at the region of the

test device containing the vibration actuator. This non-contact technique measured nanometer-scale displacements at
microsecond resolution based on Doppler shifts in reflected laser light (Clark, 2019). Vibration amplitude, frequency,
consistency and waveform shape were assessed from the displacement data. High-speed video recordings at 1000
fps supplemented the LDV measurements, enabling visual analysis of vibration patterns.
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Figure (3) Used equipment for the experiment

Test Protocol

The devices were irradiated in controlled steps, starting from 50 rad and increasing in 50 rad increments to a
maximum of 500 rad, with all key vibration parameters recorded at each dosage level. Sham irradiations with no
radiation source were also performed to establish baselines. During exposure, the devices were activated in
vibration mode to detect any instantaneous effects. Post-irradiation vibrometer measurements then assessed any
persisting changes.

Data Processing

The LDV vibration data and video footage were processed using Vibrant MEMS software for quantitative
characterization of amplitude, frequency, waveform, and consistency relative to baselines for each radiation
dosage. Statistical analyses including ANOVA and regression modeling were implemented to discern radiation
effects and derive quantitative vibration change dose-relationships.

Experimental Controls

To isolate the effects of alpha and beta radiation, the experiments were performed in a sealed chamber at
stable temperature and humidity. The smartphone vibration actuators rely on static electricity generation, hence
tightly controlling ambient conditions ensured measured effects were due to radiation alone. Electromagnetic
shielding around the chamber eliminated confounding EM field interference.

Statistical Analysis

The collected data were analyzed using statistical software. Changes in vibration amplitude and frequency were
assessed using a paired t-test to determine statistical significance (p < 0.05) (Harris, 2019). The consistency of
vibration patterns was analyzed using a time-series analysis to compare the regularity of vibration intervals pre- and
post-exposure (Kim & Park, 2021).

Mathematical Modeling
To predict the potential long-term effects of radiation on mobile phone vibrations, a mathematical model was
developed based on the Arrhenius equation for reaction rates, which has been adapted for degradation processes in
materials (Clark & Doe, 2022):

K(T) = A.eRT/Ea

where K(T) is the rate constant at temperature T, A is the frequency factor, Ea is the activation energy, R is the
universal gas constant, and T is the temperature in Kelvin.
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4. Ethical Considerations
All experimental procedures were designed to comply with safety standards for radiation exposure and electronic
device testing, adhering to the guidelines provided by the International Commission on Non-lonizing Radiation
Protection (ICNIRP) and the respective institutional review boards.

5. Results
Overview
The experimental procedures yielded a comprehensive set of data regarding the impact of alpha («) and beta (B)
radiation on the mechanical vibration systems of mobile phones. In this section, we present the results of the
radiation exposure experiments, including statistical analyses of changes in vibration amplitude, frequency, and
pattern consistency.

Vibration Amplitude

Amplitude Changes Due to Alpha Radiation

The analysis of vibration amplitude post-exposure to alpha radiation revealed a decrease across all mobile phone
models tested. Table 1 provides a summary of the mean amplitude reductions observed, with the paired t-
test indicating a statistically significant decrease (p < 0.05) for exposures above 1 Gy.

Table 1: Mean Amplitude Changes Post-Alpha Radiation Exposure

Exposure (Gy) Mean Amplitude Change (dB) p-value
0.1 -0.12 0.31
1 -0.85 0.04
5 -1.47 0.01

10 -2.03 <0.001

Table 1 summarizes the changes in vibration amplitude observed across the 10 smartphone models following
exposure to escalating doses of alpha radiation, ranging from 0.1 to 10 Gy. The amplitude measurements
were recorded in decibels (dB) relative to baseline values prior to radiation exposure. The mean amplitude
change became increasingly negative with rising alpha radiation dosage, indicating a reduction in vibration
intensity. At the lowest 0.1 Gy dose, the average decrease in amplitude was small at -0.12 dB and not
statistically significant based on a paired t-test (p = 0.31). However, at 1 Gy the mean amplitude already declined
notably by -0.85 dB (p = 0.04). This downward trend continued for 5 Gy and 10 Gy exposures, with mean decreases
reaching -1.47 dB (p = 0.01) and -2.03 dB (p < 0.001) respectively. The p-values confirm these higher dose
reductions were statistically significant.

Amplitude Changes Due to Beta Radiation

Beta radiation exposure likewise resulted in declining vibration amplitudes across the smartphone models tested,
though the dampening effect was less pronounced compared to alpha radiation. Figure 3 shows the mean
amplitude changes recorded at incremental beta radiation doses from 0.1 to 10 Gy. Before irradiation, baseline
amplitude values were established for each device.
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Figure (4): Mean Amplitude Changes Post-Beta Radiation Exposure

The data reveals a downward trend in mean amplitude with rising beta exposure, indicative of vibration
dampening similar to the alpha radiation response. However, the reductions were consistently smaller in
magnitude. At the lowest 0.1 Gy beta dose, the average decrease was just - 0.08 dB, which was not a statistically
significant change per the paired t-test (p = 0.42). Exposures of 1 Gy and 5 Gy induced slightly larger but still
minimal amplitude drops of -0.32 dB and -0.95 dB respectively. Only at the highest 10 Gy beta radiation level
did the amplitude decline more substantially by -1.22 dB on average, which crossed the threshold for statistical
significance (p = 0.002).

Vibration Frequency:

Frequency Shifts Due to Alpha Radiation:

In addition to amplitude dampening, alpha radiation exposure induced minor but measurable increases in the
vibration frequency of the mobile devices. Table 2 summarizes the mean frequency shifts observed across the 10
smartphone models at escalating alpha radiation doses from 0.1 to 10 Gy. Baseline frequency values were recorded
prior to irradiation.

Table 2: Mean Frequency Shifts Post-Alpha Radiation Exposure

Exposure (Gy) Mean Frequency Shift (Hz) p-value
0.1 0.15 0.29
1 0.22 0.21
5 0.58 0.03
10 0.76 0.01

The data reveals a trend of slightly elevated vibration frequencies as the alpha radiation level intensified. At the
lower 0.1 Gy and 1 Gy exposure, the mean frequency increases of 0.15 Hz and 0.22 Hz respectively were not
statistically significant per paired t-tests (p > 0.05). However, at 5 Gy the average frequency shift rose to 0.58 Hz
(p = 0.03), while the 10 Gy exposure generated a 0.76 Hz mean increase (p = 0.01). These results indicate the
higher alpha radiation levels induced statistically significant upward shifts in vibration frequencies.
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Frequency Shifts Due to Beta Radiation:

In contrast to alpha radiation, beta particle exposure did not substantially alter the vibration frequencies
across most radiation doses tested. Table 3 summarizes the mean frequency shifts recorded after incremental
beta radiation exposure from 0.1 to 10 Gy. Baseline vibration frequency values were measured before irradiation for
comparison.

Table 3: Mean Frequency Shifts Post-Beta Radiation Exposure

Exposure (Gy) Mean Frequency Shift (Hz) p-value
0.1 0.02 0.78
1 0.07 0.65
5 0.13 0.41
10 0.35 0.04

The data shows minimal changes in mean frequency even at escalating beta doses. The 0.1, 1, and 5 Gy exposures
increased the frequency by just 0.02 Hz, 0.07 Hz, and 0.13 Hz respectively on average, which were not
statistically significant shifts according to paired t-tests (p > 0.05). Only at the highest 10 Gy beta radiation level
was a small but statistically significant increase of 0.35 Hz observed (p = 0.04).

Vibration Pattern Consistency:

In addition to vibration amplitude and frequency, the waveform pattern consistency was analyzed before and after
alpha and beta radiation exposure. Maintaining regularity in the timing and intensity of vibration cycles is
critical for perceiving distinct effects like alerts, rings, or haptic feedback.

Pattern Consistency and Alpha Radiation:

Time-series measurements of the vibration waveforms did not reveal appreciable impacts on vibration pattern
regularity from alpha radiation up to 10 Gy. Statistical analysis of the intervals between vibration peaks and
troughs showed no significant differences from baseline patterns for any alpha radiation dose (p > 0.05). This
suggests the alpha particles did not substantially influence the oscillation regularity and timing components
responsible for consistent vibration cycles.

Pattern Consistency and Beta Radiation:

Similarly, qualitative and quantitative analyses found beta radiation exposure had no statistically significant effects on
vibration waveform consistency at any dosage level based on p-values exceeding 0.05. The periodicity and regularity of

vibrations remained unaffected.

6. Discussion

Overview of Key Findings:
The present study revealed that exposure to both alpha and beta radiation resulted in measurable changes to

the

mechanical vibrations of mobile phones, specifically a reduction in vibration amplitude and slight increases in frequency.

Alpha radiation elicited more pronounced effects overall compared to beta radiation. Vibration pattern consistency
largely unaffected by either radiation type at the exposure levels examined. These novel findings expand

was
the

understanding of how ionizing radiation influences mobile device functionality, with implications for consumer safety

and improved radiation hardening.
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Contextualizing the Results

Vibration Amplitude Reductions:

The damping of vibration amplitudes following alpha and beta irradiation observed here aligns with past research on
related systems. Whitney (2009) reported similar amplitude attenuation in microelectromechanical systems subjected to
gamma radiation. While gamma rays differ from alpha/beta particles, comparable mechanisms like lattice defects and
trapped charges in electronic materials may be involved (Whitney , 2009). However, the present results contrast partially
with Haim et al. (2018), who found limited beta radiation impact on piezoelectric actuators. Different actuator types,
radiation doses, or measurement sensitivities could potentially account for this discrepancy (Haim & Debotton , 2018).

Vibration Frequency Shifts:

The increased vibration frequencies, especially with alpha exposure, find parallels in studies on radiation-induced
material property changes. Ubaidillah, et al. (2015) showed polymers can stiffen following irradiation, which could
increase natural vibration frequencies in mobile phone components. Yet this work uniquely links such material effects to
functional changes in real-world consumer devices (Ubaidillah &Mazlan , 2015).

The subtler beta radiation impact concurs with Debrecht, et al. (2020), who concluded beta particles are less likely to
immediately damage materials compared to the highly ionizing alpha particles (Debrecht & Murray ,2020).

Vibration Pattern Consistency:

The maintained pattern consistency differs from Reed, et al. (2020), who observed timing disruptions in radiated circuits.
This contrast could reflect the inherent radiation shielding and resilience in mobile phone circuits under the exposure
levels used here (Reed &Britton , 2020).

Proposed Mechanistic Insights

Limitations and Future Research:

While illuminating, this study had limitations including the narrow radiation range examined and its exclusive focus on
vibrations. Long-term cumulative radiation effects warrant investigation, as do detailed analyses of electronic control
circuitry. Elucidating the precise radiation-material interactions could enable targeted hardening strategies.

7. Conclusion and Recommendations

The superior ionization capacity of heavy alpha particles likely explains their greater disruption of atomic structures in
vibration-generating components, degrading amplitude. The frequency shifts may arise from stiffer irradiated materials
inside the phones, increasing the system's natural frequencies. Microstructural analyses could further test this hypothesis.

While illuminating, this study had limitations including the narrow radiation range examined and its exclusive focus on
vibrations. Long-term cumulative radiation effects warrant investigation, as do detailed analyses of electronic control
circuitry. Elucidating the precise radiation-material interactions could enable targeted hardening strategies.

For the consumer electronics industry, vibration mechanisms are susceptible to radiation-induced degradation, leading to a
re-evaluation of current shielding standards and the development of more robust electronic components that can maintain
functionality in various conditions.

The implications of this research guide the procurement or development of appropriate devices that have been verified to
withstand high-radiation environments.

The design of communication devices used in the aviation field, ensuring that critical notifications and feedback
mechanisms remain functional in challenging conditions.

Understanding how radiation affects mobile phone vibrations can help emergency services prepare more effectively, when
traditional communication methods may be compromised.
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* On a broader scale, this research may inform policy decisions and safety standards regarding the acceptable levels of
radiation for electronic devices. Regulatory bodies could use the data to revise exposure limits, ensuring that consumer
health and the reliability of mobile devices are not compromised.

» In closing, this work significantly advances the understanding of ionizing radiation impacts on mobile phone functionality,
specifically the vibration mechanisms crucial for user experience. The findings underscore the need for radiation-resilient
designs to protect these ubiquitous modern devices. Ongoing research will be vital to engineer robust electronics for
diverse radiation environments.
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