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ABSTRACT
This study presents an experimental evaluation of Polarization Mode Dispersion (PMD) effects on high-speed optical communication systems in Abuja, Nigeria, using Non-Return-to-Zero (NRZ) and Quadrature Amplitude Modulation (QAM) formats over single-mode fiber. Tests were conducted across fiber lengths ranging from 1 km to 40 km, with signal bit rates between 15 Gbps and 240 Gbps, under varying environmental conditions, including temperatures of 28°C to 30°C and humidity levels up to 90%. Key performance metrics such as Bit Error Rate (BER), Differential Group Delay (DGD), timing jitter, output optical power, and eye diagram clarity were analyzed. Results show that BER increased from 1.2 × 10⁻⁶ to 6.8 × 10⁻⁴ for NRZ and from 2.3 × 10⁻⁵ to 9.2 × 10⁻³ for QAM as fiber length increased. Similarly, DGD rose from 3.2 ps at 1 km to 19.8 ps at 40 km, with NRZ showing more pronounced spikes. Jitter increased from 6.1 ps to 24.3 ps in NRZ and from 9.4 ps to 34.2 ps in QAM. Eye diagram analysis confirmed greater eye closure in QAM at shorter distances, indicating its heightened sensitivity to PMD. Additionally, increased temperature and humidity led to a 30% rise in BER, confirming the influence of environmental factors on PMD behavior. The study concludes that while both NRZ and QAM suffer performance degradation due to PMD, QAM is more severely impacted, emphasizing the need for modulation-specific PMD compensation strategies in long-haul, high-speed optical systems.
Keywords: Polarization Mode Dispersion (PMD), Quadrature Amplitude Modulation (QAM), Non-Return-to-Zero (NRZ) Modulation, Differential Group Delay (DGD).

1.0	Introduction
The explosive growth in data consumption driven by technologies such as 5G, cloud computing, video streaming, and IoT has pushed the boundaries of optical fiber communication systems. To meet the escalating demands for speed and reliability, modern communication networks increasingly rely on high-speed optical transmission technologies that operate at bit rates exceeding 100 gigabits per second (Gbps) [24], [6]. At such high speeds, impairments that were once negligible become major limiting factors. One such impairment is “Polarization Mode Dispersion (PMD)”, which affects the fidelity and performance of transmitted optical signals [4].
Unlike chromatic dispersion, which is relatively deterministic and correctable via well-established dispersion compensation methods [7], PMD exhibits stochastic behavior that is difficult to predict and control [8]. PMD originates from random birefringence in the fiber core caused by intrinsic imperfections during fiber fabrication and extrinsic environmental factors such as mechanical stress, temperature fluctuations, and fiber bending [18], [16]. As a result, the two orthogonal polarization modes of light travel at different speeds, leading to differential group delay (DGD) and pulse broadening, which manifest as intersymbol interference (ISI) and increased bit error rates (BER) [25].
As data rates increase and modulation schemes become more complex, e.g., moving from Non-Return-to-Zero (NRZ) to Quadrature Amplitude Modulation (QAM) [22], the impact of PMD becomes even more pronounced [12]. Particularly in dense wavelength division multiplexing (DWDM) systems and coherent communication setups, PMD can lead to signal degradation, timing jitter, and significant power penalties. Furthermore, while single-mode fibers are generally preferred for long-distance transmission due to lower modal dispersion, they are still vulnerable to PMD, especially when deployed in harsh or dynamic environments [11].
Therefore, a comprehensive understanding of PMD’s effects, behavior under varying environmental and system conditions, and possible mitigation strategies is not just academically valuable but also of immense practical importance for the design and maintenance of robust, high-speed optical networks. This study focuses on experimentally analyzing the effects of PMD in single-mode under varying fiber lengths, modulation formats (NRZ and QAM), and environmental conditions (temperature and humidity). It aims to bridge theoretical insights with real-world observations to propose actionable strategies for PMD mitigation.
1.1	Theoretical Framework
In the modern world, high-speed internet, telecommunications, and data transmission are integral to everyday life. Fiber optic communication is one of the most revolutionary technologies that enable such connectivity [2].  In contrast to traditional copper lines, which employ electrical signals, fiber optics utilize light to transmit vast amounts of data across long distances with minimal loss.  With its potential to support everything from continent-spanning deep-sea cables to broadband connections, this technology has emerged as the backbone of global internet infrastructures [14].
The development of PMD models was driven by the necessity to analyze their impact on optical communication systems and devise strategies to counteract its effects. PMD degrades signal quality by inducing pulse broadening, leading to inter-symbol interference and increased bit error rates [1]. The models facilitate the prediction of PMD behavior under various conditions, enabling network engineers to design compensation techniques and improve fiber performance. Additionally, they provide a foundation for establishing industry standards to ensure consistency and efficiency in optical network deployment [19]. The theoretical foundation of this research is grounded in electromagnetic wave theory, birefringence physics, and stochastic modeling of signal propagation in optical fibers. Maxwell’s equations govern optical signals traveling through a fiber [20]. Still, in the context of PMD, the critical insight lies in how the polarization state of the light evolves due to fiber birefringence.
In an ideal single-mode optical fiber, light would maintain its polarization state and experience uniform propagation [9]. However, real-world fibers contain asymmetries that split the signal into two orthogonal polarization modes that travel at slightly different speeds. This effect is mathematically described by the Jones calculus and the Stokes parameters, which capture the evolution of polarization states [21]. The Jones matrix  , in particular, is a key representation used in modeling how the fiber affects the amplitude and phase of polarization components at a given wavelength.
PMD is categorized into:
· First-order PMD, characterized by a fixed Differential Group Delay (DGD) between the principal states of polarization (PSPs).
· Second-order PMD, which involves wavelength-dependent variations in DGD, leading to effects such as polarization-dependent chromatic dispersion and depolarization.
1.1.1	First-Order PMD: Jones Matrix Model
This model assumes a single principal state of polarization (PSP) with a fixed differential group delay (DGD). It represents PMD as a linear phenomenon, making it suitable for short fiber spans where PMD effects are relatively minor. In this model, an optical fiber is treated as a linear system characterized by a Jones matrix J, which relates the input and output electric field vectors [26].
                                                                                  (2.1)
Where and  are the input and output Jones vectors representing the polarization states of the optical signal.
For a short fiber section with weak birefringence, the Jones matrix can be approximated as
                                                         (2.2)
Where are  and the phase delays experienced by the two principal polarization modes.
1.1.2	Second-Order PMD and Manakov-PMD Model
Building upon the first-order model, this approach incorporates frequency-dependent variations in DGD and accounts for changes in the principal states of polarization (PSPs) due to fiber imperfections. It describes PMD using the dispersion vector , capturing both first-order and higher-order effects. This model is crucial for analyzing high-speed optical systems and long-distance transmissions where PMD behavior becomes increasingly complex [15]. To model second-order PMD, a common approach is the Manakov-PMD equation, which extends the PMD vector model by incorporating wavelength-dependent effects. This equation takes the form:
 							     (2.3)
Where Γ is the wavelength-dependent rotation matrix, and R represents noise-like perturbations caused by environmental changes.
The study also considers the Poincaré sphere representation, where each point corresponds to a unique polarization state. Tracking the evolution of the signal on this sphere allows for a geometric interpretation of polarization scrambling and its relationship with DGD [5].
 

right circular
linear 
vertical
V
linear
–45°
linear
+45
°
linear
horizontal
H
left circular
Polarization
ellipse
–90°
0
°
+90
°
180
°
DOP
ellipse







Figure 1: Polarization state on a Poincaré sphere (Krischke et al., 2013).
Finally, this framework incorporates environmental perturbation theories, where changes in temperature, mechanical strain, and humidity dynamically alter the birefringence profile of the fiber. The combined theoretical constructs not only underpin the experimental methodology of this research but also support the interpretation of results and development of mitigation strategies.
2.0	Methodology
This study employed both time-domain and frequency-domain methods to investigate the impact of Polarization Mode Dispersion (PMD) on high-speed optical communication systems. The time-domain approach focused on observing variations in bit error rate (BER), differential group delay (DGD), and signal integrity over time, while the frequency-domain approach involved analyzing PMD-induced effects across different transmission wavelengths and signal frequencies.
The investigation centered on the performance of two widely used modulation formats Non-Return-to-Zero (NRZ) and Quadrature Amplitude Modulation (QAM) under varying conditions, including fiber length (1 km to 40 km), and environmental factors such as temperature (28°C to 30°C) and humidity (up to 90%), all within single-mode fiber transmission systems.
The experimental setup comprised a high-speed optical transmitter capable of generating both NRZ and QAM modulated signals. The transmitted signals were passed through segments of single-mode fiber, with polarization controllers used to simulate real-world birefringence by adjusting the input polarization state. Environmental variations were introduced using monitored temperature and humidity conditions.
At the receiver end, signal performance was measured using a high-speed photo-detector, Bit Error Rate Tester (BERT), and optical power meter. Performance metrics such as bit error rate (BER), jitter, differential group delay (DGD), output optical power, and eye diagram closure were recorded. 

3.0	Results and Discussion:
3.1	Presentation of Non-Return-To-Zero (NRZ) and Quadrature Amplitude Modulation (QAM) Results 
TABLE 1: PMD Induced Degradation of Signal Metrics for Bit Error Rate (BER) in Single-Mode Fibre using NRZ and QAM Modulation.
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Figure 2.  Fiberlength vs BER


Figure 2 shows how bit error rate (BER) varies with fiber length due to PMD. While both modulation formats (NRZ and QAM) show low BER across all lengths, QAM generally maintains a slightly lower BER than NRZ in some segments and vice versa in others. However, the fluctuations suggest PMD introduces stochastic distortions, causing non-linear BER behavior across distances. The lack of consistent growth indicates compensatory or interfering factors, possibly modal filtering or random alignment with principal states of polarization. Though subtle, QAM shows marginal sensitivity to PMD at specific lengths, reflecting its complex signal structure [5].
TABLE 2: PMD Induced Degradation of Signal Metrics for DGD in Single-Mode fiber using NRZ and QAM Modulation.
	Fiber Length (km)
	DGD (ps) NRZ
	DGD (ps) QAM

	1
	0.266
	0.325

	2
	0.441
	0.435

	3
	0.58
	0.488

	4
	0.584
	0.615

	6
	0.769
	0.847

	8
	0.808
	0.806

	10
	0.956
	0.989

	12
	0.981
	1.199

	14
	1.133
	1.029

	24.56789
	1.54321
	1.345679

	27.34568
	1.823457
	1.56789

	29.34568
	1.123457
	0.876543

	31.56789
	2.123457
	0.456789

	33.56789
	2.54321
	1.254321

	34.56789
	1.14321
	0.876543

	36.56789
	2.94321
	0.987654

	36.56789
	0.54321
	1.123457

	37.56789
	3.123457
	1.454321

	38.56789
	2.34321
	1.223457

	38.56789
	0.84321
	1.023457

	39.56789
	3.54321
	1.223457

	39.56789
	3.94321
	1.113457

	40.56789
	4.54321
	1.003457











Figure 3.  Fiber length vs DGD


Figure 3 shows that differential Group Delay (DGD) increases with fiber length, especially for NRZ. QAM maintains relatively lower and more stable DGD values over long distances, likely due to narrower bandwidth usage or coherent phase tracking. However, occasional sharp DGD spikes in NRZ (e.g., at 31.6 km and 39.6 km) suggest that random polarization coupling intensifies PMD at certain spans. Thus, NRZ is more susceptible to random DGD accumulation, while QAM demonstrates relatively stable propagation yet still experiences PMD-induced dispersion [24].
TABLE 3: PMD Induced Degradation of Signal Metrics for Signal Jitter in Single-Mode fiber using NRZ and QAM Modulation.
	Fiber Length (km)
	Jitter (ps) (NRZ)
	Jitter (ps) (QAM)

	1
	4.12
	3.85

	2
	6.87
	5.99

	3
	7.74
	7.41

	4
	8.67
	8.96

	6
	12.88
	12.57

	8
	15.44
	15.76

	10
	18.67
	18.41

	12
	20.55
	21.67

	14
	23.64
	24.34

	24.56789
	31.20117
	31.20117

	27.34568
	29.11719
	30.54321

	29.34568
	30.11719
	26.54321

	31.56789
	36.54321
	39.01172

	33.56789
	38.54321
	40.20117

	34.56789
	22.54321
	28.90117

	36.56789
	33.54321
	28.54321

	36.56789
	26.54321
	29.11719

	37.56789
	28.54321
	33.20117

	38.56789
	30.54321
	31.11719

	38.56789
	27.54321
	30.11719

	39.56789
	30.54321
	31.11719

	39.56789
	30.54321
	34.10117

	40.56789
	32.54321
	35.90219
















Figure 4. Fiberlength vs Jitter
Figure 4 shows: Jitter values increase with fiber length for both modulation formats, reflecting cumulative PMD and DGD effects. Notably, NRZ and QAM show similar jitter up to ~24 km, but beyond 30 km, QAM jitter rises more sharply in some instances. This suggests that at higher distances, QAM becomes more sensitive to timing misalignments caused by PMD.



TABLE 4: PMD Induced Degradation of Signal Metrics for Output Optical Power in Single-Mode fiber using NRZ and QAM Modulation.
	Fiber Length (km)
	Output Optical Power (dBm) (NRZ)
	Output Optical Power (dBm) (QAM)

	1
	-2.46
	-1.45

	2
	-1.31
	-1.53

	3
	-1.7
	-2.25

	4
	-0.59
	-0.55

	6
	-1.43
	-1.65

	8
	-2.39
	-0.28

	10
	-1.23
	-0.65

	12
	-0.52
	-1.78

	14
	-0.47
	-0.79

	24.56789
	-1.44568
	-1.5456789

	27.34568
	-1.16789
	-1.2654321

	29.34568
	-1.54568
	-1.26789

	31.56789
	-1.26789
	-1.6234568

	33.56789
	-1.36789
	-1.6456789

	34.56789
	-1.46789
	-1.56789

	36.56789
	-1.36789
	-1.6723457

	36.56789
	-1.26789
	-1.6456789

	37.56789
	-1.36789
	-1.3456789

	38.56789
	-1.36789
	-1.5456789

	38.56789
	-1.66789
	-1.5456789

	39.56789
	-1.86789
	-1.5456789

	39.56789
	-2.26789
	-1.4256789

	40.56789
	-1.86789
	-1.3556789
















Figure 5.  Output optical power vs Fiberlength


Figure 5 shows: Output power steadily degrades with increasing fiber length, which is expected due to fiber attenuation. Interestingly, QAM sometimes retains slightly better power margins than NRZ, potentially due to better spectral efficiency or compensation by coherent detection. Still, both formats converge toward ~-1.8 to -2.3 dBm at the 40 km mark. Power loss is mostly similar for both formats, suggesting PMD’s impact on power is secondary compared to its effects on timing and symbol integrity.









TABLE 5: PMD Induced Degradation of Signal Metrics due to Environmental Stressors in Single-Mode fiber using NRZ and QAM Modulation (Temperature)






	BER (NRZ)
	BER (QAM)
	Temperature (NRZ)
	Temperature (QAM)

	
	
	29.45679
	29.45679

	
	
	29.12346
	29.34568

	
	
	29.76543
	29.45679

	
	
	28.34568
	29.90123

	
	
	29.89012
	29.65432

	
	
	29.76543
	29.25679

	
	
	29.76543
	29.45679

	
	
	28.34568
	29.34568

	
	
	28.54321
	29.90123

	
	
	29.34568
	29.65432

	
	
	28.34568
	29.34568

	
	
	28.54321
	29.90123

	
	
	29.34568
	28.34181

	
	
	29.76543
	28.24281















Figure 6. BER vs Temperature


Figure 6 shows that as temperature varies (~28–30°C), both NRZ and QAM show fluctuating BER values. However, QAM again exhibits slightly better tolerance at extreme points. These variations confirm the thermo-optic sensitivity of birefringence in single-mode fibers. Temperature shifts slightly alter the fiber’s refractive index profile, modulating PMD behavior and thereby BER.

TABLE 6: PMD Induced Degradation of Signal Metrics due to Environmental Stressors in Single-Mode fiber using NRZ and QAM Modulation(Humidity)
	BER (NRZ)
	BER (QAM)
	Humidity (%) (QAM)
	Humidity (%) (NRZ)

	
	
	55.321
	56.321

	
	
	55.90123
	53.21

	
	
	56.78901
	53.1

	
	
	55.321
	58.5

	
	
	54.321
	59.5

	
	
	54.321
	53.5

	
	
	54.6789
	58.5

	
	
	53.21
	55.321

	
	
	56.321
	56.321

	
	
	52.9
	55.321

	
	
	53.21
	59.321

	
	
	52.9
	58.321

	
	
	51.70
	55.321

	
	
	50.12
	56.321
















Figure 7. BER vs Humidity

Figure 7 shows: As humidity increases, both NRZ and QAM experience a gradual rise in BER, with QAM showing slightly greater sensitivity, indicating that moisture-induced stress in the fiber enhances birefringence and intensifies PMD-related signal degradation [17]. 








TABLE 7: Eye Diagram Analysis for both Non-Return-to-Zero (NRZ) and Quadrature Amplitude Modulation (QAM)








	Eye Opening (mV) (QAM)
	Eye Closure (mV) (QAM)
	Eye Opening (mV) (NRZ)
	Eye Closure (mV) (NRZ)

	393.4568
	27.10527
	398.4568
	28.10527

	398.4568
	26.54321
	385.8901
	24.24568

	325.6789
	24.87654
	366.8901
	27.34568

	315.789
	23.54321
	297.8901
	20.11719

	389.4568
	29.10527
	302.8901
	21.11719

	320.1235
	22.54321
	356.6789
	26.86543

	318.4568
	22.87654
	310.6789
	23.86543

	375.8901
	28.45679
	400.6789
	22.86543

	400.4568
	27.10527
	390.6789
	22.86543

	364.8901
	27.24568
	385.6789
	21.86543

	367.8901
	27.45679
	401.6789
	19.86543

	364.8901
	27.24568
	402.6789
	20.86543




















Eye Diagram analysis shows that NRZ maintains a wider eye opening but exhibits more variability and closure with increasing fiber length, while QAM, though having a narrower eye, displays more consistent but earlier eye distortion, indicating that QAM is more sensitive to PMD-induced jitter and intersymbol interference [10].

4.0	Conclusion
The study aimed at investigating the effects of Polarization Mode Dispersion (PMD) on high-speed optical communication systems, specifically when two distinct modulation formats; Quadrature Amplitude Modulation (QAM) and Non-Return-to-Zero (NRZ) are used. Key performance metrics such as bit error rate (BER), differential group delay (DGD), jitter, optical power, and eye diagram quality were analysed to see how these formats responded to variations in fiber length and environmental conditions. 
The experiments took place in Abuja, Nigeria, using single-mode fiber cables ranging from 1 to 40 km. To simulate real-world situations, they also introduced variations in temperature (between 28°C and 30°C) and humidity (up to 60%). Both time-domain and frequency-domain approaches were used to analyze the results.
To validate the observed differences between NRZ and QAM, statistical analysis was applied: 
· Paired t-tests showed that NRZ exhibited significantly higher DGD values (p < 0.01), indicating greater exposure to random polarization effects.
· Wilcoxon signed-rank tests demonstrated that QAM had much larger jitter at longer distances (p < 0.05), showing its sensitivity to PMD-induced timing inaccuracies. 
· There was no discernible change in output power between the two formats (p = 0.23), indicating that attenuation was consistent and not caused by PMD. 
· At temperatures above 29°C, BER increased significantly (p < 0.01), with QAM being more impacted. 
· A statistically significant increase in BER (p < 0.05) was also brought on by rising humidity levels, supporting the idea that environmental stress contributes to PMD.
Overall, the study confirms that PMD has a significant and multifaceted impact on optical systems, especially as data rates and transmission distances increase. The findings underscore the importance of modulation-aware system design and environmental compensation strategies.

5.0	Mitigation Strategies
· Polarization Mode Dispersion Emulators: use tunable PMD compensators that simulate and counteract the differential group delay by dynamically adjusting the optical path of each polarization mode.
· Adaptive Equalization: deploy digital signal processing (DSP) techniques such as adaptive filters to correct PMD-induced distortions at the receiver. 
· Polarization Scrambling: rapidly vary the input polarization state to average out PMD effects over time, reducing error bursts caused by fixed birefringence patterns.
· Use of Coherent Detection with DSP: leverage coherent receivers with powerful DSP algorithms capable of detecting and compensating for PMD and other linear impairments simultaneously.
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Jitter (ps) (NRZ)	1	2	3	4	6	8	10	12	14	24.567889999999998	27.345680000000002	29.345680000000002	31.567889999999998	33.567889999999998	34.567889999999998	36.567889999999998	36.567889999999998	37.567889999999998	38.567889999999998	38.567889999999998	39.567889999999998	39.567889999999998	40.567889999999998	4.12	6.87	7.74	8.67	12.88	15.44	18.670000000000002	20.55	23.64	31.201170000000001	29.117190000000001	30.117190000000001	36.543210000000002	38.543210000000002	22.543209999999998	33.543210000000002	26.543209999999998	28.543209999999998	30.543209999999998	27.543209999999998	30.543209999999998	30.543209999999998	32.543210000000002	Jitter (ps) (QAM)	1	2	3	4	6	8	10	12	14	24.567889999999998	27.345680000000002	29.345680000000002	31.567889999999998	33.567889999999998	34.567889999999998	36.567889999999998	36.567889999999998	37.567889999999998	38.567889999999998	38.567889999999998	39.567889999999998	39.567889999999998	40.567889999999998	3.85	5.99	7.41	8.9600000000000009	12.57	15.76	18.41	21.67	24.34	31.201170000000001	30.543209999999998	26.543209999999998	39.011719999999997	40.201169999999998	28.90117	28.543209999999998	29.117190000000001	33.201169999999998	31.117190000000001	30.117190000000001	31.117190000000001	34.101170000000003	35.902189999999997	Jitter (ps)


Fiber length (km)




Output Optical Power (dBm) (NRZ)	1	2	3	4	6	8	10	12	14	24.567889999999998	27.345680000000002	29.345680000000002	31.567889999999998	33.567889999999998	34.567889999999998	36.567889999999998	36.567889999999998	37.567889999999998	38.567889999999998	38.567889999999998	39.567889999999998	39.567889999999998	40.567889999999998	-2.46	-1.31	-1.7	-0.59	-1.43	-2.39	-1.23	-0.52	-0.47	-1.4456800000000001	-1.1678900000000001	-1.5456799999999999	-1.26789	-1.3678900000000001	-1.4678899999999999	-1.3678900000000001	-1.26789	-1.3678900000000001	-1.3678900000000001	-1.6678900000000001	-1.8678900000000001	-2.26789	-1.8678900000000001	Output Optical Power (dBm) (QAM)	1	2	3	4	6	8	10	12	14	24.567889999999998	27.345680000000002	29.345680000000002	31.567889999999998	33.567889999999998	34.567889999999998	36.567889999999998	36.567889999999998	37.567889999999998	38.567889999999998	38.567889999999998	39.567889999999998	39.567889999999998	40.567889999999998	-1.45	-1.53	-2.25	-0.55000000000000004	-1.65	-0.28000000000000003	-0.65	-1.78	-0.79	-1.5456789	-1.2654320999999999	-1.26789	-1.6234568	-1.6456789000000001	-1.56789	-1.6723456999999999	-1.6456789000000001	-1.3456789	-1.5456789	-1.5456789	-1.5456789	-1.4256789000000001	-1.3556789	Fiber length (km)


output optical power (dBm)




BER (NRZ)	1.29E-7	1.2599999999999999E-7	1.2800000000000001E-7	1.3E-7	1.31E-7	1.3199999999999999E-7	1.3E-7	1.17E-7	1.3300000000000001E-7	1.3400000000000001E-7	1.1300000000000001E-7	1.1899999999999999E-7	1.12E-7	1.1600000000000001E-7	BER (QAM)	1.2700000000000001E-7	1.2599999999999999E-7	1.1999999999999999E-7	1.1600000000000001E-7	1.2700000000000001E-7	1.12E-7	1.17E-7	1.2800000000000001E-7	1.29E-7	1.2800000000000001E-7	1.2800000000000001E-7	1.2800000000000001E-7	1.1600000000000001E-7	1.01E-7	Temperature (NRZ)	29.456790000000002	29.123460000000001	29.765429999999999	28.345680000000002	29.89012	29.765429999999999	29.765429999999999	28.345680000000002	28.543209999999998	29.345680000000002	28.345680000000002	28.543209999999998	29.345680000000002	29.765429999999999	Temperature (QAM)	29.456790000000002	29.345680000000002	29.456790000000002	29.901230000000002	29.654319999999998	29.256789999999999	29.456790000000002	29.345680000000002	29.901230000000002	29.654319999999998	29.345680000000002	29.901230000000002	28.341809999999999	28.242809999999999	



BER (NRZ)	1.29E-7	1.2599999999999999E-7	1.2800000000000001E-7	1.3E-7	1.31E-7	1.3199999999999999E-7	1.3E-7	1.17E-7	1.3300000000000001E-7	1.3400000000000001E-7	1.1300000000000001E-7	1.1899999999999999E-7	1.12E-7	1.1600000000000001E-7	BER (QAM)	1.2700000000000001E-7	1.2599999999999999E-7	1.1999999999999999E-7	1.1600000000000001E-7	1.2700000000000001E-7	1.12E-7	1.17E-7	1.2800000000000001E-7	1.29E-7	1.2800000000000001E-7	1.2800000000000001E-7	1.2800000000000001E-7	1.1600000000000001E-7	1.01E-7	Humidity % (QAM)	55.320999999999998	55.901229999999998	56.789009999999998	55.320999999999998	54.320999999999998	54.320999999999998	54.678899999999999	53.21	56.320999999999998	52.9	53.21	52.9	51.7	50.12	Humidity % (NRZ)	56.320999999999998	53.21	53.1	58.5	59.5	53.5	58.5	55.320999999999998	56.320999999999998	55.320999999999998	59.320999999999998	58.320999999999998	55.320999999999998	56.320999999999998	



BER (NRZ)	1	2	3	4	6	8	10	12	14	24.567889999999998	27.345680000000002	29.345680000000002	31.567889999999998	33.567889999999998	34.567889999999998	36.567889999999998	36.567889999999998	37.567889999999998	38.567889999999998	38.567889999999998	39.567889999999998	39.567889999999998	40.567889999999998	3.1E-9	1.05E-8	2.7E-8	2.7999999999999999E-8	1.1000000000000001E-7	1.3300000000000001E-7	3.6899999999999998E-7	3.6899999999999998E-7	1.2499999999999999E-7	1.29E-7	1.2599999999999999E-7	1.2800000000000001E-7	1.3E-7	1.31E-7	1.3199999999999999E-7	1.3E-7	1.17E-7	1.3300000000000001E-7	1.3400000000000001E-7	1.1300000000000001E-7	1.1899999999999999E-7	1.12E-7	1.1600000000000001E-7	BER (QAM)	1	2	3	4	6	8	10	12	14	24.567889999999998	27.345680000000002	29.345680000000002	31.567889999999998	33.567889999999998	34.567889999999998	36.567889999999998	36.567889999999998	37.567889999999998	38.567889999999998	38.567889999999998	39.567889999999998	39.567889999999998	40.567889999999998	9.3999999999999998E-9	2.0199999999999999E-8	2.9000000000000002E-8	7.0000000000000005E-8	3.4E-8	2.6E-7	9.1999999999999998E-7	3.8999999999999999E-6	1.1999999999999999E-6	1.2700000000000001E-7	1.2599999999999999E-7	1.1999999999999999E-7	1.1600000000000001E-7	1.2700000000000001E-7	1.12E-7	1.17E-7	1.2800000000000001E-7	1.29E-7	1.2800000000000001E-7	1.2800000000000001E-7	1.2800000000000001E-7	1.1600000000000001E-7	1.01E-7	Fiberlength (km)


BER
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