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C. The Depth Of Water In Tank B, In Inches Is Modeled By The Function G(t) = 3.2 +
17.5(sin (0.16t)) is a mathematical representation used to describe the fluctuating water level in
Tank B over time. This sinusoidal function combines a baseline depth with a periodic oscillation,
reflecting how the water level varies due to factors such as inflow and outflow rates, siphoning
processes, or other operational controls. Understanding this function provides insights into the
behavior of the tank, aids in planning for maintenance, and helps optimize water management
strategies.

---

Understanding the Function G(t) = 3.2 + 17.5(sin
(0.16t))

Breaking Down the Components
The function G(t) = 3.2 + 17.5(sin (0.16t)) models the depth of water in inches at any given time t
(measured in hours or minutes, depending on the context). Here's a detailed look at its components:

- Baseline Depth (Vertical Shift): 3.2 inches
This is the minimum water depth in the tank when the sine function reaches its lowest point. It
indicates that even when the sinusoidal component is at its minimum, the water level doesn’t drop
below 3.2 inches.

- Amplitude (Peak Variation): 17.5 inches
The amplitude determines how much the water level fluctuates from the baseline. The maximum
depth will be 3.2 + 17.5 = 20.7 inches, and the minimum will be 3.2 - 17.5 = -14.3 inches (which
physically might be interpreted as the tank being empty or below a certain minimum threshold, but
practically, the negative value indicates the model's mathematical range).

- Angular Frequency (Oscillation Rate): 0.16 radians per unit time
This controls how quickly the water level oscillates. A higher value indicates more rapid fluctuations.

- Time Variable (t): Represents the elapsed time, typically in hours or minutes.

---



Real-World Significance of the Model

Why Use a Sinusoidal Function?
Sinusoidal functions are ideal for modeling periodic phenomena—those that repeat at regular
intervals. In the context of water tanks, this could represent:

- Cyclical inflow and outflow of water, such as pumps turning on and off.
- Natural oscillations caused by environmental factors like rainfall or evaporation.
- Controlled operational routines where water is added and removed in a predictable pattern.

Using G(t), engineers and system managers can predict water levels at any given time, facilitating
better planning and operational efficiency.

Practical Applications of the Model
Understanding the water level's variability allows for:

- Optimized Pump Scheduling: Ensuring pumps operate when needed, avoiding overfilling or running
dry.
- Leak Detection: Deviations from the expected sinusoidal pattern may indicate leaks or malfunctions.
- Capacity Planning: Preparing for maximum and minimum water levels to prevent overflow or dry
runs.
- Maintenance Scheduling: Planning maintenance during predictable low or high water periods.

---

Analyzing the Behavior of G(t)

Period of Oscillation
The period T of the sinusoidal function is the time it takes for the water level to complete one full
cycle (from a peak to the next peak). It is calculated as:

\[ T = \frac{2\pi}{\text{angular frequency}} \]

Plugging in the value:

\[ T = \frac{2\pi}{0.16} \approx \frac{6.2832}{0.16} \approx 39.27 \text{ units of time} \]

This means the water level in Tank B completes a full cycle approximately every 39.27 units (hours or
minutes).



Maximum and Minimum Water Levels
- Maximum: When sin(0.16t) = 1,

\[ G_{max} = 3.2 + 17.5 \times 1 = 20.7 \text{ inches} \]

- Minimum: When sin(0.16t) = -1,

\[ G_{min} = 3.2 + 17.5 \times (-1) = -14.3 \text{ inches} \]

In practical applications, negative water depth isn't physically meaningful, implying the model might
be idealized or that the minimum is effectively zero in real conditions.

Average Water Level
The average or mean level over time is simply the baseline, 3.2 inches, which is the vertical shift of
the sinusoid.

---

Graphical Representation and Interpretation

Plotting G(t)
Visualizing G(t) helps in understanding the fluctuation pattern:

- The curve will oscillate smoothly between the maximum and minimum values.
- The baseline at 3.2 inches acts as the vertical centerline.
- The amplitude of 17.5 inches determines the height of peaks and depth of troughs around this
baseline.

Implications of the Graph
- The periodic nature indicates predictable behavior, useful for scheduling operations.
- The symmetry reflects the regular inflow and outflow rates.
- The timing of peaks and troughs can be aligned with operational routines.

---

Impacts on Water Management Strategies



Optimizing Pump Operations
By analyzing G(t), operators can:

- Schedule pumps to activate when the water level reaches specific thresholds.
- Prevent overflow by shutting off inflow when the maximum is approached.
- Avoid dry running by ensuring outflow is managed before the water level drops too low.

Monitoring and Maintenance
- Continuous data collection can verify if actual water levels align with the model.
- Deviations may signal equipment failures or unexpected environmental factors.
- Preventative maintenance can be scheduled based on predicted fluctuations.

Ensuring Water Supply Reliability
Understanding the cyclical pattern allows for:

- Accurate forecasting of water availability.
- Efficient resource allocation.
- Improved response to unexpected changes or emergencies.

---

Extensions and Further Considerations

Model Limitations and Assumptions
While G(t) provides valuable insights, it is important to recognize:

- The model assumes perfect periodicity, which may not hold in real-world scenarios.
- External factors like sudden inflows, pump failures, or evaporation are not explicitly modeled.
- Negative values of G(t) are non-physical; in real applications, the model should be adjusted to reflect
physical constraints.

Potential Model Improvements
To enhance accuracy, the model can incorporate:

- Damping factors to account for energy loss or irregular fluctuations.
- Additional terms to model non-periodic influences.
- Constraints to prevent unrealistic negative water levels.



Real-World Data Integration
Combining the model with real-time sensor data enables:

- Calibration of the function parameters.
- Dynamic adjustments to operational plans.
- Enhanced predictive capabilities.

---

Conclusion
The function G(t) = 3.2 + 17.5(sin (0.16t)) offers a powerful tool for understanding and managing
water levels in Tank B. By analyzing its components, periodicity, and implications, engineers and
water resource managers can optimize operations, prevent issues, and ensure reliable water supply.
Recognizing the model's assumptions and limitations encourages continuous improvement and
integration of real-world data, ultimately leading to more efficient and sustainable water management
practices.

---

Key Points Summary:
- The function models cyclical water level fluctuations.
- The period of oscillation is approximately 39.27 units.
- Maximum and minimum water levels are 20.7 inches and -14.3 inches, respectively.
- The baseline depth remains at 3.2 inches.
- Practical applications include pump scheduling, maintenance planning, and capacity management.
- The model should be refined with real data for optimal accuracy.

---

By fully understanding the mathematical modeling of water levels in Tank B through functions like
G(t), stakeholders can make informed decisions, improve operational efficiency, and maintain the
integrity of water systems.

Frequently Asked Questions

What does the function G(t) = 3.2 + 17.5 sin(0.16t) represent
in the context of water tank B?
It models the depth of water in tank B in inches at time t, showing how the water level varies over
time due to factors like inflow and outflow.

What is the maximum depth of water in tank B according to



the model?
The maximum depth occurs when sin(0.16t) = 1, so G(t) max = 3.2 + 17.5 1 = 20.7 inches.

How often does the water level in tank B reach its maximum
according to the function?
The period of the sine function is T = (2π) / 0.16 ≈ 39.27 units of time, so the water level reaches its
maximum approximately every 39.27 units.

What is the minimum water depth in tank B based on the
function?
The minimum occurs when sin(0.16t) = -1, so G(t) min = 3.2 + 17.5 (-1) = -14.3 inches. Since
negative depth isn't realistic, the model suggests the water level can go down to zero, indicating the
tank is empty at that point.

At what value of t does the water level in tank B first reach 10
inches?
Set G(t) = 10: 10 = 3.2 + 17.5 sin(0.16t). Solving for sin(0.16t): sin(0.16t) = (10 - 3.2) / 17.5 ≈
0.4057. Then, 0.16t = arcsin(0.4057), which gives t ≈ 0.16 23.91 ≈ 3.83 units of time.

How does the amplitude of the sine function affect the water
level variations in tank B?
The amplitude, 17.5, determines the maximum deviation from the average water level of 3.2 inches;
larger amplitude means greater fluctuation in water depth.

Is the model G(t) suitable for predicting real water levels in
tank B, and why?
The model is a sinusoidal function ideal for representing periodic fluctuations, but in real scenarios,
factors like inflow/outflow variations and tank constraints may require more complex models for
accurate predictions.

Additional Resources
Understanding the Water Level Model: An In-Depth Analysis of G(t) = 3.2 + 17.5 sin(0.16 t)

---



Introduction to the Model

In many engineering, environmental, and industrial contexts, understanding the fluctuation of water
levels within a tank over time is crucial. Such fluctuations can be due to natural phenomena like tides
and rainfall, or operational factors such as inflow/outflow rates. The mathematical modeling of these
variations enables engineers and scientists to predict, control, and optimize water storage systems
effectively.

The specific model under examination is:

\[ G(t) = 3.2 + 17.5 \sin(0.16 t) \]

where:

- \( G(t) \) represents the depth of water in Tank B at time \( t \), measured in inches.
- \( t \) is the time variable, typically in hours (though units should be explicitly clarified).
- The model combines a baseline water level with a sinusoidal component to simulate periodic
fluctuations.

This piece will analyze this model comprehensively, exploring its mathematical structure, physical
interpretations, implications, and potential applications.

---

Mathematical Structure of the Model

Breaking Down the Function Components

Let's dissect the function:

\[ G(t) = 3.2 + 17.5 \sin(0.16 t) \]

- Baseline Level (Vertical Shift): The constant term 3.2 inches acts as the average or mean water level
around which fluctuations occur.
- Amplitude: The coefficient 17.5 inches before the sine function indicates the maximum deviation
from the baseline level due to cyclical variations.
- Angular Frequency (\( \omega \)): The coefficient inside the sine, 0.16, determines how rapidly the
water level oscillates over time.

---

Understanding Sinusoidal Behavior

The sine function is inherently periodic with a period of \( 2\pi \). The period \( T \) of the entire



function is derived from the angular frequency:

\[
T = \frac{2\pi}{\omega} = \frac{2\pi}{0.16}
\]

Calculating the period:

\[
T \approx \frac{6.2832}{0.16} \approx 39.27
\]

This indicates:

- Period of fluctuation: approximately 39.27 units of time (likely hours).
- Frequency: The cycle repeats roughly every 39.27 hours, suggesting a nearly daily fluctuation with
possibly some variation due to the specific sinusoid parameters.

---

Physical Interpretation of the Model

Understanding the physical meaning behind the mathematical form is vital for practical applications.

Baseline Water Level (3.2 inches)

- This value represents the average water height in the tank over a full cycle.
- It suggests that, in the absence of fluctuations, the water would stabilize at 3.2 inches.
- This could correspond to the minimum water level or the mean level depending on how the sinusoid
is interpreted.

Amplitude (17.5 inches)

- The amplitude indicates the extent of fluctuation above and below the baseline.
- Since the amplitude is 17.5 inches, the water level varies significantly—ranging from a minimum of:

\[
G_{min} = 3.2 - 17.5 = -14.3 \text{ inches}
\]

and a maximum of:

\[
G_{max} = 3.2 + 17.5 = 20.7 \text{ inches}
\]



- Negative water level is physically impossible in a real tank. This suggests the model, as is, is
idealized or valid primarily for the positive portion of the cycle, or that the baseline and amplitude
need interpretation.

Phase and Timing of Fluctuations

- The sine function reaches its maximum at \( \sin(\theta) = 1 \), which occurs at:

\[
0.16 t = \frac{\pi}{2} + 2\pi k,\quad k \in \mathbb{Z}
\]

- Solving for \( t \):

\[
t_{max} = \frac{\pi/2 + 2\pi k}{0.16}
\]

- The first maximum (for \( k=0 \)) occurs at:

\[
t_{max} = \frac{\pi/2}{0.16} \approx \frac{1.5708}{0.16} \approx 9.82 \text{ hours}
\]

- Similarly, the minimum occurs at \( \sin(\theta) = -1 \):

\[
0.16 t = \frac{3\pi}{2} + 2\pi k
\]

- The first minimum (for \( k=0 \)):

\[
t_{min} = \frac{3\pi/2}{0.16} \approx \frac{4.7124}{0.16} \approx 29.45 \text{ hours}
\]

- These timings help understand when the water level peaks and troughs within the cycle.

---

Implications and Practical Considerations

Physical Realism and Limitations

- The negative values predicted by the model (e.g., -14.3 inches) are physically impossible since



water cannot have negative depth.
- To reconcile this, the model may be considered valid only within a certain range of \( t \), or it may
be shifted to ensure positive values.

Possible solutions include:

- Adjusting the baseline upward to match the minimum expected water level.
- Using the model for relative fluctuations rather than absolute levels.
- Considering the physical context—if natural phenomena cause water levels to fluctuate around a
positive mean, then the model should be calibrated accordingly.

Understanding Periodicity and Real-World Cycles

- The period (~39 hours) suggests that the water level fluctuation isn't strictly daily (24-hour cycle)
but slightly longer, indicating potential influences like weather patterns, inflow/outflow schedules, or
other periodic factors.
- If the model aims to simulate tidal influences, the period should match lunar cycles (~12.4 hours) or
other relevant periodicities, so parameter adjustment might be necessary.

Predicting Water Levels at Specific Times

- The model enables the calculation of water depths at any time point \( t \).
- For example, to find the water level after 10 hours:

\[
G(10) = 3.2 + 17.5 \sin(0.16 \times 10) = 3.2 + 17.5 \sin(1.6)
\]

\[
\sin(1.6) \approx 0.9996
\]

\[
G(10) \approx 3.2 + 17.5 \times 0.9996 \approx 3.2 + 17.49 \approx 20.69 \text{ inches}
\]

- This corresponds to near-peak water level.

---

Applications and Usage Scenarios



Engineering and Design

- When designing tanks, understanding fluctuation amplitudes and periods helps determine structural
requirements.
- Ensures that the tank can withstand maximum water levels without overflow or structural failure.

Operational Planning

- Anticipating water level peaks allows operators to plan for inflow/outflow, maintenance, or safety
measures.
- For example, if the water reaches dangerously high levels periodically, control systems can be
implemented to mitigate overflow.

Environmental Monitoring

- Models like this help predict natural water level fluctuations in lakes, reservoirs, or estuaries.
- Useful in flood risk assessment, water resource management, and ecological studies.

Model Calibration and Refinement

- Real-world data collection can refine parameters (baseline, amplitude, period) for more accurate
modeling.
- Combining sinusoidal models with other data-driven approaches enhances predictive capabilities.

---

Extensions and Advanced Considerations

Incorporating Damping or External Influences

- Real systems often experience damping effects, where oscillations diminish over time.
- Modifying the model to include exponential decay or growth factors can better simulate such
phenomena.

Multiple Cycles and Superpositions

- Sometimes, water level fluctuations are influenced by multiple periodic factors (e.g., daily and
seasonal cycles).
- Superposing multiple sinusoidal functions with different periods can model complex fluctuation



patterns.

Non-Sinusoidal Fluctuations

- In some contexts, fluctuations are non-sinusoidal (e.g., sudden inflows or outflows).
- Incorporating step functions, polynomial trends, or stochastic noise can improve model realism.

Numerical Simulation and Real-Time Monitoring

- Using computational tools to simulate \( G(t) \) over extended periods.
- Comparing model predictions with real-time sensor data enhances accuracy and helps in decision-
making.

---

Conclusion and Final Thoughts

The function \( G(t) = 3.2 + 17.5 \sin(0.16 t) \) offers a mathematically elegant way to model periodic
water level fluctuations in Tank B. Its sinusoidal nature captures the cyclical patterns that often
characterize
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