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Introduction

On The Average, Five Smokers Pass a Certain Street Corner Every Ten Minutes,
What Is The Probability? This question presents an intriguing scenario
involving probability and statistics. It invites us to analyze how often a
specific event occurs within a fixed period and to determine the likelihood
of various outcomes based on given data. Such problems are common in fields
like queuing theory, traffic flow analysis, and event modeling, where
understanding the probability of certain events helps in planning and
decision-making.

Imagine a busy street corner where smokers frequently pass by, perhaps during
a coffee break or lunchtime. If, on average, five smokers pass this spot
every ten minutes, what does this tell us about their passing rate? How can
we model this situation mathematically? And what is the probability that a
certain number of smokers will pass during a given interval?

This article explores these questions in detail, providing a comprehensive
understanding of the underlying probability concepts. We will discuss
relevant statistical distributions, assumptions, calculations, and real-world
applications. Whether you're a student, researcher, or simply curious about
probability, this article aims to clarify the concepts and provide practical
insights.

Understanding the Scenario: Key Concepts and
Assumptions

What Does "On Average" Mean?

The phrase "on average" indicates that the data is based on mean or expected
values over a period. It suggests that, over multiple ten-minute intervals,
the number of passing smokers fluctuates around the average of five. Some
ten-minute periods might see fewer than five smokers, while others might see
more, but overall, the mean remains at five.

This kind of data is typical in stochastic processes, where randomness plays
a role, but the average behavior over time is predictable.



Assumptions in the Model

To analyze this problem mathematically, certain assumptions are usually made:

1. Poisson Process Assumption: The passing of smokers is modeled as a Poisson
process, which is common for counting events that occur randomly over time.

2. Independence: The passing of each smoker is independent of others.

3. Stationarity: The rate at which smokers pass the corner remains constant
over the period considered.

4. Memorylessness: The process has no "memory"; the probability of a smoker
passing in the next interval is unaffected by previous events.

These assumptions make the problem tractable and allow us to apply well-
established probability distributions.

Modeling the Problem: The Poisson Distribution

Why Use the Poisson Distribution?

The Poisson distribution is widely used for modeling the number of events
happening within a fixed interval when:

- Events occur randomly and independently.

- The average rate (mean number of events) is known.

— The probability of more than one event happening in an infinitesimally
small interval is negligible.

Given that five smokers pass every ten minutes on average, the Poisson
distribution is an ideal choice to model the number of smokers passing in any
given interval.

Poisson Distribution Formula

The probability that exactly \ (k\) events occur in a fixed interval is:

\ [

P (k; \lambda) = \frac{\lambda*k e”{-\lambda}}{k!}

\1

Where:

- \(k\) = number of events (number of smokers passing)

- \(\lambda\) = expected number of events in the interval (mean)

In our case, \(\lambda = 5\) for a ten-minute interval.



Calculating Probabilities for Specific
Scenarios

Probability of Exactly \ (k\) Smokers Passing

Using the Poisson formula, we can compute the probability for different
values of \ (k\).

Example: Probability exactly 3 smokers pass in ten minutes:

\ [

P(3; 5) = \frac{5"3 e*{-5}}{3!} = \frac{125 \times e”{-5}}{6}
\1

Calculating:

- \(e™{-5} \approx 0.00674\)

— Numerator: \ (125 \times 0.00674 \approx 0.8425\)
— Denominator: 6

So,

\ [

P(3; 5) \approx \frac{0.8425}{6} \approx 0.1404

\1

This means there is approximately a 14.04% chance that exactly three smokers
pass during a ten-minute interval.

Similarly, probabilities for other values of \(k\) can be calculated.

Probability of At Least \(k\) Smokers Passing

Sometimes, we are interested in the probability that at least a certain

number of smokers pass (say, 7 or more). This can be calculated as:
\ [

P(K \geqg k) =1 - P(K < k) =1 — \sum_{i=0}"{k-1} P(i; \lambda)

\]

For example, the probability that 7 or more smokers pass:

\ [
P(K \geg 7) = 1 - \sum_{1i=0}"{6} P(i; 5)
\]

Calculating these cumulative probabilities often involves using statistical
tables or software.



Applications and Implications of the
Probability Model

Real-World Applications

Understanding the probability distribution of smokers passing a street corner
has practical significance in various fields:

— Urban Planning: Estimating foot traffic patterns to optimize facilities or
services.

— Advertising: Planning outdoor advertising placements based on expected
viewer counts.

— Public Health: Modeling exposure to environmental pollutants or smoke in
specific locations.

— Event Management: Managing crowd flow and resource allocation during busy
periods.

Similarly, the Poisson model is applicable in many domains, including:
— Call center management (number of incoming calls)
- Traffic flow analysis (vehicles passing a point)

- Network data packets transmission
— Natural event occurrences (earthquakes, meteor showers)

Implications of the Model Assumptions

While the Poisson model provides a powerful framework, it relies on
assumptions that may not always hold perfectly in the real world:

— The passing rate might vary during different times of the day.
- Passings may not be entirely independent (e.g., a group of smokers passing
together) .

— External factors like weather, events, or traffic can influence rates.

Understanding these limitations helps in refining models for better accuracy.

Further Analysis: Variations and Extensions

Modeling Different Time Intervals

Suppose you want to find the probability of a certain number of smokers
passing during a shorter or longer period, say, 5 minutes or 20 minutes.

Given the rate of 5 smokers per 10 minutes, the expected number in different
intervals can be scaled proportionally:

— In 5 minutes: \ (\lambda = 5 \times (5/10) = 2.5\
= 10

)
— In 20 minutes: \(\lambda = 5 \times (20/10) 10\)



Using these \ (\lambda\) wvalues, you can compute probabilities for various

\ (k\) .

Example: Probability of 4 smokers passing in 5 minutes:

\ [

P(4; 2.5) = \frac{2.5%4 e~{-2.5}}{4!'}
\1

Calculations:

- \(2.5%4 = 39.0625\)

- \(e"{-2.5} \approx 0.08208\)

- Numerator: \(39.0625 \times 0.08208 \approx 3.204\)
- Denominator: 24

Thus,
(4; 2.5) \approx \frac{3.204}{24} \approx 0.1335

This flexibility allows modeling various scenarios as needed.

Using Software and Tables for Efficient Calculation

Calculating Poisson probabilities for large \(k\) or cumulative probabilities
manually can be cumbersome. Tools such as:

— Excel: "POISSON.DIST (k, lambda, cumulative)’
- Python: “scipy.stats.poisson’
- R: "dpois ()" and " ppois ()"

are invaluable for quick and accurate computations.

Conclusion

In summary, analyzing the probability that a certain number of smokers pass a
street corner within a fixed interval relies heavily on the Poisson
distribution, given the assumptions of independence and a constant average
rate. With an average of five smokers passing every ten minutes, the Poisson
model allows us to calculate the likelihood of various outcomes, from exactly
three smokers passing to at least seven and beyond.

Understanding these probabilities is not just an academic exercise; it has
practical applications in urban planning, public health, event management,
and many other fields. By employing statistical tools and software, analysts
can make informed decisions and optimize resource allocation based on
expected event rates.

Remember, the key steps involve defining the mean rate (\ (\lambda\)),
selecting the appropriate probability distribution (Poisson), and then
applying the formula or computational tools to find the desired
probabilities. Awareness of the underlying assumptions ensures accurate
interpretation and application of the results.



Whether for academic purposes or practical applications, mastering the
probability analysis of such scenarios enhances our ability to model and

Frequently Asked Questions

What is the probability that no smokers pass a street
corner in a 10-minute interval?

Using the Poisson distribution with a mean rate of 5 smokers per 10 minutes,
the probability that no smokers pass is P(0) = e"{-5} = 0.0067 or 0.67%.

What is the probability that exactly 3 smokers pass
the street corner in 10 minutes?

The probability is given by the Poisson formula: P(3) = (e”{-5} 573) / 3! =
(0.0067 125) / 6 =~ 0.1396 or 13.96%.

What is the probability that at least 4 smokers pass
the street corner in 10 minutes?

Calculate P(4 or more) = 1 - P(0) — P(1) - P(2) - P(3). Using Poisson
probabilities: P(0)=0.0067, P(1)=0.0337, P(2)=0.0842, P(3)=0.1396. Sum =
0.2642. Therefore, P(24) =~ 1 - 0.2642 = 0.7358 or 73.58%.

How does the Poisson distribution apply to this
scenario?

The Poisson distribution models the number of events (smokers passing)
occurring independently within a fixed interval (10 minutes), given a known
average rate of 5 per interval.

What assumptions are made when applying the Poisson
distribution in this problem?

Assumptions include that smokers pass independently, the average rate remains
constant over time, and the number of passings in non-overlapping intervals
are independent events.

If the average rate increases to 8 smokers per 10
minutes, how does that affect the probability of
exactly 5 smokers passing?

With an increased rate A=8, the probability for exactly 5 smokers is P(5) =
(en{-8} 875) / 5! ~ (0.000335 32768) / 120 =~ 0.0913 or 9.13%.

What is the expected number of smokers passing the
street corner in 30 minutes?

Since the rate is 5 per 10 minutes, in 30 minutes, the expected number is (5
smokers / 10 min) 3 = 15 smokers.



How can this problem be modeled using a Poisson
process?

It can be modeled as a Poisson process with a constant rate A=5 per 10
minutes, representing the number of smokers passing as events occurring
randomly over time with independent increments.

What is the variance of the number of smokers passing
in a 10-minute interval?

For a Poisson distribution, the variance equals the mean, so the variance is
5.

Additional Resources

Probability Analysis

Understanding the Scenario: An Introduction to
the Problem

Imagine a bustling city street corner where observations suggest that, on
average, five smokers pass by every ten minutes. This seemingly
straightforward statistic raises a fascinating question: What is the
probability that a certain number of smokers pass by in a given time
interval?

At face value, it appears to be a simple matter of counting individuals over
a fixed period. However, the underlying stochastic process governing such
events can be intricate, involving concepts from probability theory,
statistical distributions, and real-world variables.

This article aims to dissect this scenario comprehensively, exploring the
statistical models applicable, their assumptions, and the insights they
offer. Whether you're a data analyst, a curious observer, or a student of
probability, you'll find a detailed breakdown of this problem, along with
practical implications and methods for calculation.

Modeling the Passage of Smokers: The Poisson
Process

Why the Poisson Process? An Overview

The key to modeling events like smokers passing a street corner lies in
understanding the properties of the process:



- Events occur randomly and independently: The passing of each smoker is
independent of others.

— Constant average rate: The average number of smokers passing per unit time
remains consistent over the period considered.

- Events are rare in small intervals: In tiny time slices, the probability of
more than one smoker passing is negligible.

These properties align perfectly with the characteristics of a Poisson
process, a foundational model in probability theory used to describe counts
of events happening randomly over time or space.

What is a Poisson process?
A Poisson process 1s a stochastic process where:

— The number of events in disjoint intervals are independent.

— The probability of a single event occurring in a small interval is
proportional to the length of that interval.

— The number of events in an interval follows a Poisson distribution.

Given these properties, the process is well-suited for modeling the passage
of smokers, assuming the behavior remains consistent and independent over
time.

Parameters of the Poisson Model

The critical parameter in a Poisson process is the rate \ (\lambdal), often
called the average rate:

\ [

\lambda = \text{expected number of events in a given time interval}
\1
In our case:

- Average rate: 5 smokers per 10 minutes.

To work with arbitrary time intervals, we need to convert this rate
accordingly:

\ [
\lambda_{t} = \text{average number of smokers in } t \text{ minutes}

\]

For example, for a l-minute interval:

\ [

\lambda_ {1} = \frac{5 \text{ smokers}}{10 \text{ minutes}} \times 1 \text{
minute} = 0.5

\]

Similarly, for any interval \(t\) minutes:

\ [
\lambda_{t} = 0.5 \times t



\]

This linear relationship simplifies calculations across various time frames.

Calculating Probabilities: The Poisson
Distribution

Poisson Probability Mass Function (PMF)

The core formula for the probability of observing exactly \ (k\) smokers in a
time interval where the average number is \ (\lambda_t\) is:

P(K = k) = \frac{e”{-\lambda_t} \lambda_t" k}{k!}
\1

Where:

- \(K\) is the random variable representing the number of smokers passing.
- \(k\) 1is the specific count of interest.
- \ (e \approx 2.71828\).

This formula allows precise calculation of probabilities for any given number
of smokers passing through.

Example Calculations

Suppose you are interested in several scenarios:
1. Probability exactly 5 smokers pass in 10 minutes

Given \ (\lambda_{10} = 5\), the probability is:
P (K=5) = \frac{e”{-5} \times 575}{5!}

Calculating:

\ [

5! =120

\]

\ [

e”{-5} \approx 0.0067379
\]

\ [

575 = 3125

\]



Thus:

\ [

P(K=5) = \frac{0.0067379 \times 3125}{120} \approx \frac{21.0559}{120}
\approx 0.1755

\1

So there's roughly a 17.55% chance exactly five smokers pass in ten minutes.
2. Probability of at least 3 smokers in 10 minutes

This is a cumulative probability:

\ [

P(K \geq 3) = 1 — P(K < 3) =1 — [P(0) + P(1) + P(2)]

\1

Calculations:

- \(P(0) = e*{-5} \times 570 / 0! = 0.0067379 \times 1 / 1 = 0.0067379\)
- \(P(1) = e*{-5} \times 51 / 1! = 0.0067379 \times 5 / 1 = 0.033689\)
- \(P(2) = e*{-5} \times 25 / 2 = 0.0067379 \times 25 / 2 = 0.084224\)
Sum

\ [

0.0067379 + 0.033689 + 0.084224 \approx 0.12465

\1

Thus:

\ [

P (K \geqg 3) \approx 1 - 0.12465 = 0.87535

\1

Approximately 87.5% chance that at least 3 smokers pass in ten minutes.

Implications of the Probability Model

Understanding Variability and Confidence

The Poisson distribution is inherently probabilistic, meaning that even with
an average of five smokers per ten minutes, the actual number can vary
significantly. For example:

— The probability of observing 0 smokers in ten minutes:

P(0) = e”{-5} \times 570 / 0! = 0.0067379

— The probability of observing 10 or more smokers:



\ [
P(K \geq 10) = 1 - \sum_{k=0}"{9} P (k)
\]

Calculating these cumulative probabilities helps urban planners or businesses
understand the likelihood of different pedestrian volumes.

Practical Insight: If a shop relies on foot traffic, knowing the probability
of a certain number of passers can inform staffing, marketing, or safety
protocols.

Limitations and Real-World Considerations

While the Poisson process provides an elegant mathematical framework, real-
world complexities can influence the accuracy:

— Time-of-day effects: Traffic varies during the day.

— Weather conditions: Rain or snow might reduce foot traffic.

- Special events: Festivals or protests can cause spikes.

— Behavioral factors: Smokers might not be entirely independent; some might
walk in groups or at specific times.

Adjustments, such as using non-homogeneous Poisson processes that allow the
rate \ (\lambda(t)\) to vary with time, can improve modeling accuracy.

Extensions and Advanced Applications

Predicting Future Traffic

Using historical data, one could fit more
sophisticated models—like Poisson regression—to
predict the probability distribution of smokers
passing at future times. These models can incorporate
covariates such as:

— Time of day

— Day of the week
— Special events

Simulating the Scenario



Monte Carlo simulations based on the Poisson
distribution can help visualize the likelihood of
various traffic levels, aiding in decision-making.

Summary and Practical Takeaways

— The average rate of 5 smokers per 10 minutes
corresponds to a Poisson process with \ (\lambda =
5\) .

— The probability of observing exactly \ (k\) smokers
in 10 minutes is given by:

\ [
P (K=k) = \frac{e”{-5} \times 57k}{k!}

\]

— For different time intervals, scale \ (\lambda\)
accordingly, e.g., \(\lambda t = 0.5 \times t\) for

\ (t\) minutes.

— Probabilities can be combined or summed to find the
likelihood of ranges, such as "at least" or "at most"
a certain number of smokers.

— Real-world factors may influence the model's
accuracy; adjustments for variability are
recommended.

— Such probabilistic models are invaluable for urban
planning, marketing strategies, and safety
management.

Final Thoughts



Understanding the probability of smokers passing a
street corner at a given time is not just an academic
exercise but a practical tool for urban analysts,
business owners, and city planners. The Poisson
process offers a robust, mathematically sound
framework to quantify this randomness, providing
insights that can inform resource allocation and
strategic decisions.

By comprehensively analyzing and applying these
principles, stakeholders can better anticipate
pedestrian patterns, optimize operations, and respond
dynamically to the inherent uncertainties of urban
life.

On The Average Five Smokers Pass Acertain Street
Corners Every Ten Minutes What Is The Probability

On The Average Five Smokers Pass Acertain Street
Corners Every Ten Minutes What Is The Probability

Related Articles

e Social Works Purpose Is Actualized Through Its
Quest For Social And Economic Justice, The
Prevention

« Please Work Problem By Hand. I Posted This One
Time And It Wassolved Using A Program. I Will Give
It

*On The "family Tree' Of Particles, The Up And Down
Quarks Are On The Same Branch As The Electron And

Back to Home



https://sip.evo9x.com/ma14/on-the-average-five-smokers-pass-acertain-street-corners-every-ten-minutes-what-is-the-probability.pdf
https://sip.evo9x.com/ma14/on-the-average-five-smokers-pass-acertain-street-corners-every-ten-minutes-what-is-the-probability.pdf
https://sip.evo9x.com/ma14/social-works-purpose-is-actualized-through-its-quest-for-social-and-economic-justice-the-prevention.pdf
https://sip.evo9x.com/ma14/social-works-purpose-is-actualized-through-its-quest-for-social-and-economic-justice-the-prevention.pdf
https://sip.evo9x.com/ma14/social-works-purpose-is-actualized-through-its-quest-for-social-and-economic-justice-the-prevention.pdf
https://sip.evo9x.com/ma14/please-work-problem-by-hand-i-posted-this-one-time-and-it-wassolved-using-a-program-i-will-give-it.pdf
https://sip.evo9x.com/ma14/please-work-problem-by-hand-i-posted-this-one-time-and-it-wassolved-using-a-program-i-will-give-it.pdf
https://sip.evo9x.com/ma14/please-work-problem-by-hand-i-posted-this-one-time-and-it-wassolved-using-a-program-i-will-give-it.pdf
https://sip.evo9x.com/ma14/on-the-family-tree-of-particles-the-up-and-down-quarks-are-on-the-same-branch-as-the-electron-and.pdf
https://sip.evo9x.com/ma14/on-the-family-tree-of-particles-the-up-and-down-quarks-are-on-the-same-branch-as-the-electron-and.pdf
https://sip.evo9x.com

