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Mathematics: Mathematical Discoveries in the World of the Pharaohs

Subject: Math
Grade Level: High School (Grade 10)
Duration: 5 days (50 minutes each)

Standards:

e MA.912.NS0O.1.1 — Solve multi-step problems using rational numbers with fluency.

e MA.912.GR.1.1 — Apply geometric concepts to real-world and mathematical problems.
e MA.912.GR.1.3 — Use geometric properties and relationships to solve problems.

¢ MA.912.GR.5.3 — Apply trigonometry and measurement to real-world modeling.

e MA.912.DP.1.1 — Collect, analyze, and interpret data.

e MA.912.DP.2.6 — Interpret and communicate the results of statistical analyses.

e MA.912.AR.2.1 — Create and use mathematical models to solve real-world problems.

o MA.912.FL.3.1 — Apply mathematical reasoning to analyze real-world financial and
economic decisions.

Objectives:

e Analyze Egyptian math systems, solve historical problems, compare to modern
methods, evaluate precision

e Apply geometry, trigonometry, and measurement to analyze Egyptian architectural
design and engineering precision

e Use regression, correlation, and visualization to interpret archaeological and economic
datasets

e Construct mathematical models (differential equations, systems), apply predictive
analysis to historical scenarios

e Apply financial math and optimization (linear programming, cost-benefit analysis) to
ancient economic systems



Day 1: Mathematical Applications

Mathematical System Analysis (18 minutes)

e Compare Egyptian, Babylonian, and Greek mathematical systems using advanced
problems:
o Number systems: Egyptian additive base-10 vs. Babylonian positional base-60
vs. Greek geometric approaches
Fraction handling: Egyptian unit fractions vs. Babylonian fractional notation
Algebraic thinking: Egyptian false position method vs. Babylonian algebraic
substitution
e Solve complex problems using Egyptian methods:
o Rhind Papyrus Problem 79: Calculate quantities for feeding animals with different
grain amounts
o Moscow Papyrus Problem 10: Find volume of truncated pyramid using Egyptian
formula
o Calculate precision: analyze accuracy of Egyptian pi approximation (22/7 vs.
actual value)
e Evaluate strengths and limitations of Egyptian mathematical approach:
o Advantages: practical applicability, computational efficiency, systematic
methodology
o Limitations: fraction complexity, lack of abstract symbols, geometric constraints

Geometric Precision Investigation (20 minutes)

e Measure and calculate proportions in pyramid and temple complexes using advanced
techniques:
o Apply trigonometry to determine accuracy of Egyptian surveying methods
o Calculate angles and measurements in Great Pyramid: slope angle 51°52', base-
to-height ratio
o Analyze precision achieved: base perimeter accuracy within 58mm over 921m
perimeter
e Model how Egyptian mathematical limitations affected architectural possibilities:
o Investigate relationship between available calculation methods and design
choices
o Analyze trade-offs between mathematical complexity and construction practicality
e Advanced geometric analysis:
o Golden ratio investigation: measure Egyptian rectangles and test for ¢ (1.618...)
relationships
o Sacred geometry concepts: analyze mathematical symbolism in temple
proportions

Statistical Analysis Project (10 minutes)

e Apply modern statistical methods to Egyptian mathematical data:



o Regression analysis: examine relationships between monument size and dynasty
duration
o Correlation studies: analyze connections between mathematical precision and
political stability
o Use archaeological data about Egyptian resource allocation for statistical
modeling
e Practice hypothesis testing using historical data sets
e Evaluate statistical significance and limitations when applying modern methods to
ancient data

Mathematical Legacy Assessment (2 minutes)

e "How did Egyptian mathematical innovations influence later civilizations?"

e Trace mathematical knowledge transfer through Greek Alexandria, Islamic scholars,
European Renaissance

e Preview tomorrow's architectural mathematics focus

Assessment: Mathematical problem-solving accuracy, understanding of historical mathematical
systems, statistical analysis quality

Day 2: Architectural Geometry and Engineering Precision
Precision Measurement Laboratory (20 minutes)

e Calculate actual measurements of major Egyptian monuments using surveying data:
o Great Pyramid: base 230.4m £ 1.5cm, height 146.5m (originally), angle 51°52'
o Sphinx: length 73m, height 20m, specific geometric proportions
o Temple of Karnak: complex geometric relationships across 200-acre site

e Determine precision levels achieved by Egyptian architects:
o Calculate tolerances: measurements accurate to within 0.05% in many cases
o Analyze survey techniques: rope stretching, right triangle methods, astronomical

alignment

e Advanced geometric analysis:
o Apply coordinate geometry to map monument relationships
o Use trigonometry to verify astronomical alignments
o Calculate volumes and surface areas using calculus-based methods

Structural Analysis Project (18 minutes)

e Apply engineering mathematics to evaluate stability of Egyptian structures:
o Load distribution analysis: calculate weight distribution in pyramid structures
o Stress analysis: determine compression forces on different pyramid levels
o Foundation engineering: analyze how Egyptians dealt with soft soil conditions



e Model mathematical precision effects on structural longevity:
o Investigate relationship between geometric accuracy and structural stability
o Calculate how small measurement errors compound in large structures
e Advanced engineering calculations:
o Materials engineering: calculate stone compression strengths and safety factors
o Earthquake resistance: analyze how pyramid geometry provides seismic stability

Comparative Architecture Study (10 minutes)

e Compare mathematical principles across architectural traditions:
o Egyptian pyramid geometry vs. Greek temple proportions
o Egyptian engineering vs. Roman architectural mathematics
o Ancient mathematical approaches vs. modern computational design
e Analyze evolution of architectural mathematics:
o How mathematical knowledge advancement enabled new architectural
possibilities
o Relationship between available tools/techniques and design complexity

Engineering Legacy Assessment (2 minutes)

e "How do Egyptian mathematical innovations appear in modern architecture?"
e Consider: geometric proportions, precision requirements, engineering analysis methods
e Preview tomorrow's statistical applications

Assessment: Geometric calculation accuracy, engineering analysis quality, comparative
understanding depth

Day 3: Statistical Analysis and Data Interpretation
Archaeological Data Analysis (20 minutes)

e Apply statistical methods to analyze Egyptian archaeological datasets:
o Population estimates: use settlement size data to calculate demographic trends
across dynasties
o Economic analysis: analyze trade volume data, agricultural production records,
monument construction costs
o Cultural change indicators: quantify artistic style evolution, technological adoption
rates, linguistic changes
e Practice advanced statistical techniques:
o Regression analysis: test hypotheses about relationships between environmental
factors and political stability
o Time series analysis: examine cyclical patterns in Nile flood records and political
events



o Correlation studies: investigate relationships between monument construction
and economic prosperity
e Use real archaeological databases and apply statistical software tools
e Evaluate data quality and limitations in historical datasets

Resource Allocation Modeling (18 minutes)

e Create sophisticated mathematical models of Egyptian resource distribution:
o Multi-variable analysis: population, agricultural output, labor force, raw materials,
trade income
o Optimization problems: determine optimal resource allocation for competing
priorities
o Scenario modeling: predict outcomes of different policy decisions using historical
parameters
e Advanced mathematical modeling techniques:
o Linear programming: optimize resource distribution with constraints
o Game theory applications: model diplomatic and trade negotiations
o Economic modeling: create supply and demand curves for ancient Egyptian
economy
e Compare model predictions to actual historical outcomes and analyze discrepancies

Data Visualization and Communication (10 minutes)

e Create sophisticated visualizations of Egyptian historical data:

o Multi-dimensional plots showing relationships between variables

o Interactive timelines with multiple data layers

o Geographic information systems (GIS) mapping of archaeological sites
e Practice professional data presentation skills:

o Choose appropriate chart types for different data relationships

o Design clear, informative graphics for academic audiences

o Write executive summaries explaining statistical findings

Statistical Applications Assessment (2 minutes)

e "How can statistical analysis strengthen historical arguments about ancient Egypt?"
e Discuss limitations: incomplete data, sampling bias, temporal distance
e Preview tomorrow's mathematical modeling applications

Assessment: Statistical technique application, data interpretation accuracy, visualization
effectiveness

Day 4: Mathematical Modeling and Predictive Analysis

Civilization Dynamics Modeling (25 minutes)



e Create mathematical models analyzing Egyptian civilization patterns:
o Population dynamics: model growth, decline, and migration patterns using
differential equations
o Economic cycles: analyze relationships between agricultural output, trade, and
construction projects
o Political stability: model factors contributing to dynasty longevity and collapse
e Advanced modeling techniques:
o Systems of equations: model interconnected variables affecting civilization
development
o Exponential and logarithmic functions: analyze growth and decay patterns in
Egyptian data
o Periodic functions: model cyclical patterns like Nile floods, agricultural seasons,
political cycles
e Test model predictions against historical evidence:
o Use models to "predict" known historical events and evaluate accuracy
o ldentify factors that improve or worsen model performance
o Discuss limitations of mathematical modeling for complex historical systems

Predictive Analysis Workshop (15 minutes)

e Apply models to analyze "what if" scenarios in Egyptian history:
o Alternative history modeling: "What if the Hyksos invasion had failed?"
o Environmental impact assessment: "How would different climate patterns have
affected Egyptian development?”
o Technology adoption analysis: "How would earlier iron technology have changed
Egyptian military power?"
e Use quantitative methods to evaluate scenario probability and impact:
o Sensitivity analysis: determine which variables most strongly influence outcomes
o Monte Carlo simulation: run multiple scenarios with varying parameters
o Decision tree analysis: model branching consequences of historical decisions

Model Validation and Refinement (8 minutes)

e Evaluate mathematical model accuracy and limitations:

o Compare model outputs to archaeological evidence and historical records

o ldentify systematic errors and bias sources in modeling approaches

o Discuss appropriate confidence levels for historical mathematical analysis
e Practice scientific methodology in historical context:

o Hypothesis testing with historical data

o Peer review and model criticism

o lterative model improvement based on evidence

Mathematical Synthesis Assessment (2 minutes)

e "How can mathematical modeling help us understand complex historical civilizations?"



e Discuss strengths: quantitative analysis, pattern identification, systematic thinking
e Acknowledge limitations: incomplete data, oversimplification, cultural factors
e Preview tomorrow's financial and economic mathematics

Assessment: Model construction quality, predictive analysis sophistication, critical evaluation
skills

Day 5: Economic Mathematics and Resource Analysis
Ancient Economic Principles Analysis (20 minutes)

e Apply modern economic mathematics to ancient Egyptian economy:
o Supply and demand modeling: analyze grain markets, luxury goods trade, labor

markets

o Cost-benefit analysis: evaluate major construction projects like pyramids and
temples

o Opportunity cost calculations: determine trade-offs in resource allocation
decisions

e Mathematical economics applications:
o Production functions: model relationship between inputs (labor, land, tools) and

outputs

o Economic growth analysis: calculate productivity changes over Egyptian
dynasties

o Trade balance calculations: analyze import/export ratios and their economic
impact

e Use archaeological evidence to quantify economic variables:
o Agricultural productivity data from tomb paintings and administrative records
o Trade volume estimates from archaeological evidence of foreign goods
o Labor allocation data from construction projects and administrative papyri

Financial Mathematics Investigation (18 minutes)

e Analyze ancient Egyptian financial concepts using modern mathematical tools:
o Interest and debt: examine evidence for lending practices and debt management
o Investment analysis: calculate returns on trade expeditions and construction
projects
o Risk assessment: analyze how Egyptians managed economic uncertainty
e Advanced financial calculations:
o Present value analysis: evaluate long-term costs and benefits of infrastructure
projects
o Compound growth modeling: analyze wealth accumulation and economic
expansion



o Portfolio theory: examine diversification in Egyptian trade and resource
management
e Compare ancient financial practices to modern economic principles:
o Taxation systems: mathematical analysis of ancient tax collection efficiency
o Monetary policy: analyze how Egyptians managed currency and exchange rates
o Economic planning: evaluate centralized vs. market-based resource allocation

Resource Optimization Modeling (10 minutes)

e Create mathematical optimization models for Egyptian resource management:

o Linear programming: optimize agricultural land use for maximum production

o Network analysis: design efficient trade routes and transportation systems

o Inventory management: calculate optimal granary storage for famine preparation
e Apply operations research techniques to historical problems:

o Project management: analyze pyramid construction scheduling and resource

coordination
o Quality control: mathematical analysis of Egyptian manufacturing standards
o Logistics optimization: model efficient movement of goods and materials

Economic Legacy Assessment (2 minutes)

e "How do Egyptian economic innovations compare to modern economic principles?"
e Consider: centralized planning, international trade, resource management, financial
instruments

Assessment: Economic analysis sophistication, mathematical modeling accuracy, historical
application quality
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