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How to use this lab guide
This guide is your map to the interactive lab modules.
Section 4 has two halves: unemployment dynamics (Mankiw Ch.7) and economic growth (Mankiw Ch.8–9). It has FIVE interactive HTML modules: Bathtub model, Solow growth, Convergence, a Deeper-Dive complement, and a comprehensive Exam Review.
•  Each concept area has WHAT TO KNOW + GO TO + CHECK YOURSELF.
•  Four colored callouts: blue → arrows; green ✓ check-yourself; red ⚠ weakness; gold ★ tip.
•  Section 4 covers the LONGEST single topic in macro (growth). Allow extra study time.


The interactive lab at a glance
Five modules. Each opens as a webpage in your browser.
	MODULE A  Bathtub Model (Unemployment)
›  Tab 1 — Steady state u* = s/(s+f)
›  Tab 2 — Path to steady state (dynamics)
›  Tab 3 — Recession shocks (s ↑, f ↓)



	MODULE B  Solow Model
›  Tab 1 — Steady-state diagram (sf(k) vs δk)
›  Tab 2 — Time path (transition to k*)
›  Tab 3 — Golden rule (find σ_gold)



	MODULE C  Convergence
›  Tab 1 — Two countries compared (catch-up)
›  Tab 2 — Cross-country data (income vs investment)
›  Tab 3 — Growth decomposition (TFP shares)



	MODULE D  Deeper Dive
›  Tab 1 — Doubling-Time calculator (T = ln2/ln(1+g))
›  Tab 2 — Solow Steady State (3 versions: v1/v2/v3)
›  Tab 3 — Golden Rule Explorer (your σ vs σ_gold)
›  Tab 4 — Growth Accounting (decompose g_Y)
›  Tab 5 — Practice Quiz



	EXAM REVIEW  Comprehensive Section 4 review
›  Mode 1 — Overview / what's on the exam
›  Mode 2 — Timed Practice Exam (25 Q, 45-min timer)
›  Mode 3 — By-Topic Practice (4 topic drills)
›  Mode 4 — Flashcards (20 concept cards)



	★ TIP
Section 4 is the LONGEST single-topic block in intermediate macro. Don't try to compress it — work through Modules B → D in order.





Suggested learning path
A recommended order
FIRST PASS — unemployment (30 min):
•  Module A all three tabs — bathtub model with separation rate s and finding rate f
 
SECOND PASS — growth math (45 min):
•  Module D Tab 1 — doubling-time formula and the rule of 70
•  Module B Tab 1 — Solow steady-state diagram
•  Module D Tab 2 — toggle between Solow v1/v2/v3 versions
 
THIRD PASS — Golden Rule + dynamics (60 min):
•  Module B Tabs 2 and 3 — transition path and Golden Rule
•  Module D Tab 3 — Golden Rule Explorer (visualize c*(σ))
 
FOURTH PASS — accounting + cross-country (45 min):
•  Module D Tab 4 — Growth Accounting calculator
•  Module C all three tabs — convergence and development accounting
•  Module D Tab 5 — 10-question quiz
 
FINAL PASS — exam simulation:
•  Exam Review Mode 2 — timed practice exam
•  Drill weak topics with Mode 3
•  Flashcards before the exam


Concept 1 — The bathtub model of unemployment
Job separation and finding rates determine steady-state unemployment
What to know
Separation rate s.  Fraction of employed workers who lose their job per period.
Finding rate f.  Fraction of unemployed workers who find a job per period.
Bathtub equation.  ΔU = s·E − f·U. Flows into unemployment minus flows out.
Steady-state unemployment.  u* = s / (s + f). Where flows in = flows out.
	⚠  COMMON MISTAKE
"Higher s ALWAYS means higher u*."
CORRECTION  TRUE in the bathtub model: u* = s/(s+f). Higher s → higher u*. But also depends on f.



	⚠  COMMON MISTAKE
"A discouraged worker is part of the bathtub model."
CORRECTION  Bathtub model treats only LABOR FORCE participants. Discouraged workers leave the labor force entirely.



	→ GO TO
MODULE A → TAB 1 'Steady state u*' to compute u* from s and f sliders. TAB 2 'Path to steady state' shows the convergence dynamics. TAB 3 'Recession shocks' lets you ramp s up and f down (like 2008 or 2020) and watch u rise.



	✓ CHECK YOURSELF
Self-test: If s = 2% per month and f = 30% per month, what is u*?





Concept 2 — Growth-rate math and doubling time
The compounding shortcut every macro student needs
What to know
Annual growth rate g.  If Y grows from Y_0 to Y_T over T years, g = (Y_T/Y_0)^(1/T) − 1.
Doubling time.  T = ln(2)/ln(1+g). Time required for Y to double at growth rate g.
Rule of 70.  T ≈ 70/g (where g is in %). Quick approximation of doubling time.
•  U.S. real GDP per capita 1820–2016: g = 1.7%/yr → doubling every ~41 years.
•  China GDP per capita 1980–2014: g = 8.8%/yr → doubling every ~8 years.
•  South Korea 1960–2010: g = 6.0%/yr → doubling every ~12 years.
	⚠  COMMON MISTAKE
"A 1% growth rate is negligible."
CORRECTION  1% per year doubles GDP in 70 years. Over 200 years (one country's modern history), that's 4× richer. Compounding matters.



	→ GO TO
MODULE D → TAB 1 'Doubling-Time calculator' lets you slide g and see T computed both ways (exact and rule of 70). The compound-growth chart shows how dramatic small g differences become over 50 years.



	✓ CHECK YOURSELF
Self-test: An economy grows at 4%/yr. How long to double? At 7%/yr?





Concept 3 — Solow growth model (three versions)
The workhorse model of long-run growth
Three versions
•  VERSION 1: constant L, A → steady-state condition δ·k* = σ·f(k*). No long-run growth.
•  VERSION 2: + population growth n → (δ+n)·k* = σ·f(k*). Y grows at n; per-capita y stays flat.
•  VERSION 3: + technology growth g → (δ+n+g)·k* = σ·f(k*). y grows at g (per-capita).
Cobb-Douglas steady state
y = k^α → k* = (σ/(δ+n+g))^(1/(1−α)). y* = k*^α.
	⚠  COMMON MISTAKE
"More saving always raises consumption."
CORRECTION  Only up to the Golden Rule. Beyond σ_gold, raising σ raises k* and y* but LOWERS c*.



	⚠  COMMON MISTAKE
"Solow predicts unconditional convergence."
CORRECTION  Only CONDITIONAL on same σ, n, δ, g. Countries with different fundamentals converge to different steady states.



	⚠  COMMON MISTAKE
"Sustained per-capita growth comes from saving more."
CORRECTION  NO. In the long run, saving more raises k* and y* but per-capita growth still depends on g (tech). Only technology produces sustained per-capita growth.



	→ GO TO
MODULE B → TAB 1 'Steady-state diagram' visualizes sf(k) vs δk crossing. TAB 2 'Time path' shows the transition. MODULE D → TAB 2 'Solow Steady State' has the THREE VERSIONS toggle — switch between v1/v2/v3 and watch k* change.



	✓ CHECK YOURSELF
Self-test: Y = K^0.5·L^0.5, σ = 0.3, δ = 0.1, no population or tech growth. Find k*, y*, c*.





Concept 4 — The Golden Rule
The saving rate that maximizes long-run consumption
What to know
Golden Rule.  The σ that maximizes steady-state consumption c* = f(k*) − (δ+n+g)·k*.
FOC.  f'(k*) = δ + n + g, i.e., MPK = δ + n + g. Set the slope of the production function equal to the slope of the break-even line.
Cobb-Douglas σ_gold.  Under Y = A·K^α·L^(1−α), σ_gold = α (the capital share). With α = 0.3, σ_gold = 0.3 = 30%.
	⚠  COMMON MISTAKE
"The U.S. is at the Golden Rule."
CORRECTION  U.S. saves ~18% of GDP. With α = 0.3, σ_gold = 30%. U.S. is BELOW Golden Rule → saving more would raise long-run c.



	⚠  COMMON MISTAKE
"More k always raises c."
CORRECTION  Only up to k_gold. Past it, the cost of replacing capital (δ+n+g)·k grows faster than f(k) does. c falls.



	→ GO TO
MODULE B → TAB 3 'Golden rule' has the basic intuition. MODULE D → TAB 3 'Golden Rule Explorer' is the powerful one: slide α, δ+n+g, and your σ. The tool identifies BELOW / AT / ABOVE Golden Rule and shows the c*(σ) curve with both your point and the Golden Rule peak marked.



	✓ CHECK YOURSELF
Self-test: y = √k, δ = 0.1, n = 0.02, g = 0.03. Find k_gold and σ_gold.





Concept 5 — Growth accounting + development accounting
How much growth is K, L, vs technology?
Growth accounting equation
g_Y = α·g_K + (1−α)·g_L + g_A. Back out TFP: g_A = g_Y − α·g_K − (1−α)·g_L.
U.S. accounting table
•  1948–2016: g_Y = 3.4%, g_K share = 1.3%, g_L share = 1.0%, TFP = 1.1% (32% of growth)
•  1948–1973: g_Y = 4.3%, TFP = 1.9% (44% of growth)
•  1973–2016: g_Y = 3.0%, TFP = 0.7% (23% — the productivity slowdown)
Development accounting (Jones 2016)
Across 128 countries, ~50–80% of GDP-per-worker differences are due to TFP, not K or L. Poor countries are mostly INEFFICIENT, not undercapitalized.
	⚠  COMMON MISTAKE
"TFP only captures technology."
CORRECTION  TFP captures EVERYTHING not measured by K and L: technology, institutions, governance, education quality, regulation, culture. The 'measure of our ignorance.'



	⚠  COMMON MISTAKE
"Catching up requires more capital."
CORRECTION  Development accounting says capital alone explains only ~20%. The 80% requires TFP improvements — institutions, education, openness, governance.



	→ GO TO
MODULE D → TAB 4 'Growth Accounting' calculator. Slide g_Y, g_K, g_L, α and watch g_A back out. MODULE C → TAB 3 'Growth decomposition' shows the cross-country data.



	✓ CHECK YOURSELF
Self-test: g_Y = 3%, g_K = 3%, g_L = 1%, α = 0.3. Compute TFP growth.





Self-diagnostic — common error patterns
After you've worked through the modules, find your weak spots
	⚠ WEAKNESS SIGNAL
PATTERN 1 — You can't compute u* from s and f. FIX: Module A Tab 1. Memorize u* = s/(s+f). Try 3 scenarios.



	⚠ WEAKNESS SIGNAL
PATTERN 2 — You don't know the three Solow versions. FIX: Module D Tab 2 — toggle v1/v2/v3. Memorize break-even: δ (v1), δ+n (v2), δ+n+g (v3).



	⚠ WEAKNESS SIGNAL
PATTERN 3 — You think saving more is always better. FIX: Module D Tab 3. The c*(σ) curve has a peak at σ_gold. Past it, more saving lowers c.



	⚠ WEAKNESS SIGNAL
PATTERN 4 — You confuse 'higher Y level' with 'higher growth rate'. FIX: Solow predicts higher σ → higher LEVEL of y*, not higher growth rate. Per-capita growth = g (tech) only in steady state.



	⚠ WEAKNESS SIGNAL
PATTERN 5 — You can't decompose TFP from growth data. FIX: Module D Tab 4. Memorize: g_A = g_Y − α·g_K − (1−α)·g_L.





Final exam preparation plan
A 4-step protocol
STEP 1 — Cold timed exam (45 min):
•  Exam Review → Mode 2. Don't review first.
•  At end, identify weakest topic from breakdown.
 
STEP 2 — Drill weakest topic (75 min):
•  Mode 3 by-topic. Cross-reference Concept in this guide.
•  Re-open the relevant interactive module tab.
 
STEP 3 — Re-take timed exam.
•  Different random 25-Q set. Confirm improvement.
 
STEP 4 — Day before: flashcards.
•  Mode 4 flashcards. Section 4 has formulas to memorize.
	★ TIP
Section 4 exam questions cluster around: (1) Solow steady-state algebra, (2) the Golden Rule σ = α, (3) doubling time / rule of 70, (4) growth accounting. Master those four and you've covered ~80% of the points.



 
You have everything you need. Good luck.
