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How to use this lab guide
This guide is your map to the interactive lab modules.
Section 2 covers the neoclassical model — the long-run framework that explains output, factor prices, and crowding out. It has FIVE interactive HTML modules: four classic ones (Production, Factor Markets, Goods Market, and the Section 2 Exam Review) plus a Deeper-Dive module with formal derivations.
•  Each concept area has WHAT TO KNOW (formal content), GO TO (module + tab), and CHECK YOURSELF (diagnostic).
•  Four colored callouts: blue → arrows point to modules; green ✓ check-yourself prompts diagnose your level; red ⚠ weakness signals tell you what to revisit; gold ★ tips highlight exam shortcuts.
•  Use the table of contents to jump to whatever you're studying now. Final exam-prep plan is on the last page.


The interactive lab at a glance
Five modules. Each opens as a webpage in your browser.
	MODULE A  Production Function
›  Tab 1 — Build Y = F(K, L) (sliders for K, L)
›  Tab 2 — CRS check (test if your function has constant returns)
›  Tab 3 — Marginal products (compute MPL and MPK)
›  Tab 4 — Quiz



	MODULE B  Factor Markets
›  Tab 1 — Firm hires labor (P·MPL vs W decision)
›  Tab 2 — Income distribution (Euler's theorem)
›  Tab 3 — Shocks (immigration, capital deepening)



	MODULE C  Goods Market
›  Tab 1 — Find r* (solve loanable-funds equilibrium)
›  Tab 2 — Crowding out (shift G or T, watch r and I)
›  Tab 3 — Investment shocks (animal spirits)



	MODULE D  Deeper Dive
›  Tab 1 — CRS Checker (interactive zF test)
›  Tab 2 — MPL Hiring Tool (labor-demand schedule)
›  Tab 3 — Cobb-Douglas Explorer (factor shares + Euler check)
›  Tab 4 — Loanable Funds (S/I curves with shifts)
›  Tab 5 — Practice Quiz (10 questions)



	EXAM REVIEW  Comprehensive Section 2 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, instant feedback)
›  Mode 4 — Flashcards (20 concept cards)



	★ TIP
Don't open all five modules in one sitting. Pick ONE concept area at a time, work the relevant tab, then check yourself. Section 2 has a lot of algebra — spread sessions across multiple days.





Suggested learning path
A recommended order if you're starting from scratch
FIRST PASS — build intuition (60 min):
•  Module A Tabs 1–3 — production function, CRS, marginal products
•  Module B Tab 1 — see how firms decide hiring
•  Module C Tab 1 — solve a simple loanable-funds equilibrium
 
SECOND PASS — drill the algebra (75 min):
•  Module D Tabs 1, 2, 3 — CRS proofs, MPL hiring schedule, Cobb-Douglas factor shares
•  Module B Tabs 2, 3 — income distribution, comparative-statics shocks
•  Module C Tabs 2, 3 — crowding out, investment-demand shifts
 
THIRD PASS — find weak spots (45 min):
•  Module D Tab 4 — Loanable Funds simulator (G/T scenarios)
•  Module A Tab 4 quiz + Module D Tab 5 quiz
 
FINAL PASS — exam simulation (75 min):
•  Exam Review Mode 2 — timed practice exam
•  Drill weak topics — Exam Review Mode 3 (by-topic)
•  Last-minute concept refresh — Exam Review Mode 4 (flashcards)


Concept 1 — Production function and returns to scale
What output looks like as a function of inputs
What to know
Production function.  Y = F(K, L). Maps capital and labor into output.
Constant returns to scale (CRS).  F(zK, zL) = z·F(K, L) for all z > 0. Doubling K and L exactly doubles Y.
Cobb-Douglas.  Y = A·K^α·L^(1−α). With exponents summing to 1, ALWAYS CRS.
Marginal product.  Extra output from one more unit of an input: MPK = ∂Y/∂K, MPL = ∂Y/∂L.
Diminishing marginal returns.  MPK falls as K rises (holding L), and MPL falls as L rises (holding K).
	⚠  COMMON MISTAKE
"All production functions have CRS."
CORRECTION  F(K, L) = K + L²  has INCREASING returns. F(K, L) = K^0.3·L^0.5 has DECREASING returns (exponents sum to 0.8). Test: compare F(zK, zL) to z·F(K, L).



	⚠  COMMON MISTAKE
"MPL is the average product Y/L."
CORRECTION  MPL is the SLOPE — partial derivative. Average product is Y/L. They differ; average is higher than MPL when MPL is diminishing.



	→ GO TO
Drill in TWO places. MODULE A → TAB 2 'CRS check' (intuition with sliders); then MODULE D → TAB 1 'CRS Checker' (formal test: enter α, β, and z; see F(zK, zL) vs z·F(K, L) computed live). MODULE A → TAB 3 'Marginal products' shows MPL and MPK as you move K and L. MODULE D → TAB 3 'Cobb-Douglas Explorer' adds the analytical MPL = (1−α)·Y/L formula.



	✓ CHECK YOURSELF
Self-test: Y = K^0.4·L^0.6. Does this have CRS? Compute MPK and MPL when K = 100, L = 100.



	⚠ WEAKNESS SIGNAL
If you can't decide CRS by looking at exponents, you have a gap. Go to Module D Tab 1, type α = 0.3 and β = 0.7, slide z, verify that the ratio F(zK, zL) / [z·F(K, L)] stays at 1. Try α = 0.5, β = 0.7 — see that the ratio diverges.





Concept 2 — Factor markets and income distribution
How firms hire and how income gets split between K and L
What to know
Real wage.  W/P — nominal wage deflated by P. In competitive equilibrium W/P = MPL.
Real rental rate.  R/P — nominal rental rate deflated by P. In equilibrium R/P = MPK.
Profit-max condition.  Hire labor up to MPL = W/P. Rent capital up to MPK = R/P.
Euler's theorem (CRS).  Y = MPK·K + MPL·L. Total output = total payments to factors. Economic profit = 0.
Cobb-Douglas factor shares.  Labor share = MPL·L/Y = (1−α). Capital share = α. CONSTANT under Cobb-Douglas.
	⚠  COMMON MISTAKE
"Under CRS + competition, profit is positive."
CORRECTION  Economic profit = 0 (Euler). Total revenue = total payments to factors. Real-world profits come from market power, scale, intangibles.



	⚠  COMMON MISTAKE
"More capital makes labor LESS productive."
CORRECTION  OPPOSITE. K and L are COMPLEMENTS. More K raises MPL (each worker has more tools).



	→ GO TO
MODULE B → TAB 1 'Firm hires labor' walks you through the marginal-decision logic with P·MPL vs W. MODULE D → TAB 2 'MPL Hiring Tool' shows the labor-demand table (L=1..7, MPL falls, optimal L* highlighted). MODULE D → TAB 3 'Cobb-Douglas Explorer' lets you change α and watch labor/capital shares — verify they ALWAYS sum to 1 and remain at (1−α) and α.



	✓ CHECK YOURSELF
Self-test: a firm has Y = 10·L^0.5·K^0.5 with K = 100 fixed. Output price P = $2, nominal wage W = $10. (a) Compute MPL when L = 25. (b) Should the firm hire more or fewer workers? (c) Find L*.



	⚠ WEAKNESS SIGNAL
If you skipped the W/P conversion (used W instead), that's the #1 source of factor-market exam errors. Always work in REAL terms. Module B Tab 1 forces you through this step.





Concept 3 — Cobb-Douglas factor shares
Why labor gets (1−α) and capital gets α, ALWAYS
What to know
For Y = A·K^α·L^(1−α):
•  MPL = ∂Y/∂L = (1−α)·A·K^α·L^(−α) = (1−α)·Y/L
•  MPK = ∂Y/∂K = α·A·K^(α−1)·L^(1−α) = α·Y/K
•  Labor share = MPL·L/Y = (1−α)·Y/L · L/Y = (1−α)  [a CONSTANT]
•  Capital share = MPK·K/Y = α  [a CONSTANT]
This means: no matter how A, K, L change, the FRACTION of output going to each factor stays the same.
	⚠  COMMON MISTAKE
"Doubling A changes the labor share."
CORRECTION  FALSE. Labor share = (1−α). It depends ONLY on the exponent. Doubling A doubles both labor and capital income proportionally; shares are unchanged.



	⚠  COMMON MISTAKE
"Empirically the labor share is constant in the U.S."
CORRECTION  Cobb-Douglas PREDICTS a constant share. Reality: U.S. labor share fell from ~65% (1980) to ~58% (2020). Cobb-Douglas is an APPROXIMATION, not exact.



	→ GO TO
MODULE D → TAB 3 'Cobb-Douglas Explorer'. Move K, L, A sliders aggressively. Verify that labor share = (1−α) and capital share = α stay constant. ONLY when you move α do shares change. The Euler-check cell (MPL·L + MPK·K) should ALWAYS equal Y to two decimals.



	✓ CHECK YOURSELF
Self-test: Y = A·K^0.3·L^0.7 with A = 1, K = 100, L = 100. Find labor income, capital income. Now A doubles to 2 — what are the new shares?





Concept 4 — Loanable funds and crowding out
How fiscal policy moves the real interest rate
What to know
National saving.  S = Y − C − G = S_private + S_public, where S_priv = (Y−T)−C and S_pub = T − G.
Investment function.  I = I(r), with ∂I/∂r < 0. Higher r → fewer profitable projects → lower I.
Loanable funds equilibrium.  S = I(r). r* adjusts so desired saving = desired investment.
Crowding out.  ↑G → ↓S → ↑r → ↓I, one-for-one in the classical long run (under fixed Y).
Tax-cut crowding out.  ↓T → ↑C by MPC·|ΔT| → ↓S by MPC·|ΔT|. Partial crowding out depends on MPC.
	⚠  COMMON MISTAKE
"A tax cut always raises national saving."
CORRECTION  NO. Tax cut → C rises by MPC·|ΔT|, S_priv rises by (1−MPC)·|ΔT|, S_pub falls by |ΔT|. Net: national S FALLS by MPC·|ΔT|.



	⚠  COMMON MISTAKE
"An investment-demand shock changes total investment."
CORRECTION  NO. S is fixed (Y, G, T fixed). When I-demand shifts right, r rises but I quantity stays at S. Only r moves.



	⚠  COMMON MISTAKE
"Higher G raises Y in this model."
CORRECTION  Y is FIXED at F(K, L) here. Higher G shifts S left, raises r, crowds out I one-for-one. Y unchanged. (Short-run models in Section 5 will challenge this.)



	→ GO TO
MODULE C → TAB 1 'Find r*' for the basic computation. TAB 2 'Crowding out' shows the comparative statics for ΔG and ΔT. MODULE D → TAB 4 'Loanable Funds' is the most powerful: move G, T, MPC sliders and see r* update with a live S/I diagram. Use it to reproduce the worked problem (Y = K^0.5·L^0.5, K=L=8000, baseline r = 7%, ΔG=+500 → r = 12%, ΔT=−500 → r = 10.3%).



	✓ CHECK YOURSELF
Self-test: Y = 8,000, T = 2,000, G = 2,500. C = 1,000 + (2/3)(Y−T). I = 1,200 − 100r. (a) Find r*. (b) G rises to 3,000. New r*? (c) Compare ΔI in the two cases.



	⚠ WEAKNESS SIGNAL
If you got ΔI ≠ −ΔG in the spending case, double-check that you held Y fixed. The classical model assumes Y comes from F(K, L), not from demand. Module D Tab 4 enforces this — try moving G with the slider, you'll see Y is locked at 8,000.





Concept 5 — Comparative statics shortcuts
Memorize these to handle shock questions quickly
Cheat-sheet table
•  ↑G  →  S left  →  r ↑  →  I ↓ (full crowding out, $-for-$)
•  ↑T  →  C ↓, S ↑  →  r ↓  →  I ↑
•  ↓T (tax cut)  →  C ↑ by MPC·|ΔT|, S ↓  →  r ↑  →  I ↓ (partial crowding out)
•  ↑I demand (tech shock)  →  r ↑, I QUANTITY UNCHANGED (S vertical)
•  ↑K (capital deepening)  →  Y ↑, MPL ↑, MPK ↓, W/P ↑, R/P ↓
•  ↑L (immigration)  →  Y ↑, MPL ↓, MPK ↑, W/P ↓, R/P ↑
•  ↑A (TFP)  →  Y ↑, MPL ↑, MPK ↑, shares unchanged under Cobb-Douglas
	→ GO TO
MODULE B → TAB 3 'Shocks' walks you through the K/L/A shocks. MODULE C → TAB 3 'Investment shocks' covers the animal-spirits case. MODULE D → TAB 4 lets you string fiscal scenarios together.



	✓ CHECK YOURSELF
Self-test: An economy has Y = K^0.3·L^0.7. Suddenly L rises by 10% (immigration). What happens to (a) Y, (b) MPL, (c) MPK, (d) labor share, (e) capital share?





Self-diagnostic — common error patterns
After you've worked through the modules, use this to find your weak spots
	⚠ WEAKNESS SIGNAL
PATTERN 1 — You can't decide whether a function has CRS. FIX: Module D Tab 1 'CRS Checker'. Type various exponents and slide z. Memorize the rule: Cobb-Douglas CRS iff exponents sum to 1.



	⚠ WEAKNESS SIGNAL
PATTERN 2 — You use nominal W instead of real W/P. FIX: Module B Tab 1. The tab forces you through P·MPL vs W. Practice 3 different scenarios.



	⚠ WEAKNESS SIGNAL
PATTERN 3 — You think investment shocks change I quantity in equilibrium. FIX: Module D Tab 4. Move ONLY the I-demand parameters; observe that I quantity stays at S. Verify the S curve is vertical.



	⚠ WEAKNESS SIGNAL
PATTERN 4 — You confuse tax-cut and spending-increase crowding out. FIX: Module D Tab 4. With baseline G=2500, T=2000: try ΔG=+500 (full crowding out), then reset and try ΔT=−500 (partial). The difference is exactly MPC.



	⚠ WEAKNESS SIGNAL
PATTERN 5 — You forget Cobb-Douglas factor shares are constant. FIX: Module D Tab 3. Move K, L, A — verify shares stay at (1−α) and α. Only α changes shares.





Final exam preparation plan
A 4-step protocol for the days leading up to the exam
STEP 1 — Cold timed exam:
•  Exam Review → Mode 2. 25 questions, 45-minute timer. Don't review concepts first.
•  At the end, look at the by-topic breakdown. Find your weakest area.
 
STEP 2 — Drill your weakest topic (60–90 min):
•  Exam Review → Mode 3 → pick lowest-scoring topic.
•  Work all questions; read explanations even for ones you got right.
•  Cross-reference the corresponding Concept in this guide.
•  Open the relevant interactive module tab and practice.
 
STEP 3 — Re-take timed exam:
•  Different 25-question random set.
•  Did your weakest topic improve? If not, repeat Step 2.
 
STEP 4 — Day before: refresh, don't cram (30–45 min):
•  Exam Review → Mode 4 → Flashcards. Shuffle and go through all 20.
•  Skim this guide's comparative-statics cheat sheet.
•  DON'T try to learn new material the day before. Sleep early.
 
	★ TIP
On Section 2 exams, the most-missed questions involve crowding-out direction (tax cut vs spending increase) and factor shares (constant under Cobb-Douglas). Memorize the comparative-statics table on the previous page.



 
You have everything you need. Good luck.
