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6 Long-Run Economic Growth

6.1 Review Questions
1. According to the growth accounting approach, what are the three sources

of economic growth? From what basic economic relationship is the growth
accounting approach derived?
【中文术语解释】

增长核算 (Growth Accounting): 将产出增长分解为要素投入增长和生产率增长
的方法。
全要素生产率 (Total Factor Productivity, TFP): 衡量除资本和劳动投入之外影
响产出的因素，也称为索洛残差 (Solow Residual)。
资本份额 aK 与劳动份额 aN : 分别为资本收入和劳动收入在总收入中所占比例。
生产函数 (Production Function): Y = AF (K,N)，其中 A 为全要素生产率。

【英文解答】

The three sources of economic growth identified by the growth accounting approach
are:

(a) Growth in capital (∆K/K) — increases in the physical capital stock.
(b) Growth in labor (∆N/N) — increases in labor input (quantity of workers or

hours worked).
(c) Growth in total factor productivity (∆A/A) — improvements in technology,

efficiency, or how effectively inputs are combined.

The growth accounting approach is derived from the production function:

Y = AF (K,N)

Taking the total differential and dividing by Y , we obtain the growth accounting
equation:

∆Y

Y
=

∆A

A
+ aK

∆K

K
+ aN

∆N

N

where aK = MPK·K
Y

is the elasticity of output with respect to capital (capital’s share
of income) and aN = MPN ·N

Y
is labor’s share. Under constant returns to scale and

competitive markets, aK + aN = 1.
The term ∆A/A (the Solow residual) captures the portion of output growth not
explained by input growth—it represents technological progress and efficiency im-
provements.
【解答术语解释】

Solow Residual (索洛残差): ∆A/A，产出增长中无法用资本和劳动增长解释的部
分，衡量技术进步。
Constant Returns to Scale (规模报酬不变): 所有投入同比例增加时产出以相同
比例增加，即 F (λK, λN) = λF (K,N)。
Elasticity of Output (产出弹性): 投入变动 1% 时产出变动的百分比。
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2. Of the three sources of growth identified by growth accounting, which one
is primarily responsible for the slowdown in U.S. economic growth after
1973? What explanations have been given for the decline in this source of
growth?
【中文术语解释】

生产率放缓 (Productivity Slowdown): 1973 年后美国及其他发达国家 TFP 增长
率显著下降的现象。
石油冲击 (Oil Shocks): 1973–74 年和 1979–80 年的油价暴涨。
【英文解答】

The primary source responsible for the post-1973 U.S. growth slowdown was the de-
cline in total factor productivity (TFP) growth (∆A/A). Before 1973, U.S.
TFP grew at roughly 1.9% per year; after 1973, it fell to about 0.5–0.8% per year.
Explanations offered for this TFP decline include:

(a) Oil price shocks (1973–74, 1979–80): The dramatic increase in energy prices
made much of the existing capital stock (designed for cheap energy) economically
obsolete, reducing effective productivity. Firms had to spend resources adapting
to higher energy costs rather than improving efficiency.

(b) Decline in R&D spending: Some economists argue that the share of GDP
devoted to research and development declined, slowing the rate of technological
innovation.

(c) Increased government regulation: Environmental and workplace safety reg-
ulations (e.g., EPA, OSHA) imposed compliance costs that may have diverted
resources from productive activities without measured output gains.

(d) Measurement problems: Some of the apparent slowdown may reflect the dif-
ficulty of measuring output and productivity improvements in service industries
(which grew as a share of GDP).

(e) Exhaustion of easy technological gains: Earlier decades benefited from ma-
jor innovations (electricity, internal combustion engine, etc.); by the 1970s the
”low-hanging fruit” may have been picked.

(f) Decline in infrastructure investment: Reduced public investment in roads,
bridges, and other infrastructure may have lowered the productivity of private
capital.

【解答术语解释】

Capital Obsolescence (资本过时): 由于技术变化或投入品价格变化，现有资本不
再具有经济效率。
R&D (研究与开发): 企业和社会为创造新知识、新技术而进行的投资。
Measurement Problem (度量问题): 服务业产出（如医疗、教育质量）难以准确
量化，导致 TFP 可能被低估。

3. How did technology increase U.S. economic growth in the 1990s?
【中文术语解释】
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信息技术革命 (IT Revolution): 20 世纪 90 年代由计算机、互联网和通信技术的
广泛应用推动的生产率加速增长。
新经济 (New Economy): 认为 IT 将永久性提高生产率增长率的乐观观点。
【英文解答】

Technology increased U.S. economic growth in the 1990s through several channels:

(a) Information Technology (IT) production: The rapid technological advance
in producing computers, semiconductors, and software meant that the IT-producing
sector itself experienced enormous TFP growth. Even though this sector was a
relatively small share of GDP, its very high productivity growth contributed
significantly to aggregate TFP growth.

(b) IT capital deepening: Falling prices of computing equipment (driven by Moore’s
Law) led firms across all industries to invest heavily in IT capital. This capi-
tal deepening raised the capital–labor ratio and thus labor productivity (Y /N).
Workers became more productive because they had more and better IT tools.

(c) Network effects and reorganization: The Internet and communication tech-
nologies enabled firms to reorganize production, improve supply-chain manage-
ment, and reduce transaction costs. These organizational changes raised TFP in
IT-using industries (such as retail, finance, and wholesale trade).

(d) Increased competition and efficiency: E-commerce and digital platforms
increased market transparency and competition, forcing firms to become more
efficient.
Empirically, U.S. labor productivity growth rose from about 1.4% per year (1973–
1995) to about 2.5% per year (1995–2005), with roughly two-thirds of this accel-
eration attributable to IT (both production and use).

【解答术语解释】

Capital Deepening (资本深化): 人均资本 (K/N) 增加，使每个工人的产出提高。
Moore’s Law (摩尔定律): 芯片上晶体管数量大约每 18–24 个月翻一番，导致计算
能力成本持续下降。
Network Effects (网络效应): 使用某项技术的人越多，该技术对每个用户的价值
越大。
Labor Productivity (劳动生产率): Y /N，每个工人的产出水平。

4. Explain what is meant by a steady state. In the Solow model, which vari-
ables are constant in a steady state?
【中文术语解释】

稳态 (Steady State): 经济中各人均变量不再变化的长期均衡状态。
Solow 模型: 由 Robert Solow 在 1956 年提出的新古典增长模型，核心是资本积累、
人口增长和技术进步如何决定长期经济增长。

【英文解答】

A steady state is a long-run equilibrium in which all per-worker (or per-capita)
variables are constant over time. The economy settles into a situation where the
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forces pushing capital per worker up (saving and investment) are exactly balanced by
the forces pushing capital per worker down (depreciation and population growth), so
that k = K/N stops changing.
In the Solow model without technological progress, the following variables are con-
stant in the steady state:

• Capital per worker: k = K/N

• Output per worker: y = Y /N

• Consumption per worker: c = C/N

• Investment per worker: i = I/N

The following aggregate variables grow at the rate of population growth n:

• Total capital: K

• Total output: Y

• Total consumption: C

With technological progress (growth rate gA), per-worker variables grow at rate gA in
the steady state, but per-effective-worker variables become constant. The ”steady
state” is then defined relative to efficiency units of labor.
【解答术语解释】

Per-worker vs. Per-capita (人均工人 vs. 人均人口): Per-worker 用劳动力 N 做
分母，per-capita 用总人口做分母。
Efficiency Units of Labor (劳动效率单位): 当存在技术进步时，有效劳动为 AN，
其中 A 衡量劳动效率。
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5. What types of government policies can increase long-run living standards?
【中文术语解释】

长期生活水平 (Long-Run Living Standards): 通常以人均实际 GDP 或人均消费
的稳态水平衡量。
黄金律 (Golden Rule): 使稳态人均消费最大化的储蓄率。
【英文解答】

Government policies that can raise long-run living standards include:

(a) Policies to raise the saving rate:
• Tax incentives for saving (e.g., IRA accounts, lower capital gains taxes).
• Government budget surpluses (public saving adds to national saving).
• A higher saving rate raises the steady-state capital–labor ratio and output

per worker. However, this only raises living standards if the economy is
below the Golden Rule saving rate; if already above it, higher saving reduces
consumption per worker in the long run.

(b) Policies to raise productivity (TFP):
• Funding basic research and development (R&D).
• Improving the quality of education and training (human capital investment).
• Building and maintaining infrastructure (roads, ports, broadband).
• Encouraging technology transfer and adoption.
• Maintaining a legal and regulatory environment that supports innovation

and entrepreneurship.
Unlike a higher saving rate, higher productivity raises long-run living standards
unambiguously.

(c) Policies to reduce the population growth rate:
• In the Solow model, a lower n raises steady-state k and y, increasing output

per worker. However, this is controversial as a policy goal and raises ethical
issues.

(d) Improving institutional quality:
• Protecting property rights, reducing corruption, and ensuring political stabil-

ity encourage investment (both domestic and foreign) and economic activity.

【解答术语解释】

Golden Rule Saving Rate (黄金律储蓄率): 使稳态 c∗ = f(k∗)− (n+ d)k∗ 最大化
的 s，满足 MPK = n+ d。
Human Capital (人力资本): 工人通过教育、培训和经验获得的知识和技能。
Public Saving (公共储蓄): 政府税收收入减去政府购买和转移支付。

6. Describe the main ideas of endogenous growth theory. What does it say
about the role of government in economic growth?
【中文术语解释】
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内生增长理论 (Endogenous Growth Theory): 认为技术进步和生产率增长是经
济体系内部因素（如 R&D 投资、人力资本积累）决定的理论，而非外生的” 天赐之
物”。
AK 模型: 最简单的内生增长模型，生产函数 Y = AK，资本边际产品不递减。

【英文解答】

Main ideas of endogenous growth theory:

(a) Technological progress is endogenous: Unlike the Solow model where ∆A/A
is exogenous, endogenous growth theory explains productivity growth as the out-
come of purposeful economic decisions—firms invest in R&D to earn monopoly
profits from new products or processes, and workers invest in education to raise
their human capital.

(b) Non-diminishing returns to accumulable factors: Endogenous growth mod-
els often assume that the returns to capital (broadly defined to include human
capital and knowledge) do not diminish as the economy grows. For example, in
the AK model, Y = AK, the marginal product of capital is constant at A, so
the economy can grow indefinitely without relying on exogenous technological
progress.

(c) Knowledge spillovers: One firm’s R&D creates knowledge that benefits other
firms (positive externality). Because individual firms cannot capture all the social
returns to their R&D, private R&D investment may be too low from society’s
perspective.

(d) Human capital and learning-by-doing: Workers become more productive
as they accumulate experience (”learning by doing”), and this productivity gain
can offset diminishing returns to physical capital.

(e) Two types of productivity growth: (a) improvements in the quality of exist-
ing products; (b) increases in the variety of available products.

Role of government in endogenous growth theory:

• Because of knowledge spillovers and other externalities, the private return to
R&D and human capital investment is lower than the social return. Therefore,
without government intervention, growth will be suboptimally low.

• The government should subsidize R&D, education, and training to close the gap
between private and social returns.

• Strong intellectual property rights (patents, copyrights) encourage innovation by
allowing innovators to capture returns, but overly strong protection may stifle
knowledge diffusion.

• Infrastructure investment and maintaining a stable macroeconomic environment
also support growth.

• Importantly, in endogenous growth models, policies that raise the saving rate
(and thus the investment rate) can permanently raise the growth rate of output,
not just the level—a key difference from the Solow model.

【解答术语解释】
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Knowledge Spillover (知识溢出): 一家企业的研发成果被其他企业无偿使用，是
正外部性的一种。
Non-diminishing Returns (非递减报酬): 资本的边际产品不随资本积累而下降，
MPK 恒等于 A。
Learning by Doing (干中学): 工人在生产过程中自然积累经验和技能，无需正式
的培训投资。
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7. What effect should each of the following have on long-run living standards,
according to the Solow model?

a. An increase in the saving rate.
b. An increase in the population growth rate.
c. A one-time improvement in productivity.

【中文术语解释】

比较静态分析 (Comparative Statics): 分析外生参数变化对稳态均衡的影响，不
关注过渡动态。
水平效应 vs. 增长效应: 水平效应指改变稳态人均产出水平，增长效应指改变长期
增长率。

【英文解答】

(a) An increase in the saving rate: An increase in s shifts the saving/investment
curve sf(k) upward. At the initial steady state, investment now exceeds break-even
investment (n + d)k, so k begins to rise. The economy converges to a new steady
state with a higher capital–labor ratio k∗ and higher output per worker y∗. However,
consumption per worker c∗ = (1− s)f(k∗) may rise or fall depending on whether the
economy is below or above the Golden Rule saving rate. The long-run growth rate of
per-worker variables is unchanged (still zero without technological progress; still gA
with exogenous technological progress). This is a level effect, not a growth effect.
(b) An increase in the population growth rate: A higher n rotates the break-
even investment line (n+d)k upward (steeper). At the initial k∗, break-even investment
now exceeds actual investment, so k falls. The new steady state has a lower k∗, lower
y∗, and lower c∗. Living standards decline because the same saving must be spread
over more workers just to maintain a given capital–labor ratio. This is also a level
effect; the growth rate of per-worker variables is unchanged in the long run.
(c) A one-time improvement in productivity: A one-time increase in A (or
equivalently an upward shift in the production function f(k)) raises output per worker
at every level of k, including the steady state. Both the f(k) and sf(k) curves shift
up. The new steady state has a higher k∗ (because higher output generates more
saving at each k) and higher y∗. Consumption per worker also rises. However, this is
a one-time shift; once the new steady state is reached, growth in per-worker variables
again ceases (absent ongoing technological progress). The level of living standards is
permanently higher, but the long-run growth rate is unaffected.
【解答术语解释】

Break-even Investment (持平投资): (n + d)k，维持给定人均资本水平不下降所
需的投资量。
Level Effect (水平效应): 外生变化改变稳态水平但不改变长期增长率。
Growth Effect (增长效应): 外生变化永久性改变长期增长率（Solow 模型中的储
蓄率变化仅有水平效应）。

8. What two explanations of productivity growth does endogenous growth
theory offer? How does the production function in an endogenous growth
model differ from the production function in the Solow model?

9
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【中文术语解释】

产品多样性 (Product Variety): 经济中可用的中间产品或最终产品的种类数量增
加。
产品质量阶梯 (Quality Ladder): 每种产品经历多次质量升级，每次升级由成功的
R&D 实现。
【英文解答】

Endogenous growth theory offers two main explanations for productivity growth:

(a) Increases in product variety: R&D leads to the creation of new types of
goods (intermediate inputs or final products). Greater variety raises productivity
because firms can use a wider range of specialized inputs, increasing the efficiency
of production (as in the Romer 1990 model). The production function for final
goods typically takes the form Y = AL1−α

∑M
i=1 x

α
i , where M is the number of

intermediate goods. As M increases, Y increases for given L.
(b) Improvements in product quality (creative destruction): R&D leads to

better versions of existing products (higher quality). Each successful innovation
replaces an older, inferior version—Schumpeter’s ”creative destruction” (as in the
Aghion–Howitt model). The quality ladder model generates ongoing growth as
firms compete to become the next monopolist with a better product.

Differences in the production function:

• Solow model: Y = AF (K,N) or in per-worker form y = Af(k). The key
property is diminishing returns to capital (f ′′(k) < 0). Without exogenous
technological progress (∆A/A), long-run per-capita growth stops. The marginal
product of capital falls toward zero as k → ∞.

• Endogenous growth model (e.g., AK model): Y = AK, or in per-worker
form y = Ak. Here the marginal product of capital is constant at A (no dimin-
ishing returns). As the economy saves and invests, capital and output can grow
indefinitely at the same rate without any exogenous technological progress. The
growth rate is endogenous: ∆Y /Y = sA− d.

• More generally, endogenous growth models treat A not as an exogenous pa-
rameter but as a function of accumulated knowledge, human capital, or R&D,
making growth self-sustaining.

【解答术语解释】

Creative Destruction (创造性破坏): Schumpeter 提出的概念，指创新使旧产品、
旧技术、旧企业被淘汰的过程。
Diminishing Returns (报酬递减): 随某要素投入增加，其边际产出下降。Solow
模型中 limk→∞ f ′(k) = 0。
Intermediate Goods (中间产品): 用于生产最终产品的投入品，而非直接消费的
商品。
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9. What types of policies are available to a government that wants to promote
economic growth? For each type of policy you identify, explain briefly how
the policy is supposed to work and list its costs or disadvantages. How
does endogenous growth theory possibly change our thinking about the
effectiveness of various pro-growth policies, such as increasing the saving
rate?
【中文术语解释】

亲增长政策 (Pro-Growth Policies): 旨在提高长期经济增长率的政府干预措施。
挤出效应 (Crowding Out): 政府支出或借款导致私人投资减少的现象。
【英文解答】

Types of pro-growth policies:

(a) Policies to increase the saving rate:
• How it works: Tax incentives (consumption taxes instead of income taxes,

IRA/401(k) accounts), reducing government budget deficits (raising public
saving).

• Costs/disadvantages: Lower current consumption; may disproportionately
benefit higher-income households; in the Solow model, this only has a level
effect, not a permanent growth effect. If the saving rate is above the Golden
Rule level, consumption falls in the long run.

(b) Policies to stimulate technological progress (R&D subsidies, patents):
• How it works: Government funding of basic research, R&D tax credits, strong

but balanced patent protection.
• Costs/disadvantages: Government may not pick winning technologies effi-

ciently; patents create temporary monopoly distortions; R&D subsidies re-
quire tax revenue (deadweight loss).

(c) Policies to increase human capital (education and training):
• How it works: Public funding of education, student loan programs, vocational

training subsidies. A more educated workforce is more productive and better
able to adopt new technologies.

• Costs/disadvantages: Expensive; long time horizon before benefits material-
ize; quality of education may be hard to improve; some trained workers may
emigrate (”brain drain”).

(d) Policies to reduce population growth:
• How it works: In the Solow model, lower n raises steady-state k and y.
• Costs: Ethically controversial; countries with low population growth face

aging-population problems and fiscal strain on pension systems.
(e) Institutional reforms:

• How it works: Strengthening property rights, reducing corruption, improving
the rule of law, liberalizing trade.

• Costs: Political difficulty of implementation; short-run adjustment costs from
trade liberalization.

How endogenous growth theory changes our thinking:
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• In the Solow model, raising the saving rate only raises the level of output per
worker, not its long-run growth rate. In endogenous growth models (like the
AK model), a higher saving rate can permanently raise the growth rate of
output, making such policies far more powerful.

• Endogenous growth theory emphasizes externalities (knowledge spillovers), im-
plying that the private sector underinvests in R&D and human capital. This
provides a stronger efficiency rationale for government intervention than ex-
ists in the Solow model, where outcomes are Pareto-efficient absent externalities.

• Policies aimed at technological progress become the most important lever for
long-run growth, rather than merely an exogenous factor we cannot influence.

• The theory also cautions that policies discouraging innovation (high taxes on cap-
ital, weak intellectual property protection) can have permanent negative effects
on growth, not just temporary level effects.

【解答术语解释】

Deadweight Loss (无谓损失): 税收造成的超过税收收入本身的经济效率损失。
Brain Drain (人才外流): 受过高等教育的人才移民到其他国家，使母国的人力资
本投资回报降低。
Pareto Efficiency (帕累托效率): 无法使任何人变好而不使其他人变坏的状态。
Solow 模型中竞争均衡是帕累托有效的（无外部性条件下）。
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6.2 Numerical Problems
1. Two economies, Hare and Tortoise, each start with a real GDP per person

of $5000 in 1950. Real GDP per person grows 3% per year in Hare and 1%
per year in Tortoise. In the year 2020, what will be real GDP per person
in each economy?
【中文术语解释】

复合增长 (Compound Growth): 变量每年按固定百分比增长，基期值乘以 (1+g)t。
70 法则 (Rule of 70): 变量翻倍所需年数 ≈ 70/年增长率 (%)。
【英文解答】

The formula for compound growth is:

GDP2020 = GDP1950 × (1 + g)t

where t = 2020− 1950 = 70 years.
Hare (g = 0.03):

GDPHare
2020 = 5000× (1.03)70 = 5000× 7.9178 ≈ $39,589

(Exact: 5000× 1.0370 = 5000× 7.91782 = 39,589.1)
Tortoise (g = 0.01):

GDPTortoise
2020 = 5000× (1.01)70 = 5000× 2.0068 ≈ $10,034

(Exact: 5000× 1.0170 = 5000× 2.00676 = 10,033.8)
Interpretation: A seemingly small difference in growth rates (3% vs. 1%) produces a
nearly fourfold difference in living standards after 70 years. Hare’s GDP per person
is almost $40,000 vs. Tortoise’s $10,000. This illustrates the power of compound
growth.
Rule of 70 check: Hare doubles every 70/3 ≈ 23.3 years → about 3 doublings in
70 years → 5000 × 23 = 40,000 (close). Tortoise doubles every 70/1 = 70 years → 1
doubling → 5000× 2 = 10,000.
【解答术语解释】

Rule of 70 (70 法则): 如果变量以 g% 增长，则其翻倍的时间约为 70/g 年。
Compound vs. Simple Interest (复利 vs. 单利): 复利下利息计入本金再产生利
息；单利仅对初始本金产生利息。长期来看差异巨大。

2. Over the past 20 years an economy’s total output has grown from 1000
to 1300, its capital stock has risen from 2500 to 3250, and its labor force
has increased from 500 to 575. Calculate the contributions to economic
growth of growth in capital, labor, and productivity assuming (a) aK = 0.3,
aN = 0.7; (b) aK = 0.5, aN = 0.5.
【中文术语解释】

增长核算公式: ∆Y
Y

= ∆A
A

+ aK
∆K
K

+ aN
∆N
N

资本/劳动份额: 各要素在收入中的占比，用于加权各要素的增长贡献。
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【英文解答】

First compute the growth rates:

∆Y

Y
=

1300− 1000

1000
= 0.30 = 30%

∆K

K
=

3250− 2500

2500
= 0.30 = 30%

∆N

N
=

575− 500

500
= 0.15 = 15%

(a) aK = 0.3, aN = 0.7:

Capital contribution: aK
∆K

K
= 0.3× 30% = 9%

Labor contribution: aN
∆N

N
= 0.7× 15% = 10.5%

Productivity contribution: ∆A

A
=

∆Y

Y
− aK

∆K

K
− aN

∆N

N
= 30% − 9% − 10.5% = 10.5%

So growth is attributed as: capital 9%, labor 10.5%, productivity 10.5% of the 30%
total.
(b) aK = 0.5, aN = 0.5:

Capital contribution: aK
∆K

K
= 0.5× 30% = 15%

Labor contribution: aN
∆N

N
= 0.5× 15% = 7.5%

Productivity contribution: ∆A

A
= 30% − 15% − 7.5% = 7.5%

Notice that the estimated productivity contribution is sensitive to the assumed factor
shares. When capital’s share is larger (0.5 vs. 0.3), capital’s contribution appears larger
and the Solow residual is smaller.
【解答术语解释】

Solow Residual Sensitivity (索洛残差的敏感性): 生产率的估计贡献取决于要素
份额的假设，不同国家或时期 aK 取值可能不同（美国通常取 0.3 左右）。
Factor Share (要素份额): 在竞争市场中，aK 等于资本收入占总收入的比例，aN
等于劳动收入占比。

3. For a particular economy, Y = K0.3N0.7. Data given for 4 years.

a. Find total output, capital–labor ratio, and output per worker. Compare year 1
vs. 3 and year 2 vs. 4. Write per-worker production function.

b. Repeat assuming Y = K0.3N0.8.
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【中文术语解释】

人均生产函数 (Per-Worker Production Function): 将总生产函数两边除以 N，
利用规模报酬性质转化为人均形式。
Cobb-Douglas 生产函数: Y = AKαNβ，指数之和 α + β 决定规模报酬性质。

【英文解答】

(a) Y = K0.3N0.7 (constant returns to scale since 0.3 + 0.7 = 1):

Year K N Y = K0.3N0.7 k = K/N y = Y /N
1 200 1000 2000.3 × 10000.7 ≈ 617.0 0.200 0.617
2 250 1000 2500.3 × 10000.7 ≈ 658.8 0.250 0.659
3 250 1250 2500.3 × 12500.7 ≈ 771.9 0.200 0.618
4 300 1200 3000.3 × 12000.7 ≈ 727.0 0.250 0.606

More precisely:

Y1 = 2000.3 × 10000.7 = 4.901× 125.89 ≈ 617.0

Y2 = 2500.3 × 10000.7 = 5.235× 125.89 ≈ 659.0

Y3 = 2500.3 × 12500.7 = 5.235× 147.48 ≈ 772.1

Y4 = 3000.3 × 12000.7 = 5.535× 131.65 ≈ 728.7

Comparison year 1 vs. year 3: K same (200→250), N up 25%. k falls? Wait —
Year 1: k = 0.2, Year 3: k = 250/1250 = 0.2. Actually k is the same! But N increased
while K increased proportionally, so k unchanged. With CRS, y should be the same:
y1 = 0.617, y3 = 0.618 (approx. same, minor rounding).
Comparison year 2 vs. year 4: Year 2: k = 0.25, Year 4: k = 300/1200 = 0.25.
Same k, so y2 = 0.659, y4 = 0.606. Wait, these differ because 0.3 + 0.7 = 1 but let me
recalculate...
Actually with Y = K0.3N0.7, the per-worker form is:

y =
Y

N
=

K0.3N0.7

N
=

(
K

N

)0.3

= k0.3

So y = k0.3. For k = 0.2, y = 0.20.3 ≈ 0.617. For k = 0.25, y = 0.250.3 ≈ 0.660.
Year 1: k = 0.2, y = 0.617. Year 3: k = 0.2, y = 0.617 (identical, as CRS implies).
Year 2: k = 0.25, y = 0.660. Year 4: k = 0.25, y = 0.660 (identical).
Per-worker production function: y = k0.3

(b) Y = K0.3N0.8 (increasing returns, 0.3 + 0.8 = 1.1 > 1):
Per-worker form:

y =
K0.3N0.8

N
= K0.3N−0.2 = k0.3N0.1

This cannot be written purely as a function of k; it also depends on the scale N .
This reflects increasing returns to scale—bigger economies (more workers) are more
productive per worker at a given k.
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Year Y = K0.3N0.8 k = K/N y = Y /N
1 2000.3 × 10000.8 ≈ 1234 0.200 1.234
2 2500.3 × 10000.8 ≈ 1319 0.250 1.319
3 2500.3 × 12500.8 ≈ 1552 0.200 1.242
4 3000.3 × 12000.8 ≈ 1470 0.250 1.225

Year 1 vs. 3: Same k = 0.2, but N3 > N1, so y3 > y1 (increasing returns means larger
scale raises productivity). Year 2 vs. 4: Same k = 0.25, but N4 > N2, so y4 > y2
(actually N2 = 1000, N4 = 1200, yes y4 > y2).
The per-worker form cannot be written solely in terms of k: y = k0.3N0.1.
【解答术语解释】

Constant Returns to Scale (CRS, 规模报酬不变): α + β = 1，人均产出可以写
为仅用人均资本表示的函数。
Increasing Returns to Scale (IRS, 规模报酬递增): α + β > 1，人均产出不仅取
决于 k，还取决于经济规模 N。
Cobb-Douglas 人均化: y = Y /N = AKαNβ−1 = A(K/N)αNα+β−1 = AkαNα+β−1。
仅当 α + β = 1 时 y 才仅依赖于 k。
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4. Use data from Table 6.1 to calculate annual growth rates of GDP per capita
for each country over 1950–2018. Why did Germany and Japan have the
two highest growth rates?
【中文术语解释】

追赶效应 (Catch-up Effect / Convergence): 初始资本存量较低的国家（因战争
破坏等）具有较高的资本边际产品，因此增长更快。
条件收敛 (Conditional Convergence): 控制稳态决定因素（储蓄率、人口增长率
等）后，穷国增长快于富国。

【英文解答】

The annual growth rate z for country i satisfies:

(1 + z)68 =
GDPi

2018

GDPi
1950

Taking logs:
68 ln(1 + z) = ln(GDP2018)− ln(GDP1950)

ln(1 + z) =
ln(GDP2018/GDP1950)

68

z = exp
(

ln(GDP2018/GDP1950)

68

)
− 1

Using representative data from Table 6.1 (approximate values):

Country GDP/cap 1950 GDP/cap 2018 Ratio Annual growth z
United States $14,560 $55,340 3.80 1.98%
United Kingdom $11,560 $44,120 3.82 1.99%
France $8,420 $42,860 5.09 2.42%
Germany $6,420 $50,430 7.86 3.08%
Japan $3,020 $42,760 14.16 3.98%

Germany and Japan had the highest growth rates because:

• Both countries suffered extensive capital-stock destruction during World War II.
After the war, their capital–labor ratios were far below steady-state levels.

• In the Solow model, an economy with a capital–labor ratio below its steady state
has a high marginal product of capital (MPK). This high MPK generates rapid
capital accumulation and output growth as the economy converges toward its
steady state—this is the catch-up effect or convergence hypothesis.

• Additionally, both countries adopted modern technologies and institutions during
reconstruction, rebuilt with the latest capital (not just replacing old capital), and
benefited from high saving rates and strong education systems.

• The Solow model predicts conditional convergence: countries converge to
their own steady states, and those further below their steady state grow faster.
Post-war Germany and Japan were clearly far below their steady states.
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【解答术语解释】

Convergence / Catch-up Effect (收敛/追赶效应): Solow 模型的预测：由于资本
报酬递减，初始 k 较低的经济体具有较高的 MPK，因此资本积累和产出增长更快，
最终向其稳态收敛。
Conditional Convergence (条件收敛): 不同国家有不同的稳态（取决于 s, n, A
等），控制这些差异后，穷国确实增长更快。绝对收敛（无条件）则预测所有国家收
敛到同一收入水平，这在数据中不成立。

5. An economy has yt = 3k0.5
t , depreciation δ = 0.1, population growth n = 0.05,

saving St = 0.3Yt.

a. Steady-state k, y, c (all per worker).
b. Repeat for s = 0.4.
c. Repeat for n = 0.08 (with s = 0.3).
d. Repeat for yt = 4k0.5

t (original s, n).

【中文术语解释】

稳态条件: sf(k∗) = (n+ d)k∗，储蓄恰好等于维持人均资本不变所需的投资。
人均消费: c∗ = (1− s)f(k∗) = f(k∗)− (n+ d)k∗。

【英文解答】

The steady-state condition is:

s · y = (n+ d)k ⇒ s · 3k0.5 = (n+ d)k

(a) s = 0.3, n = 0.05, d = 0.1:

0.3× 3k0.5 = (0.05 + 0.1)k ⇒ 0.9k0.5 = 0.15k

k0.5 =
0.9

0.15
= 6 ⇒ k∗ = 36

y∗ = 3× 360.5 = 3× 6 = 18

c∗ = (1− 0.3)× 18 = 0.7× 18 = 12.6

Or equivalently: c∗ = y∗ − (n+ d)k∗ = 18− 0.15× 36 = 18− 5.4 = 12.6.
(b) s = 0.4, n = 0.05, d = 0.1:

0.4× 3k0.5 = 0.15k ⇒ 1.2k0.5 = 0.15k

k0.5 =
1.2

0.15
= 8 ⇒ k∗ = 64

y∗ = 3× 8 = 24

c∗ = 0.6× 24 = 14.4 (or 24− 0.15× 64 = 24− 9.6 = 14.4)

A higher saving rate raises k∗ and y∗, and in this case also raises c∗ (since the economy
is below the Golden Rule).
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(c) s = 0.3, n = 0.08, d = 0.1:

0.9k0.5 = 0.18k ⇒ k0.5 =
0.9

0.18
= 5 ⇒ k∗ = 25

y∗ = 3× 5 = 15

c∗ = 0.7× 15 = 10.5 (or 15− 0.18× 25 = 15− 4.5 = 10.5)

Higher population growth dilutes capital, lowering k∗, y∗, and c∗.
(d) yt = 4k0.5

t , s = 0.3, n = 0.05, d = 0.1:

0.3× 4k0.5 = 0.15k ⇒ 1.2k0.5 = 0.15k

k0.5 =
1.2

0.15
= 8 ⇒ k∗ = 64

y∗ = 4× 8 = 32

c∗ = 0.7× 32 = 22.4 (or 32− 0.15× 64 = 32− 9.6 = 22.4)

A higher productivity parameter (3→4) raises k∗, y∗, and c∗ proportionally: all increase
by a factor of 4/3.
【解答术语解释】

Golden Rule Check (黄金律检验): 黄金律储蓄率满足 MPK = n + d。此处
MPK = 1.5k−0.5。在 (a) 中 MPK = 1.5/6 = 0.25 > 0.15，说明储蓄率低于黄金律
水平，因此提高 s 会提高 c∗。
比例效应 (Proportional Effect): 当 A 提高时（如 (d)），k∗ 按 A2 比例增加（对
Cobb-Douglas y = Akα，k∗ = (sA/(n+ d))1/(1−α)），所有人均变量按比例变化。
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6. Closed economy: n = 0.01, y = 6k0.5, d = 0.14.

a. Households save 10% (s = 0.1). Find steady-state k, y, c, i (per worker).
b. What k doubles y from (a)? What saving rate achieves this?

【中文术语解释】

封闭经济 (Closed Economy): Y = C + I + G，无净出口。在无政府情况下
I = S = sY。
目标储蓄率 (Target Saving Rate): 为实现特定稳态产出水平所需的储蓄率。
【英文解答】

(a) s = 0.1, n = 0.01, d = 0.14: Steady state: sy = (n+ d)k

0.1× 6k0.5 = (0.01 + 0.14)k ⇒ 0.6k0.5 = 0.15k

k0.5 =
0.6

0.15
= 4 ⇒ k∗ = 16

y∗ = 6× 4 = 24

i∗ = sy∗ = 0.1× 24 = 2.4 (also i∗ = (n+ d)k∗ = 0.15× 16 = 2.4)

c∗ = y∗ − i∗ = 24− 2.4 = 21.6 (or c∗ = (1− 0.1)× 24 = 21.6)

(b) Target: double y∗ → y∗∗ = 2× 24 = 48: Since y = 6k0.5, we need:

48 = 6k0.5 ⇒ k0.5 = 8 ⇒ k∗∗ = 64

Note: to double y, k must quadruple (since y ∝ k0.5, so k ∝ y2).
Now find s that makes k∗∗ = 64 the steady state:

s× 6× 640.5 = 0.15× 64 ⇒ s× 6× 8 = 9.6

48s = 9.6 ⇒ s = 0.20

So households must save 20% of income (double the original saving rate) to double
steady-state output per worker. The required k quadruples from 16 to 64, and the
required saving rate doubles from 10% to 20%.
New steady-state values: k∗∗ = 64, y∗∗ = 48, i∗∗ = sy∗∗ = 0.2 × 48 = 9.6, c∗∗ =
48− 9.6 = 38.4.
【解答术语解释】

Quadruple (四倍): y ∝ k0.5 意味着 k ∝ y2，要使 y 翻倍，k 需变为原来的 4 倍。
Saving Rate and Steady State (储蓄率与稳态): 储蓄率翻倍导致稳态 k 变为原
来的 4 倍（因为 k∗ = [sA/(n+ d)]1/(1−α)，当 α = 0.5 时 k∗ ∝ s2）。
Crowding Out of Capital (资本挤出): 政府购买通过减少国民储蓄降低了稳态资
本存量。
Effective Saving Rate (有效储蓄率): 考虑政府部门的国民储蓄率 s = (Y − C −
G)/Y，低于私人储蓄率。
Balanced Budget Multiplier (平衡预算乘数): 本题中税收完全用于政府购买，不
形成公共投资，因此挤出了私人资本积累。
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7. Population and workforce grow at n = 0.01. C = 0.5(1 − t)Y , y = 8k0.5,
d = 0.09. Initially t = 0, no government purchases.

a. Find national saving per worker and steady-state investment per worker as func-
tions of k. Steady-state k, y, c, i.

b. Government purchases goods, balanced budget, t = 0.5. Repeat (a) and compare.

【中文术语解释】

国民储蓄 (National Saving): S = Y − C −G，在无政府时为 S = Y − C。
平衡预算 (Balanced Budget): G = T = tY，政府购买完全由税收融资。

【英文解答】

(a) t = 0, G = 0: Consumption: C = 0.5(1 − 0)Y = 0.5Y , so the saving rate is
s = 1− 0.5 = 0.5.
National saving: S = Y −C = 0.5Y Per-worker saving: sp = 0.5y = 0.5×8k0.5 = 4k0.5

Steady-state investment per worker: i = (n+ d)k = (0.01 + 0.09)k = 0.10k

Steady state: 4k0.5 = 0.10k

k0.5 =
4

0.10
= 40 ⇒ k∗ = 1600

y∗ = 8× 40 = 320

i∗ = 0.10× 1600 = 160

c∗ = 0.5× 320 = 160 (also c∗ = y∗ − i∗ = 320− 160 = 160)

(b) t = 0.5, G = T = 0.5Y (balanced budget): Consumption: C = 0.5(1−0.5)Y =
0.5× 0.5Y = 0.25Y National saving: S = Y − C −G = Y − 0.25Y − 0.5Y = 0.25Y

So the effective saving rate falls to s = 0.25. Per-worker saving: sp = 0.25 × 8k0.5 =
2k0.5

Steady state: 2k0.5 = 0.10k

k0.5 =
2

0.10
= 20 ⇒ k∗ = 400

y∗ = 8× 20 = 160

i∗ = 0.10× 400 = 40

c∗ = 0.25× 160 = 40 (also 160− 40− 80 = 40)

Comparison: The introduction of government purchases financed by income taxes
reduces national saving (from 50% to 25% of output), which lowers the steady-state
capital–labor ratio from 1600 to 400, output per worker from 320 to 160, consumption
per worker from 160 to 40, and investment per worker from 160 to 40. Government
purchases crowd out private capital accumulation and reduce long-run living stan-
dards in this model. This illustrates the negative effect of higher government spending
(financed by taxes) on long-run growth through reduced national saving.
【解答术语解释】
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Crowding Out of Capital (资本挤出): 政府购买通过减少国民储蓄降低了稳态资
本存量。
Effective Saving Rate (有效储蓄率): 考虑政府部门的国民储蓄率 s = (Y − C −
G)/Y，低于私人储蓄率。
Balanced Budget Multiplier (平衡预算乘数): 本题中税收完全用于政府购买，不
形成公共投资，因此挤出了私人资本积累。
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6.3 Analytical Problems
1. According to the Solow model, how would each of the following affect con-

sumption per worker in the long run (steady state)?

a. Destruction of a portion of the nation’s capital stock in a war.
b. A permanent increase in the rate of immigration (raises n).
c. A permanent increase in energy prices.
d. A temporary rise in the saving rate.
e. A permanent increase in the fraction of the population in the labor force (n

unchanged).

【中文术语解释】

过渡动态 (Transition Dynamics): 经济从初始状态向稳态调整的路径。
永久性冲击 vs. 暂时性冲击: 永久冲击改变稳态；暂时冲击仅影响过渡路径，不影响
稳态。

【英文解答】

(a) Destruction of capital stock in a war: The destruction of capital reduces
k below its steady-state value. However, the saving rate, production function, and
(n + d) are unchanged, so the steady state is unchanged. During the transition,
investment exceeds break-even investment, so k gradually rises back to k∗. Consump-
tion per worker is temporarily lower (because output is lower while some output must
be devoted to rebuilding capital), but in the long run, consumption per worker returns
to its original steady-state level. Long-run c∗: unchanged.
(b) Permanent increase in immigration (higher n): A higher n steepens the
(n+d)k line. The new steady state has lower k∗, lower y∗, and lower c∗. Each worker
has less capital to work with, so output and consumption per worker fall permanently.
Long-run c∗: decreases.
(c) Permanent increase in energy prices: Higher energy prices act like a negative
productivity shock: they reduce the effective A in the production function, shifting
f(k) and sf(k) downward. The new steady state has lower k∗ and lower y∗. Since
both the production function and the capital stock decline, c∗ unambiguously falls.
Long-run c∗: decreases.
(d) Temporary rise in the saving rate: During the period of higher s, the economy
accumulates more capital than it otherwise would, so k rises above its original steady-
state trajectory. When s returns to its original level, the economy finds itself with
k > k∗. Since actual investment is now below break-even investment (because s is back
to normal but k is high), k gradually falls back to the original k∗. The temporary saving
increase raises k and y temporarily but has no effect on the long-run steady state.
Long-run c∗: unchanged. (Note: during the transition, there may be a period of
higher c after the saving rate falls and before k fully returns to k∗.)
(e) Permanent increase in labor-force participation (n unchanged): If a larger
fraction of the population works, then for a given population, N is larger. This is a
one-time increase in the level of labor input, not its growth rate. In per-worker terms,
nothing changes (the production function y = f(k) and steady-state condition are
unchanged). However, output per capita (per person in the population) rises because
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more people are working. In the Solow model, steady-state k (capital per worker), y
(output per worker), and c (consumption per worker) are unchanged, but consumption
per capita rises. Long-run c per worker: unchanged; c per capita: increases.
【解答术语解释】

Steady-State Invariance (稳态不变性): 战争破坏资本不影响稳态，因为 s、f(k)
和 (n + d) 均未改变——这是 Solow 模型的关键洞察：资本存量水平不影响长期均
衡。
Per Worker vs. Per Capita: 劳动力参与率提高使每个工人对应的总人口减少，因
此人均消费可能提高，尽管工人平均消费不变。
Temporary vs. Permanent (暂时 vs. 永久): 暂时性储蓄率上升仅有水平效应且
会被逆转；永久性 n 变化改变稳态本身。

2. An economy is in a steady state with no productivity change. Acid rain
permanently raises the depreciation rate.

a. Solow model: effects on steady-state k, y, c, and long-run growth rate of total
K?

b. Endogenous growth model: effects on growth rates of Y , K, C?

【中文术语解释】

折旧率 (Depreciation Rate, d): 每期资本存量因磨损和陈旧而损耗的比例。
酸雨 (Acid Rain): 作为提高折旧率的环境因素例子——腐蚀建筑和设备。
【英文解答】

(a) Solow model: A permanent increase in d rotates the break-even investment line
(n + d)k upward (steeper). At the original k∗, break-even investment now exceeds
actual investment, so k begins to fall. The new steady state has:

• Lower k∗ (capital per worker falls).
• Lower y∗ (output per worker falls since y = f(k)).
• Lower c∗ (consumption per worker falls; both y∗ and k∗ are lower, and more

output must be devoted to investment just to maintain the now-higher depreci-
ation).

• Long-run growth rate of total K: unchanged —total capital still grows at
rate n (or n + gA with tech progress) in the steady state. The depreciation rate
affects the level of the steady state, not the long-run growth rate.

(b) Endogenous growth model (e.g., AK model): In the AK model, Y = AK,
and the growth rate of capital is:

∆K

K
= sA− d

A permanent increase in d reduces the growth rate directly:

∆K

K

∣∣∣∣
new

= sA− dnew < sA− dold
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Since Y = AK and C = (1−s)Y , all three variables (Y , K, C) grow at the same rate.
Therefore:

• The growth rates of Y , K, and C all permanently decrease.
• This is a growth effect, not just a level effect. A higher depreciation rate

permanently reduces the economy’s growth rate.

Key contrast: In the Solow model, the depreciation rate affects only the level of
steady-state variables; in the endogenous growth model, it affects the long-run growth
rate itself.
【解答术语解释】

Growth Rate in AK Model: γ = sA − d，折旧率直接影响增长率。与 Solow 模
型中 d 仅有水平效应形成鲜明对比。
Level vs. Growth Effect (水平 vs. 增长效应): Solow 模型中外生参数变化仅改变
稳态水平；内生增长模型中可改变长期增长率——这是两个模型最根本的政策含义
差异。

3. This problem adds the government to the Solow model. Government pur-
chases g per worker; balanced budget (Tt = gNt); St = s(Yt − Tt).

a. Graphically show the steady state.
b. Effect of permanent increase in g on steady-state k, y, c. Is optimal g = 0?

【中文术语解释】

扭曲性税收 vs. 一次性税收: 本题假设税收是一次性的（lump-sum），不产生扭曲效
应。
政府购买 (Government Purchases): G，政府消费的商品和服务，不同于转移支
付。

【英文解答】

(a) Graphical steady state:
National saving per worker is:

sp =
St

Nt

= s

(
Yt − Tt

Nt

)
= s(y − g)

where y = f(k) is output per worker and g = G/N is government purchases per
worker.
Steady-state condition:

s[f(k)− g] = (n+ d)k

Graphically, the saving curve is s[f(k) − g], which is the usual sf(k) curve shifted
down by sg. The break-even investment line is (n + d)k as usual. The steady state
occurs at their intersection.
Compared to the no-government case (g = 0), the saving curve is lower, so k∗ and y∗

are lower.
(b) Permanent increase in g: An increase in g shifts the saving curve s[f(k)− g]
further downward by s ·∆g. The new steady state has:
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• Lower k∗: less saving means less capital accumulation.
• Lower y∗: less capital per worker reduces output per worker.
• Lower c∗: consumption per worker c = (1− s)(y − g). Both y falls and g rises,

so c falls unambiguously.

Does this imply the optimal level of government purchases is zero? No.
This model assumes government purchases are pure consumption (waste) that provide
no utility or productive benefit. In reality, government purchases include:

• Public goods (defense, police, courts) that are essential for a functioning market
economy.

• Infrastructure (roads, bridges) that raise private-sector productivity.
• Education and health spending that builds human capital.
• Research funding that generates knowledge spillovers.

If we incorporated these benefits into the model (e.g., g entering the production func-
tion or household utility), the optimal g would be positive. The Solow model here
simply shows that government purchases financed by taxes reduce national saving and
thus steady-state capital, creating a trade-off between public and private uses of re-
sources. The optimal g balances the marginal benefit of public goods against the
marginal cost of reduced private capital accumulation.
【解答术语解释】

Lump-Sum Tax (一次性税收/总额税): 不随个人行为（收入、消费等）变化的固
定税额，不产生扭曲效应。
Public Goods (公共品): 具有非竞争性和非排他性的商品，市场无法有效提供，需
政府干预。
Trade-off (权衡): 政府购买通过减少国民储蓄降低稳态资本，但同时也可能通过提
供公共品提高生产率或效用。

4. Solow-type economy where St = sYt − hKt. Find steady-state k, y, c. Effect
of increase in h?
【中文术语解释】

财富效应 (Wealth Effect): 财富水平越高，储蓄意愿越低——本题通过 −hKt 项
体现。
内生储蓄率: 储蓄率不再是常数，而是取决于资本存量水平。
【英文解答】

National saving: St = sYt − hKt Per-worker saving: sp = sy − hk

Steady-state condition: sp = (n+ d)k

sf(k)− hk = (n+ d)k

sf(k) = (n+ d+ h)k
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This looks like the standard Solow condition but with an effective ”depreciation-plus-
wealth-effect” rate of (n + d + h). The −hKt term acts like additional depreciation:
when wealth is higher, people save less, making it harder to maintain the capital stock.
Steady-state values: Given a specific f(k) (e.g., Cobb-Douglas), k∗ solves sf(k∗) =
(n + d + h)k∗. Then y∗ = f(k∗) and c∗ = y∗ − sp = f(k∗) − [sf(k∗) − hk∗] =
(1− s)f(k∗) + hk∗.
Effect of an increase in h: A higher h means saving falls more as wealth rises. This
shifts the effective break-even line (n + d + h)k upward (steeper). The new steady
state has:

• Lower k∗ and lower y∗.
• Ambiguous effect on c∗: c∗ = (1−s)f(k∗)+hk∗. Lower k∗ reduces (1−s)f(k∗)

but higher h increases hk∗ (though k∗ itself is lower), so the net effect is ambiguous
and depends on parameters.

Intuitively, when h is higher, wealthier societies save less, so they accumulate less
capital and end up poorer in the long run (a self-fulfilling prophecy of sorts).
【解答术语解释】

Endogenous Saving (内生储蓄): 储蓄行为取决于经济状态（如财富水平），而非
固定比例。
Effective Depreciation Rate (有效折旧率): n+ d+ h，包含人口增长、物理折旧
和财富效应三个耗散资本的力量。
Self-Fulfilling Prophecy (自我实现的预言): 因为人们富有所以少储蓄，少储蓄导
致资本减少，最终真的变穷——预期自我实现。
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5. Two countries are identical except one has a much higher capital–labor
ratio. According to the Solow model, which country’s total output will
grow more quickly? Does your answer depend on whether one country or
the other is in a steady state? How will your answer be affected if the two
countries are allowed to trade with each other?
【中文术语解释】

收敛 (Convergence): 由于资本报酬递减，资本较少的国家具有较高的资本边际产
品和增长率。
资本流动 (Capital Flows): 开放经济中资本从富国流向穷国（因为穷国 MPK 更
高），加速收敛。

【英文解答】

Which country grows faster? According to the Solow model, the country with the
lower capital–labor ratio will grow faster. This is because of diminishing returns to
capital: when k is low, the marginal product of capital (MPK) is high, so a given
amount of investment generates more additional output. The growth rate of output
is:

∆Y

Y
≈ ∆K

K
=

sY − dK

K
= s · Y

K
− d = s · f(k)

k
− d

Since f(k)/k is a decreasing function of k (due to diminishing returns), a lower k
implies a higher growth rate.
Does the answer depend on steady state?

• If neither country is in steady state, the one with lower k (further below its
steady state) grows faster. If both have the same steady state, the poorer country
grows faster (absolute convergence).

• If the country with higher k is at its steady state while the other is below it,
the lower-k country still grows faster. The country at steady state has zero
per-worker growth.

• If the higher-k country is above its steady state (unlikely in Solow but possible
after a shock), it would have negative per-worker growth and thus grow more
slowly.

• Generally, the prediction depends on each country’s distance from its own steady
state, not just the absolute level of k. This is conditional convergence.

Effect of trade: If the two countries are allowed to trade (and especially if capital is
mobile), the convergence process accelerates:

• Capital will flow from the high-k country (where MPK is low) to the low-k
country (where MPK is high), seeking higher returns.

• This capital inflow augments domestic saving in the poor country, speeding up
its capital accumulation and growth.

• In the extreme case of perfect capital mobility, MPK equalizes instantly across
countries, and output per worker converges immediately to the extent that coun-
tries share the same technology.
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• Trade in goods also helps: the high-k country may export capital-intensive goods
and the low-k country may export labor-intensive goods, allowing each to spe-
cialize according to comparative advantage, raising incomes in both.

Thus, trade and capital mobility accelerate convergence.
【解答术语解释】

f(k)/k (平均资本产出): 随 k 增加而递减（因 f ′′(k) < 0），所以穷国增长率更高。
Absolute vs. Conditional Convergence (绝对收敛 vs. 条件收敛): 绝对收敛预
测所有国家收敛到同一收入水平；条件收敛预测各国收敛到各自的稳态水平。
Capital Mobility (资本流动性): 允许资本跨国流动时，MPK 差异驱动资本从富
国流向穷国，加速收敛。

6. Show that equal percentage increases in K and N leave y unaffected only
if aK + aN = 1.
【中文术语解释】

规模报酬不变 (CRS): 所有投入同比例增加时产出同比例增加的必要条件是 aK +
aN = 1。
增长核算恒等式: ∆Y /Y = ∆A/A+ aK∆K/K + aN∆N/N。

【英文解答】

Let capital and labor both increase by x%: ∆K/K = ∆N/N = x.
Output per worker: y = Y /N . Growth rate of y:

∆y

y
=

∆Y

Y
− ∆N

N

Using the growth accounting equation:

∆Y

Y
=

∆A

A
+ aK

∆K

K
+ aN

∆N

N

Assuming no productivity change (∆A/A = 0) and substituting ∆K/K = ∆N/N =
x:

∆Y

Y
= 0 + aK · x+ aN · x = (aK + aN)x

Then:
∆y

y
= (aK + aN)x− x = (aK + aN − 1)x

For output per worker to be unaffected (∆y/y = 0), we need:

(aK + aN − 1)x = 0

Since x ̸= 0 (capital and labor are actually increasing), we require:

aK + aN = 1
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This proves that only when aK+aN = 1 (constant returns to scale) do equal percentage
increases in both inputs leave output per worker unchanged. When aK + aN > 1
(increasing returns), output per worker rises; when aK + aN < 1 (decreasing returns),
output per worker falls. The condition aK + aN = 1 is equivalent to the production
function exhibiting constant returns to scale, which is a standard assumption in the
Solow model.
【解答术语解释】

Proof Logic (证明逻辑): ∆y/y = ∆Y /Y − ∆N/N。若 ∆K/K = ∆N/N = x 且
∆A/A = 0，则 ∆Y /Y = (aK+aN)x，因此 ∆y/y = (aK+aN −1)x。仅当 aK+aN = 1
时 ∆y/y = 0。
Constant Returns to Scale (CRS) 必要性: CRS 是 Solow 模型能写出人均生产
函数 y = f(k) 的前提，也是增长核算中 aK + aN = 1 的经济学含义。

7. Economy with y = Akah1−a, h = Bk. Saving rate s, depreciation d. Find
long-run growth rates of K, h, Y .
【中文术语解释】

人力资本 (Human Capital): 工人技能和知识，此处假设与实物资本成比例 h = Bk。
AK 模型: 当 h ∝ k 时，Cobb-Douglas 函数化简为 y ∝ k，即 AK 模型，产生内生
增长。

【英文解答】

Given h = Bk, substitute into the production function:

y = Aka(Bk)1−a = AkaB1−ak1−a = AB1−aka+1−a = AB1−ak

Let Ã ≡ AB1−a. Then:
y = Ãk

This is the AK model! The key insight: because human capital is proportional to
physical capital (h = Bk), the diminishing returns to physical capital alone are offset
by the fact that more physical capital also generates more human capital. The two
types of capital together act like a single accumulable factor with constant returns.
The growth rate of capital per worker:

∆k

k
=

sy − dk

k
= s

y

k
− d = sÃ− d

Since Ã = AB1−a is constant, the growth rate is constant and endogenous:

γk = sAB1−a − d

Since y = Ãk, output per worker grows at the same rate:

γy =
∆y

y
=

∆k

k
= sAB1−a − d

Human capital grows at the same rate because h = Bk:

γh =
∆h

h
=

∆k

k
= sAB1−a − d
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Long-run growth rates: All per-worker variables (k, h, y, and c) grow at the con-
stant rate γ = sAB1−a − d. The economy experiences endogenous, self-sustaining
growth without any exogenous technological progress. The growth rate depends on:

• The saving rate s (higher s → higher growth, a growth effect).
• The productivity parameter A and the human-capital parameter B.
• The depreciation rate d.

If sAB1−a > d, the economy grows forever; if sAB1−a ≤ d, it stagnates.
【解答术语解释】

Offsetting Diminishing Returns (抵消报酬递减): 实物资本的报酬递减被” 更多
资本 → 更多人力资本” 的效应所抵消，总生产函数对广义资本呈现不变规模报酬。
Endogenous Growth (内生增长): 增长率由模型内部参数 (s, A, B, d) 决定，无需
依赖外生技术进步。
AK Model as Reduced Form: 本题展示了 AK 模型如何从更微观的基础（人力
资本与实物资本的互补性）推导出来。
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7 The Asset Market, Money, and Prices

7.1 Review Questions
1. Define money. How does the economist’s use of this term differ from its

everyday meaning?
【中文术语解释】

货币 (Money): 被广泛接受作为支付手段的资产。日常用语中常指” 财富” 或” 收
入”。
流动性 (Liquidity): 资产以低成本、快速转换为交易媒介的能力。
【英文解答】

In economics, money is defined as the set of assets in the economy that people reg-
ularly use to buy goods and services from other people. Money has three defining
characteristics: it serves as (1) a medium of exchange, (2) a unit of account, and (3)
a store of value.
The economic definition differs from everyday usage in important ways:

• In everyday language, people often say ”I make good money” or ”she has a lot
of money,” where ”money” is used loosely to mean income or wealth.

• An economist would say that income is a flow (earnings per period), wealth
is a stock (total assets minus liabilities), and money is a specific type of asset
(currency, checking deposits, etc.) that is part of wealth but is not the same as
either income or total wealth.

• For example, a billionaire may have very little money (as economists define it) if
most wealth is held in real estate, stocks, and bonds rather than in currency or
checking accounts.

In the U.S., the most common measures of money are:

• M1: Currency in circulation + traveler’s checks + demand deposits + other
checkable deposits.

• M2: M1 + savings deposits + small time deposits + retail money market mutual
funds.

【解答术语解释】

Stock vs. Flow (存量 vs. 流量): 财富是存量（某一时点的值），收入是流量（单位
时间的值）。货币是财富的一部分。
M1 vs. M2: M1 是最狭义的货币定义（交易媒介），M2 是更广义的定义（包含准
货币/近似货币）。

2. What are the three functions of money? How does each function contribute
to a more smoothly operating economy?
【中文术语解释】
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物物交换 (Barter): 直接以商品交换商品，需要” 需求的双重巧合”。
需求的双重巧合 (Double Coincidence of Wants): 交易双方各自恰好需要对方拥
有的商品。

【英文解答】

The three functions of money are:

(a) Medium of exchange: Money is what people use to buy goods and services.
Without money, the economy would rely on barter, which requires a double
coincidence of wants—you must find someone who has what you want and wants
what you have. This is extremely inefficient. Money eliminates this problem:
you can sell your labor or goods for money, then use that money to buy whatever
you need from anyone. This drastically reduces transaction costs and allows
specialization and trade to flourish.

(b) Unit of account: Money is the yardstick with which we measure and compare
economic value. Prices are quoted in money terms (dollars, euros, yen). Without
a common unit of account, with N goods there would be N(N − 1)/2 relative
prices to keep track of. Money reduces this to just N money prices, enormously
simplifying economic calculation, accounting, and contracting.

(c) Store of value: Money is a way to transfer purchasing power from the present
to the future. You can sell something today, hold the money, and use it to buy
something next month. This allows people to smooth consumption over time
and to save. However, money is not a perfect store of value because inflation
erodes its purchasing power. Other assets (bonds, stocks, real estate) may serve
as better stores of value, but they are less liquid.

【解答术语解释】

Transaction Costs (交易成本): 进行交易所花费的时间、精力和金钱。货币大幅
降低了这些成本。
Relative Prices (相对价格): 一种商品以另一种商品表示的价格。N 种商品有
N(N − 1)/2 个相对价格。
Purchasing Power (购买力): 一单位货币能购买的商品和服务的数量，即价格水
平的倒数。

3. Who determines the nation’s money supply? Explain how the money sup-
ply could be expanded or reduced in an economy in which all money is in
the form of currency.
【中文术语解释】

中央银行 (Central Bank): 管理国家货币供应、实施货币政策的机构（如美联储
Fed）。
公开市场操作 (Open Market Operations): 中央银行买卖政府债券以改变货币供
应。

【英文解答】

In most modern economies, the nation’s money supply is determined jointly by:
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• The central bank (e.g., the Federal Reserve in the U.S.): controls the mon-
etary base (high-powered money) through open market operations, discount
lending, and reserve requirements.

• Commercial banks: create money through the money multiplier process
when they make loans, since deposits created by lending count as money.

• The public: decides how to allocate holdings between currency and deposits,
affecting the money multiplier.

In an economy where all money is currency (no banks):

• The money supply equals the monetary base (currency in circulation).
• To expand the money supply: The central bank prints currency and uses it

to buy assets (typically government bonds) from the public in an open market
purchase. The public receives newly printed currency in exchange for bonds,
increasing currency in circulation.

• To reduce the money supply: The central bank sells government bonds to
the public in an open market sale. The public pays with currency, which the
central bank removes from circulation (destroys or retires).

• Alternatively, the government could simply print money to finance its spending
(monetizing the deficit), though this is typically inflationary.

【解答术语解释】

Monetary Base / High-Powered Money (基础货币/高能货币): 流通中的货币
+ 银行准备金。是中央银行直接控制的货币总量。
Money Multiplier (货币乘数): 货币供应与基础货币的比率。在部分准备金银行制
度下大于 1。
Open Market Purchase/Sale (公开市场买入/卖出): 中央银行买卖证券以改变银
行系统的准备金和货币供应。

4. What are the four characteristics of assets that are most important to
holders of wealth? How does money compare with other assets for each
characteristic?
【中文术语解释】

资产组合 (Portfolio): 投资者持有的各种资产的集合。
风险-收益权衡 (Risk-Return Trade-off): 高收益资产通常伴随高风险。
【英文解答】

The four key characteristics of assets for wealth holders are:

(a) Expected return: The average return (interest, dividends, capital gains) the
asset is expected to provide over time. Money (currency and most checking de-
posits) pays zero or very low interest, so it has a low expected return compared
to bonds, stocks, or real estate.
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(b) Risk: The degree of uncertainty about the asset’s return. Money is very low risk
(especially if insured by deposit insurance); its nominal value is stable (except for
inflation risk). Bonds have moderate risk (interest rate risk, default risk). Stocks
have high risk (price volatility).

(c) Liquidity: The ease and speed with which the asset can be converted into a
medium of exchange without significant loss of value. Money is the most liquid
asset by definition—it is the medium of exchange. Other assets must first be sold
(incurring transaction costs and possible price concessions) to obtain money.

(d) Time to maturity: The length of time until the asset makes its final payment
or can be redeemed at face value. Money has zero time to maturity—it is
available immediately. Bonds have varying maturities (from days to 30 years);
longer maturities typically offer higher returns but greater interest-rate risk.

Summary comparison:

Asset Return Risk Liquidity Maturity
Money (currency, checking) Very low Very low Highest Zero
Savings deposits, MMMF Low Very low High Zero/short
Government bonds Low–moderate Low Moderate Short–long
Corporate bonds Moderate Moderate Moderate Short–long
Stocks High High Moderate Infinite
Real estate Varies Varies Low Very long

Money’s unique role is that it offers maximum liquidity, which compensates for its low
return.
【解答术语解释】

Liquidity Premium (流动性溢价): 投资者愿意接受较低收益以换取较高流动性，
这解释了为什么货币的收益率低于其他资产。
Default Risk (违约风险): 借款方无法按时还本付息的风险。政府债券通常被视为
无违约风险。
Interest Rate Risk (利率风险): 市场利率变化导致债券价格波动的风险，期限越
长风险越大。
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5. Describe the expectations theory of the term structure of interest rates.
Why isn’t it sufficient? What must be added?
【中文术语解释】

利率期限结构 (Term Structure of Interest Rates): 不同期限债券的利率之间的
关系，通常用收益率曲线表示。
收益率曲线 (Yield Curve): 横轴为期限、纵轴为利率的曲线。
【英文解答】

The expectations theory of the term structure states that the interest rate on a
long-term bond equals the average of the expected future short-term interest rates
over the life of the bond. Formally, for an n-year bond:

int =
i1t + ie1,t+1 + ie1,t+2 + · · ·+ ie1,t+n−1

n

where int is the n-year bond rate today and ie1,t+j is the expected one-year rate for
year t+ j.
Why the expectations theory is insufficient:

• The pure expectations theory predicts that the yield curve should be flat on
average, since short rates are equally likely to rise or fall. Empirically, the yield
curve is upward-sloping most of the time—long rates exceed short rates.

• It cannot explain why long-term bonds consistently offer higher average returns
than short-term bonds.

• It implies that expected holding-period returns are equal across all maturities,
which is contradicted by data showing long bonds earn a premium.

What must be added – the liquidity premium (or term premium) theory:
The more accurate theory adds a term premium (or liquidity premium) to long-
term bond yields:

int =
i1t + ie1,t+1 + · · ·+ ie1,t+n−1

n
+ θn

where θn > 0 is the term premium, which generally increases with maturity n. The
term premium exists because:

• Long-term bonds have greater interest rate risk (their prices fluctuate more
when market rates change).

• Investors typically prefer short-term bonds (liquidity preference) and must be
compensated with a higher yield to hold long-term bonds.

• Borrowers may prefer to issue long-term debt to lock in funding costs, and must
offer a premium to attract lenders.

This combined theory explains the typical upward-sloping yield curve and can also
explain inverted yield curves (when expected future short rates are sufficiently low to
offset the term premium).
【解答术语解释】

Term Premium / Liquidity Premium (期限溢价/流动性溢价): 长期债券为补
偿投资者承担的利率风险而提供的额外收益。
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Inverted Yield Curve (倒挂收益率曲线): 短期利率高于长期利率，通常被视为衰
退的预兆。
Holding-Period Return (持有期收益): 在特定持有期内资产的总收益（利息 +资
本利得）。

6. List and discuss the macroeconomic variables that affect the aggregate
demand for money.
【中文术语解释】

货币需求 (Money Demand): 公众希望持有的货币数量（以实际或名义计）。
交易需求、预防需求、投机需求: Keynes 提出的持有货币的三大动机。
【英文解答】

The main macroeconomic variables affecting aggregate money demand are:

(a) Real income/output (Y ): Higher real income means more transactions in the
economy, so people and firms need more money to conduct these transactions.
The income elasticity of money demand is positive (typically less than 1, around
0.5–2/3 empirically). Md/P = L(Y, i) with ∂L/∂Y > 0.

(b) The nominal interest rate (i): The nominal interest rate is the opportunity
cost of holding money. Money pays little or no interest, while non-monetary
assets (bonds) pay interest i. A higher i makes holding money more costly
relative to holding bonds, so money demand falls. The interest elasticity of money
demand is negative and small (around −0.1 to −0.3 empirically). ∂L/∂i < 0.

(c) The price level (P ): The demand for nominal money is proportional to the
price level. If all prices double, people need twice as much nominal money to
conduct the same real transactions. Real money demand (Md/P ) is independent
of the price level (money demand is homogeneous of degree 1 in P ).

(d) Payment technology and financial innovation: The introduction of credit
cards, debit cards, electronic payments, ATMs, and mobile banking reduces the
demand for money (currency and traditional checking deposits) at any given
level of income and interest rates. These innovations reduce transaction costs
and allow people to economize on money holdings.

(e) Expected inflation (πe): Higher expected inflation raises the nominal interest
rate (via the Fisher effect: i = r + πe), thus raising the opportunity cost of
holding money and reducing real money demand.

(f) Wealth: Greater wealth may increase money demand (money is part of the
wealth portfolio), but empirically this effect is relatively weak since money is a
small fraction of most portfolios.

The standard money demand function is:

Md

P
= L(Y, r + πe)

with ∂L/∂Y > 0 and ∂L/∂i < 0.
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【解答术语解释】

Opportunity Cost of Holding Money (持币机会成本): 持有货币而放弃的债券
利息收益。
Homogeneity of Degree 1 (一次齐次性): 若 P 翻倍，Md 也翻倍，实际货币需求
不变——货币需求没有” 货币幻觉”。
Fisher Effect (费雪效应): 名义利率 = 实际利率 + 预期通胀率：i = r + πe。

7. What are the major components of M1? What are the major components
of M2? Describe each component.
【中文术语解释】

货币总量 (Monetary Aggregates): 按流动性从高到低划分的不同层次的货币度
量。
准货币 (Near Money): 流动性略低于 M1 但可轻易转换为交易媒介的资产。
【英文解答】

M1 (Narrow Money — Transaction Money):

(a) Currency in circulation: Coins and paper money held by the non-bank public.
This excludes currency held by banks (vault cash) and the central bank.

(b) Traveler’s checks: Prepaid checks issued by financial institutions (declining in
importance).

(c) Demand deposits (checking accounts): Non-interest-bearing accounts at
commercial banks that allow unlimited check-writing.

(d) Other checkable deposits: NOW (Negotiable Order of Withdrawal) accounts,
ATS (Automatic Transfer Service) accounts, and share draft accounts at credit
unions that earn some interest but allow check-writing.

M2 (Broad Money — M1 plus Near Monies):

(a) M1 (all of the above).
(b) Savings deposits: Interest-bearing accounts at banks with no check-writing

privileges, but funds can be withdrawn on demand (though banks may reserve
the right to require notice).

(c) Small time deposits: Certificates of deposit (CDs) with denominations under
$100,000 that have fixed maturities (e.g., 6 months, 1 year). They pay higher
interest than savings deposits but impose penalties for early withdrawal.

(d) Retail money market mutual funds (MMMFs): Investment funds that
hold short-term, low-risk securities (Treasury bills, commercial paper) and allow
limited check-writing. They are offered by mutual fund companies, not banks.

M2 is less liquid than M1 but still relatively easy to convert to transactions money.
The choice of which aggregate to target has been an important issue for monetary
policy, especially as financial innovation blurs the lines between categories.
【解答术语解释】
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NOW Account (可转让提款指令账户): 支付利息且允许支票提款的银行账户。
CD (存款证/定期存单): 约定固定期限和利率的银行存款，提前支取需付罚金。
MMMF (货币市场共同基金): 投资于短期证券的共同基金，通常允许有限支票提
款。
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8. Why is equilibrium in the asset market described by the condition that real
money supply equal real money demand? What aggregation assumption is
needed?
【中文术语解释】

资产市场均衡 (Asset Market Equilibrium): 所有资产的需求等于供给的状态。
瓦尔拉斯法则 (Walras’ Law): 若 n− 1 个市场处于均衡，则第 n 个市场自动均衡。

【英文解答】

Asset market equilibrium requires that the quantities demanded and supplied are equal
for every asset in the economy. However, we can summarize the entire asset market
by the single condition:

M

P
= L(Y, r + πe)

i.e., real money supply equals real money demand.
Why is this sufficient? This simplification relies on Walras’ Law applied to assets.
The idea is that if there are n asset markets, and we assume that n− 1 of them are in
equilibrium, then the nth market must also be in equilibrium automatically, because
total wealth is fixed.
Specifically, an individual’s budget constraint for asset holdings is:

Total Wealth = Md +Bd + (demand for other assets)

The total supply of assets is:

Total Wealth = M s +Bs + (supply of other assets)

If the money market clears (Md = M s), and total wealth adds up, then the sum
of excess demands across all non-money assets must be zero. If we further assume
that all non-money assets are perfect substitutes (the aggregation assumption),
then equilibrium in the money market guarantees equilibrium in the non-money asset
market as well.
The aggregation assumption: We assume that all non-monetary assets (bonds,
stocks, real estate, etc.) can be treated as a single composite asset. This requires that
these assets are perfect substitutes in investors’ portfolios, meaning they offer the
same expected return (after adjusting for risk and liquidity). Under this assumption,
we only need to model two assets: money (which pays no interest or a fixed rate im) and
the composite non-money asset (which pays the market interest rate i). Equilibrium
in the money market then implies equilibrium in the non-money asset market.
【解答术语解释】

Walras’ Law (瓦尔拉斯法则): 预算约束意味着所有市场的超额需求之和恒等于零。
若除一个市场外所有市场都出清，则最后一个市场也必出清。
Perfect Substitutes (完全替代): 投资者对不同资产无偏好差异（风险、流动性等
调整后），仅根据收益选择。
Composite Asset (复合资产): 将多种具有相同特征的资产合并为一种代表性资产
处理。
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9. What is the relationship between the price level and the nominal money
supply? What is the relationship between inflation and the growth rate of
the nominal money supply?
【中文术语解释】

货币数量论 (Quantity Theory of Money): MV = PY，货币供应与价格水平成
正比。
货币中性 (Monetary Neutrality): 货币供应变化仅影响名义变量，不影响实际变
量。

【英文解答】

Price level and nominal money supply: In equilibrium, the price level is propor-
tional to the nominal money supply:

P =
M

L(Y, r + πe)

For a given level of real money demand, a higher nominal money supply M leads to
a proportionally higher price level P . If M doubles, P doubles (assuming real money
demand is unchanged). This is the central implication of monetary neutrality: the
nominal money supply determines the price level, not real output.
From the quantity theory equation MV = PY :

P =
MV

Y

If velocity V and real output Y are constant (or grow at stable rates), then P is
proportional to M .
Inflation and money growth: Taking growth rates of the quantity equation:

∆P

P
=

∆M

M
+

∆V

V
− ∆Y

Y

or:
π =

∆M

M
− ∆Y

Y
+

∆V

V

where π = ∆P/P is the inflation rate.
If velocity is stable (∆V /V ≈ 0), then:

π ≈ ∆M

M
− ∆Y

Y

In the long run, inflation is primarily a monetary phenomenon: sustained inflation
requires sustained money growth in excess of output growth. A one-time increase in
M causes a one-time increase in P (a change in the level), while a permanent increase
in the growth rate of M causes a permanent increase in the rate of inflation.
Empirical evidence: Across countries and over long time periods, there is a strong
positive correlation between money growth rates and inflation rates, especially for
high-inflation countries.
【解答术语解释】

41



Intermediate Macroeconomics – Homework 2 Solutions Chapters 6, 7, 9

Velocity of Money (货币流通速度): V = PY /M，一单位货币在一定时期内用于
交易的次数。
Quantity Equation (数量方程式): MV = PY，恒等式（定义），但在附加 V 稳定
假设后成为货币数量论。
Inflation as Monetary Phenomenon (通胀作为货币现象): Milton Friedman 的
名言：”Inflation is always and everywhere a monetary phenomenon.”

10. Give an example of a factor that would increase the public’s expected rate
of inflation. How would this increase in expected inflation affect interest
rates?
【中文术语解释】

预期通胀 (Expected Inflation, πe): 公众对未来价格水平上涨率的预期。
费雪效应 (Fisher Effect): 预期通胀上升导致名义利率等额上升。
【英文解答】

Factors that increase expected inflation:

(a) An announced increase in the money growth rate: If the central bank
announces it will permanently raise money growth from 3% to 8% per year, the
public rationally expects higher future inflation.

(b) A large and persistent government budget deficit: If the government is
expected to finance deficits by money creation (monetizing the debt), expected
inflation rises.

(c) A supply shock that the central bank is expected to accommodate:
If an oil price shock occurs and the central bank is expected to increase money
supply to prevent unemployment, inflation expectations may rise.

(d) Observed high current inflation: If people have adaptive expectations, they
may extrapolate recent high inflation into the future.

(e) War or political instability: These events often lead to expectations of deficit
monetization.

(f) Exchange rate depreciation: A falling currency raises import prices, which
may feed into higher expected inflation.

Effect on interest rates: According to the Fisher equation:

i = r + πe

where i is the nominal interest rate, r is the real interest rate (determined in the goods
market by saving and investment), and πe is expected inflation.
An increase in πe:

• Raises the nominal interest rate i one-for-one, assuming the real rate r is
unchanged (the Fisher effect).

• This happens because lenders demand compensation for the expected erosion of
purchasing power, and borrowers are willing to pay higher nominal rates since
they will repay in cheaper dollars.
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• Reduces real money demand: Higher i = r + πe raises the opportunity cost
of holding money, so Md/P = L(Y, r + πe) falls.

• Raises the current price level: With a given nominal money supply M , the
decline in real money demand requires P to rise to restore equilibrium (M/P =
L).

【解答术语解释】

Adaptive Expectations (适应性预期): 基于过去数据外推未来，如 πe
t = πt−1。

Rational Expectations (理性预期): 公众利用所有可用信息形成对未来变量的最
优预测。
Monetizing the Debt (债务货币化): 中央银行印钞购买政府债券，将财政赤字转
化为货币增长。
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7.2 Numerical Problems
1. Interest rates: one-year bond today 6%, one-year bond one year from now

expected 4%, one-year bond two years from now expected 3%. Term pre-
miums: θ2 = 0.5%, θ3 = 1.0%. Find two-year and three-year bond rates today
and the yield curve shape.
【中文术语解释】

期限溢价 (Term Premium): 长期债券超出预期短期利率平均值的额外收益。
即期利率 (Spot Rate): 当前市场上特定期限债券的利率。
【英文解答】

Using the expectations theory with term premiums:

int =
i1t + ie1,t+1 + · · ·+ ie1,t+n−1

n
+ θn

Two-year bond rate today:

i2t =
6% + 4%

2
+ 0.5% =

10%
2

+ 0.5% = 5% + 0.5% = 5.5%

Three-year bond rate today:

i3t =
6% + 4% + 3%

3
+ 1.0% =

13%
3

+ 1.0% = 4.33% + 1.0% = 5.33%

Shape of the yield curve:

• 1-year rate: 6.0%
• 2-year rate: 5.5%
• 3-year rate: 5.33%

The yield curve is downward-sloping (inverted). This occurs because expected fu-
ture short-term rates are declining (6% → 4% → 3%), and the decline is steep enough
to more than offset the term premiums. Without term premiums, the curve would be
even more steeply inverted (5%, 4.33%). An inverted yield curve often signals mar-
ket expectations of an economic slowdown, as lower future interest rates are typically
associated with weaker economic conditions and lower inflation.
【解答术语解释】

Inverted Yield Curve (倒挂收益率曲线): 短期利率高于长期利率。历史上在美国
是经济衰退的可靠预测指标。
Forward Rate (远期利率): 隐含在当前收益率曲线中的未来某一时期的利率，可
从即期利率推导。

2. Money demand: Md/P = 500 + 0.2Y − 1000i.

a. P = 100, Y = 1000, i = 0.10: find real money demand, nominal money demand,
velocity.
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b. Price level doubles to P = 200. Find the same.
c. How is velocity affected by changes in Y , i, and P?

【中文术语解释】

货币流通速度 (Velocity): V = PY /M = Y /(M/P )，名义 GDP 与货币供应之比。
实际货币需求 (Real Money Demand): Md/P，以商品和服务单位衡量的货币需
求。

【英文解答】

(a) P = 100, Y = 1000, i = 0.10:

Md

P
= 500 + 0.2(1000)− 1000(0.10) = 500 + 200− 100 = 600

Real money demand = 600.
Nominal money demand: Md = P × (Md/P ) = 100× 600 = 60,000.
Velocity: V = PY

M
= 100×1000

60,000
= 100,000

60,000
≈ 1.667. Equivalently: V = Y /(M/P ) =

1000/600 = 1.667.
(b) P = 200, Y = 1000, i = 0.10: Real money demand is independent of P :

Md

P
= 500 + 0.2(1000)− 1000(0.10) = 600 (unchanged)

Nominal money demand: Md = 200× 600 = 120,000 (doubles).
Velocity: V = 200×1000

120,000
= 200,000

120,000
= 1.667 (unchanged).

(c) Effects on velocity: Velocity is: V = Y
Md/P

= Y
500+0.2Y−1000i

• Increase in real income Y : ∂V
∂Y

= (500+0.2Y−1000i)−Y (0.2)
(500+0.2Y−1000i)2

= 500−1000i
(500+0.2Y−1000i)2

. This
is positive if i < 0.5, which is normally the case. So velocity generally increases
with Y (the income elasticity of money demand is less than 1, at 0.2Y/600 ≈
0.33 here, so money demand rises less than proportionally with income).

• Increase in nominal interest rate i: A higher i reduces real money demand,
so the denominator falls and velocity increases. People economize on money
holdings when the opportunity cost is higher.

• Increase in price level P : Real money demand is independent of P , so nominal
money demand is proportional to P . Velocity is unaffected by changes in P
(velocity is a real phenomenon in this model). Mathematically, V = PY /M , and
both P and M change proportionally.

【解答术语解释】

Income Elasticity of Money Demand (货币需求的收入弹性): (∂Md/∂Y ) ×
(Y /Md) = 0.2 × 1000/600 ≈ 0.33，小于 1 意味着货币是” 奢侈品” 的反面——收入
增加时货币持有增加的比例小于收入增加的比例，因此流通速度上升。
Velocity as Real Phenomenon (流通速度作为实际现象): V = Y /(M/P )，仅取
决于实际变量和行为参数，与价格水平无关。
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3. Jason has wealth $100,000. Invests $50,000 in bonds plus $5000 more for
every percentage point ibonds exceeds ichecking.

a. Demand for money formula.
b. Demand for bonds formula. Sum of demands?
c. Everyone identical to Jason. Fixed supplies: $80,000 bonds per person, $20,000

checking per person. Checking pays 0%. Find equilibrium bond interest rate.

【中文术语解释】

资产需求函数 (Asset Demand Function): 描述财富在不同资产之间分配的行为
方程。
资产市场均衡 (Asset Market Equilibrium): 给定资产供给，价格（利率）调整使
需求等于供给。

【英文解答】

Let ib = bond interest rate, ic = checking account interest rate (both in percentage
points).
(a) Jason’s demand for money (checking accounts): Jason invests $50,000 +
$5000(ib − ic) in bonds. The remainder goes to money:

Md = 100,000− [50,000 + 5000(ib − ic)]

Md = 50,000− 5000(ib − ic)

Since ic = 0: Md = 50,000− 5000ib.
(b) Jason’s demand for bonds:

Bd = 50,000 + 5000(ib − ic) = 50,000 + 5000ib (since ic = 0)

Sum of demands: Md+Bd = 50,000−5000ib+50,000+5000ib = 100,000. This always
equals Jason’s total wealth, as required by the budget constraint.
(c) Market equilibrium: Fixed supplies per person: Bs = 80,000, M s = 20,000.
Asset market equilibrium requires Md = M s (or equivalently Bd = Bs, since Md +
Bd = M s +Bs = 100,000):

50,000− 5000ib = 20,000

5000ib = 30,000

ib = 6

So the equilibrium bond interest rate is 6%.
Check: At ib = 6%, Md = 50,000 − 5000(6) = 20,000 = M s = 20,000. ✓ Bd =
50,000 + 5000(6) = 80,000 = Bs = 80,000. ✓
【解答术语解释】

Budget Constraint for Assets (资产预算约束): 财富 = 货币需求 + 债券需求 =
货币供给 + 债券供给。
Equilibrium Interest Rate (均衡利率): 使资产需求恰好等于固定供给的利率。此
处利率调整使人们愿意持有既定的货币和债券数量。
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4. Quantity theory holds, velocity constant at 5, output fixed at Y = 10,000,
price level P = 2.

a. Real and nominal money demand.
b. Government fixes M = 5000. With flexible prices, new P? If M rises to 6000?

【中文术语解释】

数量方程式: MV = PY，若 V 和 Y 固定，则 P 与 M 成正比。
价格灵活性 (Price Flexibility): 价格自由调整以使市场出清。
【英文解答】

Quantity equation: MV = PY

(a) Real and nominal money demand: With V = 5, Y = 10,000, P = 2:

M =
PY

V
=

2× 10,000

5
= 4000

Nominal money demand = 4000.
Real money demand: M/P = 4000/2 = 2000. Equivalently: M/P = Y /V =
10,000/5 = 2000.
(b) Government fixes M = 5000: With flexible prices and Y and V fixed:

P =
MV

Y
=

5000× 5

10,000
= 2.5

The price level rises from 2 to 2.5 (a 25% increase) because the money supply is 25%
larger than the initial equilibrium level (5000 vs. 4000).
If M rises to 6000:

P =
6000× 5

10,000
= 3.0

The price level rises to 3.0 (a 50% increase from the original P = 2, proportional to
the 50% increase in M from 4000 to 6000).
Key insight: With constant velocity and fixed output, the price level is strictly
proportional to the money supply. A doubling of M would double P . This is the
essence of the quantity theory of money.
【解答术语解释】

Proportionality (比例性): 在数量论假设下，P = (V /Y )M，价格水平与货币供应
严格成比例。
Price Level Determination (价格水平决定): 给定实际产出和流通速度，名义货
币供应决定了价格水平。

5. Constant M , constant Y = 100, constant r = 0.10. Income elasticity of
money demand = 0.5, interest elasticity = −0.1.

a. % change in P if Y increases to 106 (r stays at 0.10).
b. % change in P if r increases to 0.11 (Y stays at 100).
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c. If r increases to 0.11, what Y keeps P unchanged?

【中文术语解释】

弹性 (Elasticity): 一个变量变动 1% 时另一个变量变动的百分比。此处 ηY = 0.5,
ηi = −0.1。
式 7.12: ∆P/P = ∆M/M−ηY∆Y /Y −ηi∆i/i（名义货币供给不变时 ∆M/M = 0）。

【英文解答】

With constant nominal money supply (∆M/M = 0):

∆P

P
= −ηY

∆Y

Y
− ηi

∆r

r

where ηY = 0.5, ηi = −0.1, and i ≈ r since πe ≈ 0.
(a) Y increases from 100 to 106 (∆Y /Y = 6%), r unchanged:

∆P

P
= −0.5× 6% = −3.0%

The price level falls by 3%. Higher income raises real money demand; with fixed
nominal M , P must fall to increase real money supply.
(b) r increases from 0.10 to 0.11 (∆r/r = 10%), Y unchanged:

∆P

P
= −(−0.1)× 0.01

0.10
= 0.1× 10% = 1.0%

The price level rises by 1%. Higher interest rates reduce real money demand; with
fixed nominal M , P must rise to reduce real money supply.
(c) r increases to 0.11. What Y keeps P unchanged? We need ∆P/P = 0:

0 = −ηY
∆Y

Y
− ηi

∆r

r

ηY
∆Y

Y
= −ηi

∆r

r

0.5× ∆Y

Y
= −(−0.1)× 10% = 1%

∆Y

Y
=

1%
0.5

= 2%

So Y must increase by 2% to Y = 102. The higher income raises money demand,
which exactly offsets the reduced money demand from the higher interest rate, leaving
the price level unchanged.
【解答术语解释】

Elasticity Form of Money Demand (货币需求的弹性形式): ∆(Md/P )/(Md/P ) =
ηY∆Y /Y + ηi∆i/i。
Price Adjustment Mechanism (价格调整机制): 名义货币供给固定时，实际货币
需求的变化通过价格水平调整（改变实际货币供给）来平衡。
Offsetting Effects (抵消效应): 收入增加（提高货币需求）和利率上升（降低货币
需求）对价格水平的相反影响可以互相抵消。
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6. Real money demand: L(Y, r + πe) = 0.01Y
r+πe , Y = 150, r = 0.05.

a. M growing at 10%/year, expected to persist. M = 300. Find real money supply
and current P .

b. M = 300. Central bank announces 5% money growth. Find real money supply
and current P . Explain effects of slowdown.

【中文术语解释】

预期通胀与货币需求: 预期通胀通过名义利率（i = r + πe）影响货币需求。
货币增长与通胀: 长期中，货币增长率决定通胀率：π = ∆M/M −∆Y /Y。

【英文解答】

(a) Money growth = 10%, expected to persist: With Y constant at 150, output
growth is 0%, so in the long run π = ∆M/M = 10%. If this is expected to persist,
πe = 0.10.
Nominal interest rate: i = r + πe = 0.05 + 0.10 = 0.15.
Real money demand:

Md

P
=

0.01× 150

0.15
=

1.5

0.15
= 10

In equilibrium, real money supply = real money demand:

M

P
= 10 ⇒ P =

300

10
= 30

Real money supply = 10, price level = 30.
(b) Central bank announces 5% money growth: If credible, πe falls to 0.05.
New nominal interest rate:

i = r + πe = 0.05 + 0.05 = 0.10

New real money demand:

Md

P
=

0.01× 150

0.10
=

1.5

0.10
= 15

With M still at 300 (the change is in future growth, not current level):

M

P
= 15 ⇒ P =

300

15
= 20

Real money supply = 15, price level = 20.
Effects of the slowdown in money growth:

• The announcement of slower future money growth reduces expected inflation
from 10% to 5%.

• This reduces the nominal interest rate from 15% to 10% (Fisher effect).
• The lower nominal interest rate increases real money demand from 10 to 15,

because the opportunity cost of holding money is lower.
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• With the current nominal money supply fixed at 300, the increase in real money
demand requires the price level to fall from 30 to 20 (a 33% decline) to raise the
real money supply.

• This shows how a change in expected future monetary policy has immediate effects
on the current price level through the asset market.

【解答术语解释】

Credibility (可信度): 公众是否相信央行的公告。若不相信，πe 不下降，则 P 不
变。
Immediate Price Effect (即时价格效应): 对未来货币政策的预期变化通过改变当
前货币需求立即影响当前价格水平。
Fisher Effect in Action: 预期通胀从 10% 降至 5%，名义利率从 15% 降至 10%，
一一对应。

7. Income elasticity of money demand = 2/3, interest elasticity = −0.1. Real
income expected to grow 4.5%, real interest constant, inflation has been
zero.

a. If central bank wants zero inflation, what growth rate of nominal money supply?
b. By how much will velocity change if the CB follows this policy?

【中文术语解释】

货币需求弹性与货币增长: 为达到特定通胀率，货币增长必须匹配货币需求增长。
流通速度变化 (Velocity Change): V 的变化率 = 货币需求增长率的负数（给定 Y
增长）。

【英文解答】

(a) Zero inflation target:
We need π = 0. From money market equilibrium with ∆M/M − π = ηY∆Y /Y +
ηi∆i/i.
With π = 0, ∆Y /Y = 4.5%, ηY = 2/3, ηi = −0.1, and ∆r = 0 (real interest rate
constant), so ∆i = ∆πe. If inflation has been zero and the CB targets zero inflation,
πe stays at 0, so ∆i = 0.
Real money demand growth:

∆(Md/P )

Md/P
= ηY

∆Y

Y
+ ηi

∆i

i
=

2

3
× 4.5% + (−0.1)× 0 = 3.0%

For asset market equilibrium with π = 0:

∆M

M
− π =

∆(Md/P )

Md/P
⇒ ∆M

M
= 3.0%

So the central bank should grow the nominal money supply at 3% per year.
(b) Change in velocity: Velocity: V = Y

M/P
= PY

M
.
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Growth rate of velocity: ∆V
V

= ∆Y
Y

− ∆(M/P )
M/P

= ∆Y
Y

−
(
∆M
M

− π
)
.

With π = 0 and ∆M/M = 3%:

∆V

V
= 4.5% − 3.0% = 1.5%

Velocity increases by 1.5% over the year.
Alternatively: ∆V /V = ∆Y /Y − ηY∆Y /Y = (1 − ηY )∆Y /Y = (1 − 2/3) × 4.5% =
1.5%.
Velocity rises because the income elasticity of money demand is less than 1—money
demand grows more slowly than income, so each dollar must be used more intensively
(higher velocity).
【解答术语解释】

Money Growth Rule (货币增长规则): 为维持零通胀，货币增长 = 实际货币需求
增长 = ηY× 实际 GDP 增长。
Velocity Growth Formula (流通速度增长公式): ∆V /V = (1 − ηY )∆Y /Y（给定
∆i = 0 和 π = 0），(1− ηY ) 是流通速度对收入的弹性。
Income Elasticity < 1 Implication: 货币需求增长慢于收入增长 → 流通速度上
升 → 货币政策的” 规模经济”。
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7.3 Analytical Problems
1. What happens to M1 and M2 due to each of the following?

a. Take $500 out of checking and put into passbook savings.
b. Take $1000 out of checking and buy traveler’s checks.
c. Take $1500 out of money-market mutual fund and deposit into checking.
d. Cash in $2000 in savings bonds and invest in a certificate of deposit.

【中文术语解释】

M1: 通货 + 旅行支票 + 活期存款 + 其他可开支票存款。
M2: M1 + 储蓄存款 + 小额定期存款 + 零售货币市场共同基金。
【英文解答】

(a) $500 from checking → passbook savings:

• M1: Decreases by $500. Checking accounts are in M1; passbook savings are
not. M1 loses the $500 from checking.

• M2: Unchanged. Both checking and passbook savings are in M2, so the trans-
fer is within M2.

(b) $1000 from checking → traveler’s checks:

• M1: Unchanged. Both checking accounts and traveler’s checks are components
of M1. It’s a reshuffling within M1.

• M2: Unchanged. Both are in M2 as well.

(c) $1500 from money-market mutual fund → checking:

• M1: Increases by $1500. Checking is in M1; retail MMMFs are not in M1.
M1 gains the checking deposits.

• M2: Unchanged. Retail MMMFs are in M2, and so are checking deposits. It’s
a transfer within M2.

(d) $2000 savings bonds → certificate of deposit:

• M1: Unchanged. Neither savings bonds nor CDs are in M1. Savings bonds
are not part of any monetary aggregate (they are non-marketable Treasury secu-
rities).

• M2: Increases by $2000. CDs (small time deposits) are in M2; savings bonds
are not in M2. So M2 gains the $2000 CD while losing nothing (since savings
bonds weren’t counted).

【解答术语解释】

Savings Bonds (储蓄债券): 美国政府发行的不可流通债券，不属于任何货币总量。
Within-M2 Transfer (M2 内部转移): 当资金在 M2 的组成部分之间移动时，M2
总量不变但 M1 可能变化。
Monetary Aggregate Boundaries (货币总量边界): M1 和 M2 的划分反映了流
动性的不同层次，不同交易可能影响 M1 但不影响 M2。
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2. Figure 7.2 shows M2 velocity generally rose over time before the 1990s.
Suggest explanations.
【中文术语解释】

M2 流通速度 (M2 Velocity): V2 = PY /M2，M2 的流通速度。
金融创新 (Financial Innovation): 降低交易成本、改变货币持有行为的新金融产
品和实践。

【英文解答】

The upward trend in M2 velocity before the 1990s means that, for a given amount
of M2, nominal GDP was rising over time—equivalently, people were holding less M2
relative to their spending. Explanations include:

(a) Financial innovation and technology:
• Widespread adoption of credit cards reduced the need for transactions bal-

ances.
• ATMs made it easier to withdraw cash as needed, reducing average cash

holdings.
• Improved cash management techniques by firms (e.g., sweep accounts) al-

lowed them to hold smaller transactions balances.
• Electronic payments and wire transfers reduced settlement times.

(b) Rising nominal interest rates:
• The 1960s through early 1980s saw generally rising inflation and nominal

interest rates. Higher i raised the opportunity cost of holding M2, reducing
real M2 demand and raising velocity.

• Regulation Q (which capped interest rates on deposits) meant that M2 assets
paid below-market rates, making them increasingly unattractive as market
rates rose.

(c) Growth of money substitutes:
• Money market mutual funds (MMMFs), overnight repurchase agreements

(repos), and commercial paper offered higher returns than M2 deposits.
Some of these were initially not included in M2.

• As wealth holders shifted to these alternatives, M2 velocity mechanically
rose.

(d) Income elasticity of money demand less than 1:
• As real income grows, money demand grows less than proportionally (ηY <

1), so velocity naturally trends upward. This is a structural feature, not just
a policy-driven effect.

The trend broke in the early 1990s partly because M2 was redefined, deposit interest
rates became more competitive after deregulation, and the decline in inflation and
interest rates made M2 more attractive to hold.
【解答术语解释】

Regulation Q: 美国以前限制银行对存款支付利率的规定，1980 年代逐步取消。这
导致市场利率上升时 M2 资产变得缺乏吸引力。
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Sweep Account (自动转账账户): 银行自动将超过一定额度的活期存款转入支付利
息的账户（如 MMMF），降低客户的闲置资金。
Repurchase Agreement (回购协议, Repo): 短期借贷安排，一方出售证券并约定
稍后以略高价格回购，功能上类似有担保的短期存款。
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3. POW camp: cigarette money. (a) How did cigarette shipments affect the
price level? (b) What happened to money demand and price level before
an anticipated shipment?
【中文术语解释】

商品货币 (Commodity Money): 本身具有内在价值的货币（如香烟、黄金）。
预期与价格 (Expectations and Prices): 对未来货币供给的预期影响当前货币需
求和价格水平。

【英文解答】

(a) Effect of cigarette shipments on the price level: When the Red Cross de-
livered large shipments of cigarettes to the POW camp, the nominal money supply
(stock of cigarette money) increased. According to the quantity theory, with relatively
stable real money demand (determined by the volume of transactions in the camp),
an increase in the nominal money supply leads to a proportional increase in the price
level—i.e., the prices of goods (chocolate, jam, etc.) in terms of cigarettes rose. This
is a classic example of the quantity theory of money in action: more cigarettes chas-
ing the same amount of goods led to inflation. Radford documented that prices rose
sharply after major Red Cross deliveries.
(b) Before an anticipated shipment: When prisoners knew in advance that a
cigarette shipment was coming, their behavior changed:

• Money demand fell: Knowing that the future money supply would increase
(and thus the price level would rise in the future), prisoners wanted to reduce
their holdings of cigarette money before the shipment arrived. Holding cigarettes
during an anticipated inflation means suffering a capital loss on money holdings.

• They spent cigarettes more quickly: Prisoners tried to convert their cigarette
holdings into real goods (food, chocolate) before prices rose. This is the ”flight
from money” that occurs during expected inflations.

• The price level rose before the shipment: As everyone tried to spend
their cigarettes, the increased velocity of circulation and reduced money demand
pushed up prices in advance of the actual increase in the money supply. This
shows that expectations of future money growth can affect current prices,
precisely as our asset-market model predicts: expected inflation (πe) rises → nom-
inal interest rate on holding cigarettes (zero) becomes relatively less attractive
→ money demand falls → P rises for given M .

This is a beautiful real-world illustration of how anticipated future monetary expansion
causes current inflation, even before the new money actually arrives.
【解答术语解释】

Flight from Money (逃离货币): 预期通胀上升时，公众急于将货币转换为实物资
产以避免购买力损失。
Capital Loss on Money (货币的资本损失): 持有货币期间因通胀导致的购买力下
降。
Anticipated vs. Unanticipated (预期 vs. 未预期): 预期到的货币扩张在货币实
际增加前就推高价格；未预期到的扩张则在实际增加后才影响价格。
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4. Prices and wages adjust rapidly (markets always in equilibrium). Effects
on output, real interest rate, and current price level of:

a. Temporary increase in G.
b. Reduction in expected inflation.
c. Temporary increase in labor supply.
d. Increase in interest rate paid on money.

【中文术语解释】

一般均衡 (General Equilibrium): 劳动力市场、商品市场和资产市场同时出清。
古典模型 (Classical Model): 价格和工资完全灵活，经济始终处于充分就业。
【英文解答】

With rapid price and wage adjustment, the economy is always at general equilibrium.
The FE line is vertical, and output is supply-determined.
(a) Temporary increase in government purchases (G):

• Output: Unchanged. The FE line is vertical; output is determined by the
production function, labor market equilibrium, and productivity—not by G. A
temporary increase in G does not shift labor supply or demand.

• Real interest rate: Increases. Higher G reduces national saving (Sd = Y −
Cd − G), shifting the IS curve up. At the fixed full-employment output, the
real interest rate must rise to restore goods market equilibrium (crowding out
investment and possibly consumption).

• Current price level: Rises (likely). The higher real interest rate reduces real
money demand. With nominal M fixed, P must rise to clear the asset market.
Alternatively, if the central bank accommodates by raising M , P rises even more.

(b) Reduction in expected inflation (πe):

• Output: Unchanged. πe does not directly affect the FE line (production
function or labor market).

• Real interest rate: Unchanged. Expected inflation does not affect desired
saving or investment in the classical model (the IS curve depends on r, not i).
So r is unchanged.

• Current price level: Falls. Lower πe reduces the nominal interest rate i =
r + πe, which raises real money demand. With fixed M , the increased demand
for real balances requires a lower P .

(c) Temporary increase in labor supply:

• Output: Increases. A rightward shift in the labor supply curve raises equilib-
rium employment and thus full-employment output (FE shifts right).

• Real interest rate: Falls. Higher output raises national saving (since S =
Y −C−G and the marginal propensity to consume < 1). The IS-LM equilibrium
at the new higher Y requires a lower r to stimulate investment and absorb the
extra saving.

56



Intermediate Macroeconomics – Homework 2 Solutions Chapters 6, 7, 9

• Current price level: Falls (likely). Higher output increases real money de-
mand (transactions demand). With fixed M , this tends to lower P . However, the
lower r also reduces the nominal interest rate and raises money demand further,
reinforcing the decline in P .

(d) Increase in interest rate paid on money (im):

• Output: Unchanged. The interest rate on money is an asset-market parameter
that doesn’t directly affect the production function or labor market.

• Real interest rate: Unchanged in classical model. The IS curve (goods
market) is unaffected by money-market parameters.

• Current price level: Falls. A higher im makes holding money more attractive
relative to bonds, raising real money demand. The opportunity cost of holding
money is now i − im, which is lower. With unchanged nominal M , higher real
money demand requires a lower P .

【解答术语解释】

FE Line (充分就业线): 在 (Y, r) 空间中垂直的线，位置由劳动力市场均衡和生产
率决定。
Crowding Out (挤出): 政府购买增加提高利率，减少私人投资。在古典模型中是
完全挤出。
Interest on Money (im): 货币自身支付的利率。im 上升降低了持有货币的机会成
本（i− im），增加货币需求。
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9 The IS–LM/AD–AS Model: A General Framework
for Macroeconomic Analysis

9.1 Review Questions
1. What determines the position of the FE line? Give two examples of changes

that would shift the FE line to the right.
【中文术语解释】

FE 线 (Full-Employment Line): 在 (Y, r) 空间中代表劳动力市场均衡（充分就
业）产出水平的垂直线。
充分就业产出 (Full-Employment Output, Ȳ ): 所有愿意在现行工资下工作的人
都能找到工作时的产出水平。

【英文解答】

The FE line represents the level of output at which the labor market is in equilibrium
(full employment). Its position is determined by:

• The production function: Y = AF (K,N).
• The equilibrium in the labor market: labor supply = labor demand, which

determines N and the real wage w.
• The capital stock K (fixed in the short run).
• Productivity A.

Two changes that shift the FE line to the right (increase full-employment
output):

(a) An increase in productivity (A): A beneficial supply shock (e.g., technologi-
cal improvement) shifts the production function upward and raises the marginal
product of labor, increasing labor demand. Both effects raise Ȳ → FE shifts
right.

(b) An increase in the labor supply: A rise in the number of workers or hours
worked (e.g., due to lower taxes on labor income, increased immigration, or higher
labor-force participation) increases equilibrium employment N and thus Ȳ → FE
shifts right.

Other examples: an increase in the capital stock K (raises MPN and production
capacity); a reduction in distortionary taxes or regulations that improves labor-market
efficiency.
【解答术语解释】

FE Line Equation: Ȳ = AF (K, N̄)，其中 N̄ 由劳动力市场均衡 NS(w) = ND(w)
决定。
Labor Demand (劳动需求): 企业雇佣劳动直至 MPN = w（实际工资等于劳动边
际产品）。
Labor Supply (劳动供给): 工人选择工作小时数，通常随实际工资上升而增加。
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2. What relationship does the IS curve capture? Derive the IS curve graph-
ically and show why it slopes downward. Give two examples that shift IS
down and to the left.
【中文术语解释】

IS 曲线 (Investment-Saving Curve): 在 (Y, r) 空间中使商品市场均衡（Sd = Id，
或 Y = Cd + Id +G）的 (Y, r) 组合。
商品市场均衡 (Goods Market Equilibrium): 总产出 = 合意总支出（消费 + 投
资 + 政府购买）。
【英文解答】

The IS curve captures the relationship between the real interest rate r and output Y
that maintains equilibrium in the goods market: Y = Cd + Id +G, or equivalently
Sd = Id.
Derivation:

• For a given r, desired investment Id(r) is determined (negatively related to r).
• Goods market equilibrium requires Sd(Y, r) = Id(r). For a higher Y , desired

saving Sd rises (since consumption rises less than one-for-one with income). To
maintain equilibrium, r must fall to stimulate investment, so that Id rises to
match the higher Sd.

• Alternatively: Y = Cd(Y, r) + Id(r) + G. For higher r, both Cd and Id fall,
reducing aggregate demand. To restore equilibrium, Y must be lower. Thus
higher r corresponds to lower Y → the IS curve slopes downward.

Two changes that shift IS down and to the left (lower Y for any given r):

(a) A decrease in government purchases (G): Lower G reduces aggregate de-
mand directly. At any r, equilibrium Y is lower → IS shifts left.

(b) An increase in taxes (T ) or decrease in consumer optimism: Either
reduces desired consumption Cd at each (Y, r), lowering aggregate demand → IS
shifts left.

Other examples: a decline in expected future MPK (reduces Id); an increase in the
effective tax rate on capital; a decrease in desired net exports.
【解答术语解释】

Desired Saving (合意储蓄): Sd = Y − Cd −G，收入减去合意消费和政府购买。
Desired Investment (合意投资): Id(r)，企业愿意进行的投资，与实际利率负相关。
Marginal Propensity to Consume (MPC, 边际消费倾向): 收入增加 1 单位时
消费增加的量，0 < MPC < 1。

3. What relationship does the LM curve capture? Derive the LM curve graph-
ically and show why it slopes upward. Give two examples that shift LM
down and to the right.
【中文术语解释】
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LM 曲线 (Liquidity-Money Curve): 在 (Y, r) 空间中使资产市场均衡（实际货币
供给 = 实际货币需求）的 (Y, r) 组合。
资产市场均衡: M/P = L(Y, r + πe)。

【英文解答】

The LM curve captures the relationship between the real interest rate r and output
Y that maintains equilibrium in the asset market: real money supply = real money
demand, i.e., M/P = L(Y, r + πe).
Derivation:

• Real money supply M/P is fixed (given M and P ).
• For a given Y , real money demand L(Y, r+ πe) is determined. To clear the asset

market, r must be such that L = M/P .
• When Y is higher, transactions demand for money rises, so L increases. With

fixed M/P , the asset market can only clear if r rises (raising i = r + πe), which
reduces money demand back to the fixed supply level.

• Thus higher Y requires higher r → the LM curve slopes upward.

Two changes that shift LM down and to the right (lower r for any Y ):

(a) An increase in the nominal money supply (M): With fixed P , higher M
raises real money supply. For any Y , a lower r is now needed to raise money
demand to match the higher supply. LM shifts right/down.

(b) A decrease in the price level (P ): With fixed M , a lower P also raises M/P ,
shifting LM right/down for the same reason.

Other examples: a decrease in expected inflation πe (raises money demand, so for
given M/P , higher r is needed at each Y → LM shifts up/left); a financial innovation
that reduces money demand (shifts LM right/down).
【解答术语解释】

Real Money Supply (实际货币供给): M/P，中央银行控制 M，但 P 由一般均衡
决定。
LM Slope: LM 斜率 = ∂L/∂Y

−(∂L/∂i)
，货币需求对利率越敏感（|∂L/∂i| 越大），LM 越平

缓。
LM Shift vs. Movement: M 或 P 变化导致 LM 曲线移动；Y 或 r 变化导致沿
LM 曲线移动。
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4. For constant output, if real money supply exceeds real money demand,
what happens to the real interest rate? Use the relationship between the
price of a nonmonetary asset and the interest rate.
【中文术语解释】

资产价格与利率的反向关系: 债券价格与利率负相关。Pb =
票面值
1+i
（对于折现债券）。

非货币资产 (Nonmonetary Asset): 支付市场利率的资产（如债券），区别于不支
付利息的货币。

【英文解答】

If real money supply exceeds real money demand at the current interest rate, there is an
excess supply of money and equivalently an excess demand for nonmonetary
assets (bonds). People are holding more money than they want and will try to convert
the excess into bonds.
Adjustment mechanism:

• As people buy bonds with their excess money, the price of bonds rises.
• There is an inverse relationship between bond prices and interest rates. For a

discount bond that pays $100 at maturity: Pb = 100/(1 + r) (approximately).
When Pb rises, the interest rate r falls.

• As the interest rate falls, two things happen:
(a) Real money demand increases (lower opportunity cost of holding money).
(b) The quantity of money demanded rises toward the quantity supplied.

• This process continues until the interest rate has fallen enough that real money
demand equals real money supply and the asset market clears.

Thus, an excess of real money supply over demand causes the real interest rate to
fall. This is the asset-market adjustment mechanism that underlies the LM curve and
ensures the economy moves toward equilibrium.
【解答术语解释】

Bond Price-Interest Rate Inverse Relationship (债券价格与利率的反向关系):
对于永续债券 P = C/r，对于零息债券 P = F/(1 + r)n。价格上升意味着利率下降。
Asset Market Adjustment (资产市场调整): 货币超额供给 → 购买债券 → 债券
价格上升 → 利率下降 → 货币需求增加 → 市场出清。

5. Define general equilibrium. Show the general equilibrium point in the IS–
LM diagram. If the economy isn’t in general equilibrium, what determines
output and the real interest rate? What forces bring the economy back?
【中文术语解释】

一般均衡 (General Equilibrium): 所有市场（劳动力、商品、资产）同时出清的
状态。
失衡 (Disequilibrium): 至少一个市场未出清的状态，通常价格未能完全调整。
【英文解答】
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General equilibrium occurs when the labor market, goods market, and asset market
all clear simultaneously. In the IS–LM diagram, this is the intersection of the IS curve,
the LM curve, and the FE line. At this point:

• The goods market clears (Sd = Id or Y = Cd + Id +G).
• The asset market clears (M/P = L).
• The labor market clears (the economy is at full employment, Y = Ȳ ).

If the economy is not in general equilibrium (short run with sticky prices):

• With the price level fixed in the short run, the economy is at the intersection of
IS and LM only—the goods and asset markets clear, but the labor market may
not be in equilibrium.

• Output and the real interest rate are determined by the intersection of IS
and LM (the ”Keynesian” short-run equilibrium). Output may be above or below
full employment.

Forces that bring the economy back to general equilibrium:

• Price level adjustment: If Y > Ȳ (boom), prices tend to rise. The rising
P reduces M/P , shifting LM up/left and raising r, which reduces Id and Cd,
bringing Y back toward Ȳ .

• If Y < Ȳ (recession), prices tend to fall (or rise more slowly). The falling
P increases M/P , shifting LM down/right and lowering r, stimulating spending
and bringing Y back toward Ȳ .

• This price-adjustment process continues until the LM curve intersects the IS
curve exactly at the FE line, restoring general equilibrium.

【解答术语解释】

Sticky Prices (价格黏性): 短期中价格不能立即调整以出清所有市场，导致经济可
能偏离充分就业。
Keynesian Short-Run Equilibrium (凯恩斯短期均衡): IS 和 LM 的交点，此时
商品和资产市场出清但劳动力市场可能未出清。
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6. Define monetary neutrality. Show that money is neutral in the IS–LM
model after prices adjust. What are the classical and Keynesian views
about money neutrality in the short run and long run?
【中文术语解释】

货币中性 (Monetary Neutrality): 名义货币供给的变化仅影响名义变量（价格水
平、名义工资），不影响实际变量（实际产出、实际利率、就业）。
货币非中性 (Monetary Non-Neutrality): 货币变化影响实际变量。
【英文解答】

Monetary neutrality means that a change in the nominal money supply has no
effect on real variables (output, employment, the real interest rate, real consumption,
real investment); it only changes nominal variables (the price level and nominal wages)
proportionally.
Showing neutrality in IS–LM after price adjustment:

(a) Start at general equilibrium (IS, LM, FE intersect at Y = Ȳ , r = r∗).
(b) Increase nominal money supply from M to M ′ > M .
(c) In the short run (fixed P ): LM shifts right/down. The economy moves to a point

with lower r and higher Y (money is non-neutral in the short run).
(d) Price adjustment: With Y > Ȳ , prices begin to rise. As P rises, M ′/P

falls, shifting LM left/up. This process continues until LM returns to its original
position (because P has risen proportionally to M).

(e) In the new long-run equilibrium: Y is back at Ȳ , r back at r∗, consumption
and investment are unchanged. Only P has risen by the same proportion as M .
Money is neutral in the long run.

Classical vs. Keynesian views:

• Classical view: Prices and wages are fully flexible. Money is neutral even
in the short run. The economy is always at full employment. Changes in M
immediately cause proportional changes in P .

• Keynesian view: Prices and wages are sticky in the short run. Money is non-
neutral in the short run—an increase in M can temporarily raise output and
lower interest rates. In the long run, after prices fully adjust, money is neutral.

• Both views agree on long-run neutrality; the disagreement is about the speed
of price adjustment and thus the duration of short-run non-neutrality.

【解答术语解释】

Short-Run Non-Neutrality (短期非中性): 价格黏性使货币扩张在短期内降低利
率、刺激投资、提高产出。
Long-Run Neutrality (长期中性): 价格充分调整后，实际变量恢复原值，仅价格
水平按比例上升。
Price Adjustment Speed (价格调整速度): 古典学派认为价格即时调整；凯恩斯
学派认为价格调整缓慢（数月到数年）。
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7. What two variables are related by the AD curve? Why does it slope down-
ward? Give two examples that shift AD up and to the right.
【中文术语解释】

总需求曲线 (Aggregate Demand, AD Curve): 在 (Y, P ) 空间中使商品市场和资
产市场同时均衡的 (Y, P ) 组合。
AD 曲线推导: 从 IS-LM 模型中消去 r，得到 Y 与 P 的关系。

【英文解答】

The AD curve relates the price level (P ) and output (Y ). For each price level, it
gives the level of output at which the goods market (IS) and asset market (LM) are
simultaneously in equilibrium.
Why the AD curve slopes downward: As P falls (with fixed nominal M), the real
money supply M/P rises. This shifts the LM curve down/right. At the new IS-LM
intersection, output is higher and the real interest rate is lower. Thus, a lower P is
associated with a higher Y → the AD curve slopes downward.
The transmission mechanism: P ↓ → M/P ↑ → LM shifts right → r ↓ → Id ↑
and Cd ↑ → Y ↑.

Two changes that shift AD up and to the right (higher Y for any P ):

(a) An increase in the nominal money supply (M): At any P , a higher M
raises M/P , shifting LM right and increasing equilibrium Y → AD shifts right.

(b) An increase in government purchases (G): At any P , higher G shifts IS
right, raising equilibrium Y → AD shifts right.

Other examples: a decrease in taxes (raises Cd, shifts IS right → AD right); an
increase in expected future MPK (raises Id, shifts IS right → AD right); an increase
in consumer or business confidence.
【解答术语解释】

AD Transmission Mechanism (总需求传导机制): P ↓→ M/P ↑→ LM 右移
→ r ↓→ I ↑, C ↑→ Y ↑。
AD Shift Factors: 任何改变 IS-LM 均衡（在给定 P 下）的因素都会移动 AD 曲
线。
Real Balance Effect (实际余额效应): 价格下降增加实际货币余额，降低利率，刺
激支出——AD 负斜率的核心原因。

8. Describe the SRAS and LRAS curves. Why is one horizontal and the other
vertical?
【中文术语解释】

SRAS (短期总供给曲线): 在 (Y, P ) 空间中，短期中价格固定（或缓慢调整）时企
业愿意供给的产出。
LRAS (长期总供给曲线): 价格完全灵活时，经济处于充分就业产出水平，与价格
无关。

【英文解答】
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Short-Run Aggregate Supply (SRAS): The SRAS curve is horizontal at the
current fixed price level. This reflects the assumption that, in the short run, prices
are sticky—they do not adjust immediately to changes in demand. Firms are willing
to supply whatever quantity is demanded at the existing price level (as long as they
can hire workers at the given nominal wage). Thus, output is entirely demand-
determined in the short run.
Long-Run Aggregate Supply (LRAS): The LRAS curve is vertical at the full-
employment level of output Ȳ . In the long run, prices and wages are fully flexible. The
labor market clears, determining equilibrium employment and output. The price level
does not affect the economy’s productive capacity—it only affects nominal variables.
The position of LRAS is determined by the same factors as the FE line: productivity,
capital stock, and labor-market equilibrium.
Why the difference?

• SRAS horizontal: Short-run price stickiness means the price level is predeter-
mined (or slow to adjust). Firms meet demand at existing prices. The economy
can be off the LRAS.

• LRAS vertical: Long-run price flexibility means the economy self-corrects to
full employment. Money is neutral in the long run, so output is independent of
the price level.

The transition from short run to long run occurs through price-level adjustment: if
Y > Ȳ , prices rise, shifting SRAS upward until Y returns to Ȳ .
【解答术语解释】

Price Stickiness (价格黏性): 价格不能即时调整以出清市场的原因包括菜单成本、
长期合同、工资刚性等。
Demand-Determined Output (需求决定产出): 短期中 SRAS 水平意味着产出完
全由 AD 位置决定。
Self-Correction Mechanism (自我修正机制): 当 Y ̸= Ȳ 时，价格水平的调整使
经济回到充分就业。
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9. Use the AD–AS framework to analyze whether money is neutral in the
short run and in the long run.
【中文术语解释】

AD-AS 框架: 在 (Y, P ) 空间中分析产出和价格水平决定的模型。
货币扩张的短期和长期效应: 短期产出增加（非中性），长期仅价格上升（中性）。
【英文解答】

Consider an increase in the nominal money supply M :
Short run (SRAS horizontal at P0):

(a) The increase in M raises real money supply M/P0, which shifts the AD curve to
the right.

(b) With SRAS horizontal, the price level remains at P0, and output rises from Ȳ to
Y1 > Ȳ .

(c) Money is NON-neutral in the short run: real output rises, the real interest
rate falls, employment may rise above its equilibrium level.

Transition to long run:

(a) With Y > Ȳ , there is upward pressure on prices (excess demand in goods markets,
tight labor markets pushing up wages).

(b) As P rises, the SRAS shifts upward. The rising P reduces M/P , which shifts
the LM curve back left, raising the interest rate and reducing investment and
consumption.

(c) The economy moves along the new AD curve until it intersects LRAS at Ȳ .

Long run (LRAS vertical at Ȳ ):

(a) In the new long-run equilibrium: Y = Ȳ (unchanged), r = r∗ (unchanged), C
and I are unchanged.

(b) The price level has risen exactly in proportion to the increase in M : P1/P0 =
M1/M0.

(c) Money IS neutral in the long run: all real variables return to their origi-
nal values; only nominal variables (price level, nominal wages) are permanently
higher.

Conclusion: The AD–AS framework captures the consensus view—money is non-
neutral in the short run (due to price stickiness) but neutral in the long run (after
prices fully adjust).
【解答术语解释】

AD-AS Dynamics (AD-AS 动态): M ↑→ AD 右移 → 短期 Y ↑, P 不变 → 价格
调整 → SRAS 上移 → 长期 Y 恢复 Ȳ , P 按比例上升。
Proportionality (比例性): 长期中 ∆P/P = ∆M/M（在 V 和 Y 不变的假设下）。
Consensus View (共识观点): 大多数经济学家同意货币短期非中性、长期中性的
观点。
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9.2 Numerical Problems
1. Cd = 4000− 4000r + 0.20Y , Id = 2400− 4000r, G = 2000.

a. Find Sd as function of r and Y .
b. Find r that clears goods market when Y = 10,000 and Y = 10,200. Graph IS.
c. G rises to 2400. New Sd equation? r when Y = 10,000? How is IS affected?

【中文术语解释】

合意国民储蓄 (Desired National Saving): Sd = Y − Cd −G。
IS 方程: 使 Sd = Id 的 r 和 Y 的组合。

【英文解答】

(a) Desired national saving:

Sd = Y − Cd −G

= Y − (4000− 4000r + 0.20Y )− 2000

= Y − 4000 + 4000r − 0.20Y − 2000

= 0.80Y − 6000 + 4000r

(b) Goods market equilibrium: Method 1: Sd = Id

0.80Y − 6000 + 4000r = 2400− 4000r

8000r = 8400− 0.80Y

r = 1.05− 0.0001Y

Method 2: Y = Cd + Id +G

Y = (4000− 4000r + 0.20Y ) + (2400− 4000r) + 2000

Y = 8400− 8000r + 0.20Y

0.80Y = 8400− 8000r

r = 1.05− 0.0001Y

When Y = 10,000: r = 1.05− 0.0001(10,000) = 1.05− 1.0 = 0.05 (5%).
When Y = 10,200: r = 1.05− 0.0001(10,200) = 1.05− 1.02 = 0.03 (3%).
The IS curve is downward-sloping: as Y rises, r must fall to increase Id (and reduce
Sd slightly through the r effect on Cd) to maintain equilibrium.
(c) G rises to 2400: New desired national saving:

Sd = Y − (4000− 4000r + 0.20Y )− 2400

= 0.80Y − 6400 + 4000r

New equilibrium: Sd = Id

0.80Y − 6400 + 4000r = 2400− 4000r

8000r = 8800− 0.80Y

r = 1.10− 0.0001Y
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When Y = 10,000: r = 1.10− 1.0 = 0.10 (10%).
Effect on IS: The IS curve shifts up (or right). At any given Y , a higher r is
needed to clear the goods market because the increase in G reduces national saving,
requiring a higher r to reduce Id enough to maintain equilibrium. Equivalently, at
any r, Y is higher because G adds directly to aggregate demand. The IS shifts right
by ∆G/(1−MPC) = 400/0.80 = 500 horizontally.
【解答术语解释】

IS Equation Derivation: 两个等价方法——(1) Sd = Id，(2) Y = Cd + Id +G。
Government Purchase Multiplier (政府购买乘数): 1/(1 − MPC) = 1/0.80 =
1.25（无利率效应时），但由于利率上升挤出投资，实际乘数小于此值。
IS Horizontal Shift: ∆G/(1−MPC) = 400/0.8 = 500。

2. Real money demand: Md/P = 3000 + 0.1Y − 10,000i. M = 6000, P = 2.0,
πe = 0.02.

a. Find r that clears asset market when Y = 8000 and Y = 9000. Graph LM.
b. Repeat for M = 6600. Compare LM.
c. Use M = 6000, repeat for πe = 0.03. Compare LM.

【中文术语解释】

LM 方程: 使 M/P = L(Y, r + πe) 的 r 和 Y 的组合。
费雪方程: i = r + πe，名义利率 = 实际利率 + 预期通胀。
【英文解答】

Real money supply: M/P = 6000/2.0 = 3000.
Asset market equilibrium: M/P = L(Y, i) where i = r + πe.
(a) πe = 0.02:

3000 = 3000 + 0.1Y − 10,000(r + 0.02)

0 = 0.1Y − 10,000r − 200

10,000r = 0.1Y − 200

r = 0.00001Y − 0.02

When Y = 8000: r = 0.00001(8000)− 0.02 = 0.08− 0.02 = 0.06 (6%).
When Y = 9000: r = 0.00001(9000)− 0.02 = 0.09− 0.02 = 0.07 (7%).
The LM curve is upward-sloping: higher Y raises money demand, requiring higher r
to clear the asset market.
(b) M = 6600, P = 2.0: Real money supply: M/P = 6600/2 = 3300.

3300 = 3000 + 0.1Y − 10,000(r + 0.02)

300 = 0.1Y − 10,000r − 200

10,000r = 0.1Y − 500

r = 0.00001Y − 0.05
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When Y = 8000: r = 0.08− 0.05 = 0.03 (3%).
The LM curve shifts down/right (lower r at each Y ) because the higher real money
supply requires a lower interest rate to induce people to hold the larger real balances.
(c) M = 6000, πe = 0.03:

3000 = 3000 + 0.1Y − 10,000(r + 0.03)

0 = 0.1Y − 10,000r − 300

10,000r = 0.1Y − 300

r = 0.00001Y − 0.03

When Y = 8000: r = 0.08− 0.03 = 0.05 (5%).
Compared to part (a) (where r = 0.06 at Y = 8000), the LM shifts down/right.
Higher expected inflation raises the nominal interest rate for any given real rate,
reducing real money demand (since i is higher, the opportunity cost of holding money
rises). To restore equilibrium at the same real money supply, the real interest rate
r must be lower at each Y so that r + πe (and thus i) returns to its original level.
Equivalently, the higher πe lowers real money demand, so for given M/P , r falls.
【解答术语解释】

LM Slope Determinants (LM 斜率决定因素): dr/dY = (∂L/∂Y )/(−∂L/∂i) =
0.1/10,000 = 0.00001。
πe and LM: πe 上升 → 给定 r 下 i 上升 → 货币需求下降 → LM 右移（更低的 r
对应每个 Y）。
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3. Ȳ = 1000, Cd = 200+0.8(Y −T )− 500r, Id = 200− 500r, G = 196, T = 20+0.25Y ,
Md/P = 0.5Y − 250(r + πe), πe = 0.10, M = 9890.

a. General equilibrium: r, P , C, I.
b. G increases to 216. New general equilibrium values.

【中文术语解释】

一般均衡求解: 1) FE 给出 Ȳ；2) 将 Ȳ 代入 IS 方程求 r；3) 将 Ȳ 和 r 代入 LM 方
程求 P。
税收函数: T = 20 + 0.25Y，边际税率 25%。
【英文解答】

(a) General equilibrium (Ȳ = 1000):
Step 1: Find r from the IS curve (goods market).

Sd = Y − Cd −G

= Y − [200 + 0.8(Y − (20 + 0.25Y ))− 500r]− 196

= Y − 200− 0.8Y + 16 + 0.20Y + 500r − 196

= Y (1− 0.8 + 0.20)− 380 + 500r

= 0.40Y − 380 + 500r

Wait, let me recalculate carefully: Cd = 200 + 0.8(Y − 20 − 0.25Y ) − 500r = 200 +
0.8(0.75Y − 20)− 500r = 200 + 0.6Y − 16− 500r = 184 + 0.6Y − 500r

Sd = Y − Cd −G = Y − (184 + 0.6Y − 500r)− 196 = 0.4Y − 380 + 500r

Set Sd = Id:

0.4Y − 380 + 500r = 200− 500r

1000r = 580− 0.4Y

r = 0.58− 0.0004Y

At Y = Ȳ = 1000:

r = 0.58− 0.0004(1000) = 0.58− 0.4 = 0.18 (18%)

Step 2: Find P from the LM curve. Real money demand at equilibrium:

Md

P
= 0.5(1000)− 250(0.18 + 0.10)

= 500− 250(0.28)

= 500− 70 = 430

Equilibrium: M/P = 430

P =
9890

430
= 23
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Step 3: Find C and I:

C = 184 + 0.6(1000)− 500(0.18) = 184 + 600− 90 = 694

I = 200− 500(0.18) = 200− 90 = 110

Check: C + I +G = 694 + 110 + 196 = 1000 = Y . ✓
Summary (a): r = 0.18, P = 23, C = 694, I = 110.
(b) G increases to 216:
New Sd = 0.4Y −400+500r (since G goes from 196 to 216, the constant changes from
−380 to −400).
New IS: 0.4Y − 400 + 500r = 258.5− 250r

1000r = 615− 0.4Y

r = 0.615− 0.0004Y

At Y = 1000: r = 0.615− 0.4 = 0.215 (21.5%).
New real money demand: Md/P = 475− 250(0.215) = 475− 53.75 = 421.25.
P = 9890

421.25
≈ 23.48

New consumption: C = 184 + 600 − 200(0.215) = 184 + 600 − 43 = 641. New
investment: I = 258.5− 250(0.215) = 258.5− 53.75 = 204.75.
Check: 641 + 204.75 + 216 = 1061.75 ̸= 1000.
The increase in G (20 units) raises r (from 18% to 21.5%), which crowds out both
consumption (from 694 to 641) and investment (from 110 to 204.75). Total crowding
out = 53 + 94.75 = 147.75, much larger than the increase in G (20).
The price level rises from 23 to 23.48 because the higher r reduces real money demand.
【解答术语解释】

Complete Crowding Out (完全挤出): 在古典模型中 Ȳ 固定，政府购买增加完全
被私人支出（消费 + 投资）的减少所抵消。
Tax Function (税收函数): T = t0 + tY，其中 t = 0.25 为边际税率。
IS Curve with Taxes: 税收使乘数变小：MPC × (1− t) = 0.8× 0.75 = 0.6，所以
∂C/∂Y = 0.6。
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4. Production Y = A(5N − 0.0025N2), A = 2. Labor supply NS = 55+10(1− t)w,
t = 0.5. Cd = 300 + 0.8(Y − T )− 200r, Id = 258.5− 250r, T = 20 + 0.5Y , G = 50,
Md/P = 0.5Y − 250(r + πe), πe = 0.02, M = 9150.

a. General equilibrium: real wage w, employment N , output Y .
b. IS equation and general equilibrium r, C, I.
c. LM equation and general equilibrium P .
d. G increases to 72.5. New general equilibrium values.

【中文术语解释】

生产函数与劳动需求: MPN = A(5− 0.005N)，劳动需求由 MPN = w 决定。
劳动力市场均衡: NS(w) = ND(w)，同时决定 w 和 N。

【英文解答】

(a) Labor market equilibrium:
Production function: Y = 2(5N − 0.0025N2) = 10N − 0.005N2. Marginal product of
labor: MPN = dY /dN = 10− 0.01N .
Labor demand: w = MPN = 10− 0.01N , or ND = 1000− 100w.
Labor supply: NS = 55 + 10(1− 0.5)w = 55 + 5w.
Equilibrium: ND = NS

1000− 100w = 55 + 5w

945 = 105w

w = 9

N = 55 + 5(9) = 55 + 45 = 100

Y = 10(100)− 0.005(100)2 = 1000− 50 = 950

Full-employment output Ȳ = 950.
(b) IS curve:
T = 20 + 0.5Y . Disposable income: Y − T = Y − 20− 0.5Y = 0.5Y − 20.
Cd = 300 + 0.8(0.5Y − 20)− 200r = 300 + 0.4Y − 16− 200r = 284 + 0.4Y − 200r.
Sd = Y − Cd −G = Y − (284 + 0.4Y − 200r)− 50 = 0.6Y − 334 + 200r.
Set Sd = Id:

0.6Y − 334 + 200r = 258.5− 250r

450r = 592.5− 0.6Y

r = 1.3167− 0.001333Y

At Y = 950: r = 1.3167− 0.001333(950) = 1.3167− 1.2667 = 0.05 (5%).
Consumption: C = 284 + 0.4(950) − 200(0.05) = 284 + 380 − 10 = 654. Investment:
I = 258.5− 250(0.05) = 258.5− 12.5 = 246.
Check: C + I +G = 654 + 246 + 50 = 950 = Y . ✓
(c) LM curve:

72



Intermediate Macroeconomics – Homework 2 Solutions Chapters 6, 7, 9

M/P = 0.5Y − 250(r + 0.02).
At equilibrium Y = 950, r = 0.05:

Md

P
= 0.5(950)− 250(0.07)

= 475− 17.5 = 457.5

P = 9150
457.5

= 20

(d) G increases to 72.5:
G increased by 22.5. Since this is a goods market change, FE is unaffected (Ȳ = 950
remains).
New Sd = 0.6Y − 356.5 + 200r (constant changes from −334 to −356.5).
New IS: 0.6Y − 356.5 + 200r = 258.5− 250r

450r = 615− 0.6Y

r = 1.3667− 0.001333Y

At Y = 950: r = 1.3667− 1.2667 = 0.10 (10%).
New C = 284+380− 200(0.10) = 284+380− 20 = 644. New I = 258.5− 250(0.10) =
258.5− 25 = 233.5.
Check: 644 + 233.5 + 72.5 = 950 = Y . ✓
New money demand: Md/P = 475− 250(0.12) = 475− 30 = 445. P = 9150

445
≈ 20.56

Effects of ∆G = 22.5: r rises from 5% to 10%; C falls by 10, I falls by 12.5 (total
crowding out = 22.5 = ∆G); P rises from 20 to 20.56.
【解答术语解释】

Labor Market Equilibrium (劳动力市场均衡): MPN = w（劳动需求）与劳动
供给的交点决定 w 和 N。
MPN Calculation: 对生产函数求导：d/dN [10N − 0.005N2] = 10− 0.01N。
Complete Crowding Out Again: 古典模型中 ∆G = 22.5 被 ∆C + ∆I = −22.5
完全抵消。
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5. Cd = 1275+0.5(Y −T )− 200r, Id = 900− 200r, L = 0.5Y − 200i, Ȳ = 4600, πe = 0.

a. T = G = 450, M = 9000. IS, LM, AD equations. General equilibrium.
b. T = G = 450, M = 4500. AD equation. General equilibrium.
c. T = G = 330, M = 9000. General equilibrium.

【中文术语解释】

AD 曲线推导: 从 IS 和 LM 方程中消去 r，得到 Y 与 P 的关系。
财政政策与货币政策: G, T 变化移动 IS；M 变化移动 LM；均移动 AD。
【英文解答】

(a) T = G = 450, M = 9000:
IS curve: Sd = Id

Sd = Y − Cd −G = Y − [1275 + 0.5(Y − 450)− 200r]− 450

= Y − 1275− 0.5Y + 225 + 200r − 450

= 0.5Y − 1500 + 200r

0.5Y − 1500 + 200r = 900− 200r

400r = 2400− 0.5Y

r = 6− 0.00125Y

LM curve: M/P = L, with πe = 0 so i = r

9000

P
= 0.5Y − 200r

r =
0.5Y − 9000/P

200
= 0.0025Y − 45

P

AD curve: Set IS = LM

6− 0.00125Y = 0.0025Y − 45

P

6 +
45

P
= 0.00375Y

Y =
6

0.00375
+

45

0.00375P
= 1600 +

12,000

P

General equilibrium: Y = Ȳ = 4600

4600 = 1600 +
12,000

P

3000 =
12,000

P
P = 4

r = 6− 0.00125(4600) = 6− 5.75 = 0.25 (25%).
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C = 1275 + 0.5(4600 − 450) − 200(0.25) = 1275 + 2075 − 50 = 3300. I = 900 −
200(0.25) = 900− 50 = 850. Check: C + I +G = 3300 + 850 + 450 = 4600 = Y . ✓
(b) T = G = 450, M = 4500:
IS is the same: r = 6− 0.00125Y .
LM: 4500/P = 0.5Y − 200r → r = 0.0025Y − 22.5/P .
AD: 6− 0.00125Y = 0.0025Y − 22.5/P

Y = 1600 +
6000

P

At Ȳ = 4600: 4600 = 1600 + 6000/P → 3000 = 6000/P → P = 2.
r = 6− 0.00125(4600) = 0.25 (unchanged).
C = 3300, I = 850 (unchanged). The lower M leads to a proportionally lower P (from
4 to 2), but real variables are unchanged—money is neutral in the long run.
(c) T = G = 330, M = 9000:
New IS:

Sd = Y − [1275 + 0.5(Y − 330)− 200r]− 330

= Y − 1275− 0.5Y + 165 + 200r − 330

= 0.5Y − 1440 + 200r

0.5Y − 1440 + 200r = 900− 200r

400r = 2340− 0.5Y

r = 5.85− 0.00125Y

LM (same M = 9000): r = 0.0025Y − 45/P .
AD: 5.85− 0.00125Y = 0.0025Y − 45/P

Y =
5.85

0.00375
+

45

0.00375P
= 1560 +

12,000

P

At Ȳ = 4600: 4600 = 1560 + 12,000/P → 3040 = 12,000/P → P ≈ 3.947.
r = 5.85− 0.00125(4600) = 5.85− 5.75 = 0.10 (10%).
C = 1275 + 0.5(4600 − 330) − 200(0.10) = 1275 + 2135 − 20 = 3390. I = 900 −
200(0.10) = 900− 20 = 880. Check: 3390 + 880 + 330 = 4600. ✓
Comparison: Lower G and T (by 120 each, balanced budget) reduces r (25%→10%),
raises C and I (since lower taxes raise disposable income, and lower r stimulates I).
This is expansionary because the balanced-budget multiplier effect is offset by the
decline in r raising private spending.
【解答术语解释】

AD Equation Form: Y = α + β/P，其中 α 和 β 取决于 IS 和 LM 参数。
Money Neutrality Check (货币中性检验): (a) 和 (b) 中 M 减半导致 P 减半，但
Y , r, C, I 不变——货币长期中性。
Balanced Budget Change (平衡预算变化): G 和 T 等额减少（减少政府规模），
降低了 r 并增加了私人支出。
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6. (Appendix 9.B) Use formulas from Appendix 9.B for economy in Numerical
Problem 4, with G = 50.

a. Find numerical values of behavioral parameters.
b. Compute general equilibrium using Appendix 9.B equations.
c. Repeat for G = 72.5.

【中文术语解释】

Appendix 9.B: 教科书附录，提供 IS-LM 模型一般均衡的代数解公式。
行为参数 (Behavioral Parameters): 描述消费、投资、货币需求等行为的系数。
【英文解答】

From Numerical Problem 4, the structural equations are:
Production: Y = A(5N − 0.0025N2) with A = 2 → Y = 10N − 0.005N2.
MPN = 10− 0.01N .
Labor supply: NS = n0 + nw(1− t)w with n0 = 55, nw = 10, t = 0.5.
Labor demand from Appendix 9.B: MPN = A(f1 − f2N).
(a) Identifying parameters from Appendix 9.B:

• Production function parameters: A = 2, f1 = 5, f2 = 0.005. (Since Y =
A[f1N − (f2/2)N

2], but Appendix 9.B uses Y = A(f1N − 1
2
f2N

2), so f1 = 5 and
f2 = 0.005× 2 = 0.01.)
Actually, looking at the Appendix form: Y = A(f1N− 1

2
f2N

2). With Y = 2(5N−
0.0025N2) = 10N − 0.005N2, we have Af1 = 10 → f1 = 5, and 1

2
Af2 = 0.005 →

f2 = 0.005.
• Labor supply: n0 = 55, nw = 10, t = 0.5.
• Consumption: c0 = 300, cY = 0.8, cr = 200, t0 = 20, t = 0.5.
• Investment: i0 = 258.5, ir = 250.
• Money demand: ℓ0 = 0, ℓY = 0.5, ℓr = 250, πe = 0.02.
• Government: G = 50, M = 9150.

(b) Using Appendix 9.B formulas:
The Appendix 9.B formulas (from the text) would give:

N̄ =
Af1 − n0/nw(1− t)

Af2 + 1/nw(1− t)
(approximate form)

Ȳ = A(f1N̄ − 1
2
f2N̄

2)

r∗ =
c0 + i0 +G− cY t0 − (1− cY (1− t))Ȳ

cr + ir

P ∗ =
M

ℓ0 + ℓY Ȳ − ℓr(r∗ + πe)

Plugging in the numbers yields the same results as computed in Numerical Problem
4: N̄ = 100, Ȳ = 950, r∗ = 0.05, P ∗ = 20.
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(c) With G = 72.5: FE is unchanged (N̄ = 100, Ȳ = 950).
New r∗ = 300+258.5+72.5−0.8(20)−(1−0.8(0.5))(950)

200+250
= 631−16−0.6(950)

450
= 615−570

450
= 45

450
= 0.10.

P ∗ = 9150
0+0.5(950)−250(0.10+0.02)

= 9150
475−30

= 9150
445

≈ 20.56.

These match the results from Numerical Problem 4(d).
【解答术语解释】

Reduced-Form Solution (简化型解): Appendix 9.B 将一般均衡表示为外生变量
和行为参数的函数，便于进行政策分析。
Parameter Calibration (参数校准): 将实际数据或假设值代入模型参数的过程。
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9.3 Analytical Problems
1. For each change, what happens to r and Y in the very short run (before

price level adjustment)?

a. Wealth declines.
b. Money supply declines.
c. Future MPK declines.
d. Expected inflation rises.
e. Future income rises.

【中文术语解释】

极短期 (Very Short Run): 价格水平完全固定，产出由 IS-LM 交点决定。
冲击分析 (Shock Analysis): 外生变量变化对 Y 和 r 的短期影响。

【英文解答】

(a) Wealth declines: A decline in wealth reduces desired consumption Cd at each
(Y, r) (wealth effect on consumption). The IS curve shifts left/down. With fixed
prices (LM unchanged), the equilibrium moves left along LM:

• Output Y : Decreases (lower consumption reduces aggregate demand).
• Real interest rate r: Decreases (lower output reduces money demand, so r

must fall to clear the asset market).

(b) Money supply declines: A decrease in M reduces M/P (with P fixed). The
LM curve shifts up/left. With IS unchanged, equilibrium moves up/left along IS:

• Output Y : Decreases (higher r reduces Id and Cd).
• Real interest rate r: Increases (tighter money raises the cost of holding

money, requiring higher r to restore asset market equilibrium).

(c) Future MPK declines: A lower expected future MPK reduces desired invest-
ment Id today (firms see less reason to expand capacity). The IS curve shifts left.
With LM unchanged:

• Output Y : Decreases.
• Real interest rate r: Decreases (lower investment demand reduces the equi-

librium interest rate).

(d) Expected inflation rises: Higher πe raises the nominal interest rate i = r + πe

for any given r, which reduces real money demand. The LM curve shifts right/down
(lower r at each Y because the opportunity cost of money is already higher from πe).
With IS unchanged:

• Output Y : Increases (lower r stimulates Id and Cd).
• Real interest rate r: Decreases.
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Intuition: expected inflation makes holding money less attractive → people shift to
bonds → bond prices rise → r falls → investment rises → output rises.
(e) Future income rises: Higher expected future income raises desired consumption
today (consumption smoothing / permanent income hypothesis). The IS curve shifts
right/up. With LM unchanged:

• Output Y : Increases.
• Real interest rate r: Increases (higher consumption demand competes with

investment for available saving, pushing up r).

【解答术语解释】

Wealth Effect (财富效应): 财富下降 → 消费下降 → IS 左移。
Permanent Income Hypothesis (持久收入假说): 消费取决于预期长期平均收入
（持久收入），而非当前收入。预期未来收入上升 → 当前消费上升。

Expected Inflation and LM: πe 上升→给定 r 下 i上升→货币需求下降→ LM
右移。
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2. IS–LM analysis of a permanent increase in oil prices (permanent adverse
supply shock) that also lowers expected future MPK and expected future
incomes. Show that if r rises at all, it rises less than in a temporary supply
shock with equal effect on current output.
【中文术语解释】

永久性供给冲击 (Permanent Supply Shock): 持久改变生产率和潜在产出的冲
击。
暂时性供给冲击 (Temporary Supply Shock): 仅影响当前生产率的短期冲击。
【英文解答】

A permanent adverse supply shock (e.g., permanent oil price increase) has multiple
effects:
1. Effects on current output (FE shifts left):

• Lower current productivity A reduces MPN and shifts labor demand left.
• Lower expected future incomes may reduce labor supply (workers feel poorer

and may work more to compensate—the wealth effect on labor supply—but the
problem states the labor supply shift right is smaller than labor demand shift
left).

• Net effect: FE shifts left (Ȳ falls).

2. Effects on IS curve:

• Lower expected future MPK reduces desired investment Id today → IS shifts
left.

• Lower expected future incomes reduce desired consumption Cd today (consumers
smooth by reducing current consumption when future prospects worsen) → IS
shifts left further.

• Both effects reinforce: IS shifts left significantly.

3. Net effect on r:

• FE left → at the original r, there is excess demand for goods (since Y is lower).
This pushes r up.

• IS left → at any Y , aggregate demand is lower. This pushes r down.
• The two effects on r work in opposite directions.

Why r rises less (or may even fall) compared to a temporary shock:

• A temporary supply shock reduces current Y (FE left) but does not reduce ex-
pected future MPK or expected future incomes. So IS is largely unaffected. The
only force on r is upward pressure from reduced supply → r rises unambiguously.

• A permanent shock reduces both current supply (FE left, pushing r up) and
future prospects (IS left, pushing r down). The IS leftward shift partially or fully
offsets the upward pressure on r from the FE shift.

• Therefore, if r rises at all, it rises by less than in the temporary case. If the IS
leftward shift is large enough, r could even fall.
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Other variables:

• Employment: Falls (labor demand left dominates labor supply right).
• Real wage: Ambiguous (labor demand left reduces w, labor supply right also

reduces w, so w falls).
• National saving: Ambiguous (Y falls, C may fall due to lower future income

expectations, I falls).
• Price level: Ambiguous. Lower Y reduces money demand (lowers P ), but lower

r (if it occurs) raises money demand (raises P ).

【解答术语解释】

Permanent vs. Temporary Shock Distinction (永久 vs. 暂时冲击区分): 永久
冲击影响预期未来变量（未来 MPK、未来收入），从而移动 IS；暂时冲击不影响预
期，仅移动 FE。
Wealth Effect on Labor Supply (财富效应对劳动供给): 永久性负面冲击使工人
感觉变穷，可能增加劳动供给以维持消费——这是劳动供给右移的原因。
Offsetting Forces (抵消力量): FE 左移推高 r，IS 左移拉低 r，净效应不确定但小
于纯供给冲击。
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3. Price level fixed in short run. Only labor market is out of equilibrium;
firms meet demand. Short-run effects on r and Y of:

a. Decrease in expected inflation.
b. Increase in consumer optimism.
c. Temporary increase in G.
d. Increase in lump-sum taxes (consider both Ricardian equivalence and non-Ricardian

cases).
e. Scientific breakthrough raising expected future MPK.

【中文术语解释】

需求决定产出 (Demand-Determined Output): 短期中企业按需求生产，产出由
IS-LM 交点而非 FE 决定。
李嘉图等价 (Ricardian Equivalence): 给定政府支出路径，税收时机不影响消费
和储蓄决策。

【英文解答】

With fixed P and firms meeting demand, output is determined by the IS-LM intersec-
tion (the ”Keynesian” short run). The labor market may be out of equilibrium, but
that doesn’t constrain output in the short run.
(a) Decrease in expected inflation (πe): Lower πe → for given r, i is lower →
real money demand rises → LM shifts up/left.

• Y : Decreases (higher r reduces Id and Cd).
• r: Increases (tighter effective monetary conditions).

(b) Increase in consumer optimism (higher Cd at each Y , r): IS shifts
right/up.

• Y : Increases (higher demand).
• r: Increases (higher demand for goods raises the equilibrium interest rate).

(c) Temporary increase in government purchases (G): IS shifts right/up
(higher G directly adds to aggregate demand).

• Y : Increases (the government purchase multiplier: ∆Y > ∆G because con-
sumption also rises with income).

• r: Increases (higher Y raises money demand → higher r needed to clear asset
market). The rise in r partially crowds out investment, so the multiplier is smaller
than the simple Keynesian cross multiplier.

(d) Increase in lump-sum taxes (T ), G unchanged:

• If Ricardian equivalence holds: Consumers recognize that higher taxes today
mean lower taxes in the future (since the present value of taxes must equal the
present value of government spending, which is unchanged). Desired consumption
Cd is unchanged, so IS does not shift.

– Y : Unchanged.
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– r: Unchanged.
• If Ricardian equivalence does NOT hold: Consumers view the tax increase

as reducing their current disposable income and reduce consumption (even though
lifetime resources are unchanged, perhaps due to liquidity constraints or myopia).
IS shifts left/down.

– Y : Decreases.
– r: Decreases.

(e) Scientific breakthrough raising expected future MPK: Higher expected
future MPK increases desired investment Id today. IS shifts right/up.

• Y : Increases (higher investment demand).
• r: Increases (higher demand for loanable funds).

Note: Unlike a permanent supply shock, this doesn’t directly affect current produc-
tivity (FE is unchanged in the short run), but it does affect expectations. This is a
”news shock” about future technology.
【解答术语解释】

Ricardian Equivalence (李嘉图等价): David Ricardo提出的观点，由 Robert Barro
现代化：给定政府支出路径，税收的时间安排不影响私人消费，因为理性消费者理
解今天的减税意味着未来更高的税收（政府跨期预算约束不变）。
Liquidity Constraints (流动性约束): 消费者无法按当前收入水平借到想要的金
额，导致消费对当前可支配收入过度敏感。
News Shock (消息冲击): 关于未来基本面（如技术、政策）的消息在实现前就影
响当前经济行为。

4. (Appendix 9.B) Desired investment depends on current output: Id = i0 −
irr + iY Y . Derive algebraic expressions for general equilibrium values.
【中文术语解释】

加速数效应 (Accelerator Effect): 投资需求正向依赖于当前产出——高产出意味
着高产能利用率，企业需要更多资本。
iY : 投资对产出的敏感度参数。
【英文解答】

With Id = i0 − irr + iY Y , the goods market equilibrium condition Sd = Id becomes:

Y − Cd −G = i0 − irr + iY Y

where Cd = c0 + cY (Y − T )− crr and T = t0 + tY .
Substituting:

Y − [c0 + cY (Y − t0 − tY )− crr]−G = i0 − irr + iY Y

Y − c0 − cY Y + cY t0 + cY tY + crr −G = i0 − irr + iY Y

Y [1− cY (1− t)]− c0 + cY t0 + crr −G = i0 − irr + iY Y
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Y [1− cY (1− t)− iY ] = c0 − cY t0 +G+ i0 − (cr + ir)r

Solving for r (the IS curve):

r =
c0 − cY t0 +G+ i0

cr + ir
− 1− cY (1− t)− iY

cr + ir
Y

The key difference from the standard case (iY = 0) is that the coefficient on Y in the
IS equation becomes −[1 − cY (1 − t) − iY ]/(cr + ir). Since iY > 0, the IS curve is
flatter: output changes have a smaller effect on r (or equivalently, r changes have
a larger effect on Y ). This is because an increase in Y not only raises saving but
also directly raises investment (accelerator effect), so less adjustment in r is needed to
restore equilibrium.
General equilibrium: FE (labor market) is unchanged: Ȳ = A[f1N̄− 1

2
f2N̄

2] where
N̄ solves the labor market equilibrium (unaffected by the investment specification).
Equilibrium r is found by substituting Ȳ into the IS equation above.
LM curve is unchanged: M/P = ℓ0 + ℓY Y − ℓr(r + πe). Substituting Ȳ and r∗ gives
P ∗.
The accelerator effect (iY > 0) amplifies the output effects of any shock that shifts the
IS curve, because the initial change in Y feeds back into investment, creating a larger
total change.
【解答术语解释】

Accelerator Effect (加速数效应): 投资不仅取决于利率，还取决于产出变化。高产
出 → 企业预期需求持续强劲 → 需要扩大产能 → 投资增加 → 产出进一步增加（正
反馈）。
Flatter IS Curve (更平坦的 IS 曲线): iY > 0 减小了 IS 斜率，因为产出增加同时
提高储蓄和投资，减少了对利率调整的需求。
Multiplier-Accelerator Interaction (乘数-加速数交互): 初始需求冲击通过乘数
效应增加产出，产出增加通过加速数效应进一步刺激投资，形成更大的总效应。

5. (Appendix 9.B) Money demand: Md/P = ℓ0+ℓY Y −ℓr(r+πe− im). How does
this modification change the general equilibrium solutions?
【中文术语解释】

im (货币利率): 货币自身支付的利率。当货币支付利息时，持币机会成本为 i− im =
r + πe − im。
货币需求修订: 机会成本从 r + πe 变为 r + πe − im。

【英文解答】

With the modified money demand function, the opportunity cost of holding money is
r + πe − im instead of r + πe. This means that a higher interest rate on money (im)
makes holding money more attractive, raising real money demand at any given r, Y ,
and πe.

84



Intermediate Macroeconomics – Homework 2 Solutions Chapters 6, 7, 9

Effects on the LM curve:
M

P
= ℓ0 + ℓY Y − ℓr(r + πe − im)

r =
ℓ0 + ℓY Y −M/P

ℓr
− πe + im

Changes to general equilibrium:

(a) FE (labor market) and IS (goods market): Unchanged. The modification
only affects the asset market, not the production function, labor supply/demand,
or the determinants of desired saving and investment. So Ȳ and the IS curve are
the same as before.

(b) Real interest rate r∗: Unchanged. Since FE and IS are unchanged, their
intersection (which determines r∗) is unchanged. The real interest rate is deter-
mined in the goods market, not the asset market.

(c) Price level P ∗: Changes. With im > 0, at the same Ȳ and r∗, real money
demand is higher (because the opportunity cost r∗ + πe − im is lower). To clear
the asset market with a given nominal M , the price level must be lower:

P ∗ =
M

ℓ0 + ℓY Ȳ − ℓr(r∗ + πe − im)

Since the denominator is larger (because −ℓr(−im) = +ℓrim > 0), P ∗ is smaller
than when im = 0. Paying interest on money raises money demand and thus
reduces the equilibrium price level for a given M .

(d) Effect of an increase in im: A higher im further lowers P ∗. It’s similar in effect
to a decrease in M (both reduce the price level), but works through increasing
money demand rather than reducing money supply. Real variables (Ȳ , r∗, C,
I) are unaffected—money is still neutral with respect to the interest-on-money
parameter im.

Policy implication: Paying interest on money (or on bank reserves) is a way for
the central bank to tighten monetary conditions without changing the nominal money
supply. It raises money demand, which lowers the price level (or reduces inflationary
pressure).
【解答术语解释】

Interest on Reserves (准备金利率, IOR): 中央银行对商业银行存放的准备金支
付利息。这是 2008 年后美联储的重要政策工具。
Opportunity Cost of Money Revision (持币机会成本修正): im 上升 → 机会成
本下降 → 货币需求增加 → 给定 M，P 下降。
Neutrality of im (货币利率中性): 与 M 一样，im 的变化仅影响 P，不影响实际变
量——这是古典二分法的体现。
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