Guide: Writing the Introduction of a
Scientific Paper

This guide is designed to help PhD students understand that an introduction is not a
summary of what they did, but a theatrical argument for why their work matters.

Using two papers published in well-respected physics and materials science journals, we
demonstrate two very different ways to build that argument. We start by comparing the
differences between introducing a letter and writing a full-length article.

The Executive Comparison: Letters vs. Full Articles

Full-Length Article (e.g., Acta

Feature The Letter (e.g., PRL) Mater)

Primary Challenge a specific dogma or Build a comprehensive new
Goal solve a mystery. framework.

Typical ~800-1,200 words (4-6+

~250-450 words (2-3 paragraphs).

Length paragraphs).

Audience Broadly interested Specialists in materials
physicists/scientists. science/mechanics.

Literature Lean. Only cite the "giants" you are |Exhaustive. Show you know the
toppling. whole field.

The "Hook" Immediate and often Technical and focused on
relatable/societal. material potential.

Case 1: The "Letter" Introduction

Focus: Speed, Impact, and Controversy.
In a Letter, you don't have space for a history lesson. You must pivot from a common
observation to a scientific crisis within 10 sentences.

The "Ice" letter Introduction (PRL):
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1. The Hook: "Skidding on ice... often dreaded, sometimes loved." This
immediately connects the reader to the physics.

2. The Status Quo: It identifies the "consensus" (water layer lubrication).

3. The Attack: It immediately lists why the consensus is failing (pressure melting is
too slow, frictional heat isn't detected).

4. The Solution (The "Here we show"): It introduces "cold amorphization" as the
missing mechanism.

Tip for students: If you are writing a Letter, your second paragraph must contain a "But"
or "However." If you aren't disagreeing with something or highlighting a failure, it's not a
Letter; it’s just a report.

Case 2: The Full-Length Introduction

Focus: Depth, Systematic Logic, and Authority.

A full-length article needs to "win" the reader’s respect by showing a deep understanding
of complex variables. It doesn't just solve one mystery; it addresses a systemic knowledge
gap.

The "Metallic Glass™ paper Introduction (Acta Mater):

1. The Potential: It starts by explaining why BMGs (Bulk Metallic Glasses) are
important (strength, hardness, etc.).

2. The Variables: Unlike the ice paper, this intro spends significant time on the
cooling process. It explains how cooling rates traditionally dictate brittleness vs.
plasticity.

3. The Gap in Logic: It points out that current protocols "obscure any potential
discontinuity." It isn't just saying "previous work was wrong"; it's saying, "previous
work was limited by its methodology."

4. The Transition: It introduces the "fragile-to-strong transition" (Tsst) as the specific
lens through which they will fix the field’s understanding.

Tip for students: In a full-length article, use the introduction to categorize the field. Use
phrases like "Previous studies can be broadly divided into two categories..." This proves
you are an authority on the subject.

Guide: Comprehensive Guide to the "Perfect Intro"
1. The Opening Sentence (The Hook)

o Do: Start with the Problem. (e.g., "Designing high-strength alloys remains a
challenge due to the trade-off between...")
o Don't: Start with a definition. (e.g., "A metallic glass is a solid material...")
2. The Narrative Arc (The Hourglass)

Every introduction, regardless of length, must move through these three zones:
o Zone 1: Broad Importance. Why does this field exist?
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e Zone 2: The Critical Gap. What is the one thing we don't know that is stopping
progress?
e Zone 3: The "In this work..." How does your specific paper fill that gap?
3. Strategic Citing

o For Letters: Cite the 5 most recent high-impact papers and the 2 "foundational”
papers.
o For Full-Length: Cite the different "schools of thought." You want the reviewers
to see their names in your intro, so they feel included in the conversation.
4. The "Mic Drop" (The Final Paragraph)

The last 3—4 sentences of your introduction should be a "Spoiler."

o Weak: "In this paper, we investigate the effects of X on Y."
o Strong (Top-Tier): "Here, we demonstrate that X is the primary driver of Y,
overturning the long-held assumption that Z was responsible."

Checklist for PhD Students

Item Check
Does the first paragraph mention a real-world or fundamental physics 0
problem?

Is there a clear pivot word like "However" or "Despite" in the first 20 lines? O

For a Letter: Is the intro under 1.5 columns? O

For a Full Article: Does the intro cover the history of the specific metrics
used?

Does the final sentence explain the significance of the result, not just the 0
result itself?

Final Advice:

| tell students, "The Introduction is a sales pitch. If the editor isn't convinced by the end
of the first page that your paper is necessary, they won't even look at your beautiful
data."
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