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Blender Advanced
Chapter 1 · Beyond the Fundamentals: What This Course Adds

Blender Fundamentals covered a complete, real workflow — navigation, Object and Edit Mode,
basic modeling, materials, lighting, animation, and rendering, closing with one full simple scene
built end to end. This course starts exactly where that one left off, going deeper into techniques
that scene deliberately left aside.

Recapping Blender Fundamentals' Own Scope

That course covered whole-object manipulation, a mesh's own vertices/edges/faces, the core
Extrude/Bevel/Loop Cut modeling toolkit, the Principled BSDF's own basic material properties,
Point/Sun/Spot/Area lamps, keyframe-based animation, and choosing between Eevee and Cycles
for a final render. Every one of those concepts is assumed as a comfortable starting point here, not
re-taught from scratch.
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What This Course Adds: Sculpting, Modifiers, UV
Unwrapping, Shading, Rigging, Physics, Compositing

This course introduces Sculpting as a genuinely different modeling paradigm from Edit Mode's
own vertex-by-vertex editing, Modifiers for non-destructive modeling, UV Unwrapping for
mapping a 3D surface onto a 2D texture, the node-based Shader Editor for far more control than
Chapter 6 of Blender Fundamentals' own basic material properties, Rigging and character
animation, an introduction to physics simulation, and Compositing — combining rendered passes
after the fact rather than getting everything perfect in a single render.
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Who This Course Is For

Anyone comfortable with Blender Fundamentals' own core workflow — navigating confidently,
modeling a simple shape with Extrude/Bevel/Loop Cuts, setting up a basic material and a three-
point lighting rig, and keyframing a simple animation — is ready for this course. None of the
techniques covered here assume any professional 3D background beyond that.
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What This Course Still Won't Cover

This course stays focused on Blender's own single-application workflow — it doesn't cover
exporting assets into a real-time game engine, setting up a distributed render farm for large-scale
production rendering, or team-based collaborative production pipelines. Those are genuinely
separate, much larger topics in their own right, outside the scope of what either Blender course on
this site sets out to teach.

BLENDER FUNDAMENTALS COVERED BLENDER ADVANCED ADDS

Edit Mode: vertices/edges/faces Sculpting: brush-based organic shaping

Direct, permanent mesh edits Modifiers: non-destructive modeling

Basic material properties (Principled BSDF) UV unwrapping and node-based shading

Keyframing an object's own transform Rigging, physics simulation, and compositing

SCULPTING IS GENUINELY DIFFERENT, NOT JUST "MORE DETAILED" MODELING

Chapter 2 introduces Sculpt Mode as a fundamentally different way of shaping a mesh from
Edit Mode's own vertex-by-vertex editing — pushing and pulling a surface with brush-like
tools rather than selecting and moving individual geometry directly.

THIS COURSE ASSUMES REAL COMFORT WITH THE FUNDAMENTALS, NOT JUST EXPOSURE TO
THEM

It's tempting to jump straight into this course after only briefly skimming Blender
Fundamentals, assuming enough general familiarity has already been picked up along the
way. Every chapter here builds directly on genuinely comfortable navigation, confident
Object/Edit Mode switching, and an intuitive sense of how materials and lighting interact —
not just having seen those concepts once. Working through Blender Fundamentals' own
capstone until it feels natural, rather than just reading through its chapters, is the real
prerequisite this course assumes.
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Hands-On Exercises

EXERCISE 1

A student who read through Blender Fundamentals but never actually completed its own
capstone wants to start this course immediately. Using this chapter's own warning box, explain
why this might cause problems.

📄 View solution

EXERCISE 2

A colleague assumes this course will simply re-teach the same modeling and material concepts
from Blender Fundamentals in more depth. Using this chapter's own material, explain why
several of this course's own additions (Sculpting, Modifiers) are genuinely new paradigms
rather than deeper versions of existing ones.

📄 View solution

EXERCISE 3

A student asks whether this course will teach how to export a finished character into a real-
time game engine. Using this chapter's own material, explain why this falls outside this course's
own scope.

📄 View solution

file:///C:/lessons/solutions/exercises/blender2-1_challenge1.txt
file:///C:/lessons/solutions/exercises/blender2-1_challenge2.txt
file:///C:/lessons/solutions/exercises/blender2-1_challenge3.txt
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CHAPTER 1 QUICK REFERENCE

This course assumes genuine comfort with Blender Fundamentals' own core workflow, not
just brief exposure to it

Adds Sculpting, Modifiers, UV Unwrapping, node-based Shading, Rigging, Physics, and
Compositing

Several additions are genuinely different paradigms, not deeper versions of Blender
Fundamentals' own techniques

This course stays within Blender's own single-application workflow — game engine export
and production pipelines stay out of scope
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Blender Advanced
Chapter 2 · Sculpting: Building Organic Shapes with Brushes

Chapter 1's own tip box pointed here directly: Sculpting is a fundamentally different way of
shaping a mesh from Edit Mode's own vertex-by-vertex editing. This chapter covers Sculpt Mode
itself — the brushes, the underlying mesh-density tools, and why this approach suits organic
shapes so much better than pushing individual vertices around by hand.

Entering Sculpt Mode

Switching to Sculpt Mode reveals a brush-based workspace, replacing Edit Mode's own precise
vertex/edge/face selection tools with a cursor that pushes, pulls, or smooths the mesh's own
surface wherever it's dragged, the way a real sculptor works clay with their hands rather than
placing individual grains of material one at a time.
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The Core Sculpting Brushes: Draw, Smooth, Grab,
Inflate

Draw raises the surface wherever the brush passes over it, building up new form. Smooth reduces
bumps and irregularities, blending nearby geometry into a more even surface. Grab pulls a broader
area of the mesh in whatever direction the brush moves, useful for larger-scale reshaping. Inflate
pushes the surface outward along its own normal direction, rounding out a form rather than
dragging it in one specific direction.
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Dyntopo: Dynamic Topology for Adding Detail on the
Fly

Dyntopo (Dynamic Topology) automatically adds more geometry exactly where detail is actually
being sculpted, and removes it where the surface stays simple, keeping mesh density proportional
to how much detail a given area genuinely needs rather than requiring that density to be planned
out in advance.
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Multires: A Non-Destructive Alternative for Sculpting
Detail Levels

Multires (Multiresolution) instead builds a stack of subdivision levels on top of a base mesh, letting
sculpting happen at a high-detail level while still keeping a simpler, lower-detail version of the
same shape available underneath — genuinely useful when a simpler version of the same model is
still needed later, for animation or a faster preview.
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Why Sculpting Suits Organic Shapes Better Than Edit
Mode

A human face, an animal's own musculature, cloth folds, or rock formations all have irregular,
flowing detail that would require an enormous number of individually-placed vertices to
approximate through Edit Mode alone. Sculpting instead lets that same kind of irregular detail
emerge naturally from repeated brush strokes, the same way real clay or stone sculpting actually
works, rather than requiring every bump and curve to be manually planned out vertex by vertex.
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From Sculpt to a Usable Model: Retopology

A sculpted mesh, especially one built with Dyntopo, often ends up with an extremely dense,
irregular arrangement of geometry — great for capturing organic detail, but genuinely impractical
for animation or efficient rendering. Retopology (building a new, cleaner mesh that follows the
sculpted shape's own surface, at a much lower and more evenly distributed density) is the usual
next step before a sculpted character actually gets rigged and animated, though the full
retopology workflow itself is beyond what this single chapter covers.

ASPECT EDIT MODE SCULPT MODE

Selection
unit

Individual vertices, edges, faces A brush's own area of effect

Best suited
to

Precise, mechanical, hard-surface
shapes

Irregular, organic, flowing detail

Mesh
density

Fixed, planned in advance Can grow dynamically (Dyntopo) or stack in
levels (Multires)

A DENSE SCULPT STILL NEEDS MANAGEABLE GEOMETRY EVENTUALLY

Chapter 3's own Modifiers, and Chapter 4's own UV unwrapping, generally work best on a
reasonably clean, evenly-distributed mesh — exactly the kind retopology produces from a
dense sculpted result, rather than the raw, high-density output Dyntopo sculpting typically
leaves behind.

A SCULPTED MESH USUALLY ISN'T PRODUCTION-READY AS-IS

It's tempting to treat a finished sculpt, especially one built with Dyntopo, as immediately
ready for rigging, animation, or efficient rendering. A dense, irregular sculpted mesh is
genuinely impractical for those next steps — too many vertices, arranged unevenly, in ways
that make rigging and animation both slower and harder to control predictably. Retopology
(or working within Multires' own lower subdivision levels) is a real, necessary step between a
finished sculpt and a model actually ready for the rest of a production pipeline, not an
optional polish step.
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Hands-On Exercises

EXERCISE 1

A student wants to sculpt a highly detailed dragon scale texture in one small area of a model,
without manually planning out that area's own mesh density in advance. Using this chapter's
own material, explain which tool solves this directly.

📄 View solution

EXERCISE 2

After finishing a detailed Dyntopo sculpt of a character's head, a student tries to rig and
animate it directly and finds the process frustratingly slow and hard to control. Using this
chapter's own warning box, explain what step was likely skipped.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, why sculpting a realistic human face is generally far
more practical than attempting the same shape entirely in Edit Mode.

📄 View solution

file:///C:/lessons/solutions/exercises/blender2-2_challenge1.txt
file:///C:/lessons/solutions/exercises/blender2-2_challenge2.txt
file:///C:/lessons/solutions/exercises/blender2-2_challenge3.txt
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CHAPTER 2 QUICK REFERENCE

Sculpt Mode uses brush-based tools rather than direct vertex/edge/face selection

Draw, Smooth, Grab, and Inflate are the core sculpting brushes for building and refining
form

Dyntopo adds mesh density dynamically wherever detail is actually sculpted

Multires builds a non-destructive stack of subdivision levels for sculpting detail

A dense sculpted mesh usually needs retopology before it's ready for rigging or animation
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Blender Advanced
Chapter 3 · Modifiers: Non-Destructive Modeling

Chapter 2's own sculpting and Blender Fundamentals' own Edit Mode both change a mesh's actual
geometry directly and permanently. This chapter covers a genuinely different approach: modifiers,
which apply changes non-destructively, leaving the original mesh underneath fully intact and
editable.

What a Modifier Actually Is: A Non-Destructive Layer
on Top of the Mesh

A modifier applies an automatic transformation to how an object's own mesh is displayed and
rendered, without actually altering its underlying geometry data. The same non-destructive
principle Raster Editing Fundamentals established for adjustment layers and layer masks —
changes that can be adjusted or removed later without damaging the original — applies here to
3D geometry instead of 2D pixels.
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Subdivision Surface: Smoothing a Low-Poly Mesh

Subdivision Surface automatically smooths a simple, low-poly mesh into a rounder, more organic-
looking result, without permanently adding that extra geometry to the base mesh itself. A simple
cube with a Subdivision Surface modifier displays as a rounded, sphere-like shape, while the
underlying mesh data still remains the original, simple cube.
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Mirror: Symmetric Modeling With Half the Work

Mirror automatically duplicates and reflects geometry across a chosen axis, so modeling only one
half of a symmetric object — a face, a character's own body, a vehicle — automatically produces
the matching other half, updating live as the original half is edited further.
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Array: Repeating Geometry Automatically

Array automatically duplicates an object's own geometry a specified number of times along a
chosen direction — a fence's repeating posts, a staircase's repeating steps, a chain's repeating links
— all generated from editing just one single original piece.
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Stacking Multiple Modifiers: Order Matters

Multiple modifiers can be stacked on the same object, applied in sequence from top to bottom,
and — exactly like the recurring "order matters" principle already encountered in Vector Graphics'
own Appearance panel and object stacking, and Raster Editing Fundamentals' own layer order —
the same two modifiers produce genuinely different results depending on which one is listed first.
A Mirror modifier placed above a Subdivision Surface modifier smooths the already-mirrored,
complete shape; the same two modifiers in the opposite order smooth each half individually
before mirroring, which can produce a visible seam down the middle where the two smoothed
halves meet.



22

Applying a Modifier: Making It Permanent

Applying a modifier bakes its own effect permanently into the actual mesh data, removing the
modifier itself from the stack afterward — the equivalent of flattening a raster image's own
adjustment layers into the base pixels. This is genuinely necessary before certain later operations
(some sculpting and export workflows expect real, permanent geometry rather than a modifier's
own live, calculated result), but it gives up the modifier's own future editability once done.

MODIFIER WHAT IT DOES TYPICAL USE

Subdivision
Surface

Smooths a low-poly mesh Organic or rounded final shapes

Mirror Duplicates and reflects geometry

across an axis

Symmetric objects (faces, vehicles,

characters)

Array Repeats geometry a set number of
times

Fences, staircases, chains, repeating
patterns

UV UNWRAPPING NEEDS TO ACCOUNT FOR THIS

Chapter 4's own UV unwrapping generally happens on the base mesh, with a modifier's own
added geometry (Subdivision Surface's smoothing, Mirror's duplicated half) considered
separately, since unwrapping the full, modifier-generated result directly can produce a far
more complex and harder-to-manage UV layout than necessary.

MODIFIER ORDER ISN'T JUST A DISPLAY PREFERENCE — IT CHANGES THE ACTUAL RESULT

It's tempting to treat the order of stacked modifiers as a minor detail, assuming the same set
of modifiers always produces the same final shape regardless of their order. Per this chapter's
own example, Mirror above Subdivision Surface smooths the complete, already-mirrored
shape as one continuous surface, while the reverse order smooths each half separately first,
which can leave a visible seam right where the two halves meet after mirroring. Checking the
actual result after reordering modifiers — not assuming it won't matter — avoids shipping a
model with this kind of subtle, easy-to-miss visual seam.
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Hands-On Exercises

EXERCISE 1

A student is modeling a symmetric character face and wants to avoid manually duplicating and
mirroring their work every time they make an edit. Using this chapter's own material, explain
which modifier solves this directly.

📄 View solution

EXERCISE 2

A student stacks a Mirror modifier above a Subdivision Surface modifier and gets a smooth,
seamless result, but reordering them (Subdivision Surface above Mirror) introduces a visible
seam down the middle. Using this chapter's own warning box, explain why this happened.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, how a modifier's own non-destructive behavior
compares to Raster Editing Fundamentals' own adjustment layers, and why "applying" a
modifier is analogous to flattening a raster image.

📄 View solution

file:///C:/lessons/solutions/exercises/blender2-3_challenge1.txt
file:///C:/lessons/solutions/exercises/blender2-3_challenge2.txt
file:///C:/lessons/solutions/exercises/blender2-3_challenge3.txt
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CHAPTER 3 QUICK REFERENCE

A modifier applies an automatic, non-destructive transformation without altering the
underlying mesh data

Subdivision Surface, Mirror, and Array smooth, reflect, and repeat geometry respectively, all
non-destructively

Modifier order genuinely changes the final result — the same "order matters" principle from
Vector Graphics and Raster Editing Fundamentals

Applying a modifier bakes its effect permanently into the mesh, removing future editability

UV unwrapping (Chapter 4) generally happens on the base mesh, separate from a modifier's
own added geometry
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Blender Advanced
Chapter 4 · UV Unwrapping: Mapping a 3D Surface to a 2D Texture

Chapter 3's own tip box pointed here directly: UV unwrapping generally happens on the base
mesh, separate from a modifier's own added geometry. This chapter covers what UV unwrapping
actually is — a concept with no real equivalent anywhere else covered on this site, since it exists
specifically to solve a problem only 3D surfaces have.

What UV Unwrapping Actually Solves

A 2D image texture is flat, but the surface it needs to wrap onto is a 3D mesh with real curvature
and volume. UV unwrapping solves this mismatch by mapping each point on the 3D mesh's own
surface to a corresponding point on a flat 2D layout, the same way a real cartographic map
projection flattens a curved globe onto a flat page.
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Seams: Where the Mesh Gets "Cut" to Unfold Flat

A seam marks where the mesh gets conceptually "cut" so it can unfold into a flat 2D layout, the
same way a real physical box gets cut along specific edges before it can fold flat. Seam placement
is a genuine skill of its own — cutting along edges that are naturally hidden or less visually
prominent (an object's own underside, a character's own inseam) keeps the eventual seam far less
noticeable in the finished, textured result.
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The UV Editor: Viewing and Adjusting the Flattened
Layout

The UV Editor shows the mesh's own flattened 2D layout (the "UV map") directly, letting individual
pieces be moved, rotated, and scaled to use the available texture space efficiently, the same way a
real sewing pattern's own pieces get laid out efficiently on a flat sheet of fabric before cutting.
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Why This Has No Real Equivalent in 2D Design Tools

Every earlier Creative & Design Tools course — Raster Editing Fundamentals, Vector Graphics,
Figma — worked entirely within a flat, 2D space to begin with, so there was never a mismatch
between a flat texture and a curved surface needing to be resolved. UV unwrapping exists
specifically because 3D work introduces exactly that mismatch, making it a genuinely new concept
rather than a 3D-flavored version of anything covered previously.
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Texture Painting and Image Textures on an Unwrapped
Mesh

Once unwrapped, a mesh can have an actual 2D image texture (or hand-painted texture, directly in
Blender's own Texture Paint mode) applied across its own surface, following the UV layout to
determine exactly which part of that flat image lands on which part of the 3D surface.
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Minimizing Distortion: Why Seam Placement Matters

A poorly placed seam, or a UV layout that stretches some areas far more than others, produces a
texture that looks visibly warped or blurry once actually applied — a straight grid pattern bending
or stretching unnaturally where the underlying UV mapping wasn't laid out evenly. Blender's own
unwrapping tools generally try to minimize this distortion automatically, but thoughtful, deliberate
seam placement still meaningfully improves the final result over relying on automatic unwrapping
alone.

CONCEPT REAL-WORLD ANALOGY

UV unwrapping overall Flattening a globe into a 2D map projection

A seam Where a physical box gets cut to fold flat

The UV layout A sewing pattern's own pieces laid out on flat fabric

UV COORDINATES FEED DIRECTLY INTO CHAPTER 5

Chapter 5's own node-based Shader Editor uses a mesh's own UV coordinates directly as an
input to texture nodes, determining exactly where each part of an image texture lands on the
3D surface — this chapter's own UV layout is the foundation that node-based system reads
from.

BAD SEAM PLACEMENT PRODUCES VISIBLY DISTORTED TEXTURES

It's tempting to assume UV unwrapping always produces a usable result automatically,
regardless of where seams happen to be placed. Poor seam placement, or an uneven UV
layout, causes real, visible stretching and distortion once a texture is actually applied — a
straight pattern bending unnaturally, fine detail blurring out in stretched areas. This isn't a
rare edge case; it's a common, genuine source of disappointing texture results, and it's
specifically why thoughtful seam placement, not just running an automatic unwrap and
moving on, is treated as a real modeling skill in its own right.
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Hands-On Exercises

EXERCISE 1

A student wants to place seams on a character model where they'll be as visually unnoticeable
as possible in the finished texture. Using this chapter's own material, explain where seams
should generally be placed and why.

📄 View solution

EXERCISE 2

A student applies a grid-pattern texture to an unwrapped mesh and notices the grid lines look
visibly stretched and warped in one area. Using this chapter's own warning box, explain the
likely cause.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, why UV unwrapping is described as a genuinely new
concept for this site, rather than a 3D-specific version of something already covered in Raster
Editing Fundamentals, Vector Graphics, or Figma.

📄 View solution

file:///C:/lessons/solutions/exercises/blender2-4_challenge1.txt
file:///C:/lessons/solutions/exercises/blender2-4_challenge2.txt
file:///C:/lessons/solutions/exercises/blender2-4_challenge3.txt
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CHAPTER 4 QUICK REFERENCE

UV unwrapping maps a 3D mesh's own surface onto a flat 2D layout for texturing

A seam marks where the mesh is conceptually "cut" to unfold flat

The UV Editor shows and lets you adjust the flattened layout directly

This concept has no real equivalent in any earlier 2D-only course on this site

Poor seam placement causes real, visible texture stretching and distortion — not just a
cosmetic edge case
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Blender Advanced
Chapter 5 · The Shader Editor: Node-Based Materials

Chapter 4's own tip box pointed here directly: UV coordinates feed straight into this chapter's own
texture nodes. This chapter covers the Shader Editor — Blender's own node-based material system,
going considerably further than the simple property fields Blender Fundamentals' own Chapter 6
introduced.

From Simple Properties to a Full Node Graph

Blender Fundamentals' own Base Color, Roughness, and Metallic fields are actually just the most
commonly-used inputs on a single node — the Principled BSDF — viewed through a simplified
properties panel. The Shader Editor exposes that same node directly, connected to other nodes in
a visual graph, unlocking considerably more control than adjusting those same few property fields
alone ever could.
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The Principled BSDF Node: Same Properties, Node
Form

In the Shader Editor, the Principled BSDF appears as one node among potentially many, with Base
Color, Roughness, and Metallic as individual input sockets that other nodes can feed values into,
rather than fixed fields set once and left alone.
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Image Texture Nodes: Using UV Coordinates to Apply a
Texture

An Image Texture node reads an actual 2D image file and, using the mesh's own UV coordinates
from Chapter 4, maps that image correctly across the 3D surface — feeding its own color output
directly into the Principled BSDF's own Base Color input, replacing a single flat color with real
surface detail from an actual texture.
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Combining Nodes: Mixing, Layering, and Procedural
Textures

Multiple texture and utility nodes can be mixed and layered together — blending two different
textures based on a third mask, generating procedural patterns mathematically rather than from
an image file at all, adding subtle surface variation that would be tedious or impossible to paint by
hand. This is where the Shader Editor's own real power over Chapter 6 of Blender Fundamentals
genuinely shows.
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Node-Based Materials in Perspective: A Familiar
Pattern From Elsewhere on This Site

A node graph, at its core, is data flowing through a connected sequence of operations — a
texture's color flowing into a mix node, then into the Principled BSDF, then out to the final render.
This same underlying pattern — connected operations, each one transforming an input into an
output for the next — appears throughout programming and data-flow tools generally, making
the Shader Editor genuinely approachable for anyone who's already comfortable thinking in that
kind of connected, step-by-step flow.

ASPECT BLENDER FUNDAMENTALS CH.6 THIS CHAPTER'S SHADER EDITOR

Interface Simplified property fields Full visual node graph

Texture support Solid colors only Image textures, procedural patterns, mixing

Underlying node Principled BSDF (hidden) Principled BSDF (directly visible/editable)

THE LAST PURELY VISUAL CHAPTER BEFORE RIGGING BEGINS

Chapter 6's own rigging material shifts focus toward giving a character the ability to move
and pose convincingly — a genuinely different kind of work from anything covered in this
chapter or Blender Fundamentals' own visual-appearance chapters.

MORE NODES DOESN'T AUTOMATICALLY MEAN A MORE SOPHISTICATED MATERIAL

It's tempting to build an elaborate node graph with many connected nodes, assuming greater
complexity must produce a more impressive or professional-looking result. This is the third
instance of the same underlying caution already encountered twice in Blender Fundamentals
— more lights don't automatically improve a scene (Ch.7), and more keyframes don't
automatically improve an animation (Ch.8). A material with just a few well-chosen nodes,
solving an actual visual need, usually looks more convincing than an elaborate graph built for
its own sake, with extra complexity that doesn't correspond to any real improvement in the
final rendered result.
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Hands-On Exercises

EXERCISE 1

A student wants to apply an actual photographed wood grain image across a table model's
own surface, rather than a single flat brown color. Using this chapter's own material, explain
which node accomplishes this and what it relies on from Chapter 4.

📄 View solution

EXERCISE 2

A student builds an elaborate material with dozens of connected nodes, assuming this
complexity alone will make the render look more professional, but the actual visual result looks
no different from a much simpler setup. Using this chapter's own warning box, explain what's
happening.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, how the Principled BSDF node in the Shader Editor
relates to the Base Color, Roughness, and Metallic fields covered in Blender Fundamentals' own
Chapter 6.

📄 View solution

file:///C:/lessons/solutions/exercises/blender2-5_challenge1.txt
file:///C:/lessons/solutions/exercises/blender2-5_challenge2.txt
file:///C:/lessons/solutions/exercises/blender2-5_challenge3.txt
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CHAPTER 5 QUICK REFERENCE

The Shader Editor exposes the Principled BSDF as a full node, not just simplified property
fields

Image Texture nodes use a mesh's own UV coordinates to apply a real 2D image across its
surface

Nodes can be mixed and layered for blended textures, procedural patterns, and surface
variation

A node graph is fundamentally data flowing through connected operations — a familiar
pattern from programming

More nodes isn't automatically better — the third instance of this course's own "more isn't

automatically better" caution
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Blender Advanced
Chapter 6 · Rigging: Armatures and Bones for Character Animation

Chapter 5's own tip box pointed here directly: this chapter shifts focus from a model's own visual
appearance toward giving it the ability to move and pose convincingly. Rigging builds exactly that
capability, using an Armature and its own bones to control a mesh through poses rather than
moving raw geometry directly.

What Rigging Actually Solves

Blender Fundamentals' own Chapter 8 keyframed an object's own whole-object transform —
position, rotation, scale — but a character needs its arm to bend at the elbow while the rest of its
body stays still, something a single whole-object transform simply can't describe. Rigging solves
this by adding an internal control structure specifically built for posing individual parts of a mesh
independently.



41

The Armature: Blender's Own Skeleton Object

An Armature is a distinct kind of object, built specifically to act as a mesh's own internal skeleton
— invisible in a final render by default, existing purely to control how the character's own mesh
deforms and poses.
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Bones: Building a Hierarchy

Individual bones inside the Armature are arranged in a parent-child hierarchy — a hand bone
parented to a forearm bone, parented to an upper-arm bone, parented to a shoulder bone — the
same underlying parent-child relationship Chapter 3 of Blender Fundamentals covered for whole
objects, applied here at a much finer level within a single Armature.
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Parenting a Mesh to an Armature: Skinning

Skinning parents a character's own mesh to its Armature, so moving or posing the Armature's own
bones deforms the mesh's own geometry to follow along, the same way real muscle and skin
follow a real skeleton's own movement.
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Weight Painting: Controlling How Much Each Bone
Influences the Mesh

Weight painting assigns each vertex a value describing how strongly a specific bone influences its
movement, painted directly onto the mesh's own surface like a heat map — a vertex near the
elbow might be influenced heavily by the forearm bone and only slightly by the upper-arm bone,
blending smoothly across the joint rather than creating a hard, unnatural break.
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Posing: Moving Bones to Animate the Mesh

Once skinned and weight painted, Pose Mode lets individual bones be rotated and positioned
directly, deforming the character's own mesh to match — an arm bending at the elbow, a hand
gripping an object — and these poses can then be keyframed exactly the way Blender
Fundamentals' own Chapter 8 keyframed a whole object's transform, just applied to individual
bones instead.

ASPECT
OBJECT PARENTING (BLENDER
FUNDAMENTALS CH.3)

BONE HIERARCHY (THIS CHAPTER)

What's linked Whole separate objects (e.g. wheel to
car body)

Individual bones within one
Armature

Scale of control Whole-object transforms Independent parts of a single mesh

Underlying
principle

Parent-child relationship Same parent-child relationship,
applied more finely

POSED BONES GET KEYFRAMED WITH MORE CONTROL IN CHAPTER 7

A rigged character's own bones get keyframed the same way Blender Fundamentals' own
Chapter 8 keyframed whole-object transforms, but Chapter 7's own Graph Editor gives
considerably finer control over exactly how those poses interpolate between keyframes than
the default automatic smoothing Chapter 8 relied on.

AUTOMATIC WEIGHT PAINTING USUALLY NEEDS MANUAL CORRECTION

It's tempting to assume Blender's own automatic weight-assignment tool (typically run right
after skinning) produces a perfect, ready-to-animate result on its own. Automatic weights
often need manual correction, especially at joints where multiple bones influence overlapping
geometry — a shoulder or hip, where the automatic assignment can blend adjacent bones'
own influence incorrectly, causing visible mesh distortion once that joint is actually posed.
Testing a rig by posing it through its own full range of motion before considering weight
painting finished catches these problems while they're still easy to fix.
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Hands-On Exercises

EXERCISE 1

A student wants a character's own arm to bend at the elbow while the rest of the body stays
perfectly still. Using this chapter's own material, explain why Blender Fundamentals' own
whole-object transform keyframing from Chapter 8 can't achieve this alone.

📄 View solution

EXERCISE 2

After running automatic weight assignment, a student poses their character's own shoulder
and notices the mesh distorts unnaturally at that joint. Using this chapter's own warning box,
explain what's likely happening and what to do about it.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, how a bone hierarchy inside an Armature relates to
the object-parenting concept covered in Blender Fundamentals' own Chapter 3.

📄 View solution
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CHAPTER 6 QUICK REFERENCE

An Armature is a dedicated skeleton object controlling how a character's own mesh poses
and deforms

Bones are arranged in a parent-child hierarchy, the same underlying principle as object
parenting

Skinning parents the mesh to the Armature; weight painting controls how strongly each
bone influences nearby vertices

Pose Mode moves individual bones to deform and animate the mesh, then keyframes those
poses

Automatic weight assignment usually needs manual correction, especially at joints like

shoulders and hips
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Blender Advanced
Chapter 7 · Advanced Animation: Interpolation, Easing, and the Graph Editor

Chapter 6's own tip box pointed here directly: a rigged character's own posed bones get
keyframed the same way Blender Fundamentals' own Chapter 8 keyframed whole-object
transforms, but this chapter gives considerably finer control over exactly how those poses move
between keyframes.

Beyond Automatic Smoothing: What the Graph Editor
Reveals

Blender Fundamentals' own Chapter 8 relied on interpolation happening automatically, invisibly,
between two keyframes. The Graph Editor makes that same interpolation directly visible and
editable, as an actual curve plotted against time, rather than a hidden calculation running in the
background.
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F-Curves: Visualizing a Keyframed Value Over Time

An F-Curve plots a single animated property's own value against time directly — a bone's rotation
angle rising and falling across the Timeline's own frames, shown as an actual visual curve rather
than an abstract set of numbers. Reading this curve's own shape reveals exactly how a motion
accelerates, decelerates, or holds steady, at a glance.
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Interpolation Modes: Constant, Linear, and Bezier

Constant interpolation holds a value fixed at one keyframe's own setting, then jumps instantly to
the next keyframe's value with no transition at all — useful for a strobe-light effect or a hard,
deliberate snap. Linear interpolation changes a value at a perfectly steady, constant rate between
two keyframes. Bezier interpolation (Blender's own default) produces a smooth curve that eases in
and out of each keyframe, rather than moving at a constant rate throughout.
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Easing: Ease In and Ease Out

Easing describes how a motion accelerates or decelerates near a keyframe rather than moving at a
constant speed the whole time — easing out means slowing down gradually as a motion
approaches a keyframe, easing in means starting gradually rather than snapping instantly to full
speed. Real physical motion almost always eases this way; objects don't typically start or stop
moving at a perfectly constant, unchanging speed.
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Editing Curve Handles Directly for Custom Timing

Each keyframe's own F-Curve has adjustable handles controlling exactly how sharply or gradually
the curve eases into and out of that specific point — the same underlying handle concept Vector
Graphics' own Chapter 3 covered for bezier curves on a 2D path, applied here to a curve plotted
against time instead of 2D space. Dragging a handle longer produces a more gradual, drawn-out
ease; a shorter handle produces a snappier, more abrupt transition.
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Why This Matters More for Character Animation Than
Simple Object Motion

A ball rolling in a straight line often looks perfectly fine with default automatic interpolation. A
character's own arm swing, a head turn, or a walk cycle reads as noticeably more lifelike with
deliberately shaped easing — a slight pause at the top of a gesture, a quicker snap on a strike, a
gradual settle at the end of a movement — exactly the kind of nuance the Graph Editor's own
direct curve control makes possible.

INTERPOLATION MODE WHAT IT PRODUCES

Constant An instant jump between keyframe values, no transition

Linear A perfectly steady, constant-rate change between keyframes

Bezier (default) A smooth curve that eases in and out of each keyframe

SOME MOTION IS BETTER SIMULATED THAN HAND-KEYFRAMED

Chapter 8's own physics simulation material covers motion — cloth settling, objects colliding
and bouncing — that's genuinely more practical to simulate physically than to shape by hand
with keyframes and F-Curves, an honest boundary on how far manual animation timing
should really be pushed.

DEFAULT BEZIER EASING ISN'T AUTOMATICALLY THE RIGHT CHOICE FOR EVERY MOTION

It's tempting to leave every single keyframe at Blender's own default Bezier interpolation,
assuming its smooth, automatic ease always looks the most natural. A sudden strike, a rigid
mechanical movement, or a sharp snap genuinely calls for Linear or even Constant
interpolation instead — using smooth Bezier easing everywhere, regardless of what kind of
motion is actually being animated, tends to make every single movement feel similarly soft
and floaty, even ones that should read as sharp or abrupt. Matching the interpolation mode
to the actual kind of motion being animated, rather than leaving every keyframe at its default
setting, is what separates genuinely convincing animation from animation that merely looks
smooth.
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Hands-On Exercises

EXERCISE 1

A student wants to animate a light switching instantly on and off, with no gradual transition
between the two states. Using this chapter's own material, explain which interpolation mode
fits this need.

📄 View solution

EXERCISE 2

A student animates a character throwing a sharp, sudden punch, but leaves every keyframe at
Blender's own default Bezier interpolation, and the punch ends up looking soft and floaty
rather than sharp. Using this chapter's own warning box, explain what's happening and what
would fix it.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, how an F-Curve's own keyframe handles relate to
the bezier curve handles covered in Vector Graphics' own Chapter 3.

📄 View solution
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CHAPTER 7 QUICK REFERENCE

The Graph Editor makes interpolation directly visible and editable as an F-Curve plotted
against time

Constant, Linear, and Bezier interpolation modes each produce genuinely different motion
character

Easing (ease in/out) mimics how real physical motion accelerates and decelerates near a
keyframe

Curve handles on each keyframe control exactly how gradual or abrupt that specific
transition is

Default Bezier easing isn't automatically right for every motion — match the interpolation

mode to the actual kind of movement
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Blender Advanced
Chapter 8 · Introduction to Physics Simulation: Rigid Bodies and Cloth

Chapter 7's own tip box pointed here directly: some motion is genuinely more practical to simulate
physically than to shape by hand with keyframes and F-Curves. This chapter covers exactly that —
letting Blender's own physics engine calculate realistic motion automatically, rather than hand-
animating every detail.

Why Simulate Instead of Hand-Keyframe?

A stack of blocks toppling over, a piece of fabric draping naturally over a chair, dozens of small
objects scattering realistically after a collision — all involve so many interacting variables that
hand-keyframing a convincing result would be extraordinarily tedious, if not practically impossible.
Physics simulation calculates this kind of complex, interacting motion automatically, based on real
physical properties rather than manually placed keyframes.
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Rigid Body Physics: Objects That Collide and React
Naturally

Marking an object as a Rigid Body tells Blender's own physics engine to treat it as a solid, non-
deforming object that collides realistically with other Rigid Bodies — falling under gravity,
bouncing off a surface, knocking into and displacing other objects, all calculated automatically
once the simulation runs.
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Rigid Body Settings: Mass, Friction, and Bounciness

Mass affects how an object responds when colliding with others — a heavier object displaces a
lighter one more forcefully than the reverse. Friction affects how much objects resist sliding against
each other. Bounciness (restitution) controls how much energy is retained after a collision — a
high bounciness value produces a rubber-ball-like bounce, while a low value produces a dull,
energy-absorbing thud with little rebound.
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Cloth Simulation: Fabric That Responds to Gravity and
Collision

Cloth simulation treats a mesh as flexible fabric, draping, folding, and settling naturally under
gravity and reacting to collision with other objects — a flag rippling in wind, a tablecloth settling
over a table's own surface, a character's own clothing responding believably to their movement.
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Baking a Simulation: Making the Result Reliable and
Scrubbable

Baking calculates and stores the simulation's own result for every frame in advance, rather than
recalculating it live every time the Timeline plays or gets scrubbed. A baked simulation behaves
reliably no matter how the Timeline is navigated, since every frame's own result is already stored
rather than being computed fresh, forward-only, each time.
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Where Simulation Ends and Hand-Animation Still
Matters

Physics simulation excels at complex, physically-driven motion, but a character's own deliberate,
expressive performance — a specific gesture, a meaningful pause, a stylized exaggeration — still
genuinely benefits from Chapter 7's own hand-keyframed, carefully-eased animation. The two
approaches are complementary tools for different kinds of motion, not competing options where
one should always be preferred over the other.

MOTION TYPE BETTER FIT

Objects toppling, colliding, scattering Rigid Body simulation

Fabric draping, folding, rippling Cloth simulation

A deliberate character gesture or pose Hand-keyframed animation (Ch.7)

SIMULATED RESULTS OFTEN GET RENDERED AS SEPARATE PASSES

Chapter 9's own compositing material covers combining rendered elements after the fact — a
simulated cloth pass rendered separately from a background, then combined together in the
Compositor, is a common real workflow this chapter's own simulations feed directly into.

AN UN-BAKED SIMULATION CAN BEHAVE INCORRECTLY WHEN SCRUBBING BACKWARD

It's tempting to assume a physics simulation always shows the correct, expected result no
matter how the Timeline is navigated. By default, a simulation calculates forward, frame by
frame, from its own starting point — scrubbing backward in the Timeline without first baking
the simulation can show an incorrect, frozen, or inconsistent state, since Blender hasn't
actually stored what the simulation's own result should look like at that earlier frame. Baking
the simulation before relying on scrubbing or reviewing it out of order avoids this confusing,
easy-to-misdiagnose behavior.
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Hands-On Exercises

EXERCISE 1

A student wants a stack of wooden blocks to topple over realistically when knocked, with each
block reacting believably to the others. Using this chapter's own material, explain which physics
feature achieves this and why hand-keyframing would be impractical here.

📄 View solution

EXERCISE 2

A student scrubs backward in the Timeline to review an earlier part of their cloth simulation
and finds the fabric looks frozen and doesn't match what played forward correctly the first
time. Using this chapter's own warning box, explain what's happening and how to fix it.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, why a character's own specific, expressive gesture is
still better suited to Chapter 7's own hand-keyframed animation rather than physics simulation,
even though this chapter introduces genuinely powerful simulation tools.

📄 View solution
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CHAPTER 8 QUICK REFERENCE

Rigid Body physics simulates solid objects colliding, falling, and reacting realistically

Mass, Friction, and Bounciness control how objects behave in a Rigid Body simulation

Cloth simulation treats a mesh as flexible fabric responding to gravity and collision

Baking stores a simulation's own result for every frame, making it reliable to scrub and review

Simulation and hand-keyframed animation are complementary, suited to genuinely different
kinds of motion
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Blender Advanced
Chapter 9 · Compositing: Combining Rendered Passes in the Compositor

Chapter 8's own tip box pointed here directly: simulated results often get rendered as separate
passes, combined afterward in the Compositor. This chapter covers exactly that — Blender's own
node-based post-processing system for combining, adjusting, and finishing a render after the fact.

What Compositing Actually Solves: Combining
Elements After the Render

Compositing combines separately rendered elements — a foreground character, a background
environment, a simulated cloth or particle pass — into one final image or sequence, after each
element has already been rendered on its own. This separates the heavy computational work of
rendering from the more flexible, iterative work of adjusting how those rendered pieces actually fit
together.
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Render Passes: Splitting a Single Render Into Separate
Layers

A render pass isolates one specific component of a scene's own final appearance — the raw color,
the shadows alone, reflections alone, a specific object rendered against a transparent background
— as its own separate output, rather than baking everything into one single, inseparable final
image.
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The Compositor: Blender's Own Node-Based Post-
Processing

The Compositor uses the same node-based interface as Chapter 5's own Shader Editor — data
flowing through connected operations — but works on already-rendered images and passes rather
than a live 3D material. A render's own output feeds in as an input node, flows through whatever
adjustment and combination nodes are needed, and comes out the other end as the finished
result.
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Combining Passes: Mix Nodes and Alpha Over

A Mix node blends two image inputs together according to a chosen blend mode; Alpha Over
specifically layers one image on top of another using its own transparency information, placing a
foreground element convincingly in front of a separately rendered background — the same
underlying idea as layering elements in Raster Editing Fundamentals, applied here to rendered 3D
output instead of raster images.
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Color Grading in the Compositor

Beyond combining separate elements, the Compositor also adjusts overall color and tone after
rendering — brightening, adding contrast, applying an overall color tint — the same underlying
color-grading concept Video Editing Fundamentals' own Chapter 6 covered for video footage,
applied here to a Blender render's own output.
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Blender's Own Compositing vs. Compositing Elsewhere
on This Site

"Compositing" means genuinely the same underlying thing in each place it's used across this site
— combining and adjusting already-produced visual elements after the fact — even though the
specific tool and the source material differ each time: Raster Editing Fundamentals' own
imageedit2 combines separate photographs, Video Editing Fundamentals' own color grading
adjusts edited video footage, and this chapter combines Blender's own rendered 3D passes.

WHERE "COMPOSITING" APPEARS WHAT'S BEING COMBINED/ADJUSTED

Raster Editing Fundamentals (imageedit2) Separate photographs, blended seamlessly

Video Editing Fundamentals (color grading) Edited video footage's own overall tone

This chapter (Blender's Compositor) Separately rendered 3D passes

THE CAPSTONE APPLIES THIS AS ONE OF ITS FINAL STEPS

Chapter 10's own capstone brings a character's own simulated cloth or hair pass together with
its main render in the Compositor, exactly the kind of real workflow this chapter's own render-
pass and Mix/Alpha Over material is built around.

COMPOSITING REFINES A RENDER — IT CAN'T RESCUE A FUNDAMENTALLY BROKEN ONE

It's tempting to treat compositing as a safety net capable of fixing serious problems from
earlier in the process — bad lighting, a badly rigged pose, a poorly modeled shape — after
the fact. This is the same honest boundary already established elsewhere on this site: EQ can't
rescue a fundamentally weak audio recording, and outlining text can't fix a font that was
never the right choice in the first place. Compositing genuinely excels at combining, adjusting
tone, and refining an already-solid render — it has no ability to fix problems that originate in
the modeling, lighting, or animation the render was actually built from.
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Hands-On Exercises

EXERCISE 1

A student rendered a character on a transparent background separately from a background
environment, and now wants to place the character convincingly in front of that background.
Using this chapter's own material, explain which node accomplishes this.

📄 View solution

EXERCISE 2

A student's render has a genuinely poorly lit scene, with a lighting setup ignoring Blender
Fundamentals' own three-point lighting recommendations. They plan to fix this entirely in the
Compositor afterward. Using this chapter's own warning box, explain why this plan is likely to
disappoint.

📄 View solution

EXERCISE 3

Explain, using this chapter's own material, why "compositing" refers to genuinely the same
underlying concept in this chapter, in Raster Editing Fundamentals' own imageedit2, and in
Video Editing Fundamentals, despite each one using a different specific tool and source
material.

📄 View solution

file:///C:/lessons/solutions/exercises/blender2-9_challenge1.txt
file:///C:/lessons/solutions/exercises/blender2-9_challenge2.txt
file:///C:/lessons/solutions/exercises/blender2-9_challenge3.txt


71

CHAPTER 9 QUICK REFERENCE

Compositing combines separately rendered elements into one final result, after rendering is
already complete

A render pass isolates one specific component of a scene's own final appearance as a
separate output

The Compositor uses the same node-based interface as Chapter 5's own Shader Editor,
applied to rendered images instead of live materials

Mix and Alpha Over nodes combine images; color grading adjusts overall tone afterward

Compositing refines an already-solid render — it can't rescue fundamentally broken lighting,
rigging, or modeling
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Blender Advanced
Chapter 10 · Capstone: Sculpting, Rigging, and Animating a Simple Character

Every prior chapter introduced one advanced technique at a time. This capstone builds a single,
complete character — sculpted, textured, rigged, animated, and rendered — applying each of
those techniques in the order a real character production would actually use them, scaling up
Blender Fundamentals' own single-scene capstone into a genuinely more ambitious production.

The Scenario

A simple, stylized creature character: sculpted from a base mesh, given a symmetric mechanical
detail with a modifier, textured with a real image, rigged for posing, animated through one
deliberate gesture, given a simple cloth cape reacting physically, and finally rendered and
composited into a finished shot.
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Step 1 — Sculpting the Character's Base Form (Chapter
2)

Starting from a simple sphere, use Sculpt Mode's own Draw, Grab, and Smooth brushes with
Dyntopo enabled to build out the creature's own organic silhouette — a rounded body, simple
limbs, a distinct head shape — letting the irregular, organic detail emerge naturally from repeated
brush strokes.
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Step 2 — Adding Symmetric Detail with Modifiers
(Chapter 3)

Apply a Mirror modifier early, before further sculpting, so the creature's own paired limbs and
facial features stay symmetric automatically as they're refined, then a Subdivision Surface modifier
to smooth the final result — placed above Mirror in the stack, avoiding the seam problem Chapter
3's own warning box described.
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Step 3 — UV Unwrapping for Texturing (Chapter 4)

Once the sculpted, mirrored, and subdivided form is finalized, place seams along the creature's
own less visible areas — the underside, the inner limb joints — and unwrap the mesh, producing a
usable flat layout ready for an actual texture.
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Step 4 — Building the Skin Material in the Shader
Editor (Chapter 5)

Feed an Image Texture node — using the UV coordinates from Step 3 — into the Principled BSDF's
own Base Color, adding a second, subtler texture mixed in for surface variation, staying
deliberately restrained per Chapter 5's own warning box rather than building an unnecessarily
elaborate node graph.
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Step 5 — Rigging the Character (Chapter 6)

Build an Armature with a simple bone hierarchy — spine, two arms, two legs, a head — skin the
mesh to it, and correct the automatic weight painting at the shoulder and hip joints specifically,
exactly the trouble spots Chapter 6's own warning box identified.
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Step 6 — Animating a Deliberate Gesture (Chapter 7)

Keyframe a simple wave gesture — an arm raising, pausing briefly at the top, then lowering —
using the Graph Editor to shape a deliberate ease and a held pause at the gesture's own peak,
rather than leaving every keyframe at Blender's own default, generic Bezier interpolation.
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Step 7 — Adding a Simulated Cape (Chapter 8)

Add a simple cape mesh, mark it as Cloth, and let it react physically to the character's own waving-
arm animation — draping and shifting naturally with the movement rather than needing to be
hand-keyframed, then bake the simulation so it plays back reliably from any point in the Timeline.
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Step 8 — Compositing the Final Shot (Chapter 9)

Render the character (with its cloth cape) on a transparent background separately from a simple
environment backdrop, then combine the two with an Alpha Over node in the Compositor,
finishing with a light overall color grade — the final, concrete deliverable this capstone was
building toward the whole time.

CAPSTONE STEP CHAPTER IT DRAWS FROM

Step 1 — Sculpting the base form Chapter 2

Step 2 — Symmetric modifiers Chapter 3

Step 3 — UV unwrapping Chapter 4

Step 4 — Shader Editor material Chapter 5

Step 5 — Rigging Chapter 6

Step 6 — Animating a gesture Chapter 7

Step 7 — Simulated cape Chapter 8

Step 8 — Compositing Chapter 9

THE SAME SHAPE AS BLENDER FUNDAMENTALS' OWN CAPSTONE

One real production built end to end, step by step, in the order a real workflow would actually
use each technique, is the same narrative-session shape Blender Fundamentals used for its
own simpler still-life scene — fitting for a second single-tool course rather than the side-by-
side shape used by this subject's own comparative courses.
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EVERY HONEST CAUTION FROM THIS COURSE GETS APPLIED HERE, NOT JUST MENTIONED

Placing Mirror before Subdivision Surface (Step 2), correcting automatic weight painting at
joints (Step 5), and deliberately shaping easing rather than leaving default Bezier interpolation
everywhere (Step 6) all reappear in this capstone exactly as this course originally introduced
them — the same recurring "match the technique to the actual need, don't assume the
default is automatically right" discipline, applied together in one real production rather than
left as separate warnings.
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Hands-On Exercises

EXERCISE 1

Explain why this capstone's own Step 3 (UV unwrapping) happens after Step 2's own modifiers
are applied, rather than immediately after Step 1's own initial sculpt.

📄 View solution

EXERCISE 2

Explain why Step 7's own cloth-simulated cape is treated as complementary to, rather than a
replacement for, Step 6's own hand-keyframed wave gesture, referencing Chapter 8's own
material directly.

📄 View solution

EXERCISE 3

Explain why this capstone's own step-by-step shape matches Blender Fundamentals' own
capstone shape rather than the side-by-side shape used by Raster Editing Fundamentals,
Vector Graphics, and Figma.

📄 View solution

COURSE COMPLETE

Blender Advanced — 10 of 10 chapters complete. This closes out the full Blender track
(Fundamentals + Advanced, 20 chapters total). Advanced Compositing & Retouching

remains the sole outstanding course in the Creative & Design Tools subject.
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CHAPTER 10 QUICK REFERENCE

One complete character, worked end to end, from an initial sculpt through a finished,
composited render

Every step draws directly from a specific earlier chapter — nothing new is introduced in this
capstone itself

The "match the technique to the actual need" discipline from every earlier chapter is
applied together here, not just individually mentioned

This capstone follows the same narrative-session shape as Blender Fundamentals' own
capstone, since both are single-tool courses


